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Introduction

The chemistry wealboak - tor the =ixth scientific prade represents the $inal
stage in the senes of chemistty books for the secondary level - ar jes
imcrmediate and preparstory level, The committee 1o charge of writing  this
bowrke e an e o implement e obpectves ol lerms sipulated nothe
T lovw e
the contwent of the book bave w direet and close link bereeen the chemstry
currietla al the sccondary lesel and its connterparts at the undergraduate Lesel m
all braoches, The book includes modem theories und principles. and proctical
anel athermatsa | apphativhs Tor st of them,

This bosk includ=s an mtrodoction o mathematical relations in chemistry Hhat
slhuclents wsed W previows vears, 10 melocles caelin claplers, The est chapter
deals with the chemistry of the thermods onamie and s theee lawes pelared o
encrey, cguilibrivm. and thermodyvoamic functions. The seeond chapler explams
e opeie ol Shemical equilibeiumn, shich inboduces U 1opic ol oms
equilibrivm conered b the thitd chapter. As for the fourth chapter, it dealt with
Uue Leopie ¢l oxidation, reduclion. and eleciroclwnmstey, where a lull eaplaoation
ol clecirochertical cells, theie tepes, and Faraday's Tows sere presented. The
I chapter deals walh the Aopic of harmeenie cheaustry, As o exploing the
e aples ol s lepe From the hanoone comnpleses, en nmnenslatre ql
therwies. The sisth chapter deals wiath the methods of gqualitative  and
quaolitalir¢ lenncal aoalyses aod Ther ranmtcalions frem e zoos moelne amd
valumeine amaly s processes, The last o chapiers deall with the bepies of
organie clwemistry ol sabstilution compounds and  biochemistioy, The hook's
chaprers eovered the different branches of chemistry, analyocal, morganic.,
phusleal, organic, and ke, o gquality studeots for entoe e the undergraduate
lewel, Aoicl they haove o solul scaeninle Base s hch lo complels therr scienhng
CHIEET
The commidtee appreciates Lhe eltorts of the scieolidic experts. Dro Fadel Salim
Matta and Dn. Tagqe Al-Din Tladi [Tamdan.

The committee also thanks brs. Kbolowd Mahdil Salem for her assistance m
ity vl Hhas work. Liksswoase, the commniies singiely Tivpes 1o pros e the
Creneral Dhrectorate of Cwmiewls on il websile wilh evervthing  serious
contriblzen to raising (e seienlilie level of Shemistey Bor our cdear sludents .

Adlah os the Crramtor of sucress
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e Preface )

INTRODUCTION

ACHIEVEMENTS

After completing this chapter, the student is expected to :

T aleulate the molar mass of molecules

* piow the relationship between number of moles, mass and modar mass and can coleulate those funchions
*Drefine molarity and caleulate it theough number of maoles and volume of solution,

*Define the common logarithm (the logarithm 1o base 10) and natureal Togarithm and also the relatioaship
between them and rules abouwt them,

*Calculate the commaon logarithm of numbers and also their natural logarithm,




Exercise 1

Calculate the molar masses of
the following compourds;

NaOH, KMnO,, H80, ,
K.Cr,0, , MgCl,

You can lind the aomic masses
of elements in the chard at the
end of the hook,

( Chemistry 6 ) Tnw—

Review of Information

In chemical caleulations, pupils need to uwse some mathematical relation-
ships, symbols and terms which they have leamt before. All those are used
throughout this book in examples and exercises especially in analvtical and
phvsical chemistry,

A- The International System of Units, (S1)

Im the following table, basic units and symbols in 51 system are shown,

L-mgth meler m
Mass kilogram kg
Time socond 5
Electric Current ampere A
Temperature Kelvin K
Amount of Bubstance male mal

While calculating, some units as grams (g) or centimeter {cm) derived from
those above can be used

B- Some Mathematical Formula used in this book
I- Molar mass (M)

Molar mass is defined as the number of grams that contain in lmole of molecule
andd shown with M and it umit iz (g/mal ). Molar mass iz equal o the multiplication
ol number of atoms of glements with ther atomic masses inoo molecule, Molar
mass s calculated as shown in the folowing example:

Example -1

Caleulate the molar masses of compounds sodiem carbonate Na,CO, and cal-
cium phosphate Ca (PO ),

Aromic weights of clements:

Na=23, C=12,0=16, Ca=40, P=31

Solution:

M(NaCO)=2x23+1%12+3 % 6= 106 g/mol

M [Ca(PO,),] =3 =40+ 2% | =31 +2 x4 x 16 =310 g/mol
2- Calculating Number of Moles, n

In order to caleulate number of moles, we use the following equation which
we have uzed in the previous vears.

Mumber of maoles =- MEEF“]EFRE' —
Maolar mass (M) g'maol
g e
M {z'mol)
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Example -2 Exercise 2

Caleulate the number of moles of 22 g of potassium carbonate K.CO, com- Calculste the number of moles of
potind, |4.2 grams of NH:EUI_I compound.
Solution: Answer; 0.1 mole

We caleulate the molar mass of KOO,
MECO)=2x38+1=12+3x 6= 138 g'mol

Lising the tollowing equation, we calculate the number of moles.
m {g) B 22 (g)

- = 0.16 mol
M (g/mol) 138 (2/mol)

n(mol) =

By re-armanging the male equation, we can calculate mass of compounds,

m {2} =n (mol) * M (g/maol)

Exercise 3
Calculate the following:

Example - 3 |-The number of moles of 72 g of
Caleulate how many grams of MaCl make 0,15 moles? H, PO, compound

(Na =23 g/mol, Cl = 35.5 g/mol) 1-How many grams are (.75 moles
Solutici: of Ma PO, compound?

I-Molar mass of Na('l is calculnted. Answers:

M{NaCl) =1 %23 + | » 35.5 = 58.5 g/mol dtdndln

2-Using the following relationship, m is caleulated. 123 g

m (z)=n (mal) * M (g/mol)
m (g} = 0.15 (mol) * 58.5 (gmal)=8.78 &

3- Molarity (M)

Maolarity is an expression of concentration. [t is defined as the mole mmber of
substance dissolved in 1 liter solution. We use the following formula 1o caleu- Attention:
Fate molarity:

Number of moles Wirlume 15 expressed with liter (L),

Molanty (M) = i milliliter (ml.} or cubic centimeter
Mumber of yolume {em?) umits, The relationships be-
mol i
M (mol/L) = n( ) iween them are as follows:
VL) | L= 1000 mL
m i) I L =104} cm*
- i1y = Migmel) lmlL =1 em’
n (mal) M (g/mol) = M (mol/L) V (mL)
1000 (mL/L)

Svmbol of molarity, M, 1= different from molar mass.
As vou know, number of moles are found through the following formula:
After we simplify this formula, we can use the final version of it.




Exercise 4

After dissolving 15 g of acetic acid
CH,COOH in 1530 mL water, it was
transferred to a half liter container
and it was filled to the brim. Calcu-
late the molarity of this solution.

Answer: 0.5 M

Exercise 5

4.g of MaOH (M= 40 g/mol} waz
dizsolved m o certain volume of was
ter, As the molarity of the solution
is 0,05 mol/L, calculate the volume
of water,

Answer: 2L

( Chemistry 6

Example -4
A5 liters selution is prepared by dissolving 33 g of sodium carbonate

{MNa OO ) sall. Caleulate the molarity of this solution.
m{g) * 1000 _[.ITlL."L'.I

% | LY =- -
(molfL) = teimol} = V (mL)

Solution:
I. We caleulste melar mass of Na,CO. compound:
M{NaCO)=2%2341 % 1243 = 16 = 106 g'mal

2 We calculate the mole number:

m (g) __ 53(g)
M (g/maol) 106 { g'minl)

n{mol} = = (1.5 mol

3. We calculzte the molarity:
n {mol)

%] VLY = =
(molL) VL)

0.5 (mol)
5L}

=01 mollL =0.0M

Example -5

How many grams of CalOH), is necessary to prepare a solution of 0.1 M and
250 mL?

Solution:

I. We caleulate the molar mass of Ca(OH), compound:

M [Ca(OH),] = I =40+ 2 = 16+ 2 = | = 74 g/mol

2. We caleulste the molarity using the following relationship:
m (gh = 1000 (mL/L)

M tL) =
{molb1.) Mig/mol) = V (mL}

3. We ean find the mass by re-arranging the equation:
M (mol/L) * M {g‘mol) * V (mL)

g = 1000 (mL/L)

—— 0.1 (mol/L) = 74 (g'mol) = 250 (mL}
8 1000 (mlL/L)

mig) =185g

4- The relationship between Mole, Molecules and Atoms

Avogadra’s Number is the number of particles (molecules or atoms) that a
mole includes. Avogadro's number is shown with M, symbal.

M - 6.023=10" atoms of molecules fmol

) R
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The relationship between number of males {n} and Avogadro™s number and
number of aloms or molecules 15 as follows:

Number of atoms or molecules = number of moles (n) = Avogadro’s number

The relationship 15 expressed as fiollows:

No. (atoms or molecules) = n (mol) * N (atoms or molecules/mol)

Example - 6 Exercise- b
Caleulite the number of atoms and molecules in 0.1 mole hydrogen gas, H.. Calculate number of atoms and

. i molecules in 0,16 mobes of oxygen
Solution: gas, 0.

We use the ollowing relationship o calculate number of molecules: Anmwier: 096 102 moleales

Number of molecules = n (mol) * N, (molecules / mol} | 9= 1FE* atoms
=01 (mol) = 6,023 = 1F (molecules / mol)
= 5023 = 10" molecules

As each hydrogen molecule s made up of 2 atoms, number of atoms:;

Mumber of Atoms = NMumber of molecules = 2

Mumber of Atoms = 6.023=10% = 2 = 12.046 = 1{F gioms
5= Logarithms

There ang two iypes of logarithims in mathemanics. The frst wvpe is the loga-
rithim o base 10, It is alzo called az the common logarithm and its base 10 isn't
written. For example, log, | v is writlen as Jog v, This logarithm is defined as
Foelbovws;

bgy=x = y=1F

For example, log . 7 is written as log 7 and log, | (0.05 35 written as log 0.05.
According to log 109 =n rule, it is useful to remember mteger logarithms of
base 1k

For positive exponents log, 107=T and log  10"'= 4 eie,
For negative exponents log 0.01=1og 10 and log 0.00001= log 10+ e,

The second tvpe of loganthm is called az notural loganthm and shown with
In, ¥ symbol, The value of base e is 2.718 and it is defined with the relationship
below:

Iny=x = y=¢
The following rules are applied (o both tvpes of logarithms:

I. The logarithm of multiplization of two numbers is egual to the multiplication
of logarithms of both numbers.

lgZ=Y=logZ+log¥
logSx6=log5+logt
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2. The logarithm of dwision of two numbers i equal to the diference between
logarthms of both numbers,

log %= log Z - log Y
5
log 3 =log & - log 3
1. The logarithm of an exponential expression is equal 1o the multiplication of
the logerithm of number with its exponent.
log Z¥ =Y = log Z
log 2°=9 = log 2

After the summary of the common and natursl logarithms and their rules, we
will learm how 1o use  calculstor to caloulate the logarthm and antilogarihm
of a number.

A- To find the Logarithm of a number

1. The Common Logarithm

We tvpe the number which we want to find its logarithm and press log key on
the calculator and see the resuli

Exercise -7 Cr——
Coleulate the following using o cal- Calclate the following:
culator,
wlog? b)log 13 ) log .08 dilog 1.5
a) log 26.7 . 1
hi log 0,89 Solution:
i a) First, we type 7 and then press log key. The result is shown as 0.843509804,
, That means:
d) In0.02

log 7 = (.34 509804

b First, we tvpe 13 and then press log key, The resultis 1113943335,

¢} First, we type .08 and then press log key, The result is — 1.0909 104 3,
d) First, we tvpe 1.5 and then press log key. The result is O, 176091259,

2. Natural Logarithms (In)

We type the number which we want 1o calculate its loganithm and then press
In key.

Example -8

Calculate the following:

a)n? hiln i3 c)ln 008 diln 1.5

Solution:

a) We type 7, and then press In key, The result iz 194510149,

b We type 13, and then press In key. The result i3 2564949357,
¢} We type (LOE, and then press In key, The result is-2.525728644,
d) We tvpe 1.5, and then press In key. The result is 0405465108,

«_ 10 »
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B- To find the Antilogarithm of a number using a calculator

1. Common Logarithms

We tvpe the given logarithm value, Then we press 2ndF key. This key 15 some
other color (yellow, blue, etc.) instead of black, Then we press log key and get
the mumber

BAKAR 3 Exercise - 8
Find the numbers which of their logarithms are given helow: Find the vilise oF ¥ (antflogarithin)
) 08450504 in the following relationships asing a
) 1113943352 calculator.
ch=1 S 3 g log y=1.6
il 0176091 259 Bl lop v =12
Solution: liny=0.7
) : dibny=-39
a) We tvpe 0.8450804, then press 2ndF key and log key. The result is shown
as 7.

by We tvpe 1113943352, then press IndF key and log Key. The result is shown
as 1 2.999G00997] 3,

) We type -1.0%0% 1 MM 3 then press 2ndF key and log key. The result is shown
as (.08,

Al We tyvpe 001760912359 then press 2ndF key and log key, The result 15 shown
as 1.5,

2. Natural Logarithms

We type the given loganthm value. Then we press 2ndF key. This key 15 some
other color (yellow, blue, ete.) nstead of black. Then we press In kev and the
result is shown.

EIH!I]]:I'E =10

Caleulate the numbers which of their natural logarithms are given below; Attention: You can use the rela-

ay 322 b -1.78 tonship In x = 2.303 log x while
: solving guestions.

Solution:

a) We type 3.22, and then we press IndF ki and In key, The result is shown

as 25

by We type -1.78, and then we press 2ndF key and In key, The result is shown

as 0.17.

Mote: You can use the relationship In x = 2,303 log x while solving
questions,

« 11 >
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BASIC EQUATIONS

The relationship between number of moles and molar mass:

m (g)

ni{moly = m

Molarity (M)
n (mol)

M (mol/L) =— 0

MNumber of atoms of molacules

Number of atoms or molecules = n (mol) * N (atoms or molecules/mol)

BASIC CONCEPTS
Molar Mass (M)

It is the mass of 1 mole of compound. It is equal to the sum of multuplications of atomic masses of elements
and therr numbers in the formula of the compound.

Muolarity (M)
Ttis the mole number of substance dissolved in 1 liter of solution.
Avogadro's Number (N )

It is the number of atoms, ions or molecules in | mole and it is equal to 6.023x 107 mal-' value.

< _ 12 »
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THERMODYNAMICS CHAPTER-1

ACHIEVEMENTS

After completing this chapter, the student is expected to ;

* Deafine thermodynamics, energy, units of energy, system, environment, universe, types of systems, dynamics,
heat, heat capasity, and specific hent concepts. They try to define the heat of reaction measured at constant pressure,

* Leamn what enthalpy means and its relationship with heet of reaction and also units of enthalpy.

'i'_ Decide whether the reaction s endothermic (hest sbsorbing) or exothermic (heat releasing) with respect (o the
sign of enthalpy.

* Write the heat equation with respect to rubes and tell its difference from chemical equation.

* Differentiate stundard enthalpy of reaction, standard enthalpy of formation and standzrd enthalpy of combustion
concepts,

* Leam the methods to calculate enthalpy of reaction.

* Learn entropy and free energy concepts.

* Define absolute entropy, standard entropy of formation and leam how to caleulate Gibbs free enenzy.

* Undersiand Gibbs free energy equation and decide the direction of reaction depending on enthalpy and entropy

values.

« 13 >




§ Chapter - 1 )

1-1-PREFACH

Puring our studics, we bave eacninoered @ few Bepes ol onergy. For esample.
e er gy g lestie goegs, meshamcal ewes bighe goegy nuclen engrgy,
chomic eneces. obe These difTersnt tepes ol cnecey ane stoered insicde all mist-
ter and 1hey aee relewsed when the matter chanees foom. Al Loogh wepes ul 2i-
erey are diHerent. o dype of enetoy sn'tindependent of anodher Linder cemtan

ol s, Ay e af energy can be transformed ot annther.

Therrndyngneics is e Brangh ol seoengy seloch stodwes coergy amd s g 1s-
Froveratiom, Fooesamp e, in studdies the Teansformvation of Tieal ensagey from come-
aursbivr ool Jue ik e lnniga ! eneree w hich ouns the gngioes Therrmaod yname-
ics explains mony phenomens. The mest sionificant of those ars

[=The Tewson o noeurence of chemieal reactions

2-Extinmiatey the Shoemigal ol phyvsecel chirges ther ore o mare atlsbang s
andergo winde: s conditings

3-Tla reason wehy soime TR o s acsur spoentaneaunsls while soroe don’y osder
the s cordisians,

4-The rea<om why the coeroy accempanying redelions 12 somelimes Qiven o
reizhin g whe'c soraenmgas i1 s e lewsed ae @ egmalo atthe reingtion.

Cin the ol Tand, thermenlynamics wn ingested in fime fswoe o which
ezl cvcur [ only stedies 1008 certain resctumy Dop mote generalle iFany
chanos wall vecurs aill oceur ur pel. The rate of chanzxe iz inthe Aeld of kinet-

I,

We can gencrally divide energy ime bwek, £Ine a5 pederhial energy. the othar -
angig grcrgy. Potentinl engeey e hacles ghomisal £ncegy srooed o all sub-
wlines sl Doels, Kinetis eneriee s e e ey whish el ales, rcreing wilkr,
vars. planes, migsiles and athers bave due wetheir moverasnl Fo- 2xample, e
priealid #nerey 1oasaler s iensbered e kinete enerey if ik riovemnen|
stares drem e tap ofa fad Resolong energy cen move bBlades o o turbine w
menluce clectog gnoigy. Thewetoe, The fisun lew of theimmdsnames srres e
lellwing “Energy can be neither created nor destroved, from scratch
Bl san change Torm

[-2-UNITS OF EMERGY AND TEMPERATURE

e i s g ntianal Ssiem eF e CsE, O ol v fic'y deelines cogrg,
Jemtle vils sy el 11is shasn s fallows

L] = | kg s

bz ix Kalowm eim. m s melsr. 5w s@eond.
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. . I e . .. el s Apr
Trn ey paenic s, e ot @mpecamee i Kelvie (K This uninis comaerred from |

vemisrade § 0 aceerding 10 the Tollewing squation:
ik — WLy + 273
[-3-SOME THERMODYNAMICS TERMS

The maosr i tsnn ey panics e s thermods eamic svsren D heg s

wopacl ol T universe ae are Auduine. Swvslem consists of subslamee orosub-

srances which participate o lirmsed physical and chermwcal changes willon ooc-

Lot Bowndarics. The ared gutsisle Ihese bpundaries s called as soropumlings. Hust -
Evarem awd 05 surendings are callislas wniverses Here was il oz he rerm
Vi

Cluster = System + sSurroundings

Mo can diviche svstem iniu thige acsord SUPRO MO GS
mp 10 the e latenshep BeToeer sy slen Erewy and e
andd zutcounding: hese ace: oy mert 2NN, intere ban e v

1-Open System ¢ | = |
. . '- SYSTEM ‘ -

1 ihe Boalamies allws neetet aml enerey L

inrerr lanpe between syslem and socround- {

gs, SVEem 15 called as an open sysiem. P

Foo exanple, beiling wag in a wctsl

vintiins Waten s isaruted wenod s ‘BOUMCAR

rrnnsling s as wapnr Besides, bl o water

i also tecwsed, Uhat means thers i am interasiion of nuitter and snery,

2-Closed Svstem

17 beundaries allow only eney imerchiangy but doesnt change the anwwane
of rmackcre 1os A chesed system,

ALl veetaine: wlich ekl cloaal 8 oa poud esunpe Inahis case.
alithoeh hoar of walgn s celsaae) theoweh s ppundines, e apagne ol wedig

. Sl enen gy ioterchunge e ur
re e 1A upee e

i-lsolated System

17 svaremt Dyunsdarics allow pciber enerey 0o mates intershange wirkarg s £
roundings. i i called as an solated ssstem, Thermoses we powd exarmples as
they prevent beal and amaount ol malter bene relessed (tum s stem

Fhusical states of mattzr a2 number cfmalzs of substances imthe system. phes-
el warialales ol s vseem which can be alsers 2d and measwe2dd, velume, pres- i
s angd g A e cal ed as svsem propaerics 3

[-4-HI AL

Heat iz une o e Sornmen viwres 1vpss 0w Jaily lives By ahose bear wirh
Lt Tloear s 0w grecrpy e T e n Do wlpests with Giffiem do ey off
et atuess T safung i st il of bt ey Dostor gained hoeag
ey nFany ol s Gueetls opopma ol o chiangs in deeress of tornpuera-

Tyl {_"|1::|Igl._: 18 shaown w140 l.‘‘.\_‘'--_____‘_-;___..__._--"'.__,‘4II

Me energy amd maher

incerc b ncor

o« 15
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AT="T,-T

T, o lival lemperamre. T i initia ] wemporaiire. The neliengyr bevween hean
angl wemperature can b srFinen as fnllowe

Iy o AT

In order 0 convert this ratie e an equation. AT o muolipled with @ et con-
# Latinie letter § S 3 read {zotal slant called a5 hem capacits (0.

2y =L % AT

Hestcapacity is the ainourl of hegl peesasary loonciease the lemperalure ol

aram gl vl sabstanee by L O Its ond s 000 Hedl capacioy s orelaied pe

epezilic Teat { S )7 with 1he collow ma celuinnship:

: B3 =5"m
Table 1-1 be=s
"*'I‘»'.'l"u' Heat values of some Epcuific heac i the amcant of head acceasarye 1o morease the compermore ot |
subsrances at 25 2t wiarn ol substome by TOC s omar fa 0z "C 0 By jset nge sadus of 427 jw i
w uEsty nees Spetiic Hea Liesn ik wengatoenn 2w et U Golloe ing relatiomship.
Waterf liguid) | 418 g 40 =5 GO = mojg) = AT )
o el ¢ :
Ethj,l:ll:_n].m.l T.dd Example 1-1
Water (soldid) | 201
Wi I: a5) 30 What 17 Lhe amvaam af beat icdKJJume meceszarye 40 increase The wmperalore
4 Lr. E3 T ol B30 of prece of foen from 3050 10005 07 Dapeeilic hear of rnadldS 1oe 407
Bervlliom 183
Magnesium 14123 Solution:
Alwminmnm {1.91) Change in degree ot lemperatang:
|- "
Calcium {05 AL T = (S - 54 = 90 S
[ron .45 _ _
Strontion 0.340 Heaty s culeulawd esmpe the Tollowing equation.
Silver .24 iy =g U F migl < AT
Barcium 0,20 :II:_|:I={':,_J:| ”'In':_:-{-J . é‘:'."[']l:gll - '-}I':I["'{:'l,= L5235 |
Lead b1 Tl r J by pieve ol beulaled i kY
. : L L+ - ‘ piey ¢ calvulied :
Cioldd 011 e ol ol heal sonsureed by piece ol on = calvulaied s
(el g {h (kL
gikdy i) & ————o
. [0 ¢y
Exercise 1-1
Sy . o= Ik}
3 uf heat was given e 19 gikJy = 353235 =—— - 352 k)
T i . Q00 (1
ool megows i rrestal, T

0 PeTalU T Wl Fabedd [T
I5-0 pe 430 Culzulate the
spracrhe heat ef magnesiom.

1-5-ENTHALPY CHANGE

Most ol the charmical seasioas avcur undor censtanl pressure, Fes rractions
weour at cunskant velume Therefene, sonslanl pressore i preferred W constand
ANSWer | ek b vulome while measuringe .h-!.'-:ll il-a't'-.‘-mpilr!].ing chermival reaction Lmdduer L
slant pressore. e change i beal of Teasnon s called as enthalpy al ceaclitn
15 sl vy (H) el cnlhalpy r_'|1;||'|!_1_¢' 1= shown with AH. 'his vxlos s ':".|||LI|
10 Chie Pesd o reactien ugedy consgand prosatne. I athey wonnds
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AH =q

I:IIl shows measarec hest under aonsiant |*Tes=are.

p

Whn o wchemical recion s consicergd s a 5 oaent, enchalpy clange »hows  f .
the rewchion s enddherme chiear aluarngd or exodkermne  heal releasingd. 16 \
ertbalpy of reacten g shown wich AH o can express the folloning: {

-IFAH s |ess than zero {AH < 0) or {AH_= -}, the reaction i exothermig,
-I['.-".[ll i Tygilis thar #ero (Al E. « (W) o { A I. . the reeibon s endothermic

10 seerws that chunee inenthaloy of reaction s egaal 16 the fallew ing equatien: B
Fhz redctin acourrng dusng

AN = AlL{Pradueisp - AH {Reaclanis) cxfiloninn nf Broworks s cxother-
e g Ly | mnic.

1-6-STATE FUNCTION

Withoul considering e path fulloeed, the presperts wr armount which depends

e e diference ke cen anitial siate of sysowem betfere chanee and Anal stabe of

sy sl Jfter chanee i callad oy state funciion. A- an esamplzs for soale fung-

ron, ciubal e can he given, Larer o will e othee funstions @y ealropy, o

Coalxhe ey, s (hignis -1

Figure 1-1

Arate Functim tzpends only
an 1he mitial and final scaes
o 1he svstem. I doesn '

depernd on the path the svs-
ten Bollorass, In the picture,

T (e iesase jr |:l||I,|;':'||i:!| G L
eher i e A o laon cimber clmi,
Troen bases 1o e lop coss ol depend

urt e pat e Ladken,

Walues o w2l or waork chonge with respect o the conditisne ol experirnent
chanpe Therefors wisn’n isephed as aoseane funcrion Hesoand work i relatedd
Do Fhe poch el goweed apal s alvping < ean e csoc o I opssible o mpgp-
sare thair sty foneons Bl the wmwunt ol chenge 13000 these Tuclions can
Le measured. Foresample, we can’L nsasure abealate valoe of @nchal py ot we
can cnly siensure 2nthalpy change . Fhue

AH =AH - AH,

T means final and « means immal.




Allention:

When the word (Energy)

is writen at the reactant

sides the reaction will be
endothermic, but if it writen

at the product side the reaction
will be Exothermic.

«_ 18 >
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1-T-GENERAL PROPERTIES OF SUBSTANCES

General properties of substances are divided into two:
I-Extensive Properties:
It includes all properties related 0 amount of substance in the svatem as mass,

volume, heat capacity, enthalpy, entropy, free energy, e,

2-Intensive Properties:

It includes all properties which are independent of amount of substance m the
system as pressure, degree of temperature, density, specific heat, efc.

It is understood from above that enthalpy is a state function. 1t is an extensive
propecty a8 i1 depends on pmount of substance, Thus, the enthalpy change of
2 meles of a sebstance is twice the enthalpy change of 1 mole of the same
substance.

I-8-THERMOCHEMISTRY

Thermochemistry is the branch of science which studies encrgy change (ab-
sorhed heat or evolved heat) that results from physical and chemical chang-
es. In simpler words, thermochemistry deals with calenlation of enthalpies of
chemical reactions and physical changes. As we have mentioned before, if the
value of AH_are negative, reaction is exothermic; if the value of AH_are posi-
tive, reaction is endothermic. If we assume a reaction as a svstem, an exother-
mic reaction releases its energy from system fo surroundings, This is shown in
the following chemical reaction and physical change.

2H. +0 o EH:{JW-I- Eneroy Chemical Reaction

Tgh Bl

H,O  — H0O, + Energy Physical Change

In an endothermic reaction, system absorbs energy from surroundings. The
following chemical reaction and physical change can be given as examples.

2HgO,, + Energy — 2Hg  +0, Chemical Reaction
HQ  + Energy — H,O

e | |

Physical Change

I we write the word “energy”™ beside reactants, reaction is endothermic; it we
write it beside products, reaction is exathenmic,
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:H_-Igl-r“;.q:;] ."Ii;ll'lfl'l_-l_-,;l
Exnthrrmic reg2ion Sysiedm 1E -
bt 1
reledses meal [ Sul'l'i.'lllr'll'lll'l{]% agﬁm::rg;a;ﬂn Syalem
5 = surrusriding
D [ *
15k 9
BN THelhis)
AH .0 AH .0
aH - - AH = -

I9-MEASUREMENT OF ENTHALPY OF REACTION

[ chenneal pevctiom und phviical change under comstsnl prssae. i isizumen|

called s calorimeter 5 g i order o ecasere Ui heat ol wescion iesthalpy of

reaciin i which iz abaored ar releazed. Lhere s oy epes o calonimeters

[n thiz vontmner, cnough wmeurls ol subelanges s foeneacr are plaoed.
A calorume ier 5L coelaner whis fcontaims water wilie s s o mase,

Waler b= placed e very well o sobated corinner. Frgune 122 shuwes one ol

calorimelors whizh maessures etk pies ol teaction, s Lre teleascd Fosd in-
cremees e wrnperalure ol seaker and calorimeter, iof the acal capacits and
conlenwt ol calorimeter s known, el can beomeasured hroueh increase in

e ImpeTaluTyY

Example 1-2

Lol elueuse OO was placed aneady i calemnsizr. Then interation
vessel wis Iled with exyeen gis, This vessel wins plaved o the isulaigd
voncaner loalaed cobioner was Illed worh 1200 2 ol waler.

Imal bemperitmre was 2170 ATl burwone U i ore . Lie Lempse rature ol e
villumirneter and s contenl was cused w2305 57 an the end el the reaction,
Caaleulate the oot ul el released s o result of bucnine T mnels of alucese
i kb omas umat et capacie of the clogmmeter cinn b ngpelecieds,

(R ccular mass ol algeoso s sl g el FCSpee i beal ol weater s d 21 2700

Ther mometer

-
T Sprk=generating
Wires
| e .
| X avsELem)
I I
| {known mess)
_:||'.-r"||-_|l': HINEr
| [T w '\-l'lll_‘"l'.ll
' - Heactant

e Ol

ST TET

- L.
Figure 1-2

Lalarmmerer yvessel whizh s used Lo
meaz-c enthalpoes ol r2acricn




Exercise 1-2
When 3 g of hydrazine (N_H_) was

burnt m a calerimeler containing
1000 g of water, the temperature was
raised fromm 24.6°C 10 28.2°C. By ne=
glecting the heat capacity, caleulate
the released heat from buming of |
miole of hvdrazing m kil unit.{ Molar
mass of N:H‘ = 32 p'ml} {Specific
heat of water = 4.2 Vg2

Answer: =161 k) miol

«_20 >
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Solution:

Dhiference m degrees of lemperature
AT=({T-"L)"C={235-11)"C=435"C

As heat capacity of calorimeter was neglecied, the amount of hest can be cal-
culated using the follewing refatzonship,

(N =g (Ng."Cy=m (g) = AT (°C)

g(J)=4.2 (1e.°C) = 1200 (g) = 4.5 (*C) = 22680 J

As we would Hke to calculae the amount of released heat, this must have a
neégative sign. That 15 equal to (-22680 J), This s the amount of heat released
through burning 3 g of glucose. To find out the amount of heat released from
burning of | mole of ghucose, we use the following relationship between num-
ber of moles (n) and mass {m).

3
T-Eg]_ ~ R _;['.E}___ = -UI{"I -..Ir n'“_ﬂ
M {g/mol) 180 (g/mol)
Therelore, the ameunt of heat released from burning of 1 mele of glucose is:
12680 )
q= ———— =21334118 J/mol
L7 mold

Ag this heat was micasured in a calovimeter under constant pressure, it shows
the enthalpy of reaction.

AH =g, = -1334118 Vmol

The unit of enthalpy is Kool In order o find out the value of enthalpy in k)
UL, it is converted as follows:

1(ka)

1000 (1)

1(kJ)
1000 (1)

n{mol)=

AHiklmaol) = AH{J'mol) =

AH{kV/imol) = -133411% (Vmol) =

= -1334 kl/maol
Therefore, the smount of heat which was released through buming of 1 mole
of glicose : 1334 kl/mol

I-I-THERMOCHEMICAL EQUATION

Writing of & thermochemical equation {which defines a chemical reaction and
a physical change) is different from writing other chemical equations. The fol-
lowing rules must be followed while writing a thermochemical eguation:

| -The sign of change in enthalpy which accompanies a chemical reaction or
o physical ¢change must be written, The positive sign of enthalpy shows that
reaction or change is endothermic. For example, the melting process of ice is
shown as follows:



e Thermeodynamics )

HO  — HO AH = 6 kJ/mal

2700
That means to melt | mole of ioe under 1 atm pressure and 25°C, & klimol of
heat is abzorbed. Absorbed heat can be written along with reactants (left hand

side of the reaction) and inserted into the thermochemical equation:

HO_+6kiimol — HO,

IT the sign of cmhalpy is negative, it shows the reaction is excthermic. The
following reaction is an example:

CH,, +20,, — CO, +2H0,  AH=-890 klimol

igi

That means when | mode of methane gas is burnt o 25°C and under 1 aim
pressure, 890 kl'maol heat is released. Released heat can be written along with
products it it is released during thermal reaction. Therefore, the reaction above
can be rewritten as follews:

1
H:Cnn CHuagr+ 20015
i phvsical change -Emlh:nnh: Reaction
=
S ‘=16 k] AH; = -890 k/mol
5 AH' = +6 k]/mol r= I/mo
LLJ
Melting of ice is endothermic
H:Ou Fh phenmmnenon, whereas buming
e . i of methane gas is an exother-
i}H{ e ?_ iﬂ f'i’ e reaction

2- Physical states of reactants and products need to be written. For this purpose,
some letters are used, These are: s (solid), | (hquid), g {gas), ag (equeous). The
reason for this is that absorbed or released heat can change with physical states
of regctants and peoducts, The following example shows this clearly:

H, + <0, —HO AH = -286 kJ/mol

. SR i i | -
Atteniion: lem 3 is one of ap-

H:n.-l + %{'}:Ip — H!ﬂm AH =242 klmol plications of Laplace's Law.

For any chemical reaction or
3- If the reaction {chemical reaction or physical change) is written reversely, physical cha.nge. the amount
the sign of enthalpy of reaction changes (from negative o positive or vice of heat released is Equa| b
versa ). the amount of heat absorbed,
HO, — HGO, AH = 6 ki/mol but with opposite signal.
HO, — HO AH = -6 kl/mel

« 21 >




§ Chapter - 1 ) e

4- 1t veews sides of the reacoan ace oulliphed o divided w th a certain coer-
Frens. 1l s peod £ us needs 1o ke dare weith the o G e bl pe
II,[}“I — .k A =G k)l

AL, » AULY, A 2ré kel 12 kLol

I-11-5TANDARD ENTHALPY OF REACTION

The vae tound under standard cenditions which are 25°C and Tetm oressure
15 celed s scandard enthalp oF reschom amd shoewen sl AH sembal ] hese
condirion: are differeat from srandard conditioms CSTPY whicliz 0507 aqd | aim
pressure while dealing with pases.

Let™ wpine w thiermae resaction shicts includes all poopeities memtiongd ales e,

C_,H 3 HL':'_.I___I — 5{."1’:3_|“ + ﬁH:[JII_ AH~ ==-33223 kKl'mnl
W can read Lhas g Folloves:

I mele nb hyud pentune ¢ H o was buenn with § males of cxvigen gus. As o
resull of the boening process, 3 males GE carben dioxide gas, i vales o liguid
etk ol 3323 R E o hear were peberged nnder seanaland conditeps, 2370 anad
Lalrr pir&ssue

I-12-TYPES OF ENTHALPY
I-12-1-Standard Enthalpy of Formation

[ e heas which iz necessary 1alsarbed ar emitizd i e faen D mal= 20 corapgond
fiom s 2orporents under sandard cond Lons 1 called as st and enthilpy o dome ation,
LU as shoveon weith AL sembel Lleres dhe most stable Sormes ol e lements umder
standard conditivae are taken, According tothis, the most stable Feme ol hvdro-
evn 1= cas, whereas mverowry o Liguid and maenesiorm m sold fuoms., These ane
mieasnresd il 250 and Tatm press<ure (slandand condilione;,

Fur example, carbon elemzne can be Teend noecapbite and diaoooed tors.
Voul sraphite s it ryoet sLihle form Sollur i Sowmd twees ctihle formes: rhomibie
sullur 45 band ortherbembic suliur (5 LoBu rhumbic =ullur

ke

IO TR TTRTS
15 the Twest stuble form

Accordine to IUPAC sestem, standard enthalpy of Termation of @b elements is
eyual 1o kJanel in then standard Gormes (e s stable Torn ol am elereenn).

AH, ' {Elem=nty =0 Klmal

Chcezen in gus foom is e s sLihle. Doochus case, e Tellveeung relation=hip
can he wrillen.

.'"'.[II"' :f'ﬁ_x] 0kl mal
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In the same manner, if graphite is more stable than dianmond, the following
relationship will be comect.

Table 1-2
Standard Enthalpies forma-

tion of Some compounds

AHP (€)= 0 klimol

The formation equations of some substances are given below:

.li‘l.H;I
I s
H:m + CI:““ — HO, AHS(H, O 1 = -286 kl/mol Compound ! mol,
4 I 8 = -
-1_ HZ‘IHI o 2U!l:- g T Fﬂill_' H.1FI:J4|1| ﬂIHI ':Hjmlm] - EIT"'; l:.]f]'l'lﬂl Agtsl o 32
BaCO - -1219
ME::\ T C]:|=| —K MECIEA.H ﬂHIQtME{TI_.I:IF = -Ml kqll'l"m] {:3[111,., _?95_
CH -
walm + G:‘-n.-l — L,“"!:'I:“ILI ﬂ.Hl?[fﬂ;m] = -394 kl/mol 4
CHOH 239
Table 1-2 shows AH . values of some compounds. While writing thermal equa- _394
tions, rational numbers are used to show formation of 1 mole of sought com- Lals
pound, Therefore, we change the mole numbers of reacting substances. C;H,,. , +227
AH_ s the enthalpy of | mole of compound by nking most stable forms of {:-|H _175
elements under standard conditions. But AH - standard heat of reaction of any - Wil
compound might not be equal to AH standard enthalpy of formation. For ex- LuEﬂ‘lh 770
ample, AH_ of the following reaction is equal to -72 k. 1.:;.;:[.[;|.L -391
im
Hyg T Bry, — 2HBr,, AH " =-72 k1 Mgso, -1278
I we consider this-equation, 2 moles of HBr was formed at the end of the reac- H.O . I8E
tion. Therefore, the hall of this heat -36 kJ is the heat released when | mole of )
HBr 15 formed from its most stable elements. The standard enthalpy of forma- H-;U,;. - 242
tion of HBr compound is as follows: Imﬂhh _173
AHP(HBr)= 4 AH? = 2% klfmol = -36 ki/mol HBr -36
H1 126

This is obtained by dividing the both sides of equation by two.

sH, 4 3 Br

Nyl

— HBr,,

Mgk
Example 1-3

As the standard enthalpy of formation of benzene AH'C H = 4% kl'mol,
write down the thermochemical equation to make AH* = AHYC H)
Solution:

I male of (C_H, ) must be formed from the most stable form of it elements at
25°C and 1 atm pressure.

6L #3H, —CH

Igraghin:| [ U ] F

AH® = AH® (C,H,) = 49 K)/mol

ks




Exercise 1-3

A standird enthalpy of Tematior
AH "ol sullune eid THS0,1 5
{-51d klermoal 1, wrle daw i the ther-
e hemical cquacgn tremake

A7 = Al -5,

Exercise 1-4

Aecrandard 2pthalpee af fiyema-
L ol brdrogen Mueride (R s
AL GHE: = -271 kdamol.
caloulate stancard enthalpy of
AT e ";Hr" nfihe fallowing
X TE AT

“:'HI | F-::;: ':||['|u.

Answer: 5d2h)

§ Chapter - 1

Example 1-4

Which of (he fllowing reartines has a alandard #nchalps of reaotion AR
wlieh s sual 19 sandded sathalpa o7 Toeenaion A o7 Tovmsd vornpeureas !

l1dls, 1 30, — e,
1 G, =,

hdg'llal

neo - la oo

AL — g
EA TR ETY
AT - 2RT R

sndution:

Fepction | soandard enthalpy ol reacten ist'o 2qual o starda-d cothalpy of
Tonmanion of To L0, compotpl, e puss & onples oFsutsian g Baees bogn Bl
al the end.,

standard enthalps ol resction of OO, curspound 15 equal 10 it
standatd enthalpy at formation. Because 1 mple ot U0, has been tarraed from
tha masl alable foem e s elemens

Reaction 2

Fescuon 32 AR it aqual to 3 00, becquse the pgacrnts jrae’ in the
gl sLalhe Form

|-12-2-Standard Enthalpy of Combustion

Combuzlinn reactions include reactionz ot snosstanzes fuels: with ossgen In
Binleeical sy awema. dond s aecepred as Gl %When lond s decompoasced (onme-
Brugasd e i by, bl dianes aes tans b pd 8o gluocoss suza Qe of the
rrsthicds o lecatrme howses on cookiee = via combustion of Dutawe cas, 2o
Bustican ol | omde of buliee mas yiehds -7 kD of energy acconding 1 Lhe
tnllow g squation:

. "o .

N L R e LU R AlLZ =-2873 Klimal

Susl Saars run s i comoustinn ol gasalme in their engnes, Gasaling = usoally
skowr as actane €7 1,0 Ay a resull of combwstion of 1 mobe of ootane, 5471
bl ol 2nerdy eoreleaned.

CAL,, 1% @, — OO, 110, AHZ 5471 K

Anather cxample ol eambustion rzactinnz o G reacoon sebsecn hvdrpoecn
ansd usseen

M, 2O, — WO, a1 =236 klimal

Coambuestionm of edeisen supplies Sperpy Unospoce s ore es

Standard entalpy of combustion 5 shown withe AT se-mbol . Sendand cum-
Rustion is cefined as (e heal relepsaed through combostion of 1 male of any
silmlanee uoder standard candicions 42370 dempueralnre, §oatne pres=nzel. In
Tal:le 15 slandard combalpy ed'eambnarinn valies fae serne clemenrs and cnme-
|J-{||_||'n.‘|.~; e ~:h{1'-.'..'||

wam
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Table 1-3 Sundard enthulpy 1ol

Llements wstdes ane formed frem combustion of elements with saroen, canmbustion solues A1 Tor somwe
Throwgh aamhbuslinn nf crganic suhsamces, carbon dioside gas, liguid water
and heat is released. Far exampsle, cambsoon ot plucaze 10 H 4F }in body

supphics negessans grerey far Biulagieal fuestors of Dol Substances k] ! mol

clems wes and canpoundds

CHL  + 0 SO+ GHG AH = = 2808 Kl ﬂnHuD

115, 3644

Fhwe s conditiom 19 nrab g that stamlard crbalpe of weacioe Al -
cowr e cyual L standard enthalpy of combusten AH s combusieen of 1 omele

af zubalince with ennwga oxvazn Most of combiusiion reactions are C 0
cxnther mic veac ions 'f'H'-'ﬂ 62 2808
Example 1-5 C?-qum _2219
Write dnwn the chemieal vemcion wf coonlostion of Topoel colis b alenhind
L H CHusing e fllwing daa AR (O H OH 3= G 13AT R ol LH*.:. -891
: . L .
Solution: tjraphiiz; 394
ozl - 30T kL rnalathean, Donsle s laguid etlee D ale oo NG Eg v H _286
Eastecd with wnough O, B
C_ H.OH 1367
CHOH, +30,  —=200, -3HO NI
AN (CH 0O | 3 - -1367 KJ S ol e 1411
h. rhambik 5 3 Zﬂﬂ

1-12-3-Enthalpy of Physical Changes

Patier s in acscle of chanaging states, T he process ab leanstormadion from lig- NHﬂ.a _383
wid 1 i foeen 15 called as sapurization s b necessass For waowrizanon of I

Fronole of sy substamss s called as cmbalpy of vaporicaten Iis showen sl

AL wembal, Lo esimple, Drnole ol Fopmed water abserbs 2o B ol heal while

transtarmed uita walker capee, | Re aquation tee e n2achan 15 given belooe: Exercise 1-5
A ALY - - 2R k) el
YT T e wrate dovent Hhe covbostion rene-
H_-': kL. H_-ﬂ.,-. '.1H'.1|'| = 44 klmid Tion o propane gas 44 10

T he wpposiie ol this reastion o is te: Trsns Formistisn ol water vapor [ gl
waler 15 called as condensalion, “The svinckol of 2xthalpy of comdensalion s
AH |, AEvAQeTIFabon 18 1he reverse of comdensnlion. the valve ol AH | s the
Kam: as Al Iur and with wn opprosie Sien

cridoen sateen

1o = N0, Al =44 klmol

Crnie aof the phrsical changes s ihe trans fo oo of substnes fronn wibid 10
Biguoed D has Gs called as s, The heat necessary tooirmslonme | mole ol salid
stbstance o lyund i called as enthalpy ol fusion and showen with AH .
For example, the process ot transformanan of Tmale ab ice mowater necurs
thigugh absoepdion oA < mnl hear,

S (PEX T Y .
HUb  —————=— H, aH -4 kMmool
The wpposite ul Twsion s crpstallizeion e erthalps of crestallization ez
sruwn weth all | seeubol ransloruation of 1wl of water from igual
solid 1 sheavn in the fullowmis soquwanion.
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crvgtallizalion

H — ——s HO AH = -t klmal

A smengy of W har sometioned abosve can b xiven in e follusieg refa-
s hip:

Al -all and Al - Al

~dp Al

The wign ol crchlprics oF waporization and fusion s pesiive. Inoocther waords,
Pt v atlsan hed fendetberme) booeeh 2 these eac-linny The w,ig_n |,,'-f'q:'|I|'|;1||,1-
ey el corndersatien and erystallizanion 145 e eae, Thiol maan: el v released
reacthernmicy duriae these reactions

Exercise 1-6 Example 1-6
An gonbialpy P sapzabe of liqoad aramenia w23 KFmol, whar s v vid'ue

A4 crthalay of fwsion ol ol . .
: el enthilpr ol sondens=nion?

Aot asid [UH CO0HT s 311
EFanul, calgulnng the gnilclpsy of

Solution:
e sl hzativ of s acid!

Tl wapnerra o n eoquziion SE o sk o o -

Answer: -5.01 k'mal

v

“H. MH, ~ AH =21 clmel

N Al

A centleasal o s rgverse of v
.

MH, =~ —— MH,_

AL, -all, - 13 klimel
1-13-METHODS OF CALCULATING STANDARD
EMTHALPY OF REACTION

|-13-1-Hess's Law

1L ien™ possibbe W ferrn sceme sonmpeonds oo heir elements directle oe-
catese etcher the reaclion ooours =0 slew [y oer some uamsanied sade produocts wre
themed. Therefore, the values o AH ot this kind of resclinas are meisured
andirecile, This eacthsd depends on Heag"5 1 oaw L Acconhing doodhs Liuew,

thee tlad enthadpy af chemical 1eaction s tie swue whelber

the reaction iy manle wp mane ar seceral steps eopal the sum of
cenbialpies ol nwernediale reactivo.

Inocheraords, a2 can dreide The reacling intn i senes of reactions, the yviaiae
b’ .-‘LHr of the i nooctien can e cilenbocd . Besause .".Hr Jdepuenads on the
et e Fomd orares of rhe rsdgan. Todoes o depend e the ol the rgacticon
oo s Tless s Fawe bo simalar e the ascemsion ol an clocaler inan apar-sent
Euding trem the 1 floor wodbe 07 Aeoc sither Jirects or sloppitye A cach
Hur “The tesull iy the same 1 boeth sbaitions,

For cxaraple, i cthe reastion of cachon (graphite  and oxvazn and Ferming caz-
bavt eovcvewsind, Pl vgleeaned Tgiar can 1 Sy mcitsngd divgerls,

¢ + w0, =00 AHT -7

Tt
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The reason is that the formation of CO, can't be prevented. Butl the heat re-
leased during full combustion of carbon { graphite ) with oxygen and the heat re-
leased during combustion of CO and forming CO. can be calculated as shown
in the following equatiens,

i Cigruphite) + Oyig)

D) C i *I'{J:,h_,l —CO,, AH * = -393.5 kl/mol ¢
2}C0,, + 70,,—CO,, AH " = -283 klimol AN® = 1105 k]

Y
The formation of CO from graphite C and {'II: dpesn't coninin llf".ﬂl. Therelore, .
we need to eliminate OO0, For this, we can reverse Equation 2, i- COLg) + 4 04le)
3)€0,, — €O+ +0 AH * = +283 klimol o |

g g "] r =193 5 |l
AN = 2830 kJ
As chemical equations and values of enthalpies can be summmed just as algebra-
ic equations, we can get the following by summing (1) and {3}
1y C RO = COL AH ® = -393.5 kl/mol
|gragrhiar| Hel | 7] ¥ cﬂﬂ,’l
3)€0,,,— 00+ 70, AH® = +283 kl/mol i, .
1 . -
4] E:Ie,lﬂ‘hﬂ'l 4 2 {']ll_l:l —h {-{Jlﬂl .I?..ﬂ‘lrﬂ -— _] “]-5 kjlrml Fig“m 'I_J
This equation is the same as the reaction equation between C_ and O, We can divide the enthaipy of forma-
whose AH value is wanted, That means this reaction occurs along with | 1.5 tion reaction of | mole of CO from
kl'mol of heat release, Figure 1-3 shows what has been fold above, the reaction between E‘mi‘ and 0,
{iras) into rwo according to Hess

Example 1-7 Law,

Caleulate standard enthalpy of formation of main elements of CS, | compound

fromm its most stable fomms,
C + 25 cs

Lily

igrphve TS T A1k ﬂHlﬂ[CSH“? =T kl'mal

Thermal equations and values of enthalpies are given below,

D C i+ Doy = €0, = -394 kl/mol
25 8 s ¥ D 0L 2= -296 ki/mal
ACE,+ 30, — L0, +280. 2 =-1072 kl/mol
Solution:

If we examine the eguation which we want to find out the value of
AHACS, ), C8,  is on the products” side. But in Equation 3 it is on the reac-
tants” side. Therefore, we reverse Equation 3.

4) (:U_,m'* ISD:M =5, t 3U:~|u| AH =+ 172 kl/mol

The equation in which the value of AH (TS} is wanted. it containg 2 moles of
5. Therefore, we need to multiply Eq. 2 by 2.

5) 28 - EDEHI — ESGHEI AH ® =2 x -206 k¥mol = -392 kJ

b= b

« 27 >




Exercise 1-7

Calrurate the sanddard cochalps ol
lrrpiaiiur ol tlos rggctoger inowhish
averyleme 0 H- |y tonaed Trom

He i n e lemenls.
1 -Hy, — € H,, -

LR e

AT ERTE IR e

The Inllowwng thermal cqualians ane

T
Ll'nl..l'l

I S £ Y o S

AHS =301 k) el

|
Ef “:“. 1 Tl:-].'-rl 'I:I:':]”_

ALY = Tk k]

.} ] 2(1' I'~\.|.|+5‘l }:"!' r
A, —ZH I,

AL = 22390 Kl mal

Answer: 223 5 byl

kxercise 1-8

W'lien beneene (O Y is bumcL .
it vields varbon dioxide pas and Lo
warer A alceulase the AH  walue of 1=
reactinn acegnding arhe Tnllowong,

AT, = d9 k)l
AP 400, 3= -394 L Jamal
AN L E), 0= =28 R mel

Answer: <371 Ll

§ Chapter - 1

IFw e add Egualwn d and 5 walh Bquat gn

Ih ['-.-"'=r""-'- =0 = ot AH =304 klanul
OO, - 250, — (5, + 3 AHF = - 1072 kil
YRS v EY = 250 AH =592 klanul

- o T . - =" !

( PR -4 S ( F_-.II | AHAHOS ="k mul

Thiz eouation 1 e seme s the sgquation which we woant v ind ool the valae
TAH YOS, L Theselore:

AHICS, b= 300K = 1072 k1 +4-392 k) - 86 k)
|-13-2-Using The Values of Standard Enthalpy of Formation

Tnneder vezalzalate taH 1 enthalpe gl ezactgn, he AHp valines ol cam oz
witll b vl

ad | bB  ~ali! hH
W yee 1he tolleamg relalhiotstup e caleulne the AH wilue U ER I reactium,
AN =L m Al (Froducts) - Z n Al 1 Reacrants)

o 1% rpurep ber o7 pdes ol ek oma] produs s, Sengpng tgtal, [he caleulanaon
of &H alue o7 ke thermal reaction abos e van be dune e Tollowes:

AN = Al (G = BATE (1] - JaAll (A} + AL (By]

Hurn s bt o wail] pie st mtions i that the crhalpa o Twoweation AH ol the
neds &3l feme ol ame e lemen s cqoid o zees A mwen sy BT,

AN {Ekement) — 0 kil
Example 1-8

The resction o aluriwan ol iron (D oside compends tocwes as Tellaws:

AL =Tty .-'-".I,ll',lu_I + EF'-'h. AT =7k
Caleulate e srandad corhalpy of reactinn wging the nllowing,.

AH AI__{'J_M: =107 kol

AH [Fi:_ﬁl:l_lj = -R2 2 kool

Solution:

The Firbis ing can beoancen wging the rclannnstip 2k

AH =z nAH o Prinocts) - Z o dH [Reacianisg
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AH' = [AH (ALO, )+ 2AH. (Fe )] - [2AH, (Al ) +AH] {(Fe, O, )] :
AH (AL )= 0 because the most stable Torm of aluminm is the solid lorm. Ei:lmfa-nan:rus pProcess
However, under standard conditions, iron is in selid fom,
Therefore, AH, {Fe ) is zero,
” .
X {
N «
Non-Spontaneous

1%

AH = [(-1670) + 2 () klimol - [2 (0) + (-B22)]k)/'mol

i

=-Rd48 k) 'maol
I-H4-5PONTANEQUS PRI ESSES

These are physical and chemical reactions occurring by themsetves without
any outside factor under certain conditions. The reactions occurring autono-
mously ala cergin lempergiure, pressure of conceniration are called as spon-
laneous reactions,

The following can be piven as examples for physical and chemical sponta-  Spontancous and Non- Sponta-
NS PrOCesses, neous Processes

=Water drops from o fall downward but the opposite s impossible.

-Flow of heat from a hot object 1o a cold one, the opposite doesn’t oceur,
-Lump of sugar dissolves in coffée spontancously, but dissolved sugar can’t
solidify by itself

-Freezing of water at 0°C spontaneously, melling of ice a1 0°C and 1 atm.
-Rusting of iron spontaneously when objected to oxvgen and moeisture; but i
rust af iron can’t transform into iron. e

-While a piece af MNa forms NaOH and hydrogen by reacting with water, H, l
andd MNaOH can’t form water and sodivm by reacting.

=While gas in a vacuumed container expands spontanecusly. pas molecules

can’t accumulate in 2 contuner spontaneously, Figure 1-4

As seen in these examples, while some processes ocour. spomtencously in a <X Ay
dircction, they can’t ccour spontancously in the opposite direction.

Why do some processes occur spontancously”

Cine of the most suitable answers which can be given for this question is that
along with spontanenus processes, a decrease occurs in the energy of all sys- e
term (less emergy means more stability), In other words, final enenzy of svatem oo L.
15 less thon the mitial energy. This cose explains the foct that heat Aows from e l
hot ohject 1o a cold one and witer drops from wp of a fall.

Most reactions which cause decrease in energy are exothermic reactions. For
example, combustion of methane under standard conditions:

B
CH“'!-' " 2':I:'ils' B Eﬂﬂwn i 1]-Iz"-'}:ln AH® =-890 kJ L)
Acid-Base Neutralization Reactions:
H I"'"" T {JH-"‘-'I' - H:Dm -ﬁHrﬂ =-56 ki

A Self- Expansion of gas in a vacu-
With respect (o given examples, can it be said that SpoNENCOUS PrOCESSEs 8T€  yuaed container

always exothermic reactions? B) All gas Molecules can not accu-

Answer: mulate in a container
[f isn"t possible to generalize this hypothesis for g very simple resson, because .

there are some spontansous physical and chemical changes despite being en- FIEIII'E 1-4
dothermic,

<_ 2 >
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For example:

Poszaluton cf armmaniom chilaride -jHH__I'."I'l s ater i an endothermiz proecss
and il goe=s spnntangougly

NILG = W AlLE= 14kl

Croconnpos o ot mgciy maade (1e0h opcurs spentangoizly omd OF i ado-
Iy,

Al — "Hg, - AH: =491kl

mleling et v ian endonhaemnie pocs@as har i aceues sonarangeos|y

H-“-;- _ = H,H_“ .-".H_s=|‘r-k,|"n'm|

it ication ol vtz e an endethermic process and 1 s spontanzan s,

iy, ————= I All LA R

With respect o exunples abovg, we cow say thil an endothermw process <an
Lz spontancou s, Hue s can' generalize thas statement. beeause there arc ewny
reationts despig being codathennig ey don Focea spnnlangous |y

Ircarhge weads wg can’n decide ta repenian accns spintangnmsy o 1t by s

lsubires at g being epdutharnis v esarhennis Toodecile this, sed mge] 3 rew
therrod yroomie funetion v led oz enirops.

I-15-ENTROPY

ooy 60 thermadvrami e foegtine which is defined as 2 measure of the
wancoiomess or drcepulirity ab o svsiem Da symbal @50 The disarder in
all remctions v hetise r spontioneeus o nat-is called as sntouoy,

Hoslweses e eeliich eteen the disendsr uf sesgam as 2achel As the dicseder
insaeises in O spsbern, Rive walue ol entcopy incagises Ay the syalenn becornes
e ardered ddisordur o rvinses 1 the salus of enirapy alecrsas s,

Focropy s o themedvamis fepction which s sin i e ool py and ars enly
chatpe noenliopy £an e mgagured.

AS=§.-§

Here, 5, is fnal entropy and 5 i it entmpy,

In all sponianenas Teachiers and physical privcesses. disooder inctesses, or
example, wmoonio chileride dissabes in waler gpontencous|y,

"'JH_C ot hHJI..m"'EI:.-q .':'IHIL ==I14kl

I 1hag chganlurpen zaginn, the alb dggompoacs so g s These inns a<c nore
dizrdged sy ampgnngueg chlopde mglecules. Whey [l wargr v apor zes,
sapng mgcgciles becnemg mge disngdged dan D vid sl mdlgeales, Touguid
water rnlecules are alag mare digondergd 1han ice molecules. CGengral's, the
entropy of ams sl 05 aloays higger Hean the encapy af liguid <gate The 20
e cE D opemd st B oz valae than The encropy of salid st Faig 1-3
Mhe increase in the calrpy o svsoen occars wilh an inerease 1 diseribaonon of

cnerey A chatge i physical states af the sescenm changas itz sncea oy,
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In sohd state, molecules are ordered and closely packed. When fusion starts,

these atoms or molecules start moving and they get out of erystal lattice and
disorder incresses. Thus, a shift from order to disorder ocours. As a resalt,
entropy increases too, Similarly, entropy of system increases in vaponization.

This increase 15 greater than that of melting process, The reason is that atoms
and molecules in gas state distribute more to fill afl the space they are inside.
Frequenily entropy increases in reactions occurming in selubons, For example,
when sugar crystals are dissolved in water, the ordered structure of sugar is dis-
rupted. Therefore, disorder of solution is greater than that of pure solvent and
pure solute, When an ionic solid as sodium chlonde is dissolved, the increase
in entropy depends on two factors, These are:

A- Preparation of solution (Mixing solute and solvent)

B- lonization of solid compound

Heating increases entropy of system. Because heating docs nol only increase
displacement motion of molecules but also increases rotational motion and vi-
bration. Besides, with lemperature increase, all ENCrEy IVpes which depend on
molecular motion also increase. Therefore, heating increases disorder of sys-
tem and its entropy.

ﬂsﬂl; > ﬂl5|'r 3 ﬁsﬂ'l

L L ]
= L
[ [ ]
. * L]
Wi .
. J | b o
Solid Liquid Gas

Entropy of pases is greater than
that of liquids. Similarly, entro-
py of liquids is greater than that
of solid substance,

Figure 1-5

« 31 >
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Fusion of a solid substance G
"
L= b;_, Du
g 0565
sl Licqu
@ “
Vaporization of Liguid Subsiance ©
oo o a »
| =y ¥ —
gV ® e ©
Ligpuue zas
Solveand Qg gl
0 9o %¢
. " iexalalian al - ]
000000800, "iTi™"  Jgee e o
oG YLobu e g ¥ :
T e — g0 80 @
S0 DL o o R
Cgu¥ Cgg © LR e g
Cge® Cogpe @9 o
Solid Solulnn
Heating substance
T lemparature
. o T, ternperature
Srmke @act ong o hich ent o
ST s s, S
Figure 1-6
& Byrlem al T: B oL Al |:.|1_, * 'l'l ='T.
Exercise 1-9 Example 1-9
[oee do the entropies of Lhe tel- Fus e fal w img progesses, esimats i change in snwopy 1450 0 gasie el
lowwany sy skema changs ! stallzr thas ey
A= Clandengation ob waker « s A breeaing of cthy | alechol
B Fonmatien of supar cosials in B saporizaien of hgud hrosane
supErsaturted selulion ) ] ) )
- isanluncn of plocnss mowaker
C- et TL eas Jrem 200°C L ) o . ) .
- e Clanding ol nilraaan pas fram B30 1n 207
Bl (= LY
[3- Sublimation of zoled sedine solution:

A Freeziap means ranslarmancn arb lgoid ahed alenhnl tasalid @iyl aleo-
eal. As wilecnles are mare arderedd e salic 1han luid, chawps o ennaps 15
srller thay 2erw (A5 10,

F- % T e Timnd Bronnide i transfarmed o bronide capar, Hwe disorder of mel-
scules increases. Theretore, changs ineneenpy s greater than zern {A5 0}
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C- Uecawse solid ghacose molecule: dirtribwle 0 water. disorder moreases. Table 1-4
I'hat means Changs inenornpy 15 greater than Feron vy -1, stanc e ey valucs for

D- L roling el arpngen gas fiom 8000 10 2400 deereasca disnds of mirrngen surile elements anc Lumpunds

miclecules. s o resuly, entropy decreas s anal g ol enirope s smaller Tan

AR Subslanees g
I-15-1-Caleulation ol Standard Entropy in Chemical Reac-
tions HO,. A
HO
| herrvwsddsy i allose calanlaon ef salue eof srandard entrepe (5% - all E! 15 1R%
chemmcal 2 lements wnd compounds, Wi this value, woe can measure chanps L 132
ul stamdand entreps of reaclio 045 71 ina chemica reaclion, We use Tthe [el- Ee _
laweing relatinnship for 1-s: i 27
WS =X n N (Froductsp- X ST Heac tanis) L dangad | 2
n means number ol moles of reactants and products, © meins tow Lgupllli". h
Frothe fallowing reneral chemical readtion
) E’“a.;. 156
“Ji_hH_*g(l+hH CH
. . - . . Mg 23‘”
[l s Fanne o #amuland eronops Gl this reastion (A5 75 gan Ty serillen psimg 1]
reLamionzhip abun e as ellowes: Ag ' 43
""5': =S i+ ST -fa S iA+ b5 BY B 6
R 7
Fabd [ sl spanadand comiopy salmges T somy o b et and chenical 0
coespobds Acorading 1w Tre pabeeal Sys1een ol Lises, gnil o7 gnliopsy - LiE 203
. | ) .
Ikl L]“'I 713
Example 1-10 -
0., 214
Caculate chanze of standurd endreqr ol reacteen (A% *7 o0 the Tollising reas- Ee.0) -
lanal 257 and | aten sdandard condninns, R e
JI:'_I:-'Il'l | ﬂ.‘l.‘l ’ :{_{-:l.'-'l:l L-'HEIF. 2“'
SUCO) = (98 K o, SUCO =113 K ol :‘:J—I1 334]
- 1 13 =
LY =205 Kool
) Cuﬁﬂ‘hh M
Solution:

. . ) Fxercise 1-10
WA= o ST Prducisk - o ST Rty
Calculate chanee of standard entru-

AST = [IRTC0LY] - [2570C0) - BT v of reswction: 2571 ar the [nl-

. I . , lrw g renenion at 25700 amil 1 atm
VIS 2 21 FRemal] - 2% 198 - 208 K .mol] standand 2 omlicions.
'I'IH:I - _] ?3 J_.'l{ _n'.nl .-IFE'I\.I - '-'!'l:':l.'lpl —_ EFE‘_IL:'I K

Aceording tn;
WrFe) =2 L E . mal,

1-16-GIBEBS FREE ENERGY
W= Ik R mal,

o R0, 3 sementisr named Gihes devsloped o relatopship baiaeen aethalpy SFet= 17 1K mal
T sl @ obruges 157 1 his relatonship enaliles os iz simaie sehetbis azaction
vevur sponlanecusly or nol sionpler than relving un using scthalpe o Answer: 01K mul

snfraps valers ,;epnrmlel',r. Crilte proposed a new theroeds pumic Tunclion
weh 1= alled o= “Cibbe fee energy”

< 3 >



Table 1-5

Values of Standard Free Gibbs
Energy of Formation Of some

Compounds
AG;
&J /mol, Substance
173 CH &,
-300 S0,
-137 Cﬂm
-394 Cﬂ':m
87 N I'.}m
52 NO .
-348 NaCl
-95 Hﬂll e
-53 HBrm.
-51 -
-33 CH,
68 CH,
-1576 ALO 581
-741 Fe, O,
-110 AgCl
-318 ZnO
-219 HEULEI
-237 HO
-271 HFc 8
2 HlI o
-33 stm
-17 NH Sefs
604 CaO

«_ 34 >
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The symbeol of this function is G. [t defines the maximum energy which can be
obdained from measurement of AH and AS o constant temperature and pres-
sure. Change in Gibbs free energy AG is defined as Followes:

{at constant temperature and pressure) Al = AH - TAS

Free Cribbs Enercy (sometimes called as free energy for ease) 15 a funetson just
like enthalpy and entropy. It is a real function which shows if physical changes
or chemieal reactions occur spontancously or not. The sign of (ibbs Free En-
ergy 15 commented as follows;

-If value of AG is negative {AG<D]. reaction or physical change occurs spon-
tancousiy.

-If value of AG 15 positive (AG = (1), reaction or physical change doesn’t oceur
sponfaneously (the change or reaction occurs spantaneously at opposite diree-
tion .

=If value of A0 8 zero (AG = 0}, reaction or phyvsical change 1s at equilibricm.

1-16-1-Standard Gibbs Free Energy of Reaction

Standard Gibbs Free Energy of Reaction which is shown with AG ® symbol is
the change in value of free epergy if a reaction occurs under standard condi-
tions (25°C temperature and | aim pressurel. Inorder to caleubate AG ™ for any
reaction, values of Standard Gibbs Free Energy of Formation AG® are used.
Standard Gibbs Free Energy of Formation is the amount of change in free en-
ergy when 1 mole of any compound is formed from most stable forms of its
elemenis under standard conditions (25°C emperaiure and | amm pressure.

It is possible to calculate value of AG " by a similar equation to standard en-
thalpy of reaction from standard enthalpy of formation values. [t s as follows:

AG T =X 0 AG (Producis) - X n AG (Reactants)
n 15 number of moles of reactants and products and X is wtal,
For the following general reaction:

4A + hB —= gG + hH

The change of standard free Gibbs energy of this reaction i5 as Tollows;
AG” =[gAG, (G)+hAG] (H)] - [a AG (A)+ bAG, (B)]
Table 1-3 shows values of standard firee Gibbs energy of formation of some

compourids. Here what needs atlention is that AU ™ values of most stable forms
of elements are egual to zero.

AG” (Element) = 0 kJ/mol

Linit of standard free enengy is (Jmol) according 1o Interational Svstem of
Linits

Jpremensreenes
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Example 1-11 Exercise: 1-11
Calculale standacd iree Cibbys energy of the tollowing rezctien under standacd
craddisns, 25 and | atey pressure. Alse tell iFhe meacting necurs spocal-
e [y e oot unelion 1hese sarndictions.

j':'.-EHHI + I'F';.}-'p '-_" IEL"-:II'I + I:::II--|":III

LCulculate standerd Gibbs free 2ner-
rr ol the Delluwine reaction under
sluncurd condmions, 2750 and | aun
pressure. Adso el i the rstion

Liie Ty veeuss spunlaneous by or nol under
AGECH = 173 klmal a6 200 1 — -3t kol these cendilion s,
AGEH ) = =207 ko SN0 It v 2N,

ivens:

A0 10 = B ke,
Solution: AG IO S kel

A =T oA Prisducts) - E nevll [Reacianiy)
Answer - =71 kL rl

A= [ 12AG [CTR)+ BALL THAN] - [2AG 40 H 1+ 15 A (1)) S e
A =02 = 022804 klhmady v o= 0-237 kamal ]

-[2 s 175 kM mol = 15 <[]
Al - %KD

Ay othe re-gl o nepacive, the rewctiom oo curs sponbioneuug .

I-16-2-Application of Gibbs Equation and Direction of
Chemical Keactions

Ciilhs euatinm is accepled a0 vere imperant cquar oncowhich coahles .
mle stanal proper e s ot CEemical eactions, The egquatiun i alao relined w
chanees whizh oveurs in propedies of system.

Al "l.” | Wi

ey asinge A0 vitues saves us Trom caleulanion ol chaness in enthalpy
and entropy, According 10 Gibbs equalion. chanpe in Free eneray { A0k in-
cludes b imperant Fackars wich alect if a chenical rezction <o nocur
5p|'|nlill'||."l.ru:.|'.-' e

First Factor:

Ercaciens inust e sk tosaand s the divectios with the e =L eneray r=nthal-
e IUCvilue al A1 s negades,n other waords exothermiy. the posabiline ol
sprolaneaus aocrrrence ab reaclion increases.

Secomd Foactos

Fgactrms inng1ly sk powand s thg dincenne winl the nehear sorrnps. 197l
ue ol A5 s pusitve CiFdisorder inzieases b possibilig of s pentaneous so-
cuscence af Teccliom incezases Fositive sialug of A% causes vilue ol A8 being
negalive.
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IF e polagicle lempiatuie, there most be a relabinnship ag follgee s berween

Foenr Faslors eoseslivmea] abiove fur a0 e lon ocvur spontaneausls (AT« 0 gl
a5 -

Cignerilly, AH and A% evrabols afecs valnes of %05 04 sk

[-17AH and A% hase pusilve valusa, wlzn A% s beas thon AH, 0wl
vz nepabive This condizion accora when T iz high.

2-1"3H i |'||,n.-:.ir|'-.- rangd A5 = |'||.:E:_'|'.il. w vitloe aF A0 wal] B .’hl'-h:i_‘:.-\. '|'||,r~.i|i'-.-|,_:
ndeprendent of the e Mect ol = ap=tane T.

-1 value ol AH s neate and A% s posilieg, caloe ol Al il be neaative
independent of the eHect of emperature I

4-17bach values o AH and Ak are negalve and it valoe of TAR iz leas than
AH, value o 200wl he negative This condition ez only when T i s

The tenmaeranure welich causes negative 305 s olues o Situation | anad 2 de-
perds on ezal vidoes ol AH il a4 ol westem, Tabsle -8 suminiarices possible
etfeces delined below.,

M Factors effecting on sign of AG in AG=AH-TAS

AH hs A0 Exainple

Hestc enoreecwrs spantansausly anr hagh rempe -

+ +
Ipea |1 o ';.Hn'.r.:lrl;'l]u';.l:,' 1 Lhee pusle
ahirection ol low tempecaucss EHEF},_,)_"‘EHEJJ*‘};IH,

+ B A0 alwaryes el e, Reactnnn dogs nan g
sponiarresmsly bl tecaperatuze, 1L ocours 3pen-
Laneausly in opposile dores lien, 3":';#1_"' EDL,E,

+ .

AT alwars negalive, Keactian acoure wpanii-
neousle at all temperzbure. szﬂzrl._"' I'H:”.Iu -1} -

Ebatc b een tcars spretancoudy ol [nwe de mpera-
Ires, oo e sponcarenasly inopposde diees
linn of high temperatoee

NH, +HCl — = NHCIL

roeler <ianda-d condinimns 25°C aeal T arn presame. when AH 7 and A% e
mieasuel, Ciibbe syuation can o6 used az lellows:

\G"= AH " - TAS
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Example 1-12

Foaplain the Tollowing startn Erony Gibbs equation. Exercise-1-12
Self-dissalution of sulfar dixide pas in water with releasing heat. Explain Lhe Following startn

tromy Clilsls eguation.

Solution: iti

lution Mon -decampaosition of
Drissoiving (dissolution) process of sullur dioy is an exothern water 1o s element wnder
procesy (releasing: heath so that &7 = (-3 has a negative valoe, ctandard conditions.

Dissailiom process of dlw gas accanpunying with decreasing in
the entrapy (Lransionneed rom diserder Lo ordecs

st Lthat A5 = -1 has o oegative value.

From the equarinn

A =AH TAS

Alr = [-AH} - (-T AS)

AT =AH + T A5

Alr = [-} a5 Lhs proocess iS5 sponlaneos.

Al the law ar narmal lempertres, the valie of AH is greatsr
than TAS s0 AG=( - ¥, and dissolving spomaneous,
That mean the enthalpy is the determining factor fur the

spantancity of thiv process.




Exercise-1-13

Laloulate the valwe al M ol the
Corllue iree reaction undsr standacd cow-
el 23507 anal | oatn pressoge

CAL, 80, =500, 6L

Ltlen stanetord caraditions, the vilyg
al emthalzy el reaction AN ™ was cal-
culated wed e follot g resull wer
bz

ALl -a33a hlmal

Brrsmdes, 3% > shoes calenlated angl e
Folluving resull wins whigned
A5 =30 Lhomal

Answer 36475 kL mal

Adttention;

Wil soow g 1hes Kind of questians,
i Fheuhdn "t Foges thial anits of A17
and AR aren L e aanne Thereling, we
neet] L Canvert unit el enirepy oo
JE.mel o entkalpy unit kb K mol,

( Chapter - 1

Example 1-13

Accordmyg n the mllawing Jdaia,
{":I]Mﬂlln__' 3“:..-- . ?Fﬂ_m | 3”_{']”

sihstance AL kL mol (57 Lhemul
CHOH JI7H 1411
i, [+ M5
e 144 oLl
.0, S )
Canlculame the Tullowing silyas Bor the peme Goe under stamdard sonditens,
M) AH
Bras =
CrAL S

Solution:
A Caleulaine ot .-".HI"
VLT Tl Prklucesd - oAl Reacinm:)

AL |2 AH, OO 03 AL (1,08 - AL (LI 3 AL ()]
AL - |2 = -3 kdmalt 13 2 (=286 klamaly] - [-178 kLol 3= 0)
UL 1368 kdimel

Gt Lalcukateen of A% °

W Zob iProductsh - ¥oa 5 (Keactants]

WSS CO Y ISTILOT ] - 870,01 - 3870,

W 2 e ZIKmel - 3 LK o] - [16] 1K anal 13 208 14 me |
W5 =138 omal

I{kJ

AR TEEK aneh —_—
r JUURER N

A5 TR ol =

_ Ik
IIEK mel) =

Va Tk K mel) i
' RSN

ASTEME el -0 L3 LK ml
L0 Al latwen vl "L{'il"
ler's change swempersbiee e renrigrade £ i Echeen 1 Funit

iRy -+ 273 - 22273 - 2K
M e value o AG T i3 negative, the reaclion accurs spoilineously ol 23 O
and | v nressere.



AGS=aH" - TA% -
A= -T368 Elmad - 298 Ko« 00138 KIFK mel)
AT = L0327 kol

I-1T7-CALCULATION OF ENTROPIES OF PHYSIC AL
CHANGES

In the previos chasters, we have defined stendard enthalpies of phesocal
chanzes s enthalpy of waponzation Al Iur o) el pa of fugion AT e
sides, we Kievw Mhat substaeces change Trowe ol Be Dguid o melimg, e
prature T, Substaneet change o lgquid weas an Roiling remnpeaters T
Pelting and hoaling lemperatures are 31 2que e belween sehid o liquid
vapor and atnwspreric pressare. That meaes valus of AL at e enpeia-

rires is cyual W roen Theratizee, Odhhe relationzhi)s can b wrinken as ol lows:

Sl = A - PAS
0= AH -T A5
We oot the follmw ing from 1hiz relatinnslop

. Al
j,}-_-," = |—

b s it Forexampls, substances clumee: Jiom selid 1w Tguid an
mnelbr g e peralee Il refoene, melreag cqualion will he as fol ows:

All
AR = =T
* T

[us means fusion. Subsaness cwnge Trgam Tl oo gas gl Boohing, lemperns-

ture, There o, the vaporiieon equalion dboace cion be reserinien a5 "ol

=

All
._I'IF':__I_I_ .I.-..'.

VI mesns Yaporization, W eeed 1o haghligkr that ihese 2qoagions arz orls
aalicl whe sysiean 2 o equibibrivas ctor sxample meluog, vaponzation and
subliniativn)

{ Thermodynamics )

b

Attention:

Llere. 1hexe is anorher physical
change whizh @nt mentinned. 1t

i5 Uhe chanmge ol =t ol substonsr
circecly from 2alid e gas. This s
cacled as sablimauen. Az smhalpy
b sublerparnen iz wrang funerion, i
i egqual i ahe sam ol #=nthalpees of
melong aed capanizanon,

Exercise 1-14

Calzulae changye ol entrepy in
1%l uan for weate beoa'ings

EREC

gl T ol o),

HO =T,
Al A4 kel

Answer: 118 Lk .l
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BASIC EQUATIONS
- The relntinn=hip beeween Kelein (K and contigede (2O anits of fenpreatu e

Tihi=tiC)+ 273

- The celativnzhip bevween anount ol beat and speciin: bheast

g ()= 2 (WP = migh = AT (R0)

- The relimioreshipy herdoeen armannd of et oo Desi capae iy
q-L=AT
= The clhemig: i staoded celledps of reaction
AH =X n dH, (Products) - Z n SH (Reactanrs)
- The chemze i slandand eotopay nal reacioom

A% 7 - I n & (Producls) = & n 5 {Reactants)

- The change i brae eneeg v ol constant femperabure

Ale=AH - TS

- The vhemee i =tandand Niee enecey of iewciio

A" = S AG ] (Produces) - Zn A (Reactanes)
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BASIC CONCEPTS
Joule Tpbi: [2 s an euiee unir 005 shoans soitho 4o limz-pational Syosten 7 Lnins

FKelvin Temperature: D s o temperaiure wnin s shoss v il G in i imantiomal 5xsiem of Ll

System: Thetmeeds nzmic syarem isthe pzn o afnnocerze which seoandy When a chetieal reacliom an a phasical change
nectrs, it e nnast, af subamice o -Hlsaness, whick panl cipate i 1he chanue.

Surrsundings: All phvsical znd chemiaal changes sweosnndmge: and aflecting s tem

Ciromp: Tt - the s nb sy atern and -ueenmndings. Laroup = Syaten 4 Suiroiindings

Chpen System: |1 aobstaoce sl eneney st on aecors beteween scstzm amd somoondings, this e called A= 2noopen
spslem tor an opun put eentaning builing wiler

Closed Systeme |1 (bere 13 onls @nergs ni2acion between system onl sormoueelinges, and substanss cieraciien in™
Alluswed, s iz called as 2 slosed systen. Foa ewarnpzle, o closed el containe with huiling wiler,

Isasbarted Systeme: [ here s oweithes ereres o solesbinee e o el senossstenn ond sunouedings, 17 vl el s on
iselated sy atem Foresiarple. o thems,

Heat Capactiy: Ve amownt of heal peecsgany o raize weaperature of (im0 grom of anve subslance by 1 centigrade s
il £k
mpeciiic Heartay: Fhe amonnt oF Teat seegism v coodse wwmpenanine of L ogmn o7 subsrnee by | egurgerade Lsaobijqgn »

State function: The proporty ar amoung o hich depemds ancniial sate etnee chanee 2md final ala1e afier change withnn
respoect B pacs Eallrnwzd

Exfensive Properifes: Propoimes such as selume and maas which -:||:|1-:|11:| ut amou of subsines i Srslem

Intensive Properties: Propertics auch as argisure. densite and semperaiure wheh don’o depend on amount ot subsoance
i fysleim.

FEnthalpy: A thermodsnamic state fomclinm, Wois esteasna, Wabhow s amaung of absen bed and released heat ande conatan:
prosane Massenbaal is b As it s a state funetion, o abselote value can'o be meadared. 1t change aH can be measned.

Exothermic Reaction: They ane reactiong which prosduces hean al the end. The sign o emibalpy change i mewini e
Endothermie Heaction: They are reactinns which noed heas o accur The zign af enthalpy chanpe is poasicive.

Standurd Enthalpy of Reaction: ha svmbal 2 AH Y. hos dzfined as heae which depends omereachnm wnder szandard
cnndivion:s.

Standerd Enthalpy of Formation: L sombal iz ASH™ D0z the heal neeessary o fomn | mela oFeomparnnd frarm mose
slaltle and standard forms of clemenrs.

Stamchwrd Enthalpy of Combustion: s symbsal s AH YT he heal released fromycombuzhonat 1 male of any subsranac
weilh planty af au con an scndard femperadore and pressan.

Hless™s Law: The enchalpy ot ezaenan s equal to sam ol enhalpes af mlermaediae soeps.

Spontaneaus and Non-spontancons Reactions: Fhvsical and chenical ehanges which accur by thomazly os woihaor ans,
nulzde 1acwer are called as spentaneaus chanees ander cemann canddions, Bul procesaes wohichoean ooceur by themzelves
undet 1he same carditianz ane called 03 nen-spontaneons condiiang.

Fatropy: Ma symbalis % Wos a theomadynamiz slate function. |2 aceepoed as a measare of thermad vnamee disardee.

Lilhl Free Energy: Nz svmbal e G010 65 a thermadynamic stae foneian. 10 helps oz oo estimae itphssical aretemical
[rocesse s nectn Spontangansly conng 10 3has s the rwasimney epgres & lachocan e albroped foogm enhalpe and epreaps
vhange,

Standurd Lilibs Free Encrgy of Formation: [Lsyrnbol e &0 5 Standand Gibbe Free Erees of Fomugtion

i3 the gevnag o ehange in freg gugiey when Tingly af anse campound i foongd oo maesl arlls foases ot s

¢lenent under stanalacd condilion= 425 L trmperature and Lalm pressuce.)

<_ 49 >
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QUESTIONS OF CHATPTER-1

[=1= Dhebina: he ZelTowms wems:

Systen, sultournding s, sroup, open syclen. st Tunetion selated svslem, joule, closed systen, 1 law a2
th=rmuodyramivs

|-2- What are 1he wnits of the Tallowing cocerding ta Loternatonal By stem al Lo (513
Lrthalps. entiapy., Boe Ctbhhs ene sy

| -3- What ane 1he m=anings ol the follawing tenms!

Lhermechamist v, exctherm .. endotherm e

|4 Wbl dece slane Tunction mean ™ Five 1wo concepls 98 <astnples or st Junction, Oive o provess whnh is
FOL A slate Sunacnen bl process Tt

| -5-Cireethe roasan bat 1he nevessily ol writing physical staee while wrming thernual r<achans.
| 6= What 15 the difTerenee Betseeen specific heat and Twat capaciey”™ 1el che unis of cack concepr.
[-T- Wl s e dillerenee bebwen inlensiee and extenstve praperbes T Oive evanmples lon 2aeh.

| -4 Write aboul the calorimetar which is used 10 measune shaorbed or relvased hait whene pressane 14 1chat s
el lpy TATTY s corsLanL

[-0- Calewlale 1he specilic heat of & puece al” silver wlieh has a mass of 3060 2 and heat capacity of S 100
Answer: (.24 Vg =0

V=[] |

350w mercury was ciHded Trem 77707 w0 1250 Caleulare the released heat m kL unor.
apecific hoarid mercury = Ak 14 Lo 2

wnswer -3 k1

-0 1= Thye tomperatore a0 34 w0 ol ethamel e ratsead 1 F070 divm 2570, Calealate the amount ol abearbed
heal. Specile hea of cthanel = 20344 a0

Aiswer: 3R

112 While heating 4.5 g at gald preces. 276 1 at hear was chacled. It the imtal lzmperatuie was 2550, what
15 the fmal comperatuee’™ Specilic hear af gald — 4013 Jeg 20

Anawer UL 8
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=13~ Fid ches wabue of AT ool el low e peaction;
200 +0, — 200
G
AT = <R kLl A0 = - MRS R e
AL = 2K nal, ST = R LK el SUCC =213 Vonnl,

Answer -4 k)

[14-When 15 pafacetic acd ¢CTLOOCH DN was bume in the calorimeter which had 5 g of water the
remperature afthe calormeter and i content was raised from 24707 o 2507 Caleulare the amount of bear
reheised froom combesticnn a0 1 msle s ee e el By peglecting the bear copaeity of the calormnengr f Malar
treass 0l il = 00 et ol Specilic hear of voaet— 4.2 Ly 0]

Answer: -3 RETHHE LS

[-15-What ace the stemdard reactiom conditiens in themnachemigtery? Sohat are tbe dilferences betwesn those
andd standard candinans wsed for rases”

FA6- 26 e ot acerplene CEL (M 26 20wl ) was pat in a calermeter. Ater buming the substance, |30k
Foal was relewsed Calowlare the standanl enthalpy of formation of scetyleng. The follivwing dadg iy given.

AHSCO) =11 Fhimal, AHTH O = -2Ké Wmal
Answer: 227 kLl
|07 Calewlate the chunge i slandatd enthalpy ol Toomation AHS {ALCL T and sramdard enthalpy al cortalis,-
Lizn AH LAt the Tallow ing reactiom,
dA0L + i — 23 10N, aH " =-G541k k)
Answer: - 17 kIAnel: -433 L imuo

[-18- Apply Hess's Laweanoahe follaseing the-mad gopuations ar 2370 amed | atnme prossore amed 111 s cse o
chemisory.
Iy Hep = Clzee - 2HCL. AH = 185 K]
23 2Hze = Chuee v ZHoD, 3H "= d84 k)
Calowlate the AT af the follesw ine reaction.
dHO = Ol e 200+ ZHoG 0 AH =T R)
Answer: =114kl
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[-19- If taz Eallonraz therenal equations were given al 2370 and | alm pressure:

= N+ e MO AH = 3k

Ty - M0 o men AT =111)

Caleulale AH ™ for the Ballo i seaction
N — My AH7 ="kl

Answer: 55k

[-20- Calewm carbonate decomposes sceording 1 ke mllowing reaction,
Lt b, —Lalh — ULk

Stancdan] cothalpy of fomeanon 4H © of cach of el U0 a0

i3S, -39005, 1207 kmol respeetively. Ay AR TR VK muel. Caleoldle:
[T hen drawe ils eneroy gy rarm.

2P
FrACwhach temperaturs does e reaction acour spontansoo§ly?

Answer: 11 1:8.5 k) PAR RN N drtircatyr than 1115 & K

|-20- Finnd AH ™ for Fe O using dhe Tollvwing alaea
JAIG — Al + W0 AH = 3340kl
2AL+ Fel) — 2Fe + A0 AH = -Rd8 k]

Answer: -R22 kT

[-22- Caloulale standiard #nthalpy of furmation of TP, compourel ok the Follow ing data.
T, o AN« PO P 20 AllT -13¥k]
AH M values ofthe compeund are tollow .



e Thermedynamics )

AH PO 1= -2 kbl AH (M ) = =13 kLmal
AH HMO 3= -1 klinmol
Answer: U35 ksl

[-23- Cateulae e A% ol the Tollawing reactoen al S5 wnd | alm pressare:
Mag o 3l - 2N

Lsing the tallovwora data.
SN w2 REomal, 87 {H: b 1317 K omaol
S*WHap 1S KRl

Answer: <1 Lk maol

|24~ Whal dikes sponianeous process meand Cove taa examiples [or spontaneatus and non-spontanesous pri-
LL Salh,

[25 Whaeh vl the Follow i processes ovcdrs sponianson sy Whick wor?
A hissobmon ol takle sale s s
[- Atfter op=sneng the cap ol pertumng baltle, sprewd out o perfunse in the mom

- meparaning el and nevan 228 inisture

1-26- Irehine eatropy. What ace the unis oFentrepy aceordig to Iecoatonal System ot Unics (514
[-27- Lalow ate value (:-I'_-"'..‘:'rrq i he sl e the e ot reactin.

ZH. .+ o, — ZHAO

Citvens, AN TTLOY 2242 kbl AG ST 2228 kil
Answer: 200 R el

[-28- Cateulne A% ol the Jollowing resclional 25% and |t prossurs;

Sl b 200 — Sl 0 2EAD
e the follewing dala,
SUSUH = 206 UEomol, 5300 - 205 MK anol
SUEUD: =42 VK omol, SNHLAD = T0 VK mol
Answer: 34 Lol

29 As the valus of A5 of the tollowing ceaction i 137 LK omal a1 2535 and | atm peescure, and 5500 s
213 LR mal, what b= the salne o0 5% al (O ] asmne?
My — 30,
Azl S B

wsveer A9 VR mind

- Phfing stanelard freg Ciibby Fperey ad fermation and ]l ies ats.
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I-31- Calsulale the AH For che fellvwmg reaclion by using Hess's [,

Cib+2H, — UHOH
Standard enthalpy of cambusion of each of Ty H, UHOH 1302284, 2236727 Elimal,

Answer: <129 kJ

[-32- If the WH o AR valpes of the folleaing reactimsg are koessen, find oot the emperitures al which ghoee
P Dkl s ol sl Lanecels |y,

Feaction A A5 — 148 FEmal and ST — 1126 B ol
Reaction B A% =105 Lkoanol and AH= -1 2k L'mal
Answer: Ac Liaser man 2625 E

[ 1 ens than 114,01 F

1-33- The lollowing reaction

{":Ll'._'ﬁm: — *"“”.u. i

|

15 - spanibaneons at nocmal conditions, calculate in which temperatuce the reaction

will be spontanacs, ap 927°¢0 or 42770
Givens : AH'=17B5K) . A% 7 =18d].x

Answer: 937

[-34- Euplam she follewing procesecs sarting froon Crilbbe squacion (W = A1 - TAak

[« Ad welid fernperalun: close e mall 51‘:{!|1l;1|1¢~1;||.|.¢1}r?

= Calemm carbonate spontancously decinposes a0 high winpeiatuees.

3- [Fecampasian ol myreory (1) asule woalwavg spontaneogs al high empersturg, 100 o mpéecalure

4= The waner dagsam Freeze spontanecasly under nermal candiion,
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CHEMICAL EQUILIBRIUM CHAPTER-2

ACHIEVEMENTS
After completing this chapter, the student is expected to :
* Drifterentiate reversible and irreversible reactions.

. Urrl.|-;:rx|:|u|:_:| |'||:1'|l.- il r|.-iI-:_‘1i-:_1:1 TEiLl:'|1UH L-'n;|1:|:iEihr'i1:||11 EHES

* Discover the relationship between K_and K which are equilibrivm constants.

* Learn the importance of equilibrium constants in order to tell way the reaction goes.

* Learn the relationship between the equilibrivm constants and egquation writing method

* Learn the result and the imponance of the reaction,

* Understand the Le Chatelier Law, equilibrium state and the factors affecting equilibrium constanis and

applies all those information 1o problems,

< 7 >
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2-l REVERSIBLE ANDIKEREYVERSIBLE REACTIONS

L he interacdion of Lwo nr more substanaes vields one or mareg news subsiancoe s,
difter in Ewic chacucters This process i odetimed a: o cherical reaction.
Clemival cvaclivng are shown tapopaly o hemical cymanioes

Clemica  squanion: comenstiane 1he clamges w hich s absloaces underse
inorder W produce mew materials via ormolas Fhe airas sien in the eguaaticen
show s 1he way the reaccion warks,

Chemical reactions are divided into two: Bevensible pepcioms and ie-
verstble pspctions, Dering wreversible reactions ane o tao ol e reaclant: ace
complotely consumption This ix shonr with a single anaw > Far examale,
wehen the Fuel oo car is filly comisasted, cermon diganle aml weter an prodoced.
T prevwems et sihle Boeiire insiwmsaicn afsorhoe dicsonde ol waer
i el el ol oninouther wonds npassilile These kinds o clinzes
are cilled ane-was rewctions These Linds of reactions are complets

irces ergible, el are same examples for Lthose,

|- The fiemation o ancinm solyie saooarad aoler I_':-:,.' acslition ar solirn @il
s it Palrusie
[0, ENelﬂHw—b Nu.F.-':I'I_”_ v 2L

2= Ihe Tormuation of carkon durade thrueh additioe of hedrochleric acal into
b carbwnale.

Pu LT3, + ZHLI A LR

1=yl
I'he definition of irreversible reactions: These ace chernizal reactioms i
W nch under cerfam condit:ens ane ot all o1 the reactanis arz casuznplo
prediees uncer the same comdiogns saenat chooee Bick min the suhzorces
Frprming rhe .

The uther epe aligacrior s callad reversilile reaction.

Mrucioze dbese seaclion s, prodoces can el e resclants « hile only

gorrne of the teaciants tum inte producis, [noother warcls, seversible seactions
camnae b completed howeever lang, Bine rasaies by under sunable condilions,
e eas i ne alvoass remam i ST ceazines cha bge This o iinion iz shindn
Ly Teedn ren 2e wOoon s i the eguil'on =

I here are wiany tevetsible chenueal reactions. Kespooiboa is an esample. Thiz
event ogeuwrs by eas change. Fhe blaod eronug e bungs camre aooder ard carong
Ui e, The Salnae] Teav gz thgss snhatancea e Trenls e nsecen Thenthrnag
e picatioe, i ke es oy gen wnd seluads water cocdvarbion divsade, Sume
il r et ples are eeen heloes,

L= “Thee remiatnn ot et | acctebe and wanae theoug the reacten afacetic agel
wilh cihel aleslal
CHOOWMH +CHOHOH == CHWWH CH, +H

2- lw azder W farm hedrogen odide cos in a closed sestem, the reaccion of hy-

doogen s and iz vapar 1. - 1, — Il

o P | .

3= 1o g olased cvargrn rhe d2eampasiling ol ealeinen csarhongre -altinm calsiom
ugide angd satban divsnle 00

G, == Caly + 00,




e

Chemical Equilibrium

4= Summe pheesical chamees lke vapar atian al water i clesed sestenn,
H, H.0b

—
-

The definition of reversible reactions: These are repstioms inowhisch
product: are changed back into reacznts, Fooduets have the capabi iy ol
react e n order o relarrn 1he cuhstances vieldiro them,

2-2 REVERSIBLE REACTIONS AND EQUILIBRIUM STATE:

Ao sliled abave, sl ol e reyersble resclons conlinue i1 epposile vy
uncles the st e ceaclion camchilion«< Foresample. H ras reacts with Bounder
saulahle conddions and foems ammema (MH. } aas. In the kzoanning, the: -
wited reaction 05 Al the was nl poeduging ammnniy, s ing Bovalae (R
By ratle al Toewicd reactiicn b By the iime, umler he sarne comditiores, s e
o ERLa o ol aenneria nereases the oo orreomie decormiposes ol
H.ound M. al B, zalz 4B is the rale ol 1he backaard rescluom | Bath reaclions
cromtinue wnsil The rings ol e egactims beegmne cqual (R < B ) Thos, the
pea i pemec Toes chiernial eguilngunn,

h
S TR ST

" A

-V HOMOGENEQUS AND HETEROGENEOUS REVERSIBLE
REACTIODMNS:

Fow ereiboe Boooaenesus reaclis a0e ceas o s hich reactan s and prond-
UCh are at the some phe-ical cundion=, Che @samplas bor thase are enen
Felaw  Fecp m mond Lthat all tie veaetns aceuz mnoa clnsed 2cslon

[- Lauilibrium reacticn between pases:

ML, === N

S H|

2- Lauilibriunn reacticn -n a solution:
HUOUH, o+ CHOH, | === HUUOUH, + HLO,,
3- Cauilibrium reaction between —olids:

A +E == Ak

Eegading cha esgisihle hergapengnags reaeion e than -easians thap in
clude the reactants cod 1he produsts in e Then one phase ond e 24000-
ples inclosee system:

H, ==H1
TNaHCT, === Ma 0, - H O+ 00,

THg, 11, == ZHal),

L iy ————————%

-
Equibbnum
I, | —
“hH
Lk . "

TnAa - -

Figure 2-1

Beveible reuction reashes squilibrivm
atiera while

H-“.'u': -:'|'-.E|,' reaction
i@ g
Pt ¢ Raigh LY 1P

iﬂﬂ,j&t

F \ .
A -qcp| =

) d _f_.'a: N
mﬁﬂ o -~

58 g% = 4

i'ﬂﬂb g ¥ 4 ‘x'-_

gl (" / ")

J o =
ﬁ n _.'_-"'_-lL

» % v M ol

A IR,
JY ‘SN

Feversible reaction reaches equilih-
e atter a while.



E Chapter -3 ) —

4 EQUILIBRIUM STATE AND LAW OF MASS ACTION:

Al 445 °C, 2 moles of hvdrogen wodide must be formed when a mole of hydrogen
pas and o mole of iodine gases are mixed im order to form hvdrogen todide gas.

H +L., _ ZHL

But, when this mixture reaches equilibrium, the analysis shows that 78% of HI
gas and 11% of iodine gas and 11% of hydrogen gas is found. Similarly, a1 the
same femperature, if pure HI gas 15 heated, it decomposes mie hydrogen and
indine gases, The mixture always contains 78% HI gas and 11% iodine and 11%
of hydrogen at equilibrium.

The relasonship between chemical reaction rate and reactions of substances s
called Law of Mass Action. According to the law, the rate of 2 chemical reaction
is dirgetly proportional to the molar concentrations of the reacting substances.
The mole numbers in a balanced equation are used as exponents for these
concentralions.

When the law ol mass acton mentioned above is applied:

k,
H, + 1L i 2HT

According to low of mass action, the B, and R, rates can be shown mathemati-
cally as:

R, =k H,I(L,]

R, - k, (HIT

IS EQUILIBRIUM CONSTANT:
Consider a reversible equibibrium reaction,

aA + bBB ——> gG + hH

-

In the equation, A, B, G and H are reactanis and products,
a, b, g, hare the mole numbers in the equation.

o According to the forward reaction, when we apply the law of mass action, the

2 equation below is acquired.

S ki APBP

2 R, = KIAI"B] (1)

g o

=g a But, according 1o the backward reaction, when we apply the law of mass achon,
Forward k. reaction rate & the equation below is acquired.
basckward b, reaction rate : h ,

€ k | Rb:]{hLG]E[H] (2
Figure 2-2
The equilibrium state graphics k, and k_ is the rane constants for the forward and backward reactions respective-

for a gas mixture: [t shows forma- Iy, When the equilibrium is resched, the rate of the forward reaction i= equal 1o
tion, decomposition and the rate of  the backward reaction rate.
reaching egquilibrium. R, = R, Figure 2-2. Thus we get:

«_50 »
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kAT (B)" - KIGEH" o

I wee aranges cyuaict 5, we et Lhe relationslog elow:

k (GEHPf

t

k, (AF(BY

B thee cativ el it coarstans GF Do wnd teserse gactions 1k and b 1o a
newe 2gquilibrigmy sansiant s abained which s called as = uilibriom consgant
B, Uhetetors, Byuation 4 becemes s follons.

1GEH"

q = -

rA -|:| [ B ]h (2)
Cauiliborm i the ralin a0 cale conslrl of feveicrd seactinm (k) L tale conslin
b revesse cxiction (K)). T Feretere, T he Fqoihibream Canstant s abamed by the
el ab mgbar cancentrabnns af produs s aver seactants for 1 reacteen that e ol
squilibaaom. gach iz cansed 1o the povserof the nomber olismoles in the
balunced ceaction eouation. Uhs valus remsns constan as leng a the temperatore

doeuwn [ ohpnuee.

Ar cquilibiroum, when the concenlratang oF rcactants and produetz are mea-
sgd @ mgbaony (A0 eequilibroge gonglper & s showen with BT emgn ¢ s
hken fiom the sord vencenmiation CywilLoivm st dugsn'thar 2 dveriain
il s equation ® sbows the rmokas coteentrations ol teactants ard poodocts,
1t e mhbrm cemstan | = ecpressed wath K g leade of Fx. and wrilan
ws b oy s

[{v B [G]E‘[l'I]]" (6)
Iﬁlal Bl'lr

) Exercise 2-1
Example 2-1

Conculate the equilibriom constant K | Mt the Follew ines moii La . I am equilibrium reacten. (he

equilibrien canzrune b s 424
, S 1he rate cistant of Teverse re-
N . 3H —_— JMNH ation by i dLU L caloulale 12 Tate
R Lige = hg, '
k‘b con=tunt of farmard reaction.

T'he rae constant of forsoard reichon LI 15 101 and tha pale eonstant ot reserse Answer; {100
PRSI HI. Ay e agdLng,
Solution:
k. 0.11
K_ F
|
k, 0.05

4
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[[all the reactants and products are 1n gaseous form, with respect o their molar
concentrations, their partial pressures are measured more casiby. Therefore, it
is more suitable 1o tell the concentration of a gas using its partial pressure (P).
Thus, equilibrium constant K is shown as K_(equilibrium constant in partial
pressure form). The amounts of the reacting gases are old as their partial pres-
sures, so in equation 2, the equilibrium consiant of the gases is shown as below:

B &
K - Pe ¥ By i7)
P, x P

The detinition of eguilibrium constant in terms of partizl pressures is the multi-
plication of partial pressures of products over multiplication of partial pressures
of reactants and the coefficients of all gaseeus species in the reaction are used
as a power. This value does not change at constant temperature. 11 is constanl

Thers is a point here needs some consideration: In homogeneous resctions
where all reactants and products are in gascous state, the equilibrium constant
is found through dividing multiplication of partial pressures of products only
! in gas form o multiplication of partial pressures of reactonts only in gas form.
A {As shown in eg. 7)
o W In equilibrivmm reactions which contain substances in different physical states,

= pure solid and liquid substances are not considered while writing equilibrium
L & constant, ¢z a5 in sodium bicarbonsie’s thenmal decomposition reaction below:
b=
L'r.ﬂ.":l"-\._\_w R ; ﬁ
= —
Lt 2ZNaHCO, | —— Na CO, HlD.g.-' EDELE’
B E Heterogencous reactions also reach equilibrivm just as homoegenous reactions.
- For example, if sodium bicarbonate is heated in a ¢lozed container, the reaction
" reaches equilibrium af & certain lime.
[ -
2NaHCO R Na CO HO CO
Fi —— +
e, A X Ny, W 33 Hemy 17 am i g
\E..;. ‘— e The equilibrium constant for this reaction is writlen as follows:
Figure 2-3 ) [Nalﬂﬂi] [ CO, ] [HID ]
In spite of the changes in the c
amounts of CalO, and Cald, the pres. [ NEHCGJ ]
sure of CO, at equilibrium remwined aravil ! ] ; o -
Constant at the sume lemperature. In equilibrium constant relationship, the concentrations of solid and liquid

substances are st written, Therefore, while writing equilibrivm constant For
heterageneous reactions, concentralions of pure solids and higuids are not con-
sidered, Thus, the eguilibrrum constant for thermal decompositton of sodium
hicarbonate is written us follows:

K -[CO,][H,0]

<_52 »
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Or the equilibrium constant in partial pressures (K ) is as below:

K

o P':-‘ﬂ‘: PH]n

Another example is the equilibrivm constant for thermal decomposition of cal-
cium curbonate when the reaction reaches sgquilibrium:

CaCO,, e— CaO, + CO

il_gﬂ
The equilibrium constant in terms of molar concentrations is written as follows:

K -[CO,]

In terms of partial pressunes it i writlen as:

l'-('F = P'Eﬂ']

The pressure of CO, at equilibrium is not aflected from the change in the
amounts of CaC0, and Ca0 and remained constant at the same temperature.
figure 2-3.

Example 2-2

For the reactions below, write down the equilibrium constants in terms of molar
concentrations K_:

(1) 2HBr &= H, + Br

Lify 2iEs

() NO;, +H,0, = HNO, +OH]

2 jag) Lpaq, (34

(3) CaCO, - 2HC _1.:3(;[1“. ¥ Cﬂzcm + HO

x |:||

Solution

g _H1(Br,]
[HBr*

g [HNO, [OH |
" INO,;

¢ 1€0,11CaCl,)
) HCI

«_ 553 »
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Example 2-3
Fio the wvaclions Bslos woity duson the coeilabium censtants in tsirms of -
Lul pressmes:

(1y 3H, + N. ———= 2NH

2z gy ™= LY

(2) 2Hg, + O, , =——= 2ZHgO

-!I'l 11Er =

Solution:

b
I,
-6 CALCULATION OF EQUILIBRIUM CONSTANT K

Wi 1he wectopn waches wauiliboivm, e salue of the coqmilabaiam gt
can be calvwlated trewgh the mesasorenent ol 1he concenirativon s of all 1ewcs
Lt and proddusz s, These vidues are vesertscd qethe sormula wooseite the equehib-
FILMT Comstanl dt & conslint wnperature, Boownss il constaol temperaiore, tor
we reachicn b equ hbrnom smate, the value b B romaing constt inde poendem
uF e dnors ef the reas 1o and produges. i

I'.'NH'I!|I|!.' 2-4
Assume tha the squilibrinm reactn ik a 2iven den e it s,

2CH,, == CH, . 3H,

1, B 2 g,

At e fen peniture and st egmilibrin, the conme el ens e
civen beelow Caleolafe le._4 tor The neacton.

[CH,|-002a, [CH, 1-005v, [H,]-Wt143¢

UL

A e malar convenbations al ol ar sivem, we cian eerile
the el Eroom cucsoant relateenship Koo benns of Koos beluss

[(:EHEJLHQJ" 00500143 )
¥ [CH., ¥ i 0.02 }1

K (.37
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Besides lan some paestens neay beasked inowhicss the ninal patial pressoes
cf reschinls e concertatiens and the euilibriome consamis are given 4] lers,
sredents should see ihe diHersncs between the mibal concentration:

Iz Aakle conaatz ol shrze sleps, The Hiest atepoa dic congentraions o parsial
pressueds of rgagtams bota-e -cagtion (initial), the seeond step s the changes
rercurning e the concgntrations o et pessoezs ol subsinces dinge res
wrlivn (change) wrd v ingl $1ep o3 the concenimtion: or partinl presiures o
subslinces afzer the reaction o hes squihbe o eguilibriom |

As show in the following example

Example 2-5
Tna L comtaiver at 4307C 03 mwle oF 1L and 0.3 midale ol L reagls, The
eyl brivm constant s cound az ko= 5.3% when the equebbrivm s reeched.
Calew s 15 conceniranes al subslances e nnaders an egubbrvm,

M+ I, — 2010,
Solution:
he incel coneeniraomgns nl e reactanls ave calculaced throoah the reladme-
g Below uzing 1he valume ol e ersioee and ma’e nnmber,

n,mol,
| ¥ | =
1.-"{ L:.
_ .5 mul,
rH )il -0S5mol L
H:”“ - Illk- — ?”In:l
o carrakes Y :H-:] [ |!] ZrHL)
Mgl Cm o1 nien ':l.; ﬂ.; U.':]
Thangar LamenTa oo - - o
e 85 % b5 = 2
. iHIT
}'I. —_—
- 1H, 1,
r2x)?
3R —
M 5-x i %-x]
I
520 [oX]

Exercise 2-2

When the s atem ivachics oguilibris
nm, The corcenirinns al renchins
e

IN O 1 00024

ING

Froothe e toon e oo, calenlabe
K L LI

MNO, == NO_

Answer: f.92
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Fakiae the square rom of thel cquateen, we g2l the % saluce,
A= T 1a7 melil
Therslere. the consentrativns ol wouilibrium are

I H_1| - I_,| -5 0267 -0.233% maol. L
[HL| 24267 (L.53d maol L

In seame problems. the pamtaal prossuce s o7 cuncentcationg of the Teaclans ard
alive euilibrogm, the comeentration srparhial pressure ol soe of Gee reaclants”
ot prodocts’ ate wiver. | Een the sgquilibrivzo censtact s asked o be calculaled.
Example 2-6

Traw experimert. 25 maoles b0 way wos decompoeed ina 2 lilers-concin-
croal a Bran lemperatre, % hen the eouthbrnm 15 reached, remaming .4
crmEeniratine iy ohiervesd as QO2% kil Catcnlang the B osalpe ol e -
Tty MG, === N0
Solution:

Weocemerl i rnule pureher 10 3 lies w0 ihe roole pumber o 1 liee bnoogee
words, wo cileulebe the tnitial mular conceatraiion ol S0 ms,

_ n, mol, 10.625,mol,
(moliL, _ - - 0.125mel, L
Vil, 5¢Ly

NO, e— 2NO,

Coretlalim 3, REtH EELLN
Inina Coreaail-idien L0125 {1, LHICk
Change i 2orcanvalian 15 i
| |

cqutanur 135 = 2

M0 eoneentralind Al equilibrinm iz equal be U022 mal: L. 5o

125 - x= 0025 —x =010 mol 1.
LNG, | =2x-2 % 0,10 - 020 mol, T.

The sgquiliboum constant relutivnship,

Ni} | 0.20
_ O INthE 0200
©OIND 10,025 |
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Example 2-7
Fordhe s coquilalsrivm reaction below,

50, -1,

= i,

e | likes- clnscd container a1 & v demprerature, the presaare mf 500 s e
P degemgasiioe o 3. AT the ssaction vornes eocguilibe g the il
prressuce ol e gado miniore & founl 3 aom Caloalime by ovalue ol e peaction
al egmilabriom.

Solution:
250, = 250} O
-.;I:gl."'— l(“] I(g|
Piacee | AL 250) 280}, 0,
Inilal Pressiie 3.4 0.0 0.0
L hangs: i Prgsgure -Ix 12N I X
Fr ;
A 3.0 2 2 s

Accardina e Palton™s Law. tacal preasune = equal or the sum o panaal pres-
sures ol pases n he osiare, Howae s ume the ol pressare s Foalecuilibri-
LT, JTICEEN s

P.I.—Pm3+ sz+ P':'.t
A3 2xy 0 X X
x—1atm

P J—3.ﬂ'—11—3.ﬂ—1:]—]3|‘.m

ko b
Pml 28 2=:1 2atim
]:'ulz =x=1atm
Pﬁl Pu: «2i 11y
]{P - : = mE = 4
Psnh

2-7-THE RELATIONSHIP BETWEEN K AND K,
EQUILIBRIUM CONSTANTS:

There s a celalioslip ervegon cymililongm conscants s cF parial pros-
Cres Hu- aralin e of medar cnpcentratinags b owirh respect e Cwoe guaranns

[t FILTR
Mn

K, - K IRT ~

Ny

&
or K - K [RT]

Exercise 2-3
Fou e reactinem beloee:

W, =2, -0

Ina l ter-contzminzr. the reashiva
berizan wish A0S maales OO, a7 s gn-
en lempesaluse, W hen the reaclion
rie el |._‘|_|u||i|‘_:-| jrrt. thee bt el s
R -:_||,-"|.:|'|||||'"\-c:l'-‘:|.ui. Calen e e walpe
ok

Answer: (1.2

Exercise 2-4

Acs the rescnan s equiliboiuann conslrl
= Ko =200 he g reaction be o,

3H

Zida

-HE:F;# INH

Ik

Diferert amounes of H, and W, e
pucin a | ler-conbiines, When the -
acteen reazhes cquilibrium. 103 males
of Howais used and 002 s es b W e-
manned. Whal ase the necle numbers ot
ll_ 2nsd Nr before reasliea?

Answer:
[Maf= 3.7 mal
[H.~|' (14 gl

1'-"k"ill'11ill:_¢f An sleoves dhe dillerence
bervoecn mele nunibers of reactots aad
producti oy i gasecus Tovm. 1 here-
Fore, o oaubscripliz used.

< 57 >
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Attention: Tnthis kind of W as b s detined woath respeet to the Sol gweing eclabimnshipy
prohlents. we wse the Aa = XoniPradoces - g Reactanes |
RB=0E2 Lot B ]

- i - Tar relarinaship between K and K5 a5 helnoe
I4: :|||'.I| :_'Iul'.'.-lli".:.lll : n

IS TIRELTETR L U e
2- 1T An 15 3 pusilive walue, k™K

- 1740 iy it nenacive valuy, K, K
Exercise 2-5 )
Example 2-8
Cr the toll e, e oo Laon ] . ) )
loan reaction ot 2275000740 = <10 K — 400, whal 15 the value of
M, v —= ML A

H.._J.."-“' SO A0 caleulone B Solution:
liot Lt wequralizniunn e Livm al the:

Firallv, seo coms o femperalie Froo 00 b Kool
SilmE [Rmperanne .

TK, - t{"lf_.f; - 3TR_2RT TR _NIOK
Answer; {106

. _ful. ; -1
K, - K IRT] - 41000825007 - (.1

Example 2-9
Tae trllvew g reaction reaches equilib: o at 3040 K.

NHHS ——_~ NH_ 1 HS
A 1B, 1.

: 1
Exercise 2-6
Tae pactial presauess of tao gasces are 03 atm wiaen e cqul brom i ser
ke follnwirg reactiom, K =" foar Calenlare: Koand K
TS ' - '

Solution:
€1 Oy, == 200,

kill = Pupr ~ Pros = 40030~ (3= hOY
Wl The pannial s uf OO,
P2 C00 are A0 cypmlabs o, calsulane
Thy parrial pre st uf OO arsgui F;I = F..= [T = R {O0ED - = L - 0
librive,

A = LogProdocei - Lo BRedchanci - 2-41-2

Answer: I lkatm 2.8 THE SIGNIFICANCE OF THE EQUILIBRIUM CONSTANT

Learmme the walue of the squiliboium constant = sers impamanl. IFwe know
thee s s ol he egailiboiem comstant, s can estimate the Follus ine properliss
al e reaction

A= T lemgnnning 1he dieetion af 1he 2 acmicon

B- T determine (he relalienship b2rween the equl bowm enwirarm and 1he
mcthgd o wribing squanin.

2.1 Finding direction of Reactions by using Equilibrium
Constant

It e take the =imple #sample beley
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A =B
[TE = 100, that means:
[B] (B
K-———=100-—=[B1=100[A]
°  [A] [A]

From the last mathematical relationship, we conclude that [B]'s concentration
is 104 rimes bigger than [A]"s concentration. Therefore, the equilibrivm shifis
to the direction where substanee [B] is produced, or o the direction of prod-
vcts, This is especially preferred in industrial production,

But, if K& =001 for the same reaction:

B [B1
=—— =001 - —— = [A]1=100[B]
¢ [A] [A]

Here, at equilibrinm, the concentration of subsiance [A] is 100 fimes bigger
than the concentration of substance [B]. 5o the equilibrium shifts to the direc-
tion of substance [Al, or to the reactants. As o general rule:

|- [f the value of the equilibrium constant = very big, the concentration of the
products are very big, Hence, the reaction direction forward,

2-If the value of the cquilibrium constant 15 very small, the concentration
of the products are very small at equilibrium. Hence, the reaction functions
backward.

3= [ the equilibrum constant is exacthy 1 or a value close to 1, the concentra-
tions of the reactants and products are equal or very closs 1o being equal.

=

If the value of K iz much bigger than 1 (K>=>1), at equilibrium, the concen- K>>1 Produets
fration of the products will be much bigger than that of reactants, Thus, the
equilibrium shifts towards the products Figure 2-4.

Figure 2-4
If the value of K is much less than | {K<<1), the concentration of the reactans K <<]
will be much bigeer than of products. Thes, the equilibrium shifis towards the Reaciunis | Products |
reactants Figure 2-3.

Figure 2-5

«_ 59 »
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Example 2-10

Lsing the gcuilibrium qanapnss for the frllaw g ieactions | gs1imarg the gqi.
libsriunm $140e

2HF  —= H, - F K

[« L™

s 15 LA T i ]
280, 1 0, =280, K -8 10°
3H,, + N, &= 2NH,, K -1l
Solution:

I= The equilibriney constam Tne che fra reaction s 100 small Taocther w neds.
thee apcwonrs oF F ol TEan copmilskeyin anee se Tl Hn pragtically this kind aff
redcLion choes not ween,

2= 1 he eypu b Ennn constant lor the secand react cn s oo big . That means the
reactants rroduce nearlky 1O S0, al equilalzream. The ameunt o €1, and 50,
s enler e fgciogn b dses mal igract i e lnle, Therslae p-liil_"l i-::all:.:
thiz veactinn naeos complegly

3= The wqualaiuen consign o 1hee thind reagtion = almest | The efurs, o
el briwm. the concenteations ol the coactants 4 T wd B pisesdand prodot s
TMH. Fare close i each ciher

2-8-2-The Relationship between writing Equations and K
Whnewer 1he diveeTion wl cgquilibeigwe, the pelariomship i oy voue bbeiupn con-
smand W pendds oo e cgquation T they capilibap pgacbion Tlepg, v will assign
Joanlgs B g iling eouations.

Rule; 1

Wonen & reration’ s directinm s veversed. the nea eguililewon canstart s the
reciprocal ol the Rest 2yuilibenom constant.

Furexanple, in the couilibrium reactivr beloa:

H, 1 Cl, —= 2HC(]

2ok Le = E:

I he zguililoum ennscanl ber this rzaclan s
rHCl?
< H, €L

Wk e reerse Lhis reslion

ZHC]IRI = g . Cl!-ill
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o, |

Uher caqurilibanm comstant o Bis reac e s s cithen s follns s

EH{:IIRE H-E"!i.l ! {:IE"HJ

When we Ingh at the twn reactions abowe the elatinnship between K \ a1
K walaes s a5 o0 lons:

1Cl,1 K -_1
e —— {2
< " TTHCIF K,

Rule :

-3

Wzn A readtinn cqaatinr is moliphed with & eoeficient {2 a rumibwre. the
new equlibrron constam 15 found s theo cosFoent s used as the exponent of
Lthe Tirst woguilibriun ot LeUs esplain et rale sk twe Rillsweinse saani-
ple. Take the previous quilibrivn reaclion.

H, + Cl, 1, TE— 2HCI

e T

_ |HCIp®
" TH,CL1

The equilibmoum comstzn i K

1 thys veacricny o pppalpialped workh Y the eopeanon By neees pn follpees:
; |

1 1
— H, ' 5O, == HCl_

I he equilibrinm comstent Ter the last eguateen s shown as:
rlCh

K. - .
B | ¥ MY L

IUwe esmine ke, i ke alues e nes, scnlibriucn coTslanl he 1= zqual b
the ' expunent of llH: fist equilibrivm censtant. Thas.

(K.Y - JK

Ll
Rule: 3

T che rewcliod 15 st 2 series of reactiers, he el reachen s egalBrwnm
cunstanl gz egqual o the oouliplcatien of all ieactiens" eouilibroom Sonslants.
Fon eaarriple, Like the 2 equilibriurn ceasliozs Delowe

C .—0 co k-9
"|:| ) 1 -2 # ! B ul [ [:.- ]I_."'

: o . [o0)]
‘.-:{-}ll-'-'-T(.-:'-I,FI='l anFl el

Exercise 2-7

The eouilibrium constant Tur the
Mullometie pagoons Tewslian is

K, dyel 22770

ING, —= NO

Wbl b5 the valee of K oin the
Mullowinge reaelien ol san Cur.-
ditivr.

N,O, 3 INO,

Answer: 11 N&7 5

Attention;

carbon is salid mateial
nat included in the
equilibrinm crnstant.




E.xercise 2-8

vl oF TID piss was e na | i
closed cocliine:. Wlen Cre g e
tion tesched squilihzium ol s given
iemperyture. according be 1he eygry-
Gon kelow, 02 male of e, oas was
preadaged .

THOr = H__ - r_!-r__

I sl o livger-gommrinet, caleulng
e s e npraher of HR 235 A1 :'{'|I.|i-
lilrtur shate 1= 2m reoctaen al 2 males
of Br.ond 2 mole of . sccording to
thz reactivn be e, '

11 - Th & 2[1Th

Answer: F.d males

Exercise 2-9

Fur the fellesme reactions o
HTE g s aibibrmem voeesGan s in
e af paitial presages e given

I_Hr -

I Lig:

1
: Fl:ﬂlﬁ BrFIB
K}' =134

1 3
—H"z.s-."I_F::_:.‘P} BrFch;

i
K,-15

Calenalane 1he sauililrigm g oeeaam

1{_ lizr o1 resclin b beliesw:

Br} FrF 1 F
]‘:“E: — 1"_:!“ 1"! ,

<ht

Answer. (1304

§ Chapter - 2

TE e atet o 1 resscheons, wee wol The Falbes ing tewclioe

[CO, ]
[0,]

Thus. the tind reaction”s eywr dbeiam constant ks equal e the multplication
of wuililomm vorstans b and Kook - K0 K

C:'«_n | ﬂl:j;_. = {:ﬂ

3

FYY

Example 2-11
The :F{||,Ii|i|,‘r"i|,||'|‘. et foe the f||'||.,'|'.-'.i|'|g teermry s 1 A6 HETC
N_['I'__” == T‘{li'.lll ,

A0 b ey pompsraiiig, w1 coailibeiom sansenmrs e iy igaemen
el

MY, T

iy

| e
SN, == N

Solution:

The wguilibraim grnsranm s e first reaeian,
rNO, PP

= = (136
| Y]

Ay the Tnllowing equation,

g . == [ :Iqu . e ey e ol thy s it ko ovalis is b gipeg-
gl o'k

| H,ﬂ_lj 1
= - = =28
NO? 036

e Bl G ing vquaticn,

1 . . . .
K M NU:h sk M ws Lhe Brst equition. bod o multaleed by

1 .. - I . L :
- . Therelore, the eqinlibrinom consant Sar thes equalion is s @ypanent of the

firat =quililwm canstant.

—

| WD ] ;
- =+ 036 =06

[I\’:ﬂ_]- :

J_.__.,..n._



SS— Chemical Equilibrium )
-9-REACTION QUOTIENTS

IT the comcentrations of reactants and products are known at any tme during a
resiction, reaction's direction or equilibrivm state for that Bme can be estimated.
For this, a reaction quotient is calculated which is shown with Q. This is an
imazinary vialue for the eguilibrivm constant, IUis vsed w detenmine il the reac-
Lion, at any tme, has reached equilibrium o net The same relationship used o
define K is also used for © . The most important difference between the two is
the coneentrations wsed in tf}‘ e o pecessarily have the values at equilibrivm
stite. By the help of the relationship between K and O, the equilibrium state
of resction’s direction can be estimated as follows:

I- IF K_=10), the system is at equilibrivm, The concentrations of the reactants
andd prowluets are at eguilibrivm, thus they will réemain constant,

22 I Q) is bigger than K_(Q> K ), the reaction is not at equilibrium. The
concentrations of the products are higher than their concentrations at equilib=
rum. Hence, they need 1o decrease in order to reach equilibrium, For this, the
redclion shifis from right (products) o left {reactants).

3Ir Qj Is smaller than K_(Q =< K ), reaction is not at equilibrium. The con-
centrafions of the products are less than their congentrations at equilibsium.
Henee, they need to increase in order 1o reach equilibrium. For this, the reac-
tion shifts from left (reactants) o rght {preducts).

Q K, Q K

i ﬁ
Reactants =— Products Reactanis — Products Equilibrium; No change in
concenirations of reacianis
Example 2-12 g

For the following gaseous reaciions,
3H, + N, == INH,

A 500 *C, the equilibrium constant of the reaction is 0.06. Study the data be-
Tow and determine the direction of the reaction.

[H,] IN,] [NH,)
1y 0,002 0.00001  0.001
«2) 0.354 0.000015 0.0002
3 0.01 5.00 0.0001
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Solution:

In caden o deserming the dveetion al ithe ceaeninn, fom gach sep ) salug s
Tl sl cormpaced sath 1y

INH, ¢ PLIRA ] I

12,5 10°
H TN, 0002, T 000001,

il )

Ao L s l'ilgj_zEr T b L [owE pETICTIOM |1r4_||,‘;E:E'|_|-' B b oaped Ieoothier seargds, the
reagtion <Ll o ell{oeasimts) unlil the svetesm reac s o pew ggquilibriue.
[I"’«[]‘[g]t L0002

—_— _ - 0.06
LHLTN,T 35455 00000015,

(2HQ -

= B s b pactoen s oot cgUilibeiuen s e congen ieagions e cans i

NH,® 0.0001)

3,Q -~ - 0.002
QTN 000,500,

B L0 the peagricn s on sl gelibrionn T0sboald progesd Torsead [novae
wertil s ishe TLs ool o ol octs ) unil in reaches o nesw squilibziom

-0 THE RELATIONSHIP BETWEEN AG, FREE

ENERGY AND REACTION QUOTIENT:

In the: Tnllewing react en,

ah + bB # EG—hH

Mur-standwd Tree encras SAGE 15 telatecd woslandard Tree eneras 33855 with
penpal L the e neral teliation by low:

[GFIH
(A7 B1®

K i~ zas constanl and B= 8 500E VE mole. ik lemperalucs in ke lvin . We
cian reatranee e edquation 1 as below:

(2, AG-AG" +RTInQ

(13 AG AG' -RTIn

Wohael the reaction rei hes eguilibiom, ree enesey value 3800 Decumes syl
1 ).

AG=0

The valug nf ) heeames zqual m K. . Phas, e cquanan 2 can be re-woitten
uy fo o

AG - RTIK_
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I zases tateract nn Lhis veauten as panteal pressurs b e usel we ase ko
[T 11 ven Lo i i selutivn. i meelan unece nbranion ternes e wed, ee use by

This enuattion es Qe ol The M0t propoeksnt @quations in thermgs mm s, Bes
et B0 allowes o 1 leam the chaanee intandaed froe cnenmy A A we knva
equilibrium constant value HM_I. A bz the veppanite of 1hes 25 wahid, This relabinn-
shap is ~hownn lable 2-1.

Iable 2-1 K und A G relationship accordmie 1o A'G =-RTInK
r r < éh
K Ink AL L1 IES
(BT} =
= | Poaalive | Megative Reactivn ocours sponumsonsly,
| I » Fesction al equilibrinm
Ressction ¢oes mol oconr spontancosly,
< Megative | Posive Hyw products tramsforn milo reaclanis
spaninneousiy,

Example 2-13
A 2% 5 and under | oatm prezanre. for the Fnllml.'ing reachinn
AT =10 kil

CCL L HH,, = HCL - CHO

TN L

Under some condmons caleuline B

Solution:

Firsily, we comver temperince teoem <0 K ounil.
TR ') 296 K

K B3 K omol

Ty 250 23

[here. attermion 5 regquired v wse both Boand AG7 m Joulke unie As a7, kL
aeddds Lo b canecned e fumal,

- - AL
Al Limnlt = A0 thlimal) # —
’ [ LI
1)
A dlmolr= -1 kol = T = - 1055 Tl

AT =-KInk

S el ) = R 1S R mael ) 29 (K Int--;.___I
Ko=1 7 - 0"

[ |

Altention:

svmhesl [Ingis rhe eatoral waricbm
uicler b led lnogider e And ke o
van = wa eulat=d by wking ihe recip-
rucal ul fin) e ith o calculator,

Exercise 2-10
A arandad dbee g o dhe B
P e WRIE

AT QIO = 2257 kil for 1he

P gl g1 2% O ol undder 1
amn prressars, clonbane b

2H,0, —22H, 10,

| Mpes this rcacen noaur spaonta -
ncrds y'?

Answer: n» H1**

B 1, dines nan cuzeun speati-

-l

s by

This virlue & wery L pe, which mzans thal the valoe of the icaclanls conce sea Livn is ven g
sa | amd nha jsastign i almgsl comgleLe
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Az a result of caleulation, K_=1.7 10" This value is toe big. That means
the concentrations of the reactants are too small. In other words, the reaction
oceurred nearly 10074 to }-i-:ld producis,

2-11 LE CHATELIER'S PRINCIPLE

The change in equilibrium position is defined as the shift of equilibrum towards
reactants or products in en equilibrium reaction. French scientist Le Chatelier’s
examined the external faciors on equilibrium position and defined the follow-
ing rule: “If & chemical syvstem at equilibrium is disturbed by a change in con-
centration, temperature, volume or partial pressure, then the equilibrium shifis
to minimize the imposed change and a new equilibrium is established,” This
principle is similar to Newton's Principle in mechanical systems. “Every action
has got a reaction m same magnitude bul opposite in direction.”

External factors disturbing equilibrnum position are given below:

2-11-1- The Effect of Changing Concentration

Im the following reaction known as The Haber process for ammonia production,

Ny, *t3H,, ==—=2NH,

Wi can estimaile the chanee ocour ol equilibrium using Le Chatelier’s Princi-
ple. If some addition or extraction is made from one of the reactams or prod-
ucts, equilibrium will be disturbed and as a result the equilibrivm will shifi.
For example. if more hydrogen is added to the equilibrium mixture, equilib-
riwm position will try to reduce the added hydrogen and it will shift to the
direction of producing ammenia. In other words, the forward reaction’s rate
will increase. As a resull, more smmonis will be prodeced. This will continue
until a new equilibeium i reached. More nifrogen mas addition makes a similar
effect. However, if more ammonia 15 added to equilibriwm mixture, direction
of the reaction will shift to the way 1o reduce the added amount that will cause
ammomnia 1o decompose o N_and H..

To summarize, the equilibrium shifts from right to left (from products to re-
actants) until o new equilibrium is set. Decrease in one of the substances will
couse the equilibrium shifl to the direction to compensate the loss. According
Lo this, i some ammonia is withdrawn from equilibrivm mixture, the reaction
will shift frodm lefl we rght | fFom reactanis 1o products). But il M, or H, or both
is withdrawn, the reaction will shift from right w el (from products © reac-
tainks. )

Increasing or decreasing concentrations in equilibrium reactions are methods
applied at industry or laboratories. For this, either the substance in question
is reduced or the concentration of reactants is increased some. In the Haber
process mentioned above, produced ammeonia iz constantly withdrawn from
mixture in erder to promote ammonia production. Thiz process depends on Le
Chatelier"s Principle. To sum up what 15 teld above for the eguilibrium reac-
tions:

|- Upon addition to products, the reaction shifis © kA (Lo reactants).
2- Upon addition to reactants, the reaction shifts to right {to products ),
3= Decrease in products causes the resction shift to right (o produciz).

4- Decrease in reactants causes the reaction shifi to left (to reactams).

«_66__W
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v P % o
T |

. & |
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) ® & i’e

RSl e N SRR ot DM
y

o System shifts 1 right
Figure 2-6

The eff ect of adding one of reactants or products on the
equilibrium position with respect to the reaction.

NO, . == 2NOy,

4

2-11-2-The Effects of Pressure or Reaction Container’s on
Equilibrium

In a closed system al constant temperature, for an equilibriom reaction, any
change in pressure or in the volume of the reaction container will cause a shift
1o the direction which compensates the changes. Figure (2 - 7)
This can be explained na:
I- I a decrease in volume occurs in the eguilibrium system; in the following
Eas reaction:

250,.,+0,. & ESUHN

z)
We observe that An wvalue is equal 1o (-1} In other words, the total volume of
the reaction has decreased. { The volume of the produets is less than the velume
of the reactants. ) If the pressure of the equilibrium system increases {or if the
volume of the contamer decreases), the equilibeiuom will shift o the products
which are less in volume. [t will shift to the direction in which 80 is produced.
In case of deercase mn pressure or inerease in the volume of the container, the
equilibrivim will shift to the reactants which are bigger in volume, That means
50, will decompose to produce O, and 5S¢}, In other wonds, system will shifi to
the direction with bigger mole numbers.

2« I the volume of the equilibrivm reaction increases, Figure (2 - 8)
in the following reaction; INO, 2 2NO _+0,

The value nr'ﬁtrlF ig equal fo {1 ). The total volume of the reaction has Increased.
{This happens when the volume of the products are bigger than the volume of
the reactants. } In such an equilibrium reaction, the pressure increases as the
volume decreases, In this situation system shifts to the direction where less
volume results. Thus, the equilibrium shifis 1o NO, direction with less mole
numher, If the pressure applied to the sysiem decreases, the reaction will shift
to the direction in which substances with bigper velume is produced. In shart.
the reaction will proceed towards the direction in which NU, decompases to
NCand 0,

nbdieen of SR == T ML

& @

L R T B ]

2 Sasitem shifls 1o loil,

iﬁﬂhl . D:“ # 15":'“:'

|2 sl I il | 2emal |
3 mnl 2mal
Figure 2-7

As o result of the ineresse o the vol-
ume of the contamer (the deécrease m
pressure |, the reaction will shift 1o lefi
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3= If there is no volume change in the syatem, for the following reaction:
G+ O, e €O

The valee of An,_ is equal to 0, Therefore, it means there is no volume change
in the reaction. In this siuation, either pressure change or change in the volume
of the contginer does not affect the amounts of substances 0 the mixture and
equilibrium position remaina constant, To sum up what is told above:

figl

Iﬁ[}h!l — mﬂlll i Dllll
Limall B! |od Changing Shift in equilibrium

2ol Smol Increase in pressure  towards gaseous subsiances with less mole no.
Decrease in pressure towards gaseous substances with bigger mole noc
Fi 3.8 Increase i volume towards gaseous substances with bigger mole no.
e it Decrease in volume  towards gaseous sehstances with less mole no.

As a resalt of the decrezse in the
votume of the comiamer {the -
eresse in pressured, the reaction
wiill shifi io right

2-11-3-The Effcct of Temperature

According o laws of thermodynamics, chemical reactions are divided into two
with respect to their heat absorbing and heat releasing properties:

I- The reactions in which the energies of reactants are higher than the energies
of products are heat absorbing reactions {endothermic reactions ). Their enthal-
Py change value is positive (AH = +)

2- The reactions in which the energies of reactants are less than the energies
of products are heat releasing reactions (exothermic reactions) The value of
enthalpy change is negative (AH = -}

The temperature change in & reaction at equilibriom can be estimated as
fiillows:

A- Heat Absorbing Reactions { Endothermic Reactions):

In the following reaction;

CaCO, +Energy == (a0 +C0O,
[[ the encrgy is written next to the reactants, it means this is an endothermic
reaction (AH > 0). When the temperature in this kind of reactions is raised, the
equilibrium shifts to right. Because, here, the calcium carbonate uses some of
this heat tw vield products. When it 15 cooled, the reaction will shifl o lefl {10

redctanis) o produce CaCO., The released heat is equal 1o the beat at the time
of lemperaturg raise,

In the endothermic reaction below,

colorless brown
Figure 2-9 ) _ ) :
Y R AP B- Heat Releasing Reactions ( Exothermic Reactions)
hom ahl L oo clrewt oo wbwerg broom MOk gas k :
I5 produced, {Figure 2-94) ) Im the fellowing reaction,
Hae cooding the reaction: causes the reacion :l:ﬂml + {'}: " — . U‘Hp|+ Encrgy

ahifl so direction whese colorden N O mis
preluced {Figure 2-0F

«_ 8
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IE the grergy s wcillen nesd o prodscts, b means thas the reaclien = an =wo-
thermis resstivn (AH < 0),

[i1 1hes king] af re e Tims, Al imere a2 i 12 mp2iarire Cases e equilibeimn shir
o lefl freactanisd Ao gzt COF all dedan ey 3500 Gaes e given wm]

Woen rhes reazninn iy eopled, o equal avmenr of heat roohe boear ar the rimese or
Phuz empaeranu e ranse 911 e e leaged. The equilihewm s hafis gl preduata)
bt prochcz OOk

The 2Hect of tzmperature on equibbrium constanl K can be summarizec as

bt [ivan

Fxothermic Reaction

Endoibermic Reaciion

[W4 T i The equilibrivim shifts to rzaciants

The equilibrium shifts 0 prodwcts

Teimnperatre Thee valpe al' b desremaes.
-3

Thee valus of I{ﬂ insreases,

e 1Y The equilibrium shifis w0 products.

The equitibrivm shifis o reactins

Termperature The valwe ol RH ICTEREES,

M g o K... ez,

2-11-4-Addition of Catalyst

Aodeliragy alcaaly a1 10 reversible e nong Camses anly Swanzs i e rate ol rhe
peaction Wher ae add spraly st beoan equaliboimm repciian, this process dugsy
nar afect the 2oneenhanians o rhe subalances in rhe gy rem. bk il only chang-
ek e actynlon cne ey And Thes eeals affeens the reantian rate. hoinereascs the
acerape at tarward (K 1 and bac ki ard (B, ¥ reactutns’ rales a1 the ame level

Asoa resule che equilibrom i reacaed a3 higher cale. Therefore, additen of
citlilvel doves nol et the ey libricm pusitor., The catalyst only aceelerates
reachinz (lns swsinio,

I 2-FACTORS AFFECTIMNG THE EQUILIBRIUM CONSTAM]

Clange. in he ennzzab alions, essie o voleme nb e s ol poedusts b
creastanl winperaiure alects the cquilibrivm posilicea. Bu the ratia of renziants
and products remain eonstamt. Fheralen. hese changes da ot aHezl he equ-
hbrmwom conscanl. Uhe value ot the chemocal equilibrium consiane chanees oals
wilh ‘ermiperilure < range.

Example 2-14

For the Tullow sz equilibrium reagtien;

2HE||| | Dllz::- # EHE{}':H

A 20 ke value ul AL s equal o - 1R KL HII o s 5010 W hen
rhe Sermperanire i e S0 R s the sl o B Bisge o spdlen s
valve , MR K Innothe sarme ensting®

Solution;

The reaction 1= g e satlep poe pendten Wehen e rr|'|'|[1:'|:;|l||rq' 1 rdend ) e
rEaction ShEfes b LS in aeduer B compensak crocssive heal PusePore, phe
cracencralians of te preduees deerease al cqiolibriom. The eonceatralinns o
the ceaclants orease. As s resolt. 21 500 K che value af Hp decreases.

L voul kmow this?

Accalalvst i oa subslance 1hat speeds
up o cheaical reaclant without sl
betre affesied

Exercise 2-11
Fov thi Tolloss g cgquihibaam -
rin.

METI P (MO 15

LH ]

A T ]-:,_ e v Ao of AH 1. 1,:-:'|I,|n|
nr 850 kI H= o T e
Woren the emperanng s aaised
150 B, -5 the: walie nl HI_ [\lggl'| ]
sl Wl e valus oo TEENY B fia
Hhe sane reachinn?
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Example 2-15

For the aosen equilibroem reaction below, whal are he 21lecls of flesing
Factears o the 2quilibrwor: possion and squilibriom cornsLant”?

WL = ZnF ” all = 3s. kFewgl
Meating the equilibriom oo i clased sonainer

Foewrning sunkg MUF o e eguilciome neietune al worrslanT teoeraiurs
ahic vl uarnigt

b Peeroasing prossure an the equilibricme mischiere sl eonsiant lem peraire

4 Mddme cilale s ta the cquilar e msiwee
Solution:

Lo The valee of AH zhow s Thae cae reectcen s an cndolhermic seachnm, Thare-
frre. when che reaclin is hemed, e cguabrion will shilo tnoright oin pwed-
Wt |l il 1 Deasen e gscesive hegl The cguel Bowme cppgsazn soll -
creass, The roasan s 1het wwale e concantralion of NI-': IZ Ineredsnp, the
concEnmralinm of MLE B deciedsnE. Bocawse the h’.ﬂ iodwsc il pragatign-
al I tha amawne af produzts 45 0 is inversely propemional mobe amrum af
reackals 17 the reachion proeeeds @ the dircclor ot products, saine atb che
reactals will cranshorn in prodocts D ulher seords, as the concentration o
Iha reactans decreases, the conceriratinon af 7ae roducs mercases. Ths, the
cquilirmum canatane will ineredse, Bul heve atienlion 15 sequireed aal, as lang
A oween im0 e Fallua g sgae lin, a5 lhe hemperatare & constanl, e eopabibrinm conszant doees s chance and

Exercise 2-12

, , remman s conslant. Bob wth lemperanre change it alsn changes, I Ihe reactinn
r HJ“_—H,“A“— r.H 5 R

' shifs 10 nighe, the equilibriome eanalan: will increase. IF he reactibn shifs Lo
1137 k1 mnd I, o wil. decrzase.
Fhe mrsoure atbi" H H, . U H 2o Whew same GF, a3 remaved: i cancentrabion in the equilibrioan anhare
pased reachod ayguilibriom sl wil degresmse, Therslore, e svaeemn will s b compensate 1he oss -.'er.__F‘. Fuor
2 Raplnin lvw won can n- Lthis. the reachinm sl sholt o Il In adher soards. somie af ME. il trarstamm
crease the anmunt af £ H . w1 Here the equilrariom canstant 15 nol aHected from 1his chanpe.

3- ARcr dzcrcasine Cie pressure an the cquilrwm imacanz, the sysem will
sl o che dirccoen with leher mecle number, 11 che reaction equalinm, we s
thal the valus of An g L Therefore, 1he reaction will shtt 1o nohe Her the
cqui likrium cansiant will el e alected trom pressore <hangee ar oo changs
i 13 veume of the contamer.

4- Addinnn of a catalsal ans decreases the actvatian cnceey. In olher winds.
cabilests increase Lthe reactian rale. “Derelure, a calvss ubeees neiher e
eqilibrenm prsnen ane e salue of he aoquiliboonm constant.
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BASIC EQUATIONS
Equilibrium constant in terms of concentration:
[G]: [H]*
K e B
I Y
Equilibrium constant in terms of partial pressure;
_ PéxPy
PixPy
The relationship between Hr- and K_
K, = K RT)""

K

The change in mole numbers of gaseosus substances in the action

Ang = Englproducts) - Engl reactants)

Free energy and the relationship between standard free energy and non-standard free enerngy:

AG=AG +RTInQ

The relationship between standard free energy and equilibrium constant:

AG = -RTInK

« 71 >
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BASIC CONCEPTS

Chemical Equilibrivm: 11 15 a dynamic state but not a static one. I s a situation which most reversible re-
actions with reaction rates equal at both directions. Here, the concentrations of reactants and products remain
constant as long as reaction conditions do not change. Therefore, a reaction at equilibrium seems to be as

stopped.
Irreversible Reactions: Under certain conditions, these are the chemical reactions in which one or all of the

reactants are used up completely. Under same conditions, the products do not have the capability o interact in
order to re-form the reactants.

Reversible Reactions: These are the reactions in which reactanis transform into products. The products have
the capability to re-form the reactants.

Reversible Homogeneous Reactions : These are the reactions in which all resctants and products are in the
same physical state.

Reversible Heterogeneous Reactions: These are the reactions in which reactants and products are in different
physical siates.

Equilibrivm Constant K : The equilibrium constant expression is the ratio of molar concentrations
of a reaction at equilibriom_ At constant temperature in an equilibrium reaction, the mole numbers of the prod-
uets are written as exponents and multiplied. The mole numbers of the reactants are also written as exponents
and multiphed. The equilibrium constant is found by the ratio of those.

Reaction Quotient : It 15 an imagmary value for the equilibrium constant, It s the equilibnum constant at any
moment Lo estimate whether the reaction has reached equilibrium or not, [t s calculated the same way as the
equilibrium constant. But the concentrations do not have 1o be the ones at equilibrium. Concentrations at any
moment can be used.

Le Charelier’s Principle : When an external factor such as concentration, volume, pressure or iemperanre
change affects a reaction, the system counteracts this change.

Luw of Mass Action : The relationship between chemical reaction rate and reactions of substances 15 called
Law of Mass Action. According to the law, the rate of @ chemical reaction

15 directly proportional to the molar concentrations of the reacting substances.
The mole numbers in a balanced equation are used as exponents for these
concentrations.

Equilibrium Constant Kp : The definition of equilibrium constant in terms of partial pressures is the mult-
plication of partial pressures of products over multiplication of partial pressures
of reactants and the coetficients of all gaseous species in the reaction are used
as a power. This value does not change at constant temperature. It is constant.

<_72 >
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note: This equation can be usefull In x = 2.303 |c:11:'_ X

QUESTIONS OF CHAPTER-2

2-1=Fill in the Blanks,

|- I e folluowing equilibaivm reacion:
Mo AL = INN T2k
Drecaease an bemperaiung Causes niciease i the conventiations of . L

2 L b tollowing cquilibrivm peaction,
Ok +2H, = CHIH + 117k
LI hdropmen i i added to this cqualibowm reaction, the reaction beatis L

3o Inan exathermic couilibrine reaction, if the temperatarc is .o 1he conilibrivm posi-
tiom shdts o reactants.

- cchamee i the o doesn L allecl the equilibrioim positony ol e tollow g reaction.

Mo 0, BRI INO,

5- In the dulleveng equilibricm reactzon
l:']_m_k_. I "‘ml = JJIL'l!: I Energy

e comeentratuenn o HCL S be s resecl b o e e e e Tature.
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fo- L l'{.r P sl e theazy bC L che sum of nuember aF mades of eeactants s ..o Lhae the sum of
nuwmher af meles nf produgts,

T It the inkal pressurs onerzsed nnoa Tesclen mowchich the anle umbers el reaciam paees are smaller
then e male oumbees o pradoct mases, the egquihibcionm positom shits e

B The relatinnship between cquil-brium constant B and the concemracons af produats s

Yo ln s endotheryno seactivor, il e reaction conlaioe is cooled, oo e pnldu-_r_'d
CTH L.

10- T an endatheemic seactien st dynamie cquiliboivm, the comeentrations et poduds inceease ab .. L
ttl[]]]fri:'ll LIk,

F-2= Chirele the comect answet

[= he equilibricrz censtant of equilibriwn reaction ini}.l___l i1, = pt | Vs 72790 i b 1 T 0, Afler

O A S0 AL R DS S0 e e, the demegtion s The et ju

A- towards reactants. B tovwards products.
C-at 2 dynamic equilibrium D= all answers are wiromg

2- Toa the equilibaiwem reaction cocurnineg ina closed contamer.
Calth, = C0, il
whety dues the ameunt of Cai0 . Tnceease by appleing ote of the Tallowing?
A= by eliminating sorme OO, gas at equilibrium
Be b inceeasing wotal pressine

C- by addamp seame Cald to the squibibrivne mixture
D-al” above is incerrect
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3= For the equilibrium reaction Ew + Fm -~ 2!]—"“I the equilibrium constant K = 1 » 10" at 200 K. 1f the partial
pressures of IF gas is 0.2 atm and F, gas is 4<107 atm at equilibrium, what is the partial pressure of I, gas?

A- Sx10atm B I1x10°atm C- 1x10°atm |7~ All options are incorrect.

4- As the equilibrium constant K is 640.3 at 300 K for the reaction thm * o L, = Lil . What is the

equilibrium constant K, for the reaction 2Ll = 2Li_ +1.  at the same temperature?

A-253 B4l =108 C-156=10° I~ All are incorrect.

3-N,,,*3H,, = INH

1P

s T 92 KK value of the equilibrium reaction is given as 5.5x107at 25 *C. What is
the K_value of the reaction?

A- 225133 B-9x10*  C-0.03 D-all are incorrect

G- For the equilibrium reaction Br, = 2Br . K value is 2558.4, k value for the reaction in molar consntration

is 1.56 at 4000 K. Which of the following is value of k ?

A-O3 B- 20 C-78  D-All are incorrect
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I For the equilibrium reaction; H, +1, = 2ZHI ., the equilibrium constant K15 2. What should be the

g A

concentrations {mol/L) of reactants and products for the equilibrium shift towards products?
\- [HI]= 0.0 mol/L, [L}=0.05mol/L; [H,}=0.05 molL

B- [HI]=0.4 molL, [L}=0.1 molL;  [H,]=0.2 mol/L

- [HI}=0.001 mol/L, [1]=0.0002 mol/L; [H.}= 0.0025 mol/L

13- All are incomect.

2-3- Write down reasons Tor the following.

1- In equilibrium reactions of gases, An (Products) -iﬂnu (Reactants), increasing the volume of container
causes decrease in products,

2- In the imaginary equilibrium reaction, A = B, + Energy, increase in total pressure doesn’t change the
temperature of the reaction container.

3- The value of equilibrium constants of ireversible reactions are big.
4- When K is 0.3 and Q= |, the temperature of the endothermic reaction increases.

5« When the temperature of reaction increases while value of K_decreases, the reaction is accepted as an
exothermic one.

6 In endothermic reactions, the value of K_increases with temperature.

7- As a result of pressure increase on the eguilibriom mixture in which An = +1. the equilibrium shifis to
reactanis,

B- As some reactions really stop, some reactions seem 1o be stopped.

% In the equilibrium reaction, 5”:':"-.=. + Energy = Eﬂ'lul e |
the temperature of the reaction increases.

A il"ﬂﬂl, 15 added to the eguilihnum mixture,

2-4- Define the following terms.
I- Law of Mass Action 2- Chemical Equilibrium State. 3- Le Chatelier’s Prineiple

2-5- In the gas equilibrium reaction, 2N, " = N:D_Hu:, 15 exolhenmic.
Afler the following changes are applied on the equilibrium reaction, how does the equilibrium position

change? Why!

1- Increase in the pressure
2- Increase i the temperate of the container
3- Withdrawal of some N_O, from the equilibrium reaction.
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2-6- In the gas equilibrium reaction, PC'-.;; = P'C[,m + Cl:w, the value of enthalpy s equal to 92.5 kl'maol.

What are the effects of the following factors on equilibrium position and the equilibrium constant?

I- Increase in temperature

2- Addition of more C1,to the equilibrium mixiure

3= Withdrawal of PCL, from the equilibrium mixture
4- Increase in the pressure on the equilibrium mixture
5- Addition of catalyst

2-7- The enthalpy of the reaction, 25“:.!. + 'Dni;. = ESU'«m is equal to -198.2 k). After applying the lollow-
ing processes, what will be the concentrations of S0, . (), and SO,

I- Increase in the reaction temperature

2= Drecrease in the pressure on the reaction

3= Increase in the concentration of SO, in the equilibrium mixiure.
4- Addition of a catalyst.

2-8- Does the increase in temperature of a reaction at equilibrium always cause an increase in concentrations
of products? If your answer is no, what are the factors which cause an increase in concentrations of products?
Explain with examples,

2-9- The following equilibrium reaction is exothermic.
2PbS,, +30, = 2Pb0,, + 250,
Clarify the effect of the following factors on the equilibrium state and the value of eqguilibrium constant,

I- Decrease in the applied pressure on the container
2- Cooling the container of the reaction,

2-10- An endothermic reaction in a closed comainer is given. CaC0, = €O, +CaO,

After the following changes are applied, what is the position of equilibrium reaction?

e

|- Decrease in the volume of the container

2- Addition of more Ca) 1o the equilibrium mixtune

3« Withdrawal of some CaC0), from the equilibrium mixture
4 Addition of more CO, to the equilibrium misture

5- Increase in temperature

2-11-1f pure NOCI gas is heated 1o 240 °C in a closed container; it decomposes according 1o the folionwing
equation. INOCI = 2NO, +Cl,

g
When the reaction reaches equilibrium, the total pressure of equilibrium mixture 15 measured as | atm and
partial pressure of WOC] gas is measured as 0.64 atm. Thus, calculate the following:
I- Partial pressures of Cl, and NO gases at equilibrium
2+ The equilibrium constant K_at the same temperature

Answer:
130,12 atm, (.24 atm
2y 4=107
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2o 2 Forahe v ticen, MoA00, o = 2 o hich oceowes withown any catalysl, parial pressnmess wenes messume |

A2 [* = 377 amm and A= 130 aom a0 HHE O ot equilibeivum. Cualowline the T lowing:

K. and K of the reaction
- Howw do the patial pressures of pages in the equilibrium mistore chianpe wpon addition of catalyst’!

Answer & da; 0.2

215 Forthe pag rewction; 280 + L) == 211, ditferenl amcnmig ol males ol MO and 83 aere pot inoa
I Tier comtinmer et the given lemperaiwre, When the reictior, reachoed she coulibriom, 0 was found that the
Normesl 4l S eqqnals o Ak d mole anil the concentration al 01 amd MO eqnals eacy ather Ik s ezl w
I, Tl shul mele numibers of G and MO0 belore The regaction slarted.

Answer; 'l_:'_ =11L.E masl MO 12 el

2-14-"The gaseous reaction. v+ 3H, = INH, | reaches equilibiium a 53777 "l he eailheium constant
s given o= K =14 Calculate the equilibrium corstants ton 1he following rzactians al rhe ~ame temperalure

|"||,I| 1“‘-,”_].;. # .N."LI . .-"” el

o i

B_l T?“'-lbl - TI".‘I_.'I -— NII'-.I:I
| )

i1 MHrpg = TN.‘l,-'-_ .l_H.':e'

Anawer AY05] 51 1= e

2oL 5 The eqailibivm constant ol e ks g peactions i= wiven.

{"ha= HAl 7= H - HiTer b= 2.2- 1
Cal s, ~ 006" - Car Eoo 510"
HOCO: = H - (0 Fo—d.7- 1t

Ao kel shove, whet i K tar the follosding equilibeiom regctism ?

Cl, - Caln, —HDE Ol - 2RO,

Answer: 4 | =[x
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2-16- Thue cyuilibriom constant ol the follies ing cactior is siven as K, 1959 a0 2500 K wnperatune.
':-]:.-_;. tF,, = 2('1F|_r_

1t the comecmrazions of The substaness in the masonne are [IF] 1.2 (S R L I LA Y R U 1 B

b weil | b the e librium posation?

2-17- The Fallowing reastion:
N'D.,. + {-ﬂ.;. 2 i.,. + {_'C'm
i al g hbrram at 727700 A this temparatur: Bw pressone of U0 gos s equal to 303 Torr What s K when
eotal peessiice is | oarera!
(st 1ogkmy — Todl Tasrrt

Answer: 1.5

2-18- Tn Lne eyealibrivnm reacinon in i clsed caniuiner, F't'I:IL__+ | o= l-'t'lwI

L parial pressore af POT s paice the partel pressove 00T a&dier the reactiom resched egquilibrinm s
certain tempctanrs, the partial pressare of O was measored as 1 abm As k'.b—l-'-f:, what wre che panial pros
sires sl PO e O s biefore the eiction slaed”?

Answer: 2.8 atm: .4 aom
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9 Ciive Tocar procedures that Teanl oo ing rsime amount o produagns in the (el oveng s eguilibrinm regce-
tuwn whick e ez,

M. A, = 2N
L L LY

20 Aceirding o the Tollining reaction,

Coy, 11, =00 N

ecqua | rearmbe s ool iedes oFCEY, and I were mised 10 T-Inee comtamer, When the reaction resched equilil-

rearn gl 20000 K there wecre 3 maeles ol peas an the magtore st cyuilibriomn constant Koo, wchat ane the
converia s of substances i the equilibeiuerm mistooe?

Answer: [OO]7[HG = 1ol L [0 ] —[HL] = 405 mokl

- B Lhe enederthermiy resation, O H, = CH + Hsime moles of € H were putin 4 LL con-
L'III'I.I:'I When the reection reached the e:'-.'|LI||Il'rruI|'n. |[ ha' [ULll ol that quarter uof L,H CiE Wi el 17 h i

12 Tor the reaction, fnd o the concentrativms ol the gases ot equibibrivm stare.

Answers [OLEL L = 43 ol [T ] - T ] = Lamold,

7-22-4 w af HE eas was placed a2 bt closed comaener at 27 ' and LAt w docompoese unnl sgqualibe:
o e peacheal avcording rothe el ing egquatin,

I =1, +T_.

A ]'f-'.r v 121, caleulare the partal pressore ol HE gas ot equilibcinne (M =200l )

AnEveer LUTE atm

2e23 Aol Dmude of N0 i decomposed tn MO gas ina |- litee contairer at 1 atm presaune ar
<7 M Cabeulate B valae ol ih-;: reactoon, MOy }"‘~|f]'

Answier. A9l
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2-24- Far the fallawing reactians ar LD B the equiliboiom canstants b depending on pressune weie
E]". 1T

. 1. _

C +—=0, =00 R P T
) R el r

£I|>-+{j-'.,|'__1f"r-j-.5. l{r TG

Caloulatg the coquiblbwijum congtant B ab the fallowing reagtinn.
E'L'T_':ll LT U' — EL'U.I

Answer: 2, | k!

205 ana cesuln of reactican ol CC gttt wvaner vapor 1 1-hiee Llesed contwmer an JEHIE, GO and
H, pascs wore formed. What is the conconeratian of pas mixture at copilibwivm as cqguilibrigmm constant
B i 3.29 and 1 note of eacl of reactants and produces wese placed incthe conance?

Amswer: SO =THLC - 008G malsLy C0] =TELD = 1 3k anlfL

2-26-"1he cyquilibrinm canstant of the fellowing reaceinm;
B = N

- ol
in B = 107 T9R BBt iris B3e W7 ar 3300 Is the deciimpaition reactionn af diniteogen tetrogide

edotheom:c or exothermic?
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2-27- For the equibibriwm reaction.

MO =280, 10,
0wk nhnrr'.-'-.:d thal the ;::n.[ullih-;'nun musture at 2390 contained [0 [ < ALDT ol |50, - 041% mul!],
|50F | = and nanlf T, When the tempe rature was decreased to 1070 the equilibrinm constang K s
found az . Telll he reaction is enduthieninic or exothe o,

1-2H- Explan the ditference betugen Al and A waite doven the celalonship between them When
does the value of AG become coual to A5G 7 prove this mathematizally

J-29e A wneEalnann cornnban of waler s L= Car 25 N and o, calowlaie thie 247 wilae of the acmira-
linm reLctinn.
e, =117 1 CH[
M raql Sl

Answer: 7925 limuol
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[ONIC EQUILIBRIUM CHAPTER-3

ACHIEVEMENTS
After completing this chapter, the student is expected to :

« [deniify elecirolytes and non-glectrolyies,

s Differ strong electrolytes and weak electrolyies,

s aleulae H‘. for weak elecirolyvies and the relationship obiained by partial iontzation of these electrolytes.
* Understand ionization of water and the amphoteric bebavior of water.

#{Jalculate acidity value of solutions.

“Understand solubility and hydrolysis and notice how they change with respect to the type of salt
Understand common ion effect and how this effect is used to prepare buffer solutions

+«Differ completely soluble and slightly soluble salis and he/she lzams the factors affecting solubility of
shightly soluble salts



Do you know

substances like sodiom chlonde

and polassium chromate which
behave as electrolvies in water

may not show the same behavior

when thev are solved in sol
vents like ether or hexane.

Figure 3-1

The experiment that shows the
effects of 1on presence in a solu-
tien. In the beaker. 3 bulb s con-
nected to two immersed copper
clectrodes, The substances in the
solution are:

o= The aqueous solution of potas-
sium chromate. (The bulb lights
strongly as many ions are present
in strong elecirelvie. )

b= The agueous solubon of acenc
acid, (The bulb lights weakly as
few 1oms are present in weak elec-
trolyte. ]

¢- Sugar solution in pure wa-
fer. (The bulb does not light as
non-electrolytic substance is in
the solution. )

«_ 84 >
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- INTRODUCTION

Chemical reactions mostly occur in solutions. Therefore solutfions are very im-
portant in chemistry, In order to prepare solutions, water and organic solvents are
used abundantly. But in this chapter, we will focus on water-soluble substances
{nguenus solutions). The behavior of a substance solwved i waler depends on
Use seructure of the substance and the maedium it is inside. Therefore, we need w
understand the principles controlling the behaviors of substances.

3-2- ELECTROLYTES AND NON-ELECTROLYTES
An aquecas solution is o homogeneous mixiure which results when a subsiance
(solute) dissolves in water {solvent). We can divide the agueous selutions of
substances into two with respect to their conductibibity of electric current: The
first type 15 the solutions which have the ability to conduct electricity, These
tvpes of solutions are called electrolvtes. We can give the sodium chloeride solu-
tom as an example. The second type is the solutions which do not conduct elec-
tricity. These are called non-electrolytes. Sugar solution is an example. (Figure
3-1) Mot only agueous solutions of salts but also molten safts (liquid sahs) show
electrolyiic properties,

3-2-1-Electrolytes

All ionie and polorized (non-ionic) compounds dissociate into their ions when
diszolved in water. Therefore these are accepied as electrolvies. They can be
salts, acids or bases, The most important properties of electrolytes ane as follows:
I= The capability of comlucting electricity m the molien form o i squeous sal-
LS,

2- The resultant electrical charge of electrolytic solutions is equal to zero. In
other words, these solutions are electrically neutral.

3- In aqueous solutions of electrolytes, cations and anions are formed.

4= The electrical conductibility of electrolytic solution depend on the structures
and concentrabions of jons and temperature of solution.

LM E STE L .h'

waker madvaule Suga maleouls H-

Figure 3-1

Jpremensreenes
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A- Brong Electrolyles

l_I|"|-:'-|'| dssenliirjeny o rhye e q'lq'n,,:f"lll_'rrl;":-i MRS |q-h|||rir|g word g ey el e
elesiiigint well The jgasen B ihiz - 1he dsgociation o thege alectiglyies
i pmz coerpelede By or alreosl complets iy m o saler The ceamples for steonge
electrolyvies are hvdrochloric acid HOL sudium chilocide Mal'l, sodium sulfaie
Ma U polissiem ritrme K i'*-'f_l:l -sullure send, H 0 and ummonium choo-
ridle. MEL W i shue dhe diaoten ol These sobelanees Csimeng elecims-
Feigzl i water throug i the Fallges ing chenrical suations

HOl, 22 Hig, + CI

.
Nacl 22, Nat,, - CL,q
Na$0, —i 2Nar, 1 SOF,
KNO,  —— Kby - NO,
HSO,, —2.:2H., . SOZ,

Cicnerally there are three 1spes ot ateong clectrolvics,

= =treng acids, 2= Mrong hases, 5= dost of the water-soluale sales, This kil
ul subslionees dizseciale inbe s somplele s o ahmesl coeplete s i diloie
aujueons sulutens. Ly Table 3-1, eximmples Tur e lecrelsies and nus-electuleies ) .
wre iven M sl i he Tellow o sxample. the cocentrations of s e Exercise 3-1
saltmicns ul s1heng clevmabsies apg aloubioed divee T wsing e cancenisson

. . : oo hile 1he pan concentr-
ul thy clecipo s 19, (Table ab the end of the ook coun be used) for relerence. by

e T e Tullowine siroane

F..‘E'.ll]\p'll' 3-1 I:'|I:'L.Z|.r4.l|_'-'lrb' will given cuncen-
Liarinigs

Calaulale the nalar eancentranans o Bad' and OH ions m 4003 M bBarwcm e

el rosad &aluban. A) HRy - i.23M

: . BYKOF] — 510555
Solution:

.. ) . Cyrall, =411 53%
Uhe o zilind chemical equating of strong hase BaflH], = woiten. :

Bag ML, — Bal» + 200

<HI| 1

1033 W 0 brkial Concentriions

Jg0g3 4 SOEEN 2. {I}I}S L 3 [0 Lanse o

Cvne olral i s

0 0034 0054 1 B | Cangemdeatian

Imieans ol the [Ba™ | won coneereacison mohe solosion o equal o 0003 8. The
[OL | cumcencratme i sgquil s ud k.

13- Weak Electrolyies

Upan disssooatin of these electrlvies m sater, salutions with low coduil-
e properies formn, The recson for thanl s their pactial o zaion nagueous
saluticnrs, W can give nlloing esomples e weak glacnalvies Acens acil
CHATCTH ammeaiy MH L eackorie acid H D0 aml silver chlnpide Apcl
W man show the dissolucion of “hese subsances aenk eleciralyoes] im their




Attention: When water is
used a5 solvent, K_ of water 15
il 'I-'a'rillEI'l. ]*I."CHJEE I|~1-|a'|. ﬁxﬂll
virlue and sl in equilibriam
comstant

«_ 3% W
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ions in water through the following chemtical equations:
CH,COOH , —— Ha + CHCOO
NHH‘:E" + HI“:I:.# NH_HIqJ -+ an

AgCl, ———~ Ag, +Cl

poo= gl:lﬂlr e

e B

As seen in the equations above, the dissolution of these substances in water
is possible only through reaching lonle equilibrium. Each chemical reaction
representing the processes are defined as reversible reactions, This is shown
with two arrows opposite o each other. e===2  As mentioned in chemical
equililrium chapier, reversible reactions are different from irreversible resc-
fions. Reversible reactions do mot reach any end, This reaction system reaches
equilibrium when two reactions in opposite directions {forward and backward)
occur at the same time and rate,

This state is defined as a dynamic equilibrivum, The average rates of forwand
and backward reactions are equal. Components of the reactions react consiant-
lv and for fixed temperature the concentrations of components remain constant
and the system reaches equilibrium, For example, acetic acid CH,COOH {weak
acid) molecules decompnse in agueous solution to hydrogen (H .-.-] amil acetaic
{CH,COr ) iens. Forwand reaction occurs. At the same time, hydrogen ions
combine with acetate ions and form acetic acid {hackward reaction}. When this
acid solution reaches equilibrium at some temperature, decomposition and for-

mation reaction rates hecome equal, Therefore, all ion concentrations
(CH.COO _ H' . CH,COOH) remain unchanged,

lonic equilibrium is shown with equilibrium constant K just as in chemical
equilibrium. 1t is the mtio of multiplication of concenirations of produces o the
multiplication of eoncenirations of reactanis al eguilibrivm, I should be kept
in mind that the mole nunbers of componenis in eguilibrivm resction eguation
are written as exponents. The equation for acetic acid decomposition 10 ions in
aquesus solution is shown as below:

(H" 1| CH,COO0 |
’ (CH,COOH

it

Ad equilibrium, the molar concentrations of componenis in solution are shown
with square brackets “[ |7. The numeric value of K_is a constant al a given
femperature constant

Example 3-2

Write the mathematical equation W caleulae E{___ vlue of agueows solution of
dilute ammonia,

NH, +HO, == NH/' + OH _
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Solution:

As sl i the equilivrivern Sgquation. wiler rnoleculs redcl with srmema
o eguilibamgm g pe leed, Do, s water 13 veed 35 aolvenr [ coposntimns
cPwatg rmnleeplzs i el bigeer thom the caher Qompomentz™ copeentogns
Fherefone, i grder b rcach coquibibriom, the conecmration ¢t water romains
comstant. The malar conecairazion ol water 2ae be combined wik cquilibr.um
comstanl. The resulling valus 15 2 constand nmmber shown with b The ruelar
concentzalion ol et indilule selutions can be caloulated as pars woer’s nue-
bar conceniratien A The depsite ol pure iz —Tke T ke — 10002

-2x1+ 1:16-18 g, mol

Ity debBrnbnrey o rr|.||:|r||}l_ .

i Hzh,

]“;g].

M ;mol Ly - _
M(g.-'ﬂl{.'ll; « ¥ (L

1000 (g,
18 (g molr < 1,L,

55,55 mol L

_INH, 1 1OH"|
* | NH, || H,O |

K =K _«(H01=K_x55.55

_[NH, 110OH"
[NH,

IADECOMPOSITION OFWEAK ELECTROLYTES
Accurdng b Bronstec-1 e ne acpd-bisz theory, the substance which demiles
prodar i arde= o form s cemgugate hase as defmed as o acid.

Acid = prodon + cunjupnle base

Avils e neoral melecules spcheas [ICL LSy CFLCOOT ¢ a pusinive ten
PRy WH, and © HMNH D wea iegalivg o like A% e H POy

A baze, aceordioge b Brenstec-Loary aod-base theere. 2 a auhstatce which

Accets m PEman in arder 4 Baemo s conjugale acid.
Busc+ prolon = Conjupale acid

The rellua e bases car be given ws examples of neutralvuelec e, positive wen
L1t ve TuT bDivses,

D, CH OO FerH AT 0L € HNH L NA,

Table 3-1
Fxsmples lor strong and weak
clectrolytes and Non-Electrolytes

Strong Electrolvtes
Strong Acids
ECl Eledrohloric aod
HMY, Mitrir acid
HLID | Peachlocic acid
1500, Sallur.c acil

Strone Bases

MaldH  Soadmn hvdeovide
BCH Potassium bydioxide
CaltTy Caleiim hyvdricde

Soluble Salis

MalCl  Sodimnn chlande
RO, Potassivm Miteate
E 00, Polassiom Sullate

Waak Electrolyies
Weak Acids
EIF Huedrofluoric acid
Hi_ k] Hyvidraovane aed
H.C  Carbonic agid
HLATCYH Freenue acicd

Weak Bases
MH
CH.NH,

Arnrmdiia
ethyl amine

Slightly Soluble Salts
apcl Silver chlorde

CaF  Calenam fugrede
Non-Electrolytes
11 011 Methvl alearhol

. H NS
{CH COOCH Mokl acotale
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According o this theory, the strength of an acid or a base depends on acid’s
proton donation capability and bases” proton accepting capability.

As itcan be understeod from the examples sbove, each acid has got a conjugaie
base with different strength. This is also valid for bases. According o the the-
ory, if the acid is strong, its conjugste base is weak and vice versu. In agueoues
solutions, if the reactron shifts to right and the value of {HCD) 15 close o xera,
the Bronsted acid {e.g HCI) 15 strong: The snme 15 valid for the Bronsted base,

HCI i - Hzﬂil."_"' Hlﬂlcmh + Cl

|a ] 5

Acids can be classified with respect to their reactions with water molecule. All
stromg acids (or sirong bases) decompose to jons in water nearlv 100%. But
weak acids {or bases) decompose 1o ions in water only partially. For example,
a reaction like acetic acid’s decomposition (ionization) shifts to right in an
incomplete way.

EH}CDDHHE1+ Hzﬂcll # H.’-Dliil|+ {:HJCGG-':WI

3-3-1-Weak Acids

Weak acids are weak electrolytes. Therefore, in their aqueous selutions, ioniza-
tion equation can be shown as an equilibrium state.

HGDGHl“]r T H:ﬂth= Hjﬂ;_ﬂqj-l- HEGD P
By applying the special relationship of equilibrium constant;

[H,O 1 [HCOO

K =
“ [H,0)[HCOOH]
K - Kﬂ:-: [H,0]
rH,0" 1 THCOO
X
! |HCOOH |

k. is the equilihrium constant of weak formic acid or the lonization constant
of this acid at constant femperature. As mentioned before. the concentration of
water can be assumed as constant and a general equation for acidity equilibri-
um constant can be written for weak acid (HA)

Hﬂl.“‘l.:- ) Hlﬂl':# Hjﬂ iy J A-lmh
[HO A ]
K -
THAT

«_ 388 >
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The most imporiant point here which requires attention is that this relationship
can only be written for weak acids. lonization reactions of strong acids do not
oecur as equilibrium reactions.

O the other hand, the equilibrium constant values of weak acids are accepted
a5 a measurement of their strength. As the acidity constant of an acid increases
(amount of ionization increases), acidity strength increases, In Table 3.1, some
weak acids and their acidity constanis are given as example, If the concentra-
tion of weak aeid and acidity constant are known, mathematical relationship
for ionization equilibrium state of the acid can be used o caloulate the hvdro-
Len bomn concentration in water.

Example 3-3

Caleulate the hydrogen ion concentration H', percent ionization of acetic acid
and degree of ionization for 0.1 M aqueous solution of acetic acid. lonization
constant of acetic acid (acidity constant) is 1.8x107

Solution:

Chemical equation for acid’s ionization equilibrium is written. Then, the rela-
tionship that shows acidity constant of acid 15 written

CHJEGDHHEIﬁ H._aq_; T EHicﬂﬂlﬂqr
¢ [H"11CH,CO0 ]
* |CH,COOH]

Here, it needs to be kept in mind that in the mathematical equation above, the

concentration which are shown with [ ] symbol are only the concentrations of

wons al equilibrium,. Those, as shown in the equation below, are different from
initial concentrations of ions

CH,COOH | g H.;, + CHCOO,

Attention: While solving prab-
lems about chemical equilibrium,
for changes in concentrations
of common substances in equi-
librium reactions, reactants are
shown with negative signal,
products are shown with positive
signal.

In this chapter, initial and f-
nal concentration values only in
equilibrium will be used.

ﬂ-l M ﬂ ﬂ Initial concentration
¢0.1-x y M XxHi x\ Concergration at
eiquilibrivm

As seen above, the amount of decomposed weak acid 15 (x mol/L), According
to equilibnium reaction, when x mole acetic scid decomposes, x mole of each
of hydrogen and acetate ions are produced. Then, equilibrivim concentrations
are ingeried in the mathematical relationship for acidity constant of weak acid.

(X)(X)
(0.1 -x,

1.8 x10°=

When we re-arrange the equation above, we get the fellowing relationship:

KIJ-{I.EKIUE}—{LEH 1ﬂ5x].




Attention:

If degree of ionization is less than
5%, method of negligence is used
while caleulating. Butif degree of
ionization is bigger than 5%, cal-
culations are made through gqua-
dratic cquation.

In a quadratic equation
(ax*+bx+c), a, b, and ¢ show the
exponents of the equation. The
ropts of quadratic equation  is
found through the following for-
mula:

i—bty (b -4ac,y,

X=

2a

«_ % »
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The relationship above is 8 second-order equation. We need to use general
miathematics rules to solve it But we will use a different method in this exam-
ple. Because the K value of acid is an extremely small number. The amount of
ionized acid s too small when compared o scid’s initial concentration. There-
fore we can write the relationship below. We conclude the following in acidity
constant equation (% iz neglected in the selution):
(0.1-xymol /L = 0.1 mol /L
Llzing this value in the jenization constand equation,
(%) (X)

0.1
#1=.['ﬂ.1; g L.8 1“5}= 1.8« 10°

x-« 1.8 x10°* - 1.3 x 107
(H =13« 10"mol /L

L8 x10° -

Al equilibrium, when we compare the smaller amount of hydrogen 1on
(1.3=107 mol/L}y with initial concentration of acid (0.1 mol/L), it proves thot
this negligence method is comreet (x is neglected ). Therefore, gencrally method
of negligence can be wsed if the acidity {or basicity) value of the acid {or the
base) is small {ie. 107, 10°%, 10*). If the value of K_is big (bigger than 107,
L0F*, 1) this method cannot be used. Because the results will not be comect.
Then the equation must be salved through general mathematics rules, Degres
of ionization is caleulated from the equation helow:

Concentration of jonized part of
thie substance ot cguilibram

Degree of ionization = Initial conceniration of substance

Percent iomezation s found through the following equation,

Concentration of ionized pant of
fhe substance at equilibrivm

Initial concentration of substance

Percent ionization = w00

Percent ionization = Degree of ionization = (K

As in Example 3-3
The conceniration of hvdrogen
ms il equilibricm -
Imatzal concentmion of the pcrd = 0.1
The concentration of hydrogen
ion at equilibrium
Initial concentration of the acid

13 # 1Y

Dregree of omzation of acid = =143

Decompasition percentage of acid = = 0%

13« 1

Drecomposition percentape of acid = o1 L0

Decomposition percentage = 1.3% acud
As the percentage of ionization 15 under 5%, method of negligence can be used,

Jpremensreenes
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Example 3-4 Exercise 3-2
Caleulate the percentage of ionizstion and the degree of ionization of hydroflu- Caloulate the concentration of hy-
orig actd (HF) which has an agqueous solution with corcentrations, drogen wons in the agquecus solution
of (.2 M of hydrecyvanic acid.
A 0.0 M
k.= 4 Qx| {te
Be L] M., o

. 2 . . i Answer: 1=107%
ik =6.8=10") Explain the relationship hetween percent ionization and the con-

centration of solution,

Solution:

A- For the solution with 0.1 M concentration:

HF H +F

| 1agq; g,
(H'(F]
[HF)

The K, value of hydrofiuoric actd is much bigger than the acetic acid’s. There-
fore its percent decomposition is expected to be bigger than 3%, Thus, the
method of negligence which we used in acetic acid example may not be valid
here. So we will solve this question wsing both methods,

HE(IH- # H.:ﬂh g Fimlr

0.1 M4 0 0 Initial concentration
(ﬂ.] - _'E] il x i x M Conceniration at
equilthrium
(X)(X)
6.8 x 10* =
i 0.1 - Xy

Rounding up methaod:
¢0.1-xymol/L = 0.1 mol/L
In the equation above, if x is neglected, we get the following one,
(X) (X)
0.1

6.8 x 10%=

x - 0.1y x (6.8 x 107, - 6.8 x 10
x-+ 6.8 x 107 _g25.10°?
(H1-825x10"mol /L

The concentration of hydrogen
1ons at equilibrium -
Initial concentration of the acid 0.1

8.25 = 107
= 0.0825

Degree of ionization of acid =

«_ I »
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‘The acid’s percent wization 5 begeer than $w. Lhe r2azon for ths iz the
werdiey constant 15 spger than 107 Theretere this neethod cennet be used ror
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H- For the solutton with .01 M cencentrabion Exercise 3-3
The second-order equation for thiz solution 15 as follows: Caloulate the soncentmtion of
g XyiX) hydrozen 1ons in the agqueous solo-
L, tiom of phenol, C,H OH with con-
L ) CENrEtions;
x value is obtained through solution of the mathematical equation. A-D2I M,
x~2.29 v 10 mol /L i.:;ﬂg:: solution diluted by 100

Degres of ionization = L eoncentration of hydrogen ion at equilibrium (K = | 3%109)

[nitial concentration of acid -
o Answer: A- 0.51210% M

B- 051=10* M
2.29 ¢ 107

0.01 - 0.229

The concentration of hydrogen ion at equilibrium 100%

Percent ienization =
Imitinl concentration of acid

. 3
2.29 « 10 100 % = 229 4 Altention: Strong acid produces
0.01 weak conjugate base or vice versa.
e : ; . g : As weak acid s acidity equilibrium
Th.e rru:s.i.mgnlhcan[ Euml here Whlt!l needs Bll!:lf‘ﬂ.lﬂ-l‘l 15 that whcn! we d1.|ut|: constant increases, acid’s strength
acid solution by 1K) times, degree of decomposition (or degree of lonization) A

increases by nearly 3 times (from 0079 to 0229) Because diluting the solution

15 an external factor and the syvstem will determine a new equilibrivm state in
order 1o compensate this effect. For this, the substance will dissolve (iongee).

Asa result of this process, the amount of acid molecules decreases whereas

the jons in the solution increase. Thus the solution reaches equilibrium once more,

Monoprotic and Polvprotic Weak Acids

Monoprotic weak acids have only one hydrogen atom which can ionize (single
acid proton ). Therefore those has only one acidity constant. But there are many
acids which have more than one acid proton. These acids are called as poly-
protic weak acids, i.e. oxalic acid (H.C,03 ) . Thiz acid 5 a substance that has
two protons with different acidity equilibrium constanis. Therefore the aqueous
solution of the acid has 2 1omzation reactions ond 2 acidity equilibrium con-
stants. These are respectively, K K

H,CO0, . + HO

—
il =

, HO., + HCO
[Hj{}'] | Hﬂlﬂg'i
K - - 5.37 « 107
[ HIE.!“{ I




Do you know that?

If we examine the values of acid-
ity equilibrium constants, the or-
der i as follows,

K=K =K,

The reason for that is the clectro-
static attraction power is strong
hetween different charged ions.
So the negative charged substanc-
cs have a low capability of losing
positive progen,

«_ % >
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HC,0, ., + H0 s> HOu, +C02%L
[H,0"11C, 0]
K, - — - 5.1x10°*
|HC,0,

Phosphoric acid (H,PO,) has 3 ionization reactions and 3 acidity equilibrium
constants, ”"t,.-[':..-_";-,;:'

Hlpﬂirq,'b Hlﬂd.# Hlﬂ;nqj + HIFﬂhq,

HO 1 H. PO
- Al e T -7.11 x 107
1HJP'D‘1

H,PO ., + HO

|

H,0., +HPO?™

|h1= ¥ s
(H,0°1{HPO *;

K- - 63210
[H,PO ]

HPO2, +HO, e——0xs HO  + PO}

by g dguy
[H,O 11 PO

K. - 4.80x 10"
" IHPOT 80 x 10

3-2-2-Weak Bases

According o Bronsted acid-base theory, weak base is the substance which has
ability w aceepl proton from salution, [t has basicity equilibrium constan K,
For example, the ionization reaction of ammonsia in water is shown as follows:

NHJ.;. i H]D‘h— NHn.'q: y DH;ﬂm
INH4'IIUH | T
. . = " x
[NH,]

Mote that the writing methed of K_and K| are the same. Generally, the joniza-
tion reaction of weak base is wrillen as onic equilibrium as Fallows:

B .. +HO BH., + OH_.,,

—
i g) iy ™=

[BH" 1 [OH
1B
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Example 3-5

Caleulate [OH'| ions concentration, degree of ionization and percent ionization
fior 0.2 M aqueous ammonia solution, K (NH =18 = 104

Solution:

NH, + HO ———> NH/ +OH

Ly, = 8qy
02H1 0 1] [nitial concentration
{ﬂl - X3 M x M x M Concentration at
equilibriwm
K, - INH, 1| OH |
(NH, |
! (X) (X)
L8 x 10T = ———
) {ﬂil -Xj

x*~0.2 « L8 x10°-3.6 x 10*
X = [DH ] =1.9 % lﬂj ml:l'l |'Il..
The tonization reaction cquation is wntten for ammonia, and molar concentra-

tions of substances are shown in the equation. Then those concentration valees
are inseried in the basicity equilibrium constant relationship,

Adtention: While solving problems
about weak bases, whether method
ol neglipence is used or not depends
o the rules which are valid for weak

Bgsen:iaf, bt aticnn Thie comeentration of hyvdroxide ion st equilibriwm acids.
' Imitinl cancentration of hase
1.9 x 103
——— = L0095
0.2
Exercise 3-4

. Xhe concentrution of hydroside ion alequilibrium . | gee:

; : - Caleulate dearee of ionizatinn of
Imitinl concentration of hase 2

Percent iomization
0.1 M agueous solution of aniline,
C.H.N. (K, =3.8210")

1.9 x 10°?
i «100 % = %0.95 Answer; 6,221

0.2

Percent ionization -

« 95 >
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3-4- SELF-1ONIZATION OF WATER
(AUTO-1ONITZATION OF WATER)

Self-tonization of water or muo-ionization of water is formation of hydronium
H, (¥ and hydroxide ion OH' in its solution, A proton can be transferred from
one water molecule 1o another in self-ionization of water or in other aqueous
solutions of different substances. Self-lonization of water 15 a process in which
a proton is transferred w other molecule by itself This process zives waler
ampholeric property.

Scientific experiments have shown that water can comnduct eleciwicity, Pure wi-
2H.0 H,0* ©OH-  tercan jonize very slightly,

a e a 9 I-Iilclll:-I Hlniln: H!Dl.“li " DH'“'

Or in a simpler way,
H'lﬂlh # H-l."-ll T DHI“IF

Egquilibrium state can be defined with a value called ax jonization constant and
shown with K,

K =(H J1OH )] or K ={H,O 10H ]

Hydroxide ien (OH) always combines a hydronium ion H O {or simply hy-
drogen ion H). Therefore, concentration of hydrogen ion @ always equal to
concentration of hydroxide ion in pure water. Measurements in pure water at
25 “C have shown that:

[H'1-[OH 1-1.0 x 10" mol /L

Thosz experimentsl values measured at 25 °C can be wsed fo caleulate joniza-
tion constant of water K

K =tH11OH 1= (1.0x107y (1.0 x 107y~ 1.0 « 107"

K. value of pure water at 25 "7 can also be used successhully for dilute aque-
s solutions.

Pure water 15 a neoiral medium. That means it 15 neither acid nor base. There-
fore, in any newtral selution, concentration of hydrogen ion i equal 1o concen-
tration of hydroxide jon in the same solution (JOH]=1.0=<10" M). Bul when
we add some acid to pure water, according o ionization equilibrum réaction
of water, the concentration of hydrogen ion increases and the concentration of
hydroxide ion decreases { Le Chatelier’s Principle.)

|:-|:"‘{-}l.ll = H.{I.l:l i {-}Hl.ql

In a system at equilibrium, the ionization constant of water, K_ is always a
constant valve (1.0= 10"}, Therefore any increase in the concentration of H°
couses & decrease m the concenfration of OH or vice versa, By the same meth-
o, 17w pdd some base to water {or to any newtral solutiom), the concentrabion
of OH- 1ons increases and as a resull, the concentration of H jons decreases, In
the following solutions the concentrations of H™ and OH" jons are given:

«_ % >
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Solution Greneral Sitwation 25 °C

Acidic H 1510H (H 1: 1.0 10°M, (OH 1. 1.0 10°M
Neutral (H*'1-[OH") (H1-1.0x 107 M, [OH 1-1.0x 10" M
Basic [H 1¢[OH"] [H 110 10°M, [OH 1.0 10" M

Example 3-6

Caleulate the concentrations of H™ and OH ions m 0,03 M nitric acid, HNO,
solution,

Solution:

The onization equation of niric acid is written. On it, the molar concentrations
of H' ond MO jons are shown, Then, to find out the concentration of OH' ions
in solution, the following relationshap 1= wsed.

HNO, i Ha, + NO 3;.,] ,
0.05 M 0 0 Initial Concentration
0 0.05 1 0.05 W Final Concentration

[H'] = [NO, 1=0.05mol/L

The Volue of (OH ) can be calculated by constant ionization of water with K

HO H' + OH
o —— 189 (agy Exercise 3-5
0.05M Calculate the concentrations of hy-
0.05 « xy M x Y drogen iong in aqueous solutions
iy ) ) which contain;
A- 001 M [OH]
Kh_ =1.0x 10" = |H'||OH |=¢0.05 + x) (X, B- 20107 M |OH] jons.

Answer: A- I=10r" M

Depending on what we have learnt recently, the value of x {the concentration B- 5=10° M
of H' formed throvgh ionization of water) is much smaller than concentration

of H' formed through complete ionization of acid, Therefore, by neglecting x

(005 ) we can accepl its value as 005, [T we solve the cquation;

«_ 97 »




WARNING: [OH] and [H']
concentrations which are released
during water onization always
neglect in strong hase and strong
acid solutons.

Exercise 3-6
Calculate the pH value of the follow-
Ing solutions.

AJ Hydrochloric acid 6=10 Ing
B Sulfurie acud 003 M
Answer; A)3.22

HY 1Ak

«_ %8 »
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10 10" =¢0.05, ¢x,

1.0 « 10
X - ; ~2.0%10" mol/L-2.0x 102}

0.05

When the concentration of OH won in ths solution 15 examaned, H 15 seen that
the value of x {the concentration of OH jon) = much smaller than 0,05 and ths
proves the method of negligence.

3-5-THE HYDROGEN 1ON EXPONENT IN AQUEOLUS
SOLUTIONS

Making calculations with wo simall concentrations of H' and OFH- ions 13 dif-
feult and risk of mistake s highe A scientist named Sorensen suggested using
pH (acid scale) te express acidity of a selution in 190%, According 1o this, the
concentration is defined with respect to the following relationship,

pH=-logH = log
[H' |

(H)=10""

Omne ot the adventages of this method is that when the molar concentrations of
H* and OH" 1ons are known, the acidity or basicity values of solutions can be
expressed with positive numbers between 0-14. Besides, the concentrations of
hydroxade ions ave found with the same method:

1
OH-=-logOH |~ log ——
P 0g | I ﬂg[{}H']

[OH 1= 10"

Example 3-7
Calculate pH value of solution which has 0,05 mol/l. H* ion,
Solution:

Im erder to find pH value of solution, negative logarithm of H 1on concentra-
tion needs to be caleulated as follows:

[H 1-0.05M
pH- logiH |- log0.05-1.3
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Example 3-8

Attention:

Mo adava, o order 10 cs sy conceniealionis
1 pH wl s hmmman = 3300 whal @b voneoatation of B o iache solition! ol other wns, “p™ eem s osed,

_ Cienerslls sl o = p™ Belore symanl,
Solution: W omeans the negilive ocarithme at Lhe
sembel, According o tes, pl ] meun:

In pH=-lec [H | relaognzhp, pH iz imserzd i ks piace and cquatien s solved. . )
- neastive lopartthea ot the conceniration

]_-,H = lﬂg[ H: ] nl H'and pi*H 15 neganv Inganiclin
al the conconraten oU' CH . pk 1= neca-
3.301 - - ]ﬂgl' H- tive loearithne of 1onizatien constam.

In the same mamner, the oegadive loga-

By 1aking the lecarithm of a1l andes of Cae relateenship, wee gel 1he follow ing rithm of ianization censtanl of warer
resuli: Inshewen i ph -0k

(H™ 1= 107" 3,0« 10 mol/L

pH values of some substances

The relatiemsaip between pH and pOdH values inoo dilwlz soludion o 29 50 s

Led Substnnce pH Value
N Cianfgs I B =
(H-WOH1=K_= 1.0« 104 et A 1636
Fizty <rinks £,0-4.0
Ex waking rhe Ingarithm ol'bach zides of the relatianzhge. 1he equacian he'nw e e
- - s Taly ikt
B e el
I L3 Yinegar i 3-3.4
Iﬂgr H 7+ |ﬂgf0H 1-Hg 1.4)x ) ] Totmato 4.0:2.4
B rnultiplving bt sides b 4= we oot fae fllowne: AARMhT, SR S&p4
Cow rilk £ 1EE
¢-log(H' ) . (-loglOH |, -lag LDx 1D Human saliva §.5-1.5
Human blood plasm e S
PH + Fﬂ]—' =14 White 4t egg TEALD
Anb acid 10,5
Thiz ralatinpahip sheses 1har iF pH aeud pOIH values o3 wnlaticg me anth lase Di'“‘;ﬁj‘;‘:ﬂ“"ia 1i-12

rthan [4, they are hathe posilive, boniFone af hoaheis higger chan 14, aloe mber
rene is nepadive. Crenerally, oH ol I H sabies o difute salimions a1 25 <07 aee
s Inllows:

Subatanse Geaneral Situation 2570
Exercise 3-7
Acidic P‘H < P{-]H PH P P{-—}H Whint 15 the molariye of the solution
iFpHl ol it oy i selutuen s 3327

Meutral pH p{_}H PH r PDH

Answer: & - [{1F %

Basic pH |;H.-}I1 pH 7 .F'l'if-‘”



A

The pH value of fizzy diisks is cal-
culpred by o okl meter, Many fizey
drinks show peidic properiy duc 1o
dissolved COxand somte oller mgre-
dionts they continin.

Exercise 3-8

Calenlatg the valyes GEJH LT
[tH and pOH aFOLTH S Sl nf CafTH;,
Aejugss Anlateren, 12 so'itinn acidic
oL lasie ! Why?

Answer:

[HY = 3%- 10"

T = fas ™

pedir-1.52

pll= 12 =8

§ Chapter - 3

Example 3-9

Caleulate plH, [OH [, pHand [H [ values for 05075 B hedrochlone acd 2olo-
ke,

Solution:

The temzation squation of T s weitten, W calculate the concentration of
hadrogen sens Then we calculate pll value, Aoccordimg e mathematicel rels-
Lgens bip s mwenlionaeal e foze, pOH gl [O0F] are Towns! vl

HC H, -Cl,

LAy Pl |

R

A% HOL s a stounu acied, oo renses completely. Thot means:

TH  -0.015 mal; L

pH=-logH |=-log0.015,=--1.82,=1.82

Avatw knevn, pH = pH = A Theredoore, pOH - 1400 - 182 - 12,18
A5 (s 0H -1 10

-t 1010
T 013

JOH | can b casils e ulaoel

“{JH1 .7 10 mnl. L

36 SOLVOLYSIS

Towe o ~ulsulvsis” rrieans o subs e e dFasicianes banogenenms by by iner -
acting with & spiiahle solvent, The i porranr solva sSis rgag tins jn ol <gmpg
e e agueeus opes (e # ueed s anlven ) The inleraction of josubaiange
il wiater 15 valled a5 bvdeoly s Hydrotssis cepenions inelude imearaetinee
wilh H and CH s Foe gxample, the inmeacngn af 1he nepative o pate
af o wed S agisd stk wongr anenaler Tnowield non ozl wgak acid = o kipd af
Predrolsses &~ ool Hoamd OH O fons o weater produce Dase soluticon il
wedk Ha acid, | he reacrion = shner a2 follnwes.

A + I._I'J"‘}llll =

1ag1
Lo ompugsaie walgr

H'ﬂ'l.'ql + {':IH .|.'|-.|'

wisE i As B M concesrlion

OF Wk SrciL HTEEE R, sdrulon BeCom2s Disec.

Lhe eashion ol avelols rom OHL UGN wib weler can be given s an example.

CHALDE L0, 2 CH 0000, QI

J.....Wmm
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T =imnilas . the st racomcnn of L prositive casison of weak bass (eonjugile
aiidy @ ih o water s an example. Flere the resulting =olution is acidic.
M k= wll, v

Socarling ry Bonsted acid bage thyegry, the conjuens base of cyonyg aid
shvws a vere weak bage propssny Similarly, the ern ggate bags of 2 sgak aegd
shrws a strang base propeets. All thnse propamies are zlsa vahid tor hases

Wil respect L neeractings of a1 m s solulisns-. w=can divide e
trex for T

[- Sals nl strane hase-slrong qed
2- Falus of stron e kase sk, w0
3- Sals wl weal iaseosioony avild
4- Salre nf weak hake a2ak aoid

Mw we will <uds cach ot those separalels.

3-6-1-Salts of Strong Base-Strong Acid

These salty are Baoecd o prestlive oen el st Bise g nesilive ioe ol
sorome Acid. L he soduteon of 1hes knd ol sales s netrel Because neither pes-
L = 0F Aegalivg ons nnleracs sk water malecule: ~ienificantly. | or
evample. ik solution of MaCT e salt formed Tronn saCl ] base cnd TR
weialy saln decormpeses slisselves) weoas ions Besides swats mulecalss alsa
e,

HIt
N:'I{_\I - - Hﬂ.l all - {:I.:J:-
Hll:'.:llll —_— H o - {"}H

Sall ol strong acid
and strong base

|

wedtral Agquzeus
St iom

I'he aquences <nlulinn al this zall neludes 1 hypes nfionz, These are OH, H',
("1 and Mo Ma'isa -;.-:uljugulud woeak ol and e dioeey nar react with woaner i
o stignilant lesel Alsothe negaive ion of sall O iz a -.’.-;.IJ'L_ingﬂlE'd vaeak hase
aral i alers el ez witle water ata sigidicant bevel, As a reaall, o can be zaid
that the gauesous <oluliress of sa'cs bennad e sormn e ases and streng ac.ds ane
netiral .

Becanse aeithey iong {posinivg o ggahsgd hase e capalilits roojgagt wilh
watel and disrupd G cquilibrivm bebwcen 11 and 00H ong.
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3-6-2-5alts of Strong Base - Weak Acid

When a sali formed from a strong base and & weak acid dissolves in water, the
resulting solulion is always basic. The reason is that the megative ion {which
belongs o weak acid) imeracts with water in order to form OH ion. For exam-
ple, sodium acetate salt, CH COON (the salt formed from NalH strong base
and CHCOCH wenk acid) jonized completely when dissolved in water

a3 below:

H,0 ! .
CH,CODNa,, ——=Na' + ‘CHCOO" |
HO, == OH_+ H

"he= Poesigioin o Fag -I ;'.:III aete Tl .......
The solution which CH,CO0H

has more OH ions

Salt of strong base
and weak acid

l

Basic Aqueous

S LT RO

The acetate 1on represents the conjugate base of weak acid CH, COOH. There=
fore, these acetate fons interact with H' lons in order to form C LOOOH. Asa
result, the amount of H' jons in the solution decreases. H,0 molecules ionize w
compensate the decrease. Thus the amount of OH jons increases and the solu-
tion becomes basic. In order to define the hydrolysis of peetate ions, the total of
equations above can be expressed with a single equation as follows:

CHCOO  +HO e CHCOOH +O0H _

The equilibriuvm constant of this reaction is called as hydrolysils constant. [t is
shown with K,

K [CHJC{]DH];GH:
CH,COO |

«_ 102 >
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Cenerally, the value of hydrolysis constant of a salt formed from strong base
and weak acid can be expressed as follows:

In the equation, [HA] represents the concentration of weak acid, [(OH] the con-

centration of hydroxide ion and [A7] the concentration of negative ion of the
salt {mitial concentration of salt).

The value of K hydrolysis constant can be caleulated through refationships known

beforehand. For this, numerator and  denominator are multiplied with [H]:

HA11OH
[A ]
ITHA11OH ) [H™]
Kh= i
[A ] [H
_ [HAj Hrl:}H'1rH'|
(A 1[H] ]

I K, K,
W =
KHA, 1 K,(HA,

E

K, -

The value of hydrolvsis constant for any derived salt from astrong base

and a weak acid Ku
Ka( HA,
Example 3-10

What iz the value of hvdrodysis constant [H“j of zodiwm acetate zalt™ The acid-
ity constant of acetic acid K (CH COOH)= 1.8=10°, the ionization constant of
water, K =1.0=10"

Mote: As K_ is not given in such questions, students need to know it by
heart,

Solution:

Sodiom acetate sall B formed fom sirog base MaOH and weak acid
CH,COOH. Therefore, if the acidity constant K of weak acid and ionization
constant of waier I-.'.h is known, the hydrolvsis consiant of sali is calculaied as
frllows:

K, 1.0 <10 "
Kh'lr:‘.:CH,mﬂH} T 1.8x10°

-5.6 x 10"

In short, the hydrolysis constant of any salt formed from strong base and weak
acid is caleulated through the following relationship:

. B |
K - — pK,=pPK, - PK,

«_ 103 >
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B ia the acidity constant of weak acad that farms salr pk
pK . pk o are the popacise Ingay nhms ef Hr, K. . Hf saluey wespeeivels. Thy

St ol HY fow o b ogalcobrged cisily fon chis kil of ol i,
Hecawse the amannts nf Ha and OH: i formed 323 resa'o nf bvdrn vy is are
eual can consudes TAT iy equal TEA =R The maolan eencenoralion afzah
in the sohnian is Ji

(AL [T [PHE) K,
! [&] v K,

HII
BIH| - Jo=—% nr
K

Attention: 1T pll and [10] s
askod 1o b caleulaled, students
cirt chiose '.-'r'f.:lll:.'l'l By ULt ll:ZI [ (1= TH]
uged. Any o the wa melution- '

ahips wan b used 1 e lculauon.
rEra
[H']-)\———
Yoo

1

|
pll a [pK, pE 1 lugz)

Exercise 3-9 Example 3-11
. e cala - a " . H - - a1 E Ty

Culzubate the conzentzanor, of by dous- Calvulate pH value ol 0. M osodion acelate sall ol 25 52
e ioms AL Dol T patassiom o oL AT =]

mide, KO salt agusons silativn,

RoIHOS =4840 s the

Solution:

) _ Wi e U Tellowing relationzhin v valculawe plUol thiz salo suloien,
sollutian aciic 10r basae,

Answer: L4310 pH - %TPKW +pK + loge

The walt s asie

pH - %[—lﬂgﬁw—lﬂg[{_‘+ log<]

pH = %_—Iug{l.ﬂ 10"y - log 1.8 < 10%; + lag0.01 |

pH - %.:14-4.?4-1;.—3.3?
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3-6-3-5alts of Weak Base-Strong Acid

Imthe second by pe of hvdroly s ceaction:, peat e wons oF salfwhich belons
b wewak boge s react with OH ens i weater 1o form non-disintegrating waeak
Rase particlesiin addition ta H™ iens. This eeaction disiupes the vgeililemo
Frevacen A amd O1R e,

Asarcsan [HY| i increases and the seducian Feacenmes acidic,

Therefors, ammanmm zhlende salt »H Ul {sall fomed bromoweik ass M1
amd =rronr achd HO T decomposes complebely whew dissolved

inowanr as inllnws;

. -4 ]
MLCL —=HA, e The zaluton which
B, == (T 1 H has mgre Hoigns
'l P Lall el

MH, + H [}

Ammewura ion he conpupane acwd of vweak base MH ) reazis weh OOH 0
[rresduce non-innized MH and H U medocules, Fhes reacton 2onsumes OH ions
in the medwm, Pherefore, o comipensabs thes decosiee and ectebhish o new
suilibownme HAr maodecule s wonire A esall, the sumount o HOnereases snd
the: zalution bedame- acidic,

Fvgeden g define the Seedpale s of papapoigen g MIL7 o fwl coperian rop
gsennng Al nf Ihe jeaclinns abgve can e wrilign.

Salt of strong dcid
and weeak bt

Acidic Aqueous
Sodufion

I | P N | S TS
[MELT T K.,
E'::.“: ["“-..Ill'] = Hr

k... .
Ea. - o Felationshp con be proved. Koo the wmizanon consianl of sk
hase, Hesices o general cguidnar expoessig hvdrolvsis of thes kwd of salts com

bo wrillen ns ol e




Exercise 3-10

Caleulate pidH salue of U5 M oammo-
mium miride (SH MGy sulution. Ls the
solulion aculic or bxic?”

ipK, (MH b= 3.0

Answer: S22 TTe wulativw 12 s

( Chapter - 3 )

M+ HO = MOH: H

rMOH(H1 K,
(Mo K

[MOH] represents 1he enacencration nf weak base [HY | enncenwealinn of
acd o that foomed frore reactinn [57] e anhs drolyzed sat
Ag | MOH] aad |H'] are boomed Hheroeah leedrnbesos ol <l molezo e
their comcenteations in thie salt soltion ane squal.
Fr 1he selution with [¢ ] molar concemral oo
'H 2 1H'?* K,

(M) K,

Wi g Lhe tellosing, relatonshop Ienm aborve 2cuanion:

Kh

[H]= H{Ii—

n
B aking mewacvs lovarahim of Holh sides:
I
pll ——[pk, - ply, - o]

b, rzpresents Ui Lo dcity corster, oF e sk Liss W ik the sabt iy fined
Farine.

Example 3-12

What i che pH o102 maolLammenion chilorily solurion
H.II{NH.I— | #1007

oluiion:

W need Lo koo the bicciry conzsiant of weak base and the ierztbion 2an-
stant of waler tee hnd pH of solobion. Then e tollewing czlalinnshipos uzed tn
caleulute pH:

|
PH === [k, - by - Tuai]

pH - %r-lug K, +logK -logc

%[ log 1.0 10"y + log LS < 10y -log0.2

pH - %.;14 474 ( 0.7,, - 4.98
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3-TCOMMON 10N EFFECT

We have studied the aqueous solutions of weak elecirolytes and their behav-
iors. [n this chapter, we will study the behaviors of aqueous solutions with twao
electrolytes (one is weak), The similarity of these two electrolyies is that they
have a common ion, The concentration of an won in any solulion can increase
45 @ result of decomposition of added compound inte its ions, The ion which iy
present in the solution and added compouwnd is called as common fom,

Al this level, we will focus on the situation which the electrolyie in solution
is weak and added compound 18 sireng, As a result of addition, a significant
amount of increase ocours in the concentration of common ien. This increase
can be undersiond when the concentration of weak electralvte i3 companed
to the concentration siter addition. Disequilibrium results from this process.
Therefore, the solution forms & new oguilibrim,

When some amount ol ion is added w weak electralyvte solution, the ionization
of weak elecirlyie decreases, This phenomena result Froan the establishment
of ionic equilibrium again in electrolyie solution, This is called as common lan
effect. This situation is a result of Le Chatelier™s Principle.

Example 3-13

How does the concentration of H' jon change when 2.2 pramsz (1. 1 mol) sodi-
um acetate salt, CH,COONG, is added to 1 liter 0.1 mol'L acetic acid solution
at 25 "CT K (CH,COOH) = 1.8=1§"

Solution:
The jonization equations of weak clecrrolvie and added salt are writen. On
them, the molar concentrations at equilibrium ane shown.

CH]EﬂﬂHI_E" B H'mI + CHICDG"W
Imitial concentration (0.1 M 1] il
Concentration (-2 M x M %M

ilibr
ar CrjulRrmm CHJE{]GNJ Ma’ ) + BH cﬂﬂ-
M) 3 fingl - (E]]

Initial concentration 0.1 w4 i §]

Fimal concentration 0 0.1 M 01M

CoOmIncn Lo

lonization cquations show that common ion in that solution is acetate ion. Be-
cauge it has two sources: One is acetic acid (weak electrolyte], the other is
sodium acetate (strong electrolyte). The concentration of common ion is found
by addition of concentrations result from ionization of both compounds.

In order 1o caleulate the effect of commaon fon, the concentration of H® ion in
(1.1 M acetec acid soluiion 15 caleulaied as below betore the addition of sodium
dcciate:

«__107_»




Exercise 3-11

[l loes the inpieayion Jegaec af
Ftse ehange when Ma ¥5 prams (0 ©
e | sunrgmgen 2 By e s is adil-
el pa T Y0 T caewbogp o =g gy
Ei%H =15 n-

Answer;

lonization degree of the e i
eramer Hhar 368 limes,

§ Chapter - 3 ] e

[IF]CILLCEHT]  qxnpin}
K =18 10r=— =
! 113,00 | Ll - x

Wz s the Follnwing and apply the methad nf nezligencs

ixdixd
Koo1d 1 ———
! (0.1

a (Rl LR~ ¥y LE < 0

RER D L A

[117] - L3 = 10" inol/L

Then, afer pildipg andigw aeepame 1oommnn an g0err) e caree pealion aF
H* ienn b Aacid snluben is caleularcd as fallows:

[H ] [CH . oHY)
TRERSE LN

K= 1w i -

(il + 2" ekl

[h1 - =" (1]

A= LR = 107 mol/L = [11M]

Wheon we cnarpnee Hhe eaneenicatinns of H inn hefare and after defmanan ian
eflzcn dditnes ot =it we see 1hat The concentoding decreass= 0 15 - 107
minll dreemt 1a = 10 manlkil. Uhe ceason Dot thal due 163 cormmeu s {acelale b
presene Belween two cotnpuends, e wrization ol acee acid decreases by
addibien ol swd i acelins wall.

3-8 BUFFER SOLUTIONS

plLEvaloes ol stone acid arad Dase solution: can b2 calculated easily (Praush
thain ma e concemt-2rons Aveoding te Cos, e pll calge of 109 B Dvdio-
chlaric acid is egual o Bon this value clorees considessly even w small
etz o s soleadoee pw sleled] ooy salogpoes Tl saarre 1 alancegghied dey
bitag slunions Far esarape, the oH walae of T M oenrpanioem aee1ne zalh and
sadivrn vhilarnde sall selutian s apeasimately equal w7 OWhe™n Bul when
acarall armant o7 snong asiel o hage s addided nothis sodution, i bB2elaia
vhonpes: Becowse wligw T M [ gl HET 2atulion i mdded 1901 Tiner zah zolo
e the pl ol Mall suTutive besons 200 ot the pH ool CH CQ0SH 6 linze
gs vty Slighnly

[ neanes subutiens cormen o ezt s abeersemd Bul e aoe Dwe ey voptie
NLURINTRWR



SS—— Tonic Equilibrium )

I- A solution formed from a weak acid and the salt of this acid (eg. l'_'HJIL'U-D-
Pa and L'H]{fﬂl}l-il

2- A solution formed from a weak base and the salt of this base {e.g. NH, and
NH, CI)

There are some reactions occurring in scientific laboratones or in industrial
processes or in bodies of Bving beings which need the pH value to remain con-
stant upon additon of small amounts of acid or base, For example, most of the
metabolic activities occurning inside human body are sensitive to pH valees of
body liquids, Transportation of oxygen and sctivities of enzvmes in cells can
be given as examples. Therefore, our bodies use a compound mixture called
buller solution ( the system preserves from pH change) that preserves pH value
between cerain limits, When a small amount of strong acid or a base 15 added
Lo g solution, the resistanee of H' jon to change 15 called as buffer effect or buf-
fer action, and solutions which have this property 1= called as bulfer solutions.

[n buffer solutions, generally two interactions ocour, First one neutralizes added
base by interacting with it The other one neutralizes the added acid, This way
the buffer effect of solution ocours, This kind of solutions are generally formed
by mixing a weak acid and 15 derived salt ora weak base and its derived sali
The buffer solution formed from mixing acetic acid (weak acid) and sodium
acewte (salt dernved from acetic peid) 15 an example. In order to observe how
such a solution resists to pH change, we will examine the elfects of addition of
some strong HCH inte buffer selution and inte pure water.

Az a result of addition of some sirong acid mie water, & big Increase occurs
in the concentration of H' ion and a big decrease in the pH value of solution.
But an addition of same wmeunt of wcid info acetic acid-sodium acetote mix-
fure does mof resull ina significant ameunt of increase in W on congentra-
tiorn. Because this wn does nol remain free in the solution bat mteracts with
CH.COCY jon from sodium acetate in order to form acetic acid. Thus the pH
value of solution does nol decrease but remain almost constant.

When some amount of strong base us NaDH 15 added o water, as a resull of
complete decomposition of base, the concentration of OH- jons will increase.
Therefore, the pH value of solution will increase. [ the same amount of base
is added to buffer solution (CH COONa and CH,COOH), the OH" jons cannot
remain in the solution but react instantly with H™ jons from decomposition of
acetic acid and form water.

As a result, the pH value of this mixture does not change significantly. With
respect o what 12 mentioned above, buffer solution neutralizes as it reacts with
components of added strong acid or base,

Thus the pH value of the solution remains constant. Bul in (st when HCL is
added, the concentration of acelic acid increases a bif, This is a weak acid

The inerease m the concentration of  selution cawses o shight decrease in pll of
sodetion. On the other hand, the addition of NaOH o buler solution causes
formation of sodium acetate, The increase in the amount of thas salt resulis in a
slight increase in pH of solution. (Why?)

«_109 >




Da you know

iAy When breathing
slops, iU increases the
amount of CO, in the
blocd, which leads to an
increase in the amount
of carbonic acid and a
decrease in the blood
pH value, (B; When
breathing quickly, the
level of CO. decreases in
the bloodstream, as this
leads to a decrease in the
amount of carbonic acid

and an increase in the
blood pH value.

C Chapter - 3

We will examine the eguilibrium pozition of weak acid HA {or weak base)
solution and the reactions of weak acid’s sali,

HA —= H' +A
o ild] 5 R L i
M

(43 cagy | qadg)
Here the equilibrium position is as follows:

K |H”ﬂ | e
' [HA]

[HA ]
[A]

It we assume the [H'] in solution as very small {as 2 result of common jon
effect which works to decrease weak acid's decomposition), we can simpli-
Iy this relationship (after applying method of negligence). In equilibrium, the
concentration of unionized acid will be equal to inifial acid concentration. The
congentration of [A7] in equilibrium will be only equal to salt’s concentralion,
Therefore we can rewrite previous relationship as follows;

[H'1 =K x

[acid |
[ salt |

[acid] represents the concentration of acud, whereas [=alt] is the concentration
of salt. We can re-arrange the equation by taking the logarithm of both sides:

rH']-K-:-:

[ acid | K 1 | salt]

H -pK -1
P ph - lOg Tl

base | [ salt
OH - pK, - log | -pK. +1
x PK,-log [ salt | PR, +log [base |

By the same method, it iz possible to derive a relationship that defines the squi-
librivm posifion of 8 mixiure formed from weak base and k= =ali,

; [ base)
[OH | =K, »
S i
In the equation, [base] is the copcentration of base and [=ali] is the concenira-
tion of =alt,

A- When respiration stops, the amount of €0, in blood increases.

As a result, the amount of carbonic acid increases and the pH value of bloed
decreases.

B- During breathing heavily, the amount of CO, in veins decreases.

As a resuly, the amount of cacbonic acid in bloesd decreases and the pH value
of blood increases,

Jpremensreenes
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Example 3-14

Caleulare e caneriration ul T wne end pl] ~alve ol he alation o707
aceliy qgid aw] 00 M oo aoetsge KCFL OO =1 5 10

Solution:

Mo can o the etberpanizal velanceship ahove e caleulare 1he vongemn atian
e oms and ] saloe of the eistore oF woeak, acnd amd e salb The npstore
Lt ot b Ter slution propsiy, Theae e,

: acid
|'H 1- Ka ¥ |:‘—:|
[salt]
[neid]= 0 L B GUH COOH] =18 1 and |20l =425
W gl ke resule helos:
0.1

v -l
53 -%.0:10

TH 1-1.8 « 107«
W cun culeulae the ph of solution usivg b Fellow me relationzhip:
pH-—-logrH | —-log9.0 -« 107" - 5.04

e Uiz he Colle g equanion dirgerl:

| salt |

H-pK -log ==

P PR B Lacid |

AR ph = -lnak
pH-—]ugl.Exlﬂ-‘Hng%

MT-d4.7d 1 log2 - 4.74 1 0,30 - 5.04

Here we L connpare the conzentratiom of |1 s anel pUlsalie of ihe calinion

ThulTer selution) with e calowlawd ~alves of GO M acete acidl This cempar-

o s (JIE] =0 3% [ Myl (pll = 28751 espesiingly

Example 3-15

v lidl sl b B dTee coeend ratison c L atnorna i chikrndy incasecluliomecomdaaninne oo
b gcopmbration U1 % il the pllvalue ol the saaludisn i cqual ok F ekl = 4 0y
Solution:

pH poOH-14

plOH=14-pH=14-%=5




Exercise 3-12

L% M oaddinme acctate sale forms
a buHer saluticn with accoc ac-d.

Whan shawthl he The coneentiinion wt

Jechie acid far 1he zolutda 1o have a
pll valizot4. 31 K =1 107

Answer: (L3 1

§ Chapter - 3 ] e

The pOH wabue o the solimion woath a pH salboe of 90 s cqual o 30 The snl-
b af ammeni and ancnamnm chlacide i< 8 bodor 2ololaon. Tharetnee we
can caleulate wsmyg £32 preveaos mathematizal relabiotships. We can nse the
tallvw ng relatisn-hap for the seulion o7 weak bose amd ks sall.

It

OH =pK +lo [5a

F o 5 [ base]

500= log .5 107" i log | saleg
[N |

log B 5 474026

1
[ salt _10°%- 1 82

0.1

[salt1=0.1 - 1.82=0.182 mol’ L

Example 3-16

Calgelwe rthe pH wa'ue of pes sndution foomeel afeg adelitmg ol | ml.of 10k
hvdrachlarig acid selimion e I lirer 1M acene acilland O 1 B codigm ace-
tace Paaor sclorion. pki‘ =4 4

s I B |
{ Mote: While salvimg the question, | gross the volume chame i solulion s

alter acldition of strong acid or base. |

~mluton:

The keter slution tormed B acatic acid and sodiom acetale con ke expressed
by Jallowwing equations:

CIL OOy » 1,

—
'-.\‘—

chcoon

CH,CO0Na,,, CH,CO0 ., -Nam,

I- The arwevnts Dmels mumbers] ol sodim acelale snd acels: gl mosolution
belore add uen ul sivne wcid 15 caloulaed af Lellows:

STl momnbegr ot aceni acul o | lng selugion = Midcien = ¥4l
O I T Y I B R | Iy

Wale »umber atsalo i Hiter saution = % g oopas = Vil

L I T R I I O I T

2= HU T acmd decomipo=es cornplete v as mthe ollaeing equzlon

HC] S O U

1A > g 3.1t
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I wrcer W produce H inos &qual do the added amount of acxlk Fxercise 3-13
P, Wl UMl number o T dons egquals e L acbded armonnt ol il Caloulate vilues ol Lol e Twl-
Dby ipu:
lL

-Tmal 'L » Lml -~ 000 il A- 1 liler boBer solution o fromed
fromm Pl ampnonia. MF L, anal

(LA annecniun chilarinde BKH T

00 mL

H- o= produced trom decompssition of T comaine wth the same anount
ul s el ions 1o produce e same aroun? of acetis aviel. B-{ aleulate the charoe n vl e

3= Ther amatints aml concenmarors of acerare ions and aoetic oo e saeula)- nPH nf the same snlafies after

e as tnllow s afer addition: alding TR ol Tl s ol fune acid,
) ) ) o IIIEIZ"]* [asorss the el
The st of presduced H o iona = gl antoane b seccie acid hefore addiien — PF:-. - 13
Ul wrnepaat oF aecoe acid aflee addilinn oo
- 1 el = 0 mal Answier:
Yw.2h
- 11 mol s

ApH - -U.2
nemaly g1 mol, F

_ .11 IT.
VLo ]{Ly 0 T

[CH COOH) -
The ansnr vl progeced Hofeens = The g aoaonr ol siekicem el s bedars ashldi-
oo — The cwwneerr eF sonliom aceiale aroer add mion

-0,1 mol -0.01 mol

- 0.0% mol

nymol, .09 ; mol , 009wl L
-0.09muo

“CH,COO -

v [ L 3 - | [ ].-:
4- The special spation e calzulate pH ~aloe in bufzr selution iz applied as
Falloa s
. salt )
H - pK_-log 2
P L 8 (acid
- 0.09
H-4.74 - 1o
b . {11

pH-4.74 - [ -(L{H7; - 466

J-9-SOLUBILITY AND SOLUBILITY PRODUCT CONSTANT

Drssobution ol <ulids in waer s accepied as one ol the impertant prosedurnes i
chiemisire, Becosy selunilive of ane pemns substanee deperads or the diflferency
Evtowwn the anonnt: oF crwecgs meoeszary 0 heak the honds beracen ons
crmstitafing e oo amd gy released duime cozating ad Teed i,
Thereliare solubil ey of zulwlinees nowaner difzr

Tnhes chapler. we have shodied the behavwors oF a0 hatances disselved inwner.
Ext dwzre are veany subzhnces s hoch are sighloy seluble onowsder ae sa-
Eilite ol thiese substances depends on an equilibrivm state betsesn the solid
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Do you know! part of the subsiance and produced fons (between the decomposed and non-de-
compoaed), This solution is called as ssturated salution. The dissolution of a
slightly water soluble substance can be defined as follows:;

J"LB‘HI-{- Hlﬂrl,# Alllq,-l- B'rnqj

The cqubibrem constani H‘f.“:l of this equilibrium reaction i shown with the
Cds ENH‘lanq. following relationship,

When ommoneem sullide  solution s
miaxed with cadmanum nitrate solution, a
spdiment called cadmiur sulfide fonms.

LNH.]-:.S,_I_* Cly KO

L] h,-.‘ 3

Cadmium sulfide, which is a slightly sol- g [AT 1B
uble salt, is used v preduction of yellow i

dye used in paintings. = rﬁhE 110 Hlﬂ]

We assume that the concentration of | AR] remains constant as the compound
dissolves slightly in water and only a very small part of it decomposes. RBe-
sides, a5 the solvent 15 water, the concentration of [H.0)] 15 assumed as con-
stant. Therefore, the previous relationship can be re-amanged as follows:

K =1A"11B]
Becawaa:

Km-Ktq[ﬁB][Hzﬂ]

The value of K_ 15 called as solubility product constant. This value remains
constant at a cerlain temperature. Solubility product constant 15 wsed 1o express
(or measure) the solubility of shightly seluble saliz in water. The selubility of
a compound is directly proportiotal (o itz solubility product, Geperally, the
soluhility product of a slightly soluble jonic compound is calculated through
the molar concentrations of ions making up of the compound at equilibrium (in
saturated solutions molar solubility 1z shown with —s-). When writing solubility
product constant in equilibrium chemical equation, the concentrations of jons
formied from decomposition of compounds are multiphied. Mole numbers dare
wrillen a5 exponents, The molar solubility of shghtly soluble salts —= is de-
fined a4 the molar concentration of iohs formed from decomposition of zalt in
solution af equilibrium,

The solubility product constant of salts like AgCl, BaS0, and PbSO, which
have two moles of 1ons in their solutions 15 expressed as follows:

i _ gl
KIP—EHE 5

The solubility product constant of salts like Ag 80, or CaF, which have
three males of ions in their solutions s expressed as follows:

K =85x¢2sy = 48
51

The solubility product constant of a salt like Ca (PO, ). which have 5 moles of
ions in its solution 15 expressed as follows:

KFF={3S*_|-" ¥ ¢28y* = 108 §°

«_ 114 >
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Uhese rules ave apphecd snly s hen o saoweadesd soliieaala slightly solubl:
saltes at eyuililram.

Example 3-17

A the souhnany procduct coraan of Teed <ol lang sill PRRCT s F.H_ G EN I
what is the b sedoiilive of PRSCE?

Solution:
Fivsr the chernieal couilibeioen siquaricn fe dissoturion aF R wrirmen

BhSO, = Pb: 1507,

A —|
1

Lets assure thaat twe moeli solulalivy of FRSCr gl iy s gl b A seen i the
gy tiun, when | opole oF PoS0Y s dissaleed, Toole ol Pl amd | miole of 50,
wpnd e Tunmeed in b scluteen DG pending o this, sulubiline sonsant K i
wrillen mahemanigally s frollress, '

: ] N Exerclse 3-14
PbsO, Ph;taq. + K Xercise

iFz LAy
Coaloulare 1he s lubsilily [2atus

copstamt ot &g OOk sall, as the
_ ¥ : <apuratedd welureesn nf 1 Lirer silver
K_=1Pb' |50 7 ) R
p chromate, camaing ROZ1S g zali
(M2 2 malk

2 ¢ T | ) + Tl |

K =%xs=5s8'=l6a.:10"

P

$ - 600" -L26: 107"mol. L

Example 3-18

Apswer: .- 1 7

Caleulate wae sl hility prostuct constant Hm, reb Eral ) salens 1l seburaled
solution of Bafd), contams 000023 2'L Basd) b — 253 gl

Solution:

Fipst, chemical eyoluzoam squation fer disselatoen ol HasOr, sl s nten.
Then. the mathematical @apressies foc solubikey product constam ki wril-
tenn, Eronn the satube wy valus ol salt (0 A e L, the molar soluli iy Gimal- L
aned the concenmaticns o ions in soelutign san be calvo el Aowcsapilibn om s
vatablislocd o cuen e decwmipssed sl mop-ceeuemposcd pants of this salrin
s =agng abed aloren as fallcwes,

BaS0, ——= Ba® = +5072

K, =1Ba” 1507
(M - 233 grmoley Bab(h

e ulan siluliline (= 235 0 paliol Baso v caleulated depending an ics
solulilioy

1, mol; Ba50y,
Mlobar selubility of BaS0 = solubility of BaS0 (L) -
233 ;g BakO)




Exercise 3-15

W hat ia the lowest (aHY
ab gaplugien comain., Irpn
e ATy incwgqual concenl-
raticn 20107 M which.
iF adepunin Trom il
I FelOHY Peeging 1
appear in the aedution,

K LFedtiHy = - 10

Answer: d &

§ Chapter - 3

1 mol, BaSQ,
133 gy BasO

s BaS0 (mol 'L, -0.0025 ;g L, =

s Bas0. — 1.1 =10°% mal/L

Lia-= and 4% 7 s ore facmied o dissclubien of Bakid sz shovwen o Lhe
eyunabrien eyuat ok The relnee,

EEE{.—}J. rﬂ:# Eali:”h =+ S{]d::ﬂq .
1.1 =10 ¥ 1.1 £ 107 1.1 1074
Thar mears, in the samrated wolujon nlihis sah, [Bas ] =[50 =1 s loehd,

Theze salucs are inscrlssd in rhe mathematical relainaship tor ~.|'|||||'I-I|I1'p' [rrurl
L1 CONE1ATH h’.\l_

K, - Ba® 1| SO |- L1107, 115107, -1.2:10 "

Selrahiey proalust contant K s accepied s oeanennent of solubiling af
e ds e bCghia e sliphls sate solobls Eoaesing T selulzilioe valoe e
ables s o mak snee i presipuanen ol the snbainee i aomplered nonn; e
prec.pilangnn prorzess IP1he produst peeullipheagw ol goncentp pligns of wons
ol it ecipinans e solution s asater Ge the solalalins peodoel e Lo of
th= pecipitae, precipivangan stars Inorhis pocess the ions af TP precipinme
accorpubare geal o uppivmpzed enlecules, Bul o cee prgadus af copsenliations
b s of preeiEinme s ks e the sclobilice prodasl sansiin of the progipi-
tate, the molecules of arecipiale sl diswnlving Whes the salabilive gl
consianl s cqual tnothe peonlagt o iong, the salurion Begomes saturalas] Theo-
fure, s sl fam i e tahlisTwed Buvwsecen de o seolinioeamd procipitaiomg o
th= precisilale.

Example 3-19

A the Hanrde won Frooegocemiraline ina o hoeen s 2+ 10070 B, wlhia sl be
e wnnimaue alsiuann vt coneerdsstoen i thes salation Gy CaF sl g -
capitate! r_I‘L’._p =% 0

Solution:
Fiesd, the procritatian cqeahan for Ahe caleiom Aearncde 2al is wnoen. |hen,
th eralthentalical relzligns 1ip e the selubilils coredactl iz writer:,

t":ll-'_h_ = - UF

A LI
A known, the orecipilation starts wlen the prodoct of conventrations of ons
off precipitale 15 coual b eoeiler A =olah iy cunstanl, S ok concetrilion
bl Muorrele v i solubieon s 2 107 P ke conceniration o calziurm sn can b
cileulawd throueh insectimg this vidue noabe BHlowing sgmilion,

W
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K, o (2~ ntmr

g [ =g (2 LAY

- LA 1 - [l ]

3-0-1- Factors Affecting Solubility

There e winy Ftors cionsing selubilitg o presipiaes ©0negde or devrzas,
The mwsst sppeata ol these g mpsatoes cormmmen -en cfeer and pll e

= 1 hie elect ol LEmperaiure

Trvarader s b s sul2sGange ina s harmen, the selute mevds o wain e onergy
Fmezk the bnads herseen the mnlegules. Fhe subalance obhn s this enerzs thepagh
Peediateen. L cheg 2o, the alifegnes Borween absarhed and ieleased encegs th by
rhe Thermests amic  ahapuesp defines s wemperatore ol sa'otion Fractically, the
solibilice of slightly anluhle substances increasss with gwpg-aloce. Bur his in-
creurs chamges frrme au ety w subatange.

¥ e B
- Commmen lon Effeg

A ez e atudied hetnre, accerdimg oo Le Chancer s Princple, the salirml ooof

amy ek clectralyvle rzp, slichtly soluble salirdecreases swhean o schslance with 1

crne o w8 added e salubon, Pracocally Uos phenemenan s used 1@ conenl

the dissolulion of precipiatzs.

Example 3-20 . .
! Exercise 3-16

Caleubinte e mchir corczmeraligm s harian ol aie sall BaglOe ., )
T A LL saludin comdars ULHI el

A- I pure waler, of bethal be™ and &1 cens, Cerlun
B In L0z meld L sctassium dite, KIC,. selugen, Then, make a comparson be- f”""“'“'" ol Mat1H "F-‘“‘“'-’"" 5 alided o
i, Sk cew mathematizally, wnch one

) ol AIFH]D, and 2 OHL preciiies
solution: firsl anel wine

Lween resulls K- 137 117

|'1l!-i‘.... he dm-:nlullm.l equilibrium .tqucllmn lur HZII:.“;.:'_.].__.I*-C wr.ltt-:n. | hens 1he mmathe- h'n,.' AIOHL] 3.5-107
cmatical relatienship for solobility prodwct constant is weitten. Uhe oralblem s '

solved Lelliemne the sleps we bace seen in the presious @sumples. Hm,'-l"'-"rm 1,05 Tk
eIl e aszurne 1he molir consemtzaten of 10, s s Answer: FeCIH), precipiates hirst
, because W needs less amaune ol UL
h - - L]
E‘a{ I'Dﬂlﬁ.,,* Ea a9, + EIDJ a9, HHTS Wiy precipilile,

50 % i 251
K~p=lﬂﬂ:' IO, P=¢sy¢25°=1.57 107

B zlvong the comiien, = sl g chcainsad.
E=19T1""mall.
Uhe malar solubaldy of in Barl0), ). puce waer i b cquil 7% 10 mal-l.,

B BT cx wecepled a5 o strong =l which disselves coonpleiels, There ez, Lthe
b entreLew ol 10 1o s caleulaed gz lellows:




Exercise 3-17

Acsulutiorr el 0000 20 il silver ni-
are [Aa™NOE b added looa selunion
o AT RO il prdazaione chona,
(R0, WY Tsibecr ahrnmatse recipe-
nar"

Ko ap =1 =0

Answer: Yea, il wall arecipilate,

I xercise 3-18

The solubiliy product  constamt of
magnesiumn Euoride. MeF osalt s

e al L b b G- L0,

A- Calvulate the melar salubiline of

Uazz salt in pure walzr.

B- Caleuluts s melar soluzby indl, 2
mudl 1 sodiorn Tuarnde. Salf. (stoune
elecizulyvie pand compare bih resulns,
Anawer, A [ 3]0 b

Fed 5«17 M

Ll iy e 2ntes,

§ Chapter - 3

Kle, K o
052 A M

IRT

W rake the rclar coneentpaCionr of Barlk §oin o2 8 K0 salinion as v

Ba 10, ,, Ba'- 1 200-

T q: i 119
¥

2y ¥

A —

v

A 1O 1 e cemman on, the concentraion of [D2 ] 1 equal e G som ol
sorwce e tisns o T, oo Creow e wrnsicioo o Tag CE 1 arad BoUO salie, Thiat
A2 0 el LT herstore,

Ksp_ [BEI_JI_I{}F__]— £Y3 [ﬂﬂz ' 1}"}1— 1.57 = 10°*

W i assume Lhe concemtatien ul L9, e obbiined from Bal 19,3, i e
stall mzomparisen st W0 o ablasned o B0 T hat g 2y i,
Therefore,

A0 1 Zer - QLU el 1L
S LA (1A
LR R L VW

LS I L DT S W R [

The il solubilicy af B0k b, sale o 002 el Toqncissine odyie KUY
snlomgn ps gqualm 7 50 07 % Wl we sampare the rasilis, i iy wean s
e sl o BAOE Y salsin pers wearer penugl arater (han irs <olahiling i
RO, Tt demyma i cfuer), The poesenage of selubilies ot this salein
tovag lilTere e mgdiom g be calowmed as follow s

Ml sidukilins i puge warg A0t 1. &7
ol silubalivy e KUY selicion 19 Wemall

i arhes wonegds, the mndar solobilirs o B0 | oaqlein G022 weal 1 KTCL saly.
rink is TRT limes less rhan it sohalsilite in poee warer

The pHl Eftect

The coneanlrations af many salwiances depend an the cnncentratnn of B san
in solutinn. Fhe sohslances whick contain hvdropen or hvdenside ions in their
componetids an e peven ag examples g "-.fgd{]H]_r

T sedalailivg o)t sules e e e winly thie o laenging el pl |
value or] L seelwgen and ||'I:|'l.lu5|'l the cillecl o Cammuen W,

Mg* 1 20H

Ly Ly

Mg[ﬂH ]2_'.

Wohom g id i oadided e the wturated sulurgen of shis cormpeumn] | byddrozep
and livdaoelde jons st o vigld water mleules and this Gauses Cee disroge
ton ol eyguilibrioen sheser o the eguelon, The comgsmmd joriass inoce 1in
ather wardears snlubiliry inereasesT in npder incompensae the deergase in OH
wen e e e, Wehen o base s Sdded wothe salutian i scuihibrioen of this
sornpuuncd s selubiliny docrvases as @ oese I of sonpmon ipn 2 fuer,

W
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Example 3-21

Catleulaie e mmerlar solumilio, of oienesiome b droxide solution wit g
= NES TK v RN

Solution:

First, the coneentatioo o T juee in selution sith pll TES bs calealated.
Then tae hvdroside mwon concesstratizn i solutoen s .

pH loprH-3 105

(H )= 12" - 32 .10 " mol. L

K. 1010w

rOH TR 32, 10"

-31:-10"mol: L

Phat means the corcentralion of bvdroxide ton in seluton i equal o 3. 0= 10 poaecise 3219
mal Lo Ader woriting chermical cquanison shess ing dissalution of M2l e

find the value oo 5 by asone nws ar salublny of Mo OHD, 0 che =oloion: with Calealate alwg solub by ol sjmg hyw-
rH HI 5, drosde i salubins;
Mg, O, Mg - 20 A-l1=t,

EER ) ray vay

B- pl 12240 then d:scuss the resulls,

i i 3.1 . 104 b JLtl b= | 2 L

Answer: A- 0112 M.
Ther v rsin the widues gk i b ek et eal caquation shoe g saly
Bilive womistant s Tulluw s,

K_=1Mg" || OH
LA - 10" sy¢3.1 «10%

B-| 2= 11t" W

Soluailny dezreases.

. 1.8 « 10"
(3.1 10 %

-1.9 % 10'mol /L

The neclin sorubative ot M CHD Soeeobunion with pH 1O s gzl
v e Tl
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BASIC EQUATIONS
Definition of pk, pK- - log ]{a

Definition of pH pH=-log H'|

Definition of pOH pOH - - log [ OH ]

Relationship between pHand pOH ~ pH + pOH - 14
The Solubility constant of water  [H 1 OH |-K_- 1.0x 10 ™

The decomposition of constant of K\-
salt derived from weak acd and KI: =
etrong base

The decomposition of constant of Kw
salt derived fram weak basa and Kh =
strong acid

The pH of solution formed from strong pH - 1 [ FEw : FK:" logc)
base and weak acid 2

1
The pH of solution formed from weak pH - E'PKH'PKb‘l‘]‘Eﬂ
base and strong acid

acid salt
The pH of buffer solution formed from weak acd ~ PH = pK - log  =pK +log

and its sall [ salt) ; lacid)
OH l i base S T salt

The pH of buffer solution formed from weak base P ™ PKh‘ i B PKI, +log

and its salt [salt [ base]

«_ 120 >
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BASIC CONCEPTS
Flectrolyvie: A substance which has the capabaity of conductmy elecncily tmag b iz iLcnnlains.
Weak Electrolvie: A substiznee whose diluee aqueous solution bas o aeas conducting, vapability.
Woeak Acid: Anacid which cannot iuriee completsly in agueasus solulion,
Weak Buse: A base which canned s conmple ey o wgoen s selution

Monoprotic Acid: This s ar aced sohich produces onls o sinele poocon oo esch ol s molecules. Thiz aoid canbe either
streng of wesh Shorty, eech ol s rolecules contnn: only o sngle prakn which cian react

Polyprotic Acid: Aan acid which preduces one o muose protons in dillerert sieps, Most ol the urme, e pooten produced
ol e wnal s1ep i wesaker e proton: produced iz precious sleps

Self-lonization of water: Thiz = a chemical ceaction. Daring reaction, o pooton s 17anzleered frarm o witer molesule 12
anathes. AL e end ol thiz process oo pure water, equal mowbers ol by dronooree L and byalroside £H 1 ones are Temm el

pH value: Thix iz o method used w express and mecsure the Indrogen on concemnzation, Cspecially i is Fand by taking
the nepativ e legarithen ol comwcentrations of Tecroven jvrs which aee squal w13 oz less, The numenie results of lese
values wie slwwre with

Salvalysis: The intersctien of selule with solvent melecoles,
Flvalrodvsis: The interaiian of @alte sopthoaater malesules when winar o6 -ed s solvert,

Commen Ton elfect @ The prenemenun ul deciease i the deommpostian ol 1 wedk elezialye when o strone
alestrolyte with ane wn cormon weth the weds electrulyie i added wo g 2olntion,

The degree of decomposiiion: Tle catic ol T cariesd pact i the ot arwmm of dissolved pant ot egaihiloon.

Bulfer Selution: The aquesus odulioceal o weak asid and s saltoc o woak bass anal s sal This misture has the cepa-
Bilive ol resistine pH charee wher o smal oot of soong aciad w: lese s added to s lution,

Ssalubility : Tha nombar af moles of sobatanee that i gapivad o 11 aF saturaged solutior or it
{1he squibibrives stace Pecween sl aibstaes and selurien)

Solubiliny Product Boap s The prodoc; of molar coneenigiong of s Tetmed Toone waniganon ol 4 alight™ salabl
subatance dac cqal Broml (dole numbers of cach ions ane lmken ag cxponents |
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QUESTIONS OF CHATER-3
3-1- In the following equation, equilibrium state 1s shown between molecules and 1ons of water:
EH:{]uu = H}Grl-ﬂl+ 1:'-:.:l-:l-ir\-ul-

A- Does the equihbrium changes with temperature change?

1%~ What is the value of solubility constant of water a1 253°C7 What are the concentrations of hydrogen
and hydroxide ions in pure water?

Answer: B-K =1 = 10", [H'] = [OH] = 1=10-"M

3-2- Find the change in pH value of water afier the addition of the following solutions to 1 liter ol water.
I, 1M HCl with 1 mL volume
2. 10 M NaOH with 1 mL volume

Answer: | ApH=-5 , 2. ApH=5

3-3- Say if the following substances are acidic, basic, neutral and why?
AITNHL ) Na S0, L) CH.COOK D) CaF, F i Mgs0), KO

3-4- How many grams of CH,COQH (M=60g/mol} should be added te 230 mL of water in order 1o make val-
ue of pH of the solution 2.77 K = 1.8 = 10

Answer: 3 g
3-5- Circle the correcl answor;

I- Find number of mg of barium lodate, Bal(), dissolved in 150 mL of distilled water. H{T-'I ST= 10 and
M=487g/mol)

A- 344 mg H-44.4mg =534 mg
2- What are the molar concentrations of Na® and 50 jons in aqueous selution of 0.4 M sodium sulfate?
Ad [Na']= 0.4M, [SO 1= 0.4M
B [Na']=0.2M, [SO = 0.4M
O] [Na']=0.8M, [507]=0.4M
3= Find the pH and pOH values of 0,03 M sodium hyvdroxide solution:
Al pH= 1.3, pOH=12.7
B pH= 7.0, pOH=T.0
C)pH= 12.7, pOH= 1.3
4- Find the pOH valoe of (0.5 M aqueous solution of ammonium nitrate, NH NO . (pK = 4.74)
A= 1
B- 922
. 478
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i-6 - As K value of propanoic acid (C_H.COOH) is 1.3% 107, what is the percentage of decomposition of
acid in L65 M agueous solution?

Answer: (L.45%

3-7 - What 15 the concentration of ammonia [NH,] in a solution in which [NH_"[=0.01 M and [OH]=1.2=10*
M at equilibrium? K = 1.8210

Answer: 6.67T<10F M

3-8 -Calculate the mass of sodium acetate salt (M=82 g'mel} needed to be added into | liter 0,125 M acetic acid
solution to obtain a bulfer solution with a pH value of 4.74. pk = 4.74

Answer: 1025 g

3-9 - Answer the following guestion.

A~ What iz the pH value of a buffer solution which is made up of (.15 M sodium nitrite, NaNO,, and 0,12 M
nitrous acid, HNG,? K (HNO_ )= 4.5=10-,

H- Caleulate the pH value of solution after 1.0 g of sodium hydroxide (M= 40 g'mol) added to | liter same
butfer solution above.

Answer: A- 345, B-3.62

. INH,'|
3-10- What should be the NH.| ratio in order W prepare a buffer solution with pH= %.0 by mixing NH,
and NH (17 pk,=4.74 2

Answer: 1.82

«<_123 P
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3<11- What is the molar solubility of BaSO, in its aqueous saturated solution’? What is its molar salubility after
adding 1mL 10M H_80, to 1L of the same saturated solution? K_(BaSO,) = 1.6 = 10, JLe=1.26

Answer: 1.6 = 10Fmol/L, 1.26 = 10r mol’L

3-12- Caleulate pH and [OH"] values of the following salt solutions: K (HCN} = 4.9= 10" and
K (NH, )= 1.8=107,

- 0.1 M sodium cvanide NaCN

- .25 M ammonium nitrate NH NO,
- (1.5 M sodium nitrate NaNO,

il

e

3-13- If 0,01 M acetic acid ionizes in agueous solution to 4.2%, caleulate the acidity constant of it

Answer: [LT6=107

3-14= In order to make the pH value is 9.0 for 500 mL of 0,15 M of ammonia solution
what should be the mass ol ammonium chloride (M=533.5 g/maol)? K_({NH ) =]1.8x 0%

Answer; .22 g
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3-15- Calculate the molar solubility (mol/L) and solubility (g/L.) of silver sulfate, Ag 50, salt i the following
solutions, .

A- Distilled water,
H- 015 M potassium sulfate, K50, (pk_ =4.92 and M= 314 g/mol)
Answer: A) 0014 M ; 43% /L B)4.4 = 107 M; 138 g/l

F16-AsK_ =LI=10", what is the number of grams of silver chromate, Ag Cr0, (M=332 g/mol) dissolved in
100 mL distilled water?

Answer; 2.161=107 g

3-17- What is the mofar solubility of barium chromate, BaCrQO | in 0.1M barium chloride. BaCl, (strong elec-
tralyte) solution? K, (BaCrO }=1.2=10"

Answer: 1.2=10%M

318~ What should be the mass of potassium hydroxide {M=56 g/imol) nesded to be added into 200 mL of water
to get a solution with a pH value of 117

Answer: 0.0112 g
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3-19- As percent jonization of 0.1 M hydrocyvanic acid, HCN is 0,01%, what is the fonization constant of this
acid?

Answer; | =]

3-20- As iiw (Zn(OH), )= 1.2%10", calculate the solubility of zine hydroxide (M = %9.4 g/fmol) in g/L unit and
molar solubility mol/L {molar concentrations of wons from decomposition of salt).

Answer: 1L43=<10°M, 1.42=10 g/l

3-21-Calculate the pH value of solution obtained from diluting 1 mL 13.6 M hydrochloric acid in 1 liter of
water.

Answer: T.B66G

3-22- The concentration of caleium (M=40 g/mol)} ien in blood plasma is 0.1 g/L. If the concentration of oxa-
late jon in blood plasma is 1=107 M, do you expect caleium oxalate CaC 0, to precipitate?

pK_=8.64

Answer: No precipilalion occurs.
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REDOX REACTIONS and CHAPTER-4
ELECTROCHEMISTRY

ACHIEVEMENTS
After cc:ump]et:'ng this l:hapter, the student is expected to :

“Define oxidation number and learn to calculate oxidation number in compounds and chemical radicals.
*Know the meaning of reduction and oxidation, reducing agent and oxidizing agent; know how to balance
chemmical equations mcluding these concepts.

“Know the meaning of the following terms:

pole, anode, cathode, electric curment, Nerst equation, galvanic cell, electrolytic ezll,

*Learn the standard cell structure of hydrogen; understand hydrogen standard cell voltage as a eriterion 1o
measure other standard cell voltages,

*Understand dissociation and electrolysis processes.

*Describe the structure of cells: wnte the equations for reactions ocourring at poles of cells when they
produce electric current.

* Find out the weight of elements freed by electrolysis at poles and the relationshap between the amount of
electric current passing the electrolytic cell.

*Describe the relationship between standard cell current and non-standard cell current, and the relationship
between standard free energy change and equilibrium constant.
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4-1 PREFACE
Electrochemistry is one of the branches of chemistry. It deals with the chang-

e5 between chemical energy and electrical energy. During the pass of electnie
current, some chemical changes occur amd also some chemical reactions causs
production of electrie current. Electrochemical processes are reduction and
oxidation reactions. During spontaneous reactions (reactions occur by fsell
without an external foree) energy is released. Then this enerey is converted 10
electrical enengy or non-sponiandous réactions can be realized using electrical
energy.

Hesides designing different types ol cells, dyveing and electrolysis processes
have been derived from electrochemisiry. Electrochermical principles are pres-
ent in every parl of daily life. Cars, radios, music playvers, walches, electrical
appliances use chemieal reactions m order to supply thewr energy. The dyeing
of utensits, eleéctrical hardwane and appliances; production of electric crcuits,
purification of metals and production of some elements are other examples for

reactions that use electrical energy.

4-1 OXIDATION NUMBER

Reduction and oxidation numbers are used to define redox reactions, These
numbers are written over the symbols of the elements which take place in re-
actions. These are called oxidation numbers or oxidation steps. The exidation
number of each atom in a compound represents the electrical charge {number
of electrons) thet this atom gamns or loses. The rules for caleulation of exidation

numbers are miven below:
|- The oxulation number of free elements 18 equal to zero.

Na, Be, K, Pb,H,, O, P, =0

2« The oxidation number of s monostomic jon 15 egual W the charge on this on.
Lit, Li=+1,Fe*, Fe=+3,07, 0=-2

3- The oxidation number of hydrogen is equal o (+1), except the oxidation
number of hvdrides is (-1).

The oxidation numbser of hydroeen in i'lzﬂ' 15 (+1)

The axidation sumber of hyvdrogen in sodium hvdride NaH s -1

4- The oxidation number of oxygen is (-2). except the oxidation number of
oxyuen in peroxides is (1),

The oxidaion number of oxygen in H,0O s {-2). The oxidation number of oxy-

gen m hydrogen peroxide H O, = (-1)
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5o A-The oaidution number of Group LA element in a compound is +1.

Li, Na, K, Rb=+1

B The oxidation number of Group 1A element ina compound is +2,
Be. Mg, La, br=+2

C- The oxidation number of Group [LA element in a compound is 43,
B, Al Ga, In=+3

= The oxidation number of halogens Group VILA element in a comipoiund is -1
F.CLLBr.l=-1
For the atoms which are ns mentioned above, the following rules can be uzed:

Rule I: The sum of the oxidation numbers of all of the atoms in a neutral com-
pound i5 (0.

Ma = +1 and Cl =-1 im MaCl

According to this rule, (+1) +(-1p=10

Fule 2: The sum of the cxidation numbers in o polyvatomic ion is equal to the
charpe of the jon.

In H,PD,” compound O —-2 and I = P and H~ +1

According to the rule; { 2=+ HPI+ 1 d=(-2)}= -1

Here we find that the oxidation number of phosphorus is P=+5. Atoms which hove

more than coe oxidation numbery show different colors for different oxidation

numbers (Figure 4=1}, Table 4=1 shows the oxidation numbers of elemenis,

Figure 4-1
The color of solutiong which
have different chromium sales

Example 4-1

Find out the oxidation numbers of atoms in the following compounds, wons and arc different depending on the
elements oxidation number of the chro-
: fAA AT,

SO KCI, Mg PO, BaO , F,

Solution:

F__ s F=0 (Acconding o Rule 1)

Baly; We can find out the oxidation number. of Ba according to Rule 1, O = -2,
thus (Ba)+ (-2) =030 Ba=+2

PO S We can find out the oxidation number of (P) according to Rule 2, O=.2

(P)+ (4=(=2)} = .3 thus P= +5. Exercise 4-1

Mg : Mg = +2 { According 1o Rule 2) Fimd the oxidation number which

KCl:Cl=-1and K = +1 {According to Rule 2) are i red following jon and com-

S0, : We can find out the oxidation number of 5 according to Rulel. pownde.. .

0 =-2,(8)+ {2%-2)] =0 thus $ = +4, M, KL r O, NalQ, 1,30,
H.CO,, HPO?
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Table 4-1 The oxidation numbers of elements in periodic table.
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4-3 REDUCTION AND OXIDATION (REDOX) REACTIONS
Reduction and exidation reactions are one of the most important types of reac-
tioms, The energy released from combustibles, electric current from batteries and
oxidation of iron are examples for these reactions (Figure 4-2).

Redox reactions occur via transfer of electrons, The first definition of redox
reactions was made as "loss or gain of oxyveen”, This definition s correct bin
meomplete as 1115 mue for only a number of compounds, Today redox renctions

are defined as follows:

Cixidation:

In 55 the chermical change following loss of electrons of an atom. As a result of
thiz, an increase oocurs in oxidation numbers. Below, the exothermic reaction
of Ma and C1 ions in which crystal latticed solid forms is given.

2Na,, +Cl,  — 2NaCl

The formation of sodium ons s a resull of exidation process. Because each
sodium stom loses an electron in order to become sodium ton, Oxidation state
i5 shown by writing oxidabion number on the atom or ion.
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Ma'— Ma'+e
By this equation, we see that the oxidation numbser of sodium in free state has
changed from O to {1} In other words, sodium atom was oxidized to sodium
ion and its oxidation number has increased by (+1)
Hadwetion:
[1"s & chemical change. An atom or group of atoms gainds elecirons. At the end
of reaction, the oxidation number of the element decreases. According to this,
in the regction above, during interaction of sodium and chloride each chlorine
atom gains an electron and the oxidation number decreases o (=11 The process
i% accepted as o reduction reaction,

CL'+2¢ —JCT
Reduction occurs in the reaction in which oxidation number iz redvuced. Chibo-
rine atom whose oxidation number decreases from 00to -1 is reduced o chio-
ride ion. In a reaction, reduction does not realize without oxidation. Because
along with a reduced atom there must be an oxidized one. The number of elec-
troms which are gained during reduction =5 equal to the number of electrons
lost during oxidation, As shown in the equatien below, the general cqustion of
recdox rexction 15 obfained from sum of reduction and oxidation reaction equa-
tions, As the number of lost and gained electrons must be equal, electrans are
mod shown in the retal equation. This reaction is called as oxidation-reduction
(redox ) reaction. During this reaction electrons are iransferred from one atom
to another. According to this, the atom that loses electron is a reducing agent,
the atom that gains electron is an oxidizing agent, Therefore, in this reaction, Figurn: 4-2
sodium atom 15 the reducing agent, whereas chloring atom is the axidizing

A0 Combuostion reaction of meth-

agent. i 15 s T
INa +Cl, — INa® + 2CF i’jﬁfi.lzaﬁiﬁ reduetion reaction

[T we sm-up w h.*:\: is tokd ahl.l'lr!.".. knowing oxidation numbers :1_I1m-r:-: 5 (o "-'ﬂ!u. i 2&1:{'}1:| + Energy

know iFa readction is a redox reaction, Let us take a ook af the reaction betwieen

phosphores pentachloride and water: By Chiidation isactan of i friss

PECL +aH, 0 - HP P02+ SH*Cl g of iron) is an oxidaton-reduction

Az there is no change occurs i the oxidation numbers of elements, this re- renction.
action cannol be called as a redox reaction. But in the following reaction of ‘”TEN ' 3‘”;,L, = EF‘:»n"ﬂ + Encrgy
copper and nitric acid, we can make some comments:

Cu' + 4H'N*0* — Cu®* (N" O%), + IN" O +2H " O

From the change in oxidation numbers of copper and nitrogen, we can casily
say that this is a redox reaction. The exidation number of copper atom has
changed from 0 1o 42, Therefore it has been oxidized by losing 2 elecirons.
Meanwhile, the oxidation number of nitrogen atom has been changed From
{+5] to{+4). That means it has been reduced by gaining | electron, Carbon and
sulfur react i order to vield carbon sulfide. In this reaction, as scen at the side,
carbon is oocidioed and sullur is redwced, C +25 — (:52
In redox equations, we can explain the loss or gain of ¢lectrons by dividing it in 0 0 id =9

i
Fednction
oxidation

131
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twio parts: The half of the reaction s oxidation and the other half is reduction.
Therefore, we can divide the reaction of sodivm and chlorine mto two:

INa" + €1 =+ 2Na™ + 2CT

Na'— Na™+¢ | exidation | half reaction.
CL +2e —2CK { reduction) hall reaction,

When two halves of the reaction is added up. firstly the number of ¢lectrons
lost need to be equal to the number of electrons gained. According to this, in
arder to ohtain the following equations, the half oxidation reaction is multi-

plied by 2:
2MNa" = INa® + 2e
CL'+2¢ —2CI
After climinating equal numbers of electrons on both sides, by adding two
cuations, we get the peneral reaction below:
2Ng" + CL" — ZNa™ + 21

The oxidatien number of sodium has imcreased from 0 to 1. Therefore, the
process is called as oxidation, The oxidation number of chlorine has decreased
from 0o (-13 5o the reaction 1= called as reduction. Thus, the toal reaction is
called as an oxidation-reduction reaction, shortly a redox reaction.

Example 4-2

In the following reactions, specify the reduced and oxidized atoms. Also
write down the reduction and oxidation half reactions.

1) Cl, + 21 = 201 +1,
2) Mg + Fe** — Mg™ + Fe

Solution:
1y Cl,+ 21" — 2CT + 1,

2 — I;' + Je { oxidation ) half reaction.
(_‘1:" b2 — 2C1 (reduction) half reaction.

When both sides of the reaction are added up. the momber of lost and gained
clectrons must be equal. We can only write down the general reaction (total
reaction} when number of electrons are equal.

Cly + 21 — 2C1 + 19

The oxidation number of 1odine has mereased from (=11 o O, Therelfore this
15 called exidation. The cxidation number of chlorine has decreased from 0 o
(1) This 15 called reduction. Thus, this resction 15 a redox resction,

«_ 132 >




essrseamsssasiasminse] Redox Heactions &_E]aﬁmhnnﬂah'r )

2y Mg + Fe’™ — Mg™ + Fe
Mg® — Mg™ + 2e {oxidation ) hall reaction.

Fe* + 2 — Fe° {reduction) half reaction.

Exercise 4-2

In the flowing reactions,
specify the reduced and oxi-
Mg + Fe'* — Mg™* + Fe dized atoms. Also write down
The oxidation number of magnesium has increased from 010 (+2). This process s the J"fd“':ti“” and oxidation half
called sxidanon. As the oxidanen number of rom has decreased from (+2) 100, this reaciions.

1= a reduction. Therefore this reaciion 15 & reducion reaction.

Firstly we need to make sure the number of electrons lost and gained must be equal
when they are summed up, we get the general reaction:

Vo + Cu* == Zn™ + L

44 REDUCING AND OXIDIZING AGENTS 2) M + 241 — MgCL +H

4-4-1 Reducing Agent

A reducing agent is a substance which can reduce another substance, It loses elec-
trom's and its oxidation number increases. Therefore the reducing agent is oxidized.
For example, in the reaction of copper element with concentrated nitrie acid:

Cu" +4HN"0, — Cu* [NO,), + IN" 0, +2HO

Copper is the reducing agent as it has been oxidized by losing 2 electrons. The ox-
idation number increases by from 0 o +2.

4-2-2 Oxidizing Agent

An oxidizing agent is 1 substance which can oxidize another substance. An oxi-
dizing agent gains electron/s. During redox reactions, their oxidation numbers de-
crease, Therefore the oxidizing agent is reduced. In the example above, nitric acid
is the oxidizing agenl. Because the oxidation number of nitrogen in the acid =
reduced to 4 from 5 in pitrogen dioxide by gaining an electron, In the same manner,
the substance in a reduction reaction is the oxidizing agent.

I'he Oxidizing Agent The Reducing Agent

A substance which takes place in  re- | A substance which takes place in
duction reaction and cauwses another | exidation reaction but causes another
substance to oxidize. substance to reduce.

Example 4-3
Specify the oxidizing and reducing agents in the following reactions:

Ihdn, +CusQ, —&n50,  +Cu

S

2) Cuy, +2AgNO,  — CulNO,),  +2Ag
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Exercise 4-3 Solution:

Specify the oxidizing and reducing 1)Zn, +CuSD,  — ZnSO,  +Cu
agents in the following reactions: iy i e o

i — Znt + e Zn: It has undergone oxidation so its reducing agent.
1} 20y + Oy — 200y, Co+2¢ —Cu Cu; It has undergone reduction so its oxidizing agent,
2} Mgy, + Clyy, — Mgl 2)Cu + 2AgNO,  — CufNO),  +2Ag,
3) Mgy, + Fe*' o — Mg® o tFeg  Cu—Cob +2¢ Cu'; It has undergone nxidation so ifs reducing agent.
Ag'+e — Ag Ag': Tt has undergone reduction so it's oxidizing agent.

4-5 ELECTROCHEMICAL CELLS

When we study redox reactions, we se¢ that some of those oceur sponta-
neously. For example, in the reaction of a piece of solid magnesium and dilue
hvdrochloric acid, a sali forms and hvdrogen gas evolves,

Mg, + 2HCI —MgClL, +H,

However, some redox reaciions do nol occur spoatanesusly. For example, wa-
ter dissociates (o ils componenis, hydrogen and oxygen, only when energy giv-
en from owtside, Therefore, what 13 the relstionship between electrical enery
and resctions that oceur spontaneously or non=spontansously? And what is the
relationship between these reactions and elecirochemical cells? Elecirochemi-
cal cells are made up of two poles: One i3 positive pole or anode. This pole is
the source of electrons that undergse oxidation. The second pole is the nezative
one which is called cathode, This pole is the pluce thm reduction ogcurs and
electrons are transferred from positive pole via outer cirouit, Both poles are
inside electrical selution. The components of solution ake place in the
reduction and oxidation reactions eceur at the surfaces of poles.
Electrochemical cells are divided imo two: Galvanic or voltic cells and
electrolytic cells such as electrolysis cells { Electroplating cell).

4-6 GALVANIC CELLS

These are cells where chemical energy is transformed into electrical encrgy
during spomianesus chemical reaction, This Kind of cells is called gnlvanic ar
voltaic cells. These names are taken from two Halian scientists, One is(Luigi
Cralvanitand the other isiAlessandro Volia) These two scientists were the first
people who designed these cells, Batteries are one of the types of galvanic cells,
Let’s atudy the following example before we go into what iz going on inside
galvanie cells, When a zine rod i dipped into copper sulfaie solubion, i gars
to corrode and disappenr. The concentration of zine fens ineresses. That means
a spontanecus reaction occurs. At the same time, brownish copper clement
starts plating #inc rod as a spongy laver. Some of the copper settles at the bot-
tom. The blue color of the solufion starts to disappear due to the decrease in the
concentration of copper tons and finally it becomes colerless (Fig, 4-3)as in the
following reaction.

Zn. '-(.'u"'SDf‘I_w; — Zn*'80% . +Cu
Ag il Seems S{'.l* ?joms hasn't changed at all during oxidation {in other words
they haven’ joined the reaction) Therefore we can simply rewrite the reaction

above as follows: Zn, + E‘ul'__w i e L
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The reaction that eccurs when
zinc dipped into copper sul-
fate solution.

Zn,  +Cu® —Zn™

i i) sy
The most famous and simplest Galvanic cells are Daniell cells (Figure 4-4 ),
A zing rod is immersed into zine sulfate ZnS0, solution. The cell depends on Zn,
Zn'* oxidation and Cu’*- Cu reduction. This event occurs in two differem con-
lainers, Electrons are displaced between two poles through an external wire.
Zine and copper rods are called electrodes. The poles of cell are the immersed
ar the contacting pole with ions in its solution, The bamerv cell formed with
copper and zing rods dipped into ZnS0, and CuS0O, solutions is called the [ Dan-
iell ) cell. According to the definition above, positive pole (zine rod) is called as
anode, This pole is the place where oxidation ocours. (the source of electrons)
Megative pole is called as cathode.

Yoltmier

ik - Fopyad
A K —s e

bl frider
B 1 .
J} gy
—.

S, wdwian TN, sdman
n i"i'. oxidized Cu’" ix reduced
i Fn° atl anode, o Cn al cathode. N
i At ———— Figure 4-4
i) —=a g + 26 datsiiainad __ L setmasesw] Daniell Galvanic Cell
s gy —= i o |
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Al this pole reduction occurs. During this process, electrons are observed to be
trapsferred through external wire from anode to cathode (copper rod). These
electrons cavse copper stoms accumulate over negative pole's surface by react-
ing with copper ions Cu™ in solution, The reduction and oxidation reactions
occurring in the Danicll cell are called half cell reactions at poles. These are:

o, — Zn* +2¢ Half cell reaction ! Zn pole {(anode) oxidation

Cu” + 20 —Cu ~ Half cell reaction / Cu pole (cathode) reduction

We see that each zine stoms have lost 2 electrons (undergone oxidation) to
vield Zn™* ion whereas each Cu™  ions have gained 2 electrons (undergone
reductien) (o vield Cu atom, The general resction of the cell iz obiained by
adding both half reactions afier making equal the number of paned and lost
electrons. {Here we sec that the numbers of gained and lost eleotrons are equal. )
Gieneral reaction: Zn +Cu® —Zn"  +Cu

The most important point here that needs attention is if copper sulfate and zinc
sulfate solutions were ot in dillerent conlainers, Cu® tons would react with
#inc rodd directly, as mentioned above, [nthis case, there wouold be no electncity
produced. In order to complete the electrie cireuit, a conducting medium that
allows negative and positive ions to be transterred from one pole to the other s
required. This conducting medium is called as salt bndge. The bridge is formed
from & furmed down U-shaped glass tube, Inside the tube there is an inert solu-
tion which does not change chemically duning the process, The selution con-
tains ager substance. (Apger is a natural, sticky substance. 1t has different uses.
When heated it liguehes, it solidifies at room temperature.) The compounds
which sre used while filling the salt bridge are Kk 50, KNO,, KCL. A cell re-
action starts spontaneously and continues umil xine rod or the concentration of
copper tons 15 used up completely. As a result of zinc stoms change into £n™
ions, electrons are transferred from positive zing pole (zinc atoms ) to copper
pole through external wire. Here ions underzo reduction. The SO sulfate ions
remaining in the solution pass to the zine sulfate selution through =alt bridge
{because of incrense in the number of positive chanres in solution) Potassium
K jons pass o copper sulfate through salt bridge (in simple terms, negative
10ns pass to positive pole anode. Positive ions pass to negative pole cathode.)
Conduct of clecimcity occurs by transfer of clectrons ol extermal circuit {wirc).
I occurs. at inner circuit (salt bridge ) through transfer of 1ons.

Example 4-4
As the following reaction oceurs sponteneously at the given galvanic cell,

Cuy, +2Ag" — Cu™  + 248,

Lexf)
A- Write down both half eell reactions.

- Explain the direction of electrons flow along outer wire and direction of ion
movement through salt bridge which is full of KNO, solution.
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Solution:

Al

€ — l,’_‘u-"'mil F e Halfcell resction / Cu pole (anode) oxidation
2Ag’ e —dAg  Half cell reaction ! Ag pole (cathode) reduction

B} Electrons Aow from anode (copper mod) towands cathode (silver rod) via
outer wire, Positive ions K move iowards negative pole “cathode™ while nega-
tive ions NUO. move towards pesiive pole “ancde™ through sall bridge.

4-TPOTENTIAL OF GALVANIC CELL

Electric current flows from anode o cathode due 1o the potential difference be-
tween poles. This Aow of electric current 15 similar to fall of water at o waterfall
because of its potential or similar to flow of gas from high-pressure region to
lovw-pressure region. This potential occurs between electrodes and the jons of
sodution, 1t is divided into two:

L-Oridation Potential; The tendency of matter lesing its electrons
ZeReduction Potentinl: The endency of matter gaining electrons

The potential berween two poles of palvanic cell is called as cell petential and
shown with E. Cell potential is also called as electromaotive foree and shown
with emf, Contrary o the meaning of the ferm, here pn!mti:l.l = named instead
of force, The cell potential is measured by a voltmeter [Fig, 4-5) As we will
siudy bater, cell potential depends not enly on the properties of electrodes or
ioms but also on concentrations of ions and tem perature at which cell works.
Cell potential is defined as the electrical potential difference between elec-
trodes in a galvanic cell. Cell potential 15 shown with E_, symbal, Therefore,
cell potential is a measurement of motive force of the reaction which occurs
in & cell. Cell potential depends on the potential of poles at which oxidation
fanode) and reduction {cathode) oceurs. [T we show oxidation potential with
E_ and reduction potential with E_ cell patential is the sum of oxidation and
reduction potentials of the cell.

I] Erﬂ=Em+ I'T:rrll

Figure 4-5
A voluneter is used measure cell
potential or electromaotive lorce,
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As oxidation oceurs al anode, we can use E___ symbol instead of E_ . Similarly,
reduction occurs at cathode, so for reduction potential we canuse £ instead
of E_,. Therefore, we can rewrite equation | ahove as follows:

NE,,=F,_,.+F

Farkoady

Under standard conditions, 23°C and 1 atm presswe, when cell potential s
measured for the concentrations of solution at two poeles are the same (1 M or |
mol/L), this measured value is called as standard cell potential. It is shown with
E° , Under same conditions, the potentials measured at electrodes are called
standard electrode potential and shown with E°_ | and E° | symbaols. Thus,
equation 2 can be rewritten under standard conditions.

3)E°, =E°  +E°

aneale wmilisle

Electrical potential unit is volt and its symbaol is (V).

4-7-1 Measurement of Cell Potential

As we studied above, in order to measure standard cell potential (E° ), anode
and cathode potentials need to be measured under standard conditions.

The question is how the potential of a single electrode can be measured as a cell
cannod be set up with a single electrode and its potential cannot be measured.
Therefore, a reference electrode is nocessary. A (reference clectrode ) is used o
measure other electrode potentials, There are different tvpes of eloctrodes used
as reference. The most important of those iz standard hydrogen electrode,

4-7-2 Standard Hydrogen Electrodes

Standard hydrogen electrode 15 chosen as a reference clectrede (with a Known

standard potential). Hvdrogen electrode is chosen from other clements with
1 respect to its chemical medium activity, Therefore, it can be used as anode or cathode
pole. Standard hyvdrogen electrode is made up of a glass tube. Into 1M solution
(as HC containing H- jons, hydrogen gas is pumped under | atm pressure
and 257C. Al the bottom of the glass whbe, a piece of platinum is placed. Thn
piece of platinum is sttached o a platinum wire. The reason why platinum is
used with this kind of electrodes 1= that it never oxidizes or reduces under any
conditions, But platinum performs iwo dulies;
M- 1 supplies a surfsce on which hyvdrogen molecules can dissociate,
B- It supplies a methed we conduct eleciriciy throwgh outer cicewir,

i T o B e

Bitasl e 30 = Hy Figure 46 shows a standard hydrogen electrode. [t i shown with (SHE ) sym-

Figure 4-6 bol. According o IUPAC, the potential of standard hvdrogen electrode 15 ac-
Standard hydrogen electrode cepted as (E° = 0.0 V). If standard hydrogen electrode i used as anode {oxi-
dation), the resction which eecurs on it is as follows:

H:1l| — EH'W + g E':'m =00V
But il it 15 used as cathode, the renction is as follows:

2H', +2e—H,, Ee . =00V

crlhesle
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4-7-3 The Potentials of Standard Electrodes

W can wse standard hydrogen electrode to measure standard potentials of oth-
er clecirodes. When this clecirode is connected with any other electrode o set
up a gell, the standard cell potential is equal o the sum of clement’s standard
electrode potential and standard hydrogen electrode potential. As (SHE) poten-
tial is equal 1o zero that means element 's standard electrode potential is egual wo
cell potential. Over this fundamental, standard oxidation potentials of elements
were measured. These patentials were put in 4 chart named as Standard Reduc-
tion Patentials Chart, Table 4-2 shows reduction half resctions and standard

reduction potentials of different electrodes,
Eﬂu-l'l = Eﬂnm: T Fﬂ

" maihaake

It is observed that E°_ value of this cell is +0.763 V. As (SHE] potential
s equal 1o zero, then:

Enl.'l:.l. = E{'M cathilk:
0763V =E*__ +00¥

E° .= 0763V
That means standard oxidation potential of zing is equal o HLT63 Y, There-
fore, standard reduction potential ef this electrode s equal to -0.763 V. In other
words, standard cell potential is equal 1o standard potential of zine elecrode.
Hecause the other electrode is (SHE),
Standard Oxidation Potentials Table of glements is used to compare potentials
when elemens are used as oxidizing and reducing agents. Because reduction
potential values ore accepted proctically as 0 measurement of reduction and
oxidation capabilitics. We need to leam following important points about the
table to use it in caleulations.

I- Standard Potential Yalues of electrodes in table 4-2 show their standard re-
duction potentials.

2- Standard reduction potentials reduce as we scroll down the table. This means
their oxidation properties increase, In other words, their strength as reducing
agenis increase, At the top, Meorne element i placed with the highest reduc-
ticn potential that s +2.87 Y

I-'1IJ=I +2e — IF'I_“ E? n =+1RTY

For Lithium element -3.04 Feduction potential decreases downwarls
the tahble

L't‘luﬂ +e—Li E” e =-304V

Therefore, as lithivm is the hardest reduced substance, L7 is aecepied as the

weakest oxidizing agent.

Contrary to this, as Huorme 15 the least oxidized substence, 1t 15 the weakest
reducing ngent.

7 Il
o Ny 1

T el

=t

e
vim b B aa i e TRt ierlarnian hah-rearniose
anis -+ In? sl + 2 |l BT Hgg)

£ migirike LE LR[BS P TRTT

Exercise 4-4

The cell consists of anode which is
hvdragen pole and cathode which is
copper pole, Caleulate the siandard
reduction potential of copper poke,
Standard cell potentinl= +0.337 V

0.331]

it ¢ 30 = iy
fagrpe e saila ke

Answer:+0.337TV
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Jreeevococecceceeee-

at 1M concentration at 25 "C

F,, +2 —» 2F, +2.87
H,0,., + 2H" t 2 —+ 2H,0 v1.77
Aul,  + 3e —Au +1.50
€l .+ 2%e—>2,, £ 1.36
¢ * v 4 —e 2ZH O + 1.23

DJ:[, ; :IL 2Br ., 2 + 1.07
2Hg* .+ 2 —Hg;,, +0.92
Hgl, " . 2e — 2Hg, +0.85
Aglcﬂn + 8 — A~E.11 + 0.80
Pe¥lo + € »mis Fet.. +0.77
L e B +0.53
0, +2H,0 + 4¢ — 4DH;_“ + 0.40
Cu’, +2¢ —= Cu, +0.34
Sn'. +2e— Sn - 0.13
2H, +2¢—=H, 0.00
Pb’, +2¢—= Pb -0.13
Sni";q’ +2¢ —= 5n -0.14
Ni?, +2¢—s Ni, -0.25
Cnf;m T — Cﬂ-m -0.28
Cdf;q, + 28— » Edm - 0.40
Fel*'aqn + 26 — % FEm - 0.44
er.-"aq: N 7 pp— Crm - 0.74
Zn®, +2¢ —= Zn_ 0.76
2HO +2¢ —» H, +20H, -0.83
MnZ, +2€ — Mn ~-1.18
AP, +3e —8 Al - 1.66
Eef_‘“] + 28— Be - 1.85
Mﬂiq, + 28 —» Mgh - 2.37
, t€—=Na -2.71
Caf;q’ +2¢—» Ca - - 2.87
Bat’ +26 —» Ba -2.90
" re—K, -2.93
Lit, +e—=Li, -3.05

Table 4-2 Standard Reduction Potentials of elements in{ ¥)volt unit measured

Potential of rf:ducing agents increase
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bredropen e ectrale, 2quals B element™s stancird elecirode porental s on the
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4-Ths parennial o oe g dinion pesdietion loss oF slegtoed sty opnise of
Cae petenCial Gee o redwctior potential jgain of @lesirens, For cxamphe, e po-
cenbiol of reductusn ll reacten of hlnown elecinede s -2 004 Y Theoefore,
pulteniial of cosidebiur, halt reaction of Hhes elecirods 15 +3404d Y

i, e =Tl F> Y

Sael Latlkak:

i, — i~ e F* P34 W

144l alkbs
) o _ _ Adlention
4-7-4 Measurment of Standard Cell Potential
Tk mcans standard cell patcniial
The Bl poimcs nosl be conmider=d wlale caloulane samdand cell poo-
tenlial:

describes the differ botveeen
redochinn patealals ot boch

I- The elerment which las the loveest sandard reduct’on potencial s chosen as electrodes
onode pele, Simadorls, tae slament with the lnghest cedvction potential iz cho-
s A varbode pele.

2= Thee st 0t electroees losy ar goongde (s idanion ] msr e ezl roe Ul e
beer ol electrens gained o cathode Creductican, When tbhey ace ned 2qual. thes
need to be made squal by tehime ea=Lcommon muluple of numoer ol el scirons.
Then by chmwmaning clectrans fonm boah sides of kalf zeacthions, genceal cell
(Wt I B T A

\lention

Chamace izl [y rerly dues ro
dhepensd 0 gt o sabskanse.
1= Ir cve vwmmbier of glecimens lel i redietian esnen eguitl € the ool or

clevirons gained in oxidateen: >ob sides of equation: are cwliphed aith 3

certun aumiber. Bue sandard clecccode patenoals romam enchanged. Becaus.s

prcential i o sharageeriste argparry which ocs oo depensd anobe amunt o

subsstee, Motesial depsrds unly on the concenmabions o7 s i eleciroads

soubions, For exantle:

n
P
=

- A o
L — 2 =2l

-
2, = =l ET -4,

n
P
=

4- Koeh talzecll reaczions are reverzible reaeocns. Fach el=airode can 12 used
ag angdz2 or carhagle depending on he pondiniesg Thes are pged.

Froden to fimadoul stenclind cell potential wales £ both Bl Gz 1 eactivns
al g lectirades are wropllen, ALy enad ol the reactens, <andird cel pegwil vil-
vew ane wrillen, Then while calvolang L7 e Dellusine relatsensTip s wsed.

= | K
I:' urll ke viilbiale:

I atindand reducton patentiale ame given dirgcty Saken Jrom the able e
must be used as iz

N o

C rrll ravhuldr E LIS
That means standard cell purential describe: oxidulion potentials of beth elec-
Cre-des
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6= [T the value of standard cell potential is positive (E°_ = +), the reactions

al peles occur spontancously, But il the value of E° s negative (E”_ = -k,
the reactions at poles do not occur spontaneously m'u:l EIETEY MILST be given
extemally.

Example 4-5
Write down both Daniell cell half reactions and calculate standard cell poten-
tial, As standard reduction potentials E°, . = +0.34V and E°, _ = -0.76

Maote: To show standard potential is a reduetion potential E°, _ symbol iz
used.
Solution

When wie examine standard reduction polential values, we sec that we necd
to chooge copper pole as cathode because this pole has the highest standard

reduction potential. We need 0 uze zine pole as anode because this electrode
has the lowest standard n:du:mnn pﬂlu.ntml tp:}inl 1}
L o® °
0 o 9 . a f
' 0@ &o

Zn —Zn*, +2¢ E°_ .= H0.76V
Cu*, +2e = Cu, E° = +0.34V

Here what needs atention 15 that wiven we use sinc as anode, we have (o

reverse the sign of standard reduction potential. {point 4317 the sumber of lost
electrons is equdl to the number of gained electrons, from the sum of two half cell
reactons, we get the general cell reaction as follows:

< _12 >
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In, +Co*  —In” _ +Cu,
e — o + A
I: ol I:' il t callisde

E® = (+0.76 V) + (+0.34 V) = 11OV

Mote: To caleutate standard Damell cell potential, we can use the following
relationship:

Ennl! = E:lmm-:-r K E:lhlnl-r
IFwe take the standard reduction potentials from the chart divectly, [Fwe take
the standard reduction potentials from the chart directly,

e =(+034V) - (-0.76 V)= 11DV

4-7-5 Types ol Electrodes
Here we will mention types of electrodes widely used in setting up galvanic
cells.

- Metal Elecirodes / Metal lon

This kind of clectrodes are obtained by dipping a metal rod inte the solution
cont@ning the metal's wons. For example, zinc clectrode which s dipped ingo
Zing sulfate solution. The interaction of (Zn/Zn "} elecurode as anode or cathode
i= as follows:

In” . +2e—Zn
H EN]

o4
Enm — In i 2e

Reduction {cathode)
Cheidation (anode)

2- Cips Electrodes

They are set up by pumping gas into a glass tube filled with sohstion containing
the ions of the gas under a cenain pressure. As gas does not conduct electricity,
this clectrode will supply a conducting medium for eleetricity. Generally, plat-
inume strip which does not have tendency to react is used inside the glass tube,
For example, into the solution like HCl which has H' ions, hydrogen gas is
pumped under 1 atm pressure, The anode reaction of hvdrogen electrode over
the picce of platinum is as follows:

Hyy —2H 20
In a different way, chlorine gas is pumped into a solution of NaCl or HCl

which has chloside ions, The reaction of chlorine cahiode reaction over the
prece of platinwm s as follows:

Creedation (anode)

Cl:m + e — EC]'MJ Reduction (cathode)

Exercise 4-5

Caleulate the standard cell potential
which consists of Cd pole dipped

in 1M solution of Cadmium nitrate
and Cr pole is dipped in M solution
of chromium nitrate, IF vou know
standard reduction potential;

B g™ D40V

B, =074V

L

Answer #0034 W

Exercise 4-6

o the oxidation and reduction reac-
tions expressed with equations below
occur spontanesusly?

Standard reduction potentials:

B~ 0.8V
E¥ = 025 V
SARNE TR
i 11 R

Py M, + Co = Nty + Cay,
2) 3Fey, + 2A0" 0y —

JFe L+ 240,
Answer:
I- Mi-Cor redction does nol occur
sponianeously,
2= Fe-Au reaction occurs sposia-
neously.

«_ 143 B
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- Reduction and Oxidation Electrodes

They are g2t up by dipping & graphite rod or platinum strip into @ selulion
contaiming tons of an clement which has double oxidztion state. For example,
it is zet up by dipping platinum strip into the solution containing Fe™ and Fe™
{or Sn'"amd Sn® ) ions, When this electrode is used as anode, oxidation reac-
tions can be written as follows:

Fe¥” —Fe"  te

4.7-6 The expression of the Galvanic cell in writing

Cienerally, in order to express a galvanic cell, notation method is used. There-
fooree, wee need o symbolize the poles, Later, they will be used 1o express the
cell, The elecirode 15 written as element electrode’element ion., For example,
let’s consider zine electrode which is dipped into zine sulfate solution where
reduction reaction oceurs, [ is expressed as follovars:

Zn”, i Je— En:___l Reduction (Cathode)

It is expressed as scen i half cell equation, Firstly, the symbol of metal jon
is written. Mext 1o it, in parentheses, its molar concentration is written then a
vertical line & deawn and symbol of medal is writien. 11 iz as follows:

Zn (IM) | Zn

or for pxidation reaction;
e =
n = In” T 2e

For this siuation, firstly the symbol of the metal iz written, Then a vertical line
15 drawn and the symbol metal jon is written, Mest to i1, its molar concentration
is written m parentheses. All these are as seen in half cell reaction.

n |l Zn* (1M)

Vertical line shows the phase boundary. 11 attention is given, zinc s in solid
phase and zinc jons in aqueous solution are in liquid phase, Therefore, in order
todivide two phases, a vertical ling is drawn, The concentration of the solution
i5 written after the sign of the jon. Because |M shows the standard concentra-
Lo,

As an example for expressing gas electrodes by writing , we can give the nota-
tion of hydrogen electrode.

In the following oxidation reaction:

H,,—2H'  +2¢  Oxidation (anode)

In order to express the electrode, as in the order in the equation, half
cell components are placed. Firstly hydrogen gas and next to it the value
of gas pressure is written {this is for gases only). Then the symbol of gas
ton and next o it it molar concentration is written.

PtiH, (latm) | H (1M}

As gas cannot conduct eleciricity, 1o conduct it, platinum strip s used.
Ifit is wsed as anode, it is written in the beginning of the notation, ifit is
used as cathode, it is written in the end. In the electrodes used in

< _ 14 >
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reduction and oxidation reactions, for the oxidation reaction, the nota-
tion of the electrode containing Fe*’, Fet! jons will be as follows:

Fl::'I — Fe''  +e Cxidation reaction (anode)
) )

Pt | Fe* (IM); Fe*" (1M)

In this kind of reactions, as they do not conduct clectricity just like gases, plati-
num strip needs to be immerse into the solution. While the clectrode is expressed
by writing, the symbol of platinum, PUis written jusi as the pas electrode iy
expressed, As both ions are found in the same solution, a semicolon (;)is put be-
tween symbals of two ons.

As we have leamt expressing electrodes by notation, we can easily express

a cell, For this, we join anode {oxidation) and cathode (reduction) poles. To
express by natation, on the left hand side, the reaction in anode is written. The
resction in cpthode is written on the right hand side. Between those two parallel
vertical lines are drwn to express salt bridge in the cell.

As an exemple, we express the Danicll cell with general reaction given:

Zn +Cu"'  —fn" +Cu
1] [aigh (BT} [

We can express the cell as follows:
Znl Zn* (1M) |l Cu®* (IM) | Cu

Dxidation reaction in ancde 11 Reduction reaction in cathode
{ Twor verfical lines betsween expresses the salt bridge. )

Example 4-6
Express the cell in the fiigure by notation. Then write down both half cell
reactions. —
Solution *
The sum of two half cell reactions gives general reaction and it is as follows: i
E‘I‘Lm—} Eﬂ?rlaqb + e Chidation reaction {anode)
2H™  +2e— H, Reduction reaction {cathode)

[=q] gl 10 Hd [EUFSCTN

Thee sum of two half cell reactions gives general reaction and itisas
Frsllioms:

2H s 7Zn*  +
E’“Ihﬁ+ Hwﬂj Zn LT HELH]

The notation of this cell is below:
Zn! Zn* (IM) | H' (IM) | H, (latm) | Pt

4-7-7 The Cell Potential E, Gibbs Free Energy rl.mfig} and
Equilibrium Constant Keg

As we know, galvanic cells transform chemical energy intn electrical energy.
The electrical energy (joule unit) the cell produces is equal to the multiplication

of cell potential EY_ (volt unit) with total charge that passes through cell (C)
{ corlomib wnat ).

«_ 1455




Attention:

Unit of coulomb (C) multiple
unit of Volt (V) equals to Unit
of Joule (1)

Exercise 4-7

The general reaction of a galvanic
cell is as follows:

Clag ¥ 285, —2CF o+ g’

Express the cell by notation under
staredard conditions. Later, wiite
down the oxdation and reduciion
reactions.

Exercise 4-8
Standard reduction potential of sil-
verisE°,, = t0.80V. Can HCI
galution dissalve silver metal Found
in the following cell containing a
solution with | M Ag® jon? (Noag:
Dissolution of metal in solution
means that reaction occurs sponta-
neoLisly, )
A A (100 1 H'L LMD

| H:{Iutm] | I

Answer: HO does not dissolve the
mctal,

«_146 B
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Electrical Emeray (13 = Cell potentinl{ V) = Tofal Charge{C)

Therefore, joule unit 5 egual 10 the multiplicanon of Volt unit (V) with electr-
el ehange wnit (),

B =1v= IC

The vzl charge passing theowgh the cell is equal w the muhiplication of mole
number of electrons (n) and charge of | moke of electron which called Faraday
{and shown with F). In other words, the total charge passing through the cell
is equal to (a=<l). As kisown, | moele contains as many charges as Avogadro
number (N, ). Therefore, Faraday (F) 2 equal to the multiplication of electron
charge and Avogadro number,

F = electron charge (¢) * Avogadro number (N, )

F=N,{mol") = e (C)

Value of Avagodros’ number (N, } = 6,023 =104

[Fwe insert e =1.6= 107 {C) in the equation, we get the following:

F =023 (F [mol") « 16107 C) = 96478 Cimol &

Im chemical calculations, this value is wken as 26500 C'mol.e, Therefore, elec-
trical energy 15 egqual to:

Electric charge(J} = Total charge (nF) = Cell potential (E°__} = nFE°
Electrical energy produced in Galvanic cells (nFE® ) is equal to reverse sign
of free Gibbs energy AG".

Theraore:

1) AG® = -aFE"

As known, when the free energy is negative, réaction ceours spontaneously, In
the relanonship ( 1) above, 1o have a negative free energy AL, the sign of E7
needs o be positive. According to this, as long as the sign of E° | is positive,
the reactions ocouring af poles have a hizher possibality of being spontineous.
Besides, il we exomine relationship (1), we see thai it does not include con-
centration and pressure units: Also the wemperatare values are also missing,
Therefore, standard cell potential E”_ and standard Gibbs free energy AG" cim
he shown as follows:

2) AG? = -nFE®

Previously, in Chemical Equilibrium chapter, we have written the rela-
tionship between standard free energy AG® and equilibrium constant
K .

w

X)) AGT=-RTInk

If we exchange the AG" in (3} with the one in (2):we get
4) -RTInK, = -FE®

rill

rll

If we re-arrange (4):

5) B = RT

cell

F I“Ku

AL 25C (298K}, Il we insert temperature C, F and R values in Equation
(5}, we get the following equation:

)
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F=05500 ke . B =831 Kanal]

C A LK mal e 298 TR

e = . Ink.
e OREHY Camae) "
nke v)
P In L:Ll
T “ 1

tnd s he miede number of electron daken or given On eswdation and redusion
recticnal when woe el boal Falf cell rga 2 Ainns oo 2o the pengialieacunn, Thes
eymabion il wesl Jur g cerlin wenipsrmaeg 425 0.

Tahile 33 esplaims e e lationshig windnge 3007 stanlird Cee ene-py. B slan-
dard cell patential and equilibriwm coastand.,

Example 4-7
The reachion scwaticm ol a @alvaniz c2ll g oz tellows-

EF LI 1 Ph — 2Aa  + Ph-
= 1% S L1

Caleulne 20 arud equllrivm constant (b 1ralues i 2552

Srancard pedoction polential D EY - = HIBOV ES =LY

= =

Solution:

e w1 o e el Lo danon aned ot fugads (eedus poan lall vl pesocne gy
. b - ¢

Pk + Ph gt T E — 1N it

1-]
IAg o1 de v 2he E", . 08D

Wl wer gl bl Fal] orll reggpar s, we i 3.‘;_:""1r-r:|| Fr I ST

el

JAst P — 2Ase 1 PR
=il [EX] = v

W can . alrules dandad coll prsegial E "

F= —-FE2 + F~

sl st R Tl

B == V- (I W= gl v

W canaleuleze MO standard Crilis Diee enepy usiog rhe elatineshop: he
tween W ard standand el [l wl E® ar
At = nFE fooTR ALY = A L Y R TR - R | ALE A

Al = - 7030 Lol

W e che 1wy brelnse i caleudae wapolibeznm consam K
BT

rl

El’

=

Ik
iy

eq

Cooml = %:I-Irﬂ:ﬂ

AN

a5 - =R ilnH._,

E" oedl

fiis- rre’zll
[eartnn anden E'_ [ W

sLzpcharal v nali

hefis

INECA NN Y [TETTHLT | S B TN L
e Depneen

Keartm=aed Jeral h =[x

rrodiesequel. [eral
Iy prrel=n ie.l

ST FX TR
e TErnend

ragetoee [kl | Poilive

Table 4-3

tha relativnsaip amange

A standard tree enerey E°
standard ce b poterial and squilib-
FILT AL <L F,

Allention
This reustion occurs woly ot 28 °0C
12%R B emperalore,

Lxercise 4-49

Cwculate 20 stonduard Ciibbos s
aieriy wt Sldndand O orerelioen a1
R

L [g,:+,_u,l Mr, 6l [g,.,—ﬁf_'f',x,

Slarled gdocten olentiol of

El'III'- n, = 11 F,'ﬁ k1)
L%, om0y

Answer: =920 1 Lracl




Faercise 4-10
T 1sativan sapaativn o a stamland
cell il 2570 15 s [llowe s

JFe et 2l =1

" T :FI.

Slundert] resduclion potenlial:
Tha— MARW
Freorf= LTV

Calhoalng b fodlow g
L Smlnd cell pseremial
15y Stondard Libbs (ree eneras
L Equiliborrn Cons:ant (K3

Answer.

N R

o -460320 Ll
Cals e

§ Chapter - 4

‘Lhe nuenber of electrens lost ar gamed in twa halfczlls is n= 2 and
ceac Lo aocurs al 2570 Lerefore:

0026V
091V ——— K

Wl v insert e valoes i tie equation, | is as folloes.
K, 25w

4-7-8 The Effect of Concentration on Cell Potential

{ The Nemst Equation)

waa T we Bece escamminea] reacramta dand peodoers s redoctoen and oxidarnes
tessgtioens ol vy stmland sonadiciens that i thebe comeemsstims e egusl
L Do sometimes we need dilferent concentrticons. Therelore, we need 1o
know the relationship Between non-standacd cell potential and concentrations
alcell cnmpnzuls.

I Thoermenbynantic-, s base Tearal the rebsticenshis Rerscen sewland toe
Libbs eneray 54057 and nor-standard Gibks energs A0

ah-bE rely—hH

The relstienship Eereeen Gibks arneras 30 aral standacd e Sikbs coveey
AL 1 shown in the funmula helow:

I A =m617 + RTin I.“]IEI.H]"
[AJ[R

SOV sawaland Tree Ciall eneney, B s copstan 08 3 04 PR mele T s e
peraturs in Kelein eniland A0 nun-standind [ose Ginbs enempy.
The result of quotent iz showen with 0,

[Lo]{ET)"

| AP LB

W car rewribe Ecuation (L o= Bolloes:

1 Aae = A0 + RTInd)

Froum the relatinpsbip Betoeen stptland and peonr-sdapland free epgs aml cel
[UAe AT | e e iae Fielline iI'L_' Bl T

NAala=-.n H:'m,

4 AGE = nFE®,

We pel Cguation [5) when we hse CAG o A™G vadue Tion 030 and (4]

in (3

5}-nFFE_ =-nFE= — RTInd}

Whonowe dovde evqoation (3 wh -nFowee geet cquation e
) RT

#1 F [ — Ini}

vl = well nF

W
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Laguitienn §ors called as the Memst Eguation. Woeslakes d soen al ezl pelential
anncd stencdard cell podential with O3 T Cee <ubstances monmsture e ueder stan-
dazd eandiinns that s ThL, (= equal to 1.oso Ing) s aqual 4o 2e00. | he 2econd

part of Equation 0] 15 equal wa zera dnerctore, we gel E - E7
Wz can simaplizv Equatian [£) by wseriing 2550 (2R, mole naimber 2nd
F =465000 mole o ther places:

A6 (V)
THE =B - —— ' In}

.ol well n
Thes equatier can T used tniy ar 25" 2
The nerneat equation cnables us o calcalac By a5 0 furction of the
cercentatian of the reactants and praduces e o soll peanion. far cxample
the gengral reagier Daniel coll:

n + 0t — At o
I+1 [T 1yl | B

A ST Fo b sl Wil stdind potcamal 110N ves i werine Blansl
e L s Tl luws:
ROy [Fn"
n .
Ml [Lu ]
Hcoig artenion i needed a3 the concentianmn walaes of anlid aulsianees
[Z-01=1_ [ ul =0 they are nel writlen i Lhe guotiznl,

Example 4-8

Calculate cell potental £ ol the Joellowing equation ot 25770,
e ) —_ A T

'ﬂ'-' 1 + 1 I"s “'i"t*-'l.l-h[‘.l'I |

The vuncentratians ol ions, [Ayr = 0! L fCu™ 1= G0 5
standard tednegion poremial: = AMENY, Y, .= 103

-
P

a
Al n

Solution:

W aeribe rede b esquadgans a0 @node e calhodde,

T {:LL'.+:..II' e L =iy
A0+ 2e s lAp L = HEEN Y
T e Tia Ll

Standard cell potential:

c  _rc _r:
F. s F. e F A i

e I R LT UR TR el O




Lxercise 4-11
Calewlatcthe . C°
For the follow ing cell.

Mp | Mp o (bOsR Y Sn

o A valves

TR || Bu

andacd reducion putceLial:

Ry e = -OL1AW

E::-_q._ "l '2-.1-" ""
Answer:

E. 2227w
C¥ . —z2ay

Al = AR Lol

MNaridem el Fe liem

C

W cabelake L e Erom »ernst Lejuatica:

Chapter- 4

(2 Lo
L, B, —— " In ICum |
: i n [ A |-
) NNz LI}
N PRI M
' x (il

B, - (0¥

48 ELECTROLYTIC CELLS

Treae cells comsume clechical changy They comsert clecirienl chergy ints
chemical veergy Boautivne deoon acgor spontapueesly Eleowica cioigy s
s ode o stErn e iuns That reaes foe crespas Basg ool puisiniee s
{AL =k Electrelvtic evllzs have many applicatiens in indusiry. | or cxample, in
purification of mwtalz and in clecoaplating . thes methad 15 used. Inthes

part we Al svplain seme electnolviic cells

4-8- | -Electrolytic cell of fused sodium chloride:

The reactions in ehectrob e cells ocvor uzing clecinical encrey toomake
nin-spiinteneons cloctrleic cell reaction bappen. in fused
soedirnchlede contains sodion and Shonde pone e e stane In Figo d 0%
the clecos sic el of Tused sodiom chlanede is shown. £wrber nd [ladcura
wlectiades wie dippsd ini fosed sadioen ehloride i sell o clespdveis
teaction, edection avens aloarlogks, Sodivm wns wie rslused 1osecinr mei-
Al The redction ol carvsde iz s Tollows:

- —
. el
myprr E
T -.|
= - = Layamd Eirllrams 5
1 P E T R I N
g1 3 Il e a1 s CThpids pons
L len— - . o ;
ST S o= , [ E e el Ze 1o clilon e atonn Lt il
H LR H B - - - !_ . . .
uwor— e B 1 . E ! | B combine and lorm chlorine gas
Nal | ksl ey | |- g .
" S - —'—'T' Freaction an anode:
|| ke o —
| L B R B IR~

Figure 4-7

Clectrahytic cell wf

Tused salivrn chloride.

T mias e ool ot electrons coual, reduckan halt reactern is molbgplicd e 2

Al clectrons e amatrel fron banh sell eagoarions, TEen barh bl el eqoes-

riarts sk lelin
R 4 2 — IR

L il Bt

Eacduction hal® reactoomn ocibodi}

C1cidarieen halb reaction [anodce}

R 4+ M — I+ 1] Et:nrra' resiehon cell

Sadium and chlarineg need to be collected at ditfevent comtainers ro
Lecnad Fhiem redcning again and furming serlivir chilerrice.
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4-8-2-Electroplating Cell

Electroplating is ploting of a metal with another metal as a thin laver by elec-
trolysis, This process 18 very imporiant as it 15 used to protect metals from
COTTOSI0,

Electroplating cell consists of anode and cathode poles. Anode includes metals
like gold or silver which we choose g plating material, Cathode is formed from
spoon of alike which we want to plate.

Salt solutions of plating metal as AgNO, silver nitrate or gold nitrate Au(NOL),
is filled into the cell, Fig 4-8 shows a plating cell which uses silver to plate a
fork.

The quality of plating depends on the voltage of electric current and the con-
centration of the plafing metal,

4-9 FARADAY'S LAW

In the early 19th centory, English scienfist Faraday formuolated electrolysis
laws known with his name through experiments.

These laws:

First Law:

Drws sy of s

=i
¥ s

-

.

Figure 4-8
Electroplating Cell

The mass of substance is precipitates on the cathode or melts at the anode or is
released as gases at these electrodes are directly proportional to the amount of electric

eurrent passing through the electrolysis circuit.

Second Law:

When equal amount of electric current passes, the mazs of each substance at
electrodes is directly propomtional to their equivalent masses.

To understand those laws, we need 1o leam reactions occurring at electrodes wedl,

Reactions et Cathode:

A- At cathode, ions neduce to their atoms and deposits,

B At cathode, positive gas ions evolve as a gas as H.,

Reactions at Anode:

A- At anode; metals dissolve in electralyvie solutiomn,

B- Atanode. negative gas lons evolve gases like Cland O,

Before we apply Faraday's Laws, let's learn terms and units in this law:

|- Electric current is represenied with (1). lis unit is ampere and shown with
(A

2-The symbol of clectrical charge is (G} and its unit is coulomb and shown
with {C}, F= 96500 C/mol.e, F is Faraday constant, &, electrical charge is ob-
tained from muoltiplication of current (ampere) and time {second}),

QICY=1(A) =t (s)
In erder 1o convert electrical charge into mole number of electrons, @ is
divided by Faraday constant,

Q {mal.e-l = !{ii"_h; ! "5]‘
D650 (C/male )

Let’s explain caleulation of Faraday’s Law here, The mass of substances that
gathered at cathode or dissolved at anode or evolved as gas is directly propor-
tional to their equivalent masses. The pass of | mole of electron 96500 C or |
Faraday current from circuil means evolution of | eguaivalent-gram substance
or dissolution at anode or evolution of gas at electrode, If we do not want to use
equivalent-gram unit, we can convert mole number of electrons to mole num-
ber of according fo number of elacirons gamed or losi elecirons in reduction

{maol.e’t= mole number of elec-
trons
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Aragndnys mznher

. YT [(A) = L(s)
rQ ) Qa3 (Cimode )
G 'E! 3 | mol

e
m (g)
» 0 (maol) -

M ( g/ mol)

number of atams
- relessed

Aapadro s umber

+ n = M{mol / L )% V(L)

Table 4-1 Table showing steps
to be followed while solving
problems about Faradays law
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or oxidation. We follow the steps in Table 4-1 while solving problems about
Faraday.
1- We can converl electrical charge to mole electron (§ (mole-)) by using
fiol lowing cquation.
liA) =t (s)

{molel= e
Qo) = S )

2- We get the mole number by using number of gained or lost electrons in two
half cell reaciions.

3= LUlzing the formula below, mole number of evolved or deposiied substance is
fiound after passing electnic current through cells.

1 mol
n = Q X ab T Al o
ilepissde or cell [
il Iailf = el reactsm

i nging_ the formila below, by multiplving number of mole {n (moale}) with
melar mass M (g'mol), we convert to mass of substance deposited at eatheds
or dissolved ot anode,

m {g) = n (mol) = M {(g/mol)
O using the foliowing formula, we convert number of mole to velume of
released gas.

PV = nRT

While solving some mathematical questions, the atom numbers of elements
in electrolvsis or molecule numbers or number of electrons gained or lost
in the cell might be needed. We can solve these questions by assuming that
atom, electron or melecule number of any substance in cell & equal 10 Avoga-
dro’s number,

Example 4-9
The half cell reaction is as follows:
Mg*,, +2& —=Mg

ow many grams of magnesium are obtained in an electrolysis cell m which
25 A current passes in an hour?
Atomic mass of magnesium is 24, Calcutate the number of magnesium atoms
accumulating at the cathede under same conditions.

Solution:
Im the Faraday's Law, the time unit is second, Therelore, we converl hour (o

second:
t(s) =t (he) % TA* = 1 (hry SN0 )

—_— = 3G ¢
bl 1 (hr) R

With respect to number of moles of electrons, we caleulate the amount of
electricity passing through the cell:

ey = LAY *1(s)
R i QAS00 (Cmale |
o 25(A) > 3600 (s)
Qimale) = - e Gt

= 1,9 miole
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)

Acvcurding o e nagmesiam’s ceduction equatizme. we Lan say [
when 1 mnle of magnesiunmn deposits, 2 nole of electrons pass throogh
the cell "Lherefone, the mele number of magnesivom is os follows:
| sl
m= iy —

C
1 il
B il - S i s — A5 il
g (4 2 Coket
Fram the fallimeing equation, we can get the mass in pra-n unir:

m ;ﬂ],
Mg ' mol)

I'I,.:I‘I11.'I|:|=

Ty nwelew ooy Fonnel the: roen e of g aroms Slepositiog ariheg cathgds, v neeil
Lk ke thiat [ oo le onsisns ol ad rany s a8 Scowadio™ nanlbeg,
m (e =nm{mnl} < M oemnl}

Fxercise 4-12

Calculaig the electrie gurrent
e el W auppy e 200 0.
vty i e et depokil 3 orame
ol enld o the cathade o uold
chlaride, AuCl, siulin,

&= 97 gimnl]

Answer: 21.7 A

Exercise 4-13

.3 A ot eloctric currint was -
em Lo the copper sl Tale, Cusil
salution witl 2 b concentracien

mek = hds (mol) = 24 (a-mal}= 1B g

Sumber af atmma = pumber o medes a0 Avopadr’s number
N =1 fatoms fmol)= m {mal)
M= 60207 g tomsanal) = 0I5 (maol)

W = P T I atems

andd GO0 ml valne. Caleulae
the longth af torne necded o
renntun (LO3 mole of copper o,
Cou, i thes solatjon.

Answer: | Bibg
4-10- BATTERIES AND FUEL CELLS
Oepcrally galeanic colls g ca ded @5 battenics and divided ingo s {23 ——s
Fechareeable and nan-resareeahle hane s | __\":'_r_.\ .
|

A baitery generally consists ol a Fewe zalvanis colls thal ane connecesd ene al- =2 (= =
ter anedner. 'l edal chanoe is eqool 4o the som of te charpes of taese cells,
1217 ralk aloni theae barerics we clilen wae o cur giucy i es,

4-10-1 Lead Storage Batteries (Accumulator)
Fhis e of Paltery s esed inoindusers and o supply encrcs tormans apphanc- I
ce and vehiclea B oeons ws ol lead walvanic cells hat have podentalz: alivle moee kan

2% Lagrw ool i por pwes proli o of el is made apeed lead Fhand s ks

is anande ol U dber is inacde up of lead oside PRO and workes i cathode . | s

Loartr ptles areecnrce ree i suliveie aced salulinn e lmsh 15 an electouless s ulian

and has a denzity Perween 12 a5ml and T3 omll Dhis battery consists ot 5 oor S

more cells and works asa palvanie 2zl woch a pelencial af &% o 128 Fig-1-9

_ _ B _ _ Figure 4-9
A lomp ws the battory wiorks, el sultste PSS deposits a3 2 salich an Laoth I =it Surane [ha e e
poles, While sulloric senl is conewimed e i, the wmiun aof water in-
cre ates A theremire, the Jensite af acid solutien Jdeoreases Whep the

car stacls anoving, witl vollage ellect battery all reactions are revecsed.

[ Azeu il ag |
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Pl Py and H SUY are formgal apain. By supplying an electric current
vpposile W e reaction e batlery, iLian be recluged again. Do Uhis
case, it becomnes 3 battery that coraistys of & gronp of clectrolvsis cells
CLECY solutior decormpaoses at twe peles and the density o acid setwros
o e wraganal stane,

4-10-2 Dry Cell Batteries:
g — Lhis pepe of battery s mids apofa sine bos which works as anode
1 _ lilec] with A, cachion (praphite) and amrmanaumm chlierde ((H L)
f Paper blank Wit paste. |:|E q

Wel paste of

NHL G, Znls . o .
' o Properties: ey have a potential of 1038V and they are useal in many

applances ke radaoes, caloulalors, v, vte, amd ey are ot rechacpe-

Layer of M,
Al

LA LT I

sErapaler ah

LN S
LIPS I S 0 | Py e |

Figure 4-10

e el 1 7n-cd
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BASIC EQUATIONS

Calculation of standard cell potential ® o
ij E*ﬂ-" & E anode E cathoke

The relationship between free energy change AG - - “FEczll
and cell potential
The relationship between standard I'nf:E en- AG' - -nFE. i
ergy change and standard cell potential o
The relationship between standard cell po- . RT InK

z E.a= n
tential and equilibrium constant -
The refationship between standard cell po- . 0.026 (V, InK
tential and equilibrium constant at 25 °C E i = n
MNemst formula for the calcalation of E wp® . - RT InQ
non-standard cell potential cell o

. 0.026 V

Mernst formula for the caleulation of Eunﬂ = E il In Q

non-standard cell potential at 25 °C
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BASIC CONCEPTS
Oidation: A chemical change which causes loss of electrons from an atom or atom group and increasing
oxidation number,

Reduction: A chemical change which causes gain of electrons 0 an atom or atom group and decreasing oxi-
dation number

Unidizing agent; A substance that reduced and causes another substance o oxidize,

Redueng agent © A substance that oxidized and  cavses another substance to reduce,

Anode: The electrode at which oxidation reaction occurs and 135 source of elecirons.

Cathode: The electrode at which reduction reaction cccurs and attracts electrons from the anode.
Electrochemical Cell: Electrochemical cells consist of two electrodes of which one is positive and called as
anode and the other is negative and called as cathode. Both electrodes are dipped inte an electrolyte solution

which includes substances to help reduction and oxidation reactions.

Cialvanic Cell: The cells in which chemical energy is transformed into electrical energy during spontaneous
chemical reactions oceour to produce electricity. such cells are called galvanic or voltage cells,

Electrolysis Cells: These are cells which consume electricity. Tn these cells, elecirical energy is transformed
into chemical energy. Their reactions do not occur spontaneously. They are widely used in industry. Electrol-
yeis cells are used Lo purify metals and n electroplating.

Electromotive Force: It is shown {emf) symbaol. It describes the potential between electrodes in the galvanic cell
It is expressed as cell poteatinl (E”_ ). But here it refer to the measurement of potential not foree,

Mernst Equation: It is the equation that relates non-standard cell potential E_ (in which ingredient substances
have concentrations difTerent from 1M and a1 ditferent temperatures) with standard cell potential, E"u".
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note, This equation can be usefull In x = 2.303 log x

QUESTIONS OF CHAPTER-4
- 1- Bl rhe follenvang 1epims
Anode, slectromobse oree, slardard reducion putenuzl. sall arids

- 2-Caleclate Forudon ™s crnnstant and 12l dher amics.

I=A= Lndder slandand conditiors, w ik ol the Fullowang aims e preBomed as oxndizing apsnns?
Sardard vedpegica pl,l[x,:r'l1i:||5 E"'-,_r- A nans. E'-'_.L - L an E"',_-__._ U P IpT
B — -1 MW B . -

s

L
@ Aut ar A b)H. m Ay’ ) Cel o 4
4-4- Wrile down the eyiativn depesding oo the celationship bevween ACGT K. and €Y | and all 1herr symbols.
1

4S5 Inan aquewcs solution contaming Fe ¥ Fers, et oang OO0t s under stanclard conditions 25N aned T atm [res-
sl Flg s psogs mrd .'-,.|_‘:-;,||'|'|.,||'|.'|,|,|-,.|_‘:,-. Caleulabe 1he A arl K . valuesy pt 1ns remaction. [[li' |._-':13_| 1.1 161 'i'I-

Srandard reacrion poremiale B e o = =07 W and Fs o= -0l W
Answer: -G Fragl, 1]~ 1™

A== Wrile doreen e Terrsl Uaguation wath all s semlul s,

AT Caloulatz the A0 ["._.. and C | Ler the fillovang cell reschon, (In1.25- 002 Lo LG =115
Y LI T A L ' R T T B ) St B S

by 3Ln, #2070 3T - 20 [t R [0t - G

seandard reduction preenlily

e T S S TRt T O e | A LI, T B S R A B d

Answers o) #2200, +2207 8 AR Tomal b)) 0002 N T - 40E )

Abe Caleglate thie |_1|'|I:-¢|'|:i:'l| at E’-.-.- il E"“" af The 22l foonmed Gy SHE acd i Fndt haltf el
[H 1= 1AM PR, L atm, [7no] = 04SP e, = o 5006 a0 12 =
Answer TN 0y

A Tell the dilersres between a cabane cell and an ecectrolviic cell.

L In he eleerrnlene cell, ane ok e halt cell reactin iz - fallow.
EH.E}”I -[':-._:l_I | 'i'H'|..|| g
AL ZET an TR b e ressore, GOEL QL) s wiee docomutated al the electode Civulate the swrenber o mels eles-
tron 1o paiss Vhe circoil curre electrolvers ¢ atw 7o mwed )
Answer ;I male
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Lol 1= W hich of the mea difereal wnloren confainie alum mom aad gold ions pradocee by drogen gas?
srandurd ieduction patential ol gnld BY = LR stanaland redisnan potennial o g B 00— 1 EGY
R .

Answeer Hvdoogen s is released oo alominum.

b1 2= Imske tollow rme cell, Lhees dhe cell reaclisen tabe place = pontaieetsly or nel?
L I :
- -1 N7 E" - =77,

Srandard cell pracatizl E" e

PLETe TEM S Fe® (IR Brod i TG cIs b

Arrswer o o cann oandiae,

ATl plate puotential ol the bvdioeen wis THL L pole nan electrole e solaeer wloch sooH = 1 an Datmrand 257C”

Answer 1A%

flde Specily the eeducing and uxidiging ageris mole follos g eguativn,
AEMOL = L] = JROIT A, - 2JKRC] - (LU

IS ey |-:_t-'|,-'|": the sl w3 b g Lalr LI g
Standard reduction potential. - LY - -GIAY, Lru_ L TN

Answer: Yes

A-To- U wee keep cupper sullate W0l 1 solution ina nizkel cup ! el the reason.
Standurd reduccion potenlial: I:"“_ LT 04 J:"'I - -0 W

TR
Answer: Ha

Tl ubane the cumnteriome ol 2img o i the solution of zing clectrues, S op-srandm<d sing icducyion patennial s
O In i 10

Lt B2 0 3 Stanbard Zine reduction poendal: £
Answer: (0 mol L

PR Caleulang the Tronie Il cell peantial as the concemearion ol ging sulfare, Za80 wolaioo s 016 and the soneen-
tatiun of voppen salCate. CuSC sokativ = 0 0TRY a0 25O Standind vell putesstial i 0000 % b0 23

Agiswer -1y

A-18= W Tl of e ol o ing 55 an oaadinon-nedoerion peacticn®
D) ALy - alICT — 2a100 - 310

2) XM - Ol — ZMpd

3) SECHd: — 2RO - G0,

4) Filig - 310 — 11500 - JHBr

5) £n = LuFh— ZnS50k - Cu
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4-20- Calvulare ey gy chaegs of o galeaeie ol swhicl Tes o sndard poremial of 10 73% 01 35 70 | Inl0=2 3t
S RS [T T I o PR o S IR E S
Answert -1 07050 Lmal

=21 -Caleubaes the i ensres chiogee =% the follaveing co D woicl s o standand vcdustion @B ey,
E'iz-wy, = = 37NN = -d i
il | Bl rITe] Goorn I8 B d Lo Pr
Answer: -390 1 mnl
A di-Calvulate the fize eneris chinngg o the vell wah b o 2.3 07 250 Towe Tull pesecfivew s g helow
At W Pl — s, PLE g i My o 23000 — 10 1n 01 - -4}

Answer: -ans 5 mal

H-F 3= The r'|:||-:l';'.:|r|g te e vk s g woltne vell 0 25 C.
EI'I:.‘._-.'L . f‘wl-: ' 51.|'||;| - hi:l‘.__-.'"
L o -025% Efy s SO0 and thie nen - standand potemtial of che c2ll s 117 calealute the concenteation of
nickel inny. 5noelectirede i under standard condoions woq Ty selobon, e - 4062=0507)
Y pssser (411 |'|'|:|. L

29 Im s reaetion: AL D A" (st 1A (T | Od Caleulane the reduetion pocenbil of alernnmom gy standard cell
Pl o L2 amd sidad eedoctios pesson sl ol cadrmion. E"I paT -1 a0y
ANSWER] - | '

25 agabeanis cell al 234 atone pole there = hyvdrngen gas ac 1aom pressure and a1 the other pele there s 0007 A
saltticnn contaonng we kel icns.
Caloulate Vo pH oolthis cell o Dree enengs Zon Ceecellreaction s od8.25 L rwlanad the poteninal o stamland nickel
elecironle v -2
Answer: |

A6 I the potencial of the fullowing cell s 08992 % a0 25 T celeulase the comeenmial o ol o 051 i in e
elecirole solution.

S0 lSnt v L ag {IME AR
salver elecirade o under sandard ennditionz. Sandard reduction pocnoal: B, =+ Y, B 0=y = 20011 ¥
Answer: Ol ol 'L

427 10A ab elecimic cucremt s passed thoaogk an 2lecirolysis cell contamng copper sotue, U500 walatuen for 9hi
seconds. Caloulate 1he mazs and aoenber of azoms of eapper accominlaced a0 the electrade, rhden - 55 3 mal)

Answer: 113 g, (k3 108F meme

A 7E- Asarestlt af passing TA afelectric cutrene throogh @ometal salt wath smele valence Fe 3o 173 seconds, (0AdE
o of melal accunlated alhe catkade. Calculate the alnnie mass of the -weral.

Answer: NS g

B 2% lovorder 1o release 2 towes ol mober v hwme of assien gas woder siadard conditons 151 @ bal s the nonher
: 5 k . ! B T H H L s i 12, .

it electirons needed. (dolar valume afa mas under standard condicions (sTFris 124 1)

Answer: 43 146 [1-- 2

A0 " han cs the amanne ol electree corrsn W B essed deweh .o amprere] @ eleclonly se cell Bar 2 leors 320 se-

nnd necesaary moralepse In 120 - hedimpen and s gpen malernles ar b pales!
Answer 1A



( Chapter - 4 )

A3l A e ot pogged 10A 0F elsane coeent thingh an clectmoplating coll containine pald 23t ie order 1o plate @
v A8 AN of elestii vonrenr Woas constomed in QA5 cevonads, v hab es the s of cold vaed i plaring® Aoy nass
of guld 147 ool

Answer: 005

30 Caboulare vee equilibrioen canzFant uf the folloaing reactueg

RT3 TIRRU L= SR B PRI [
Stamdard red sctioe pulentia I:"'_h_H_ -1, L""m L A il (G ed 200
Answer: 2.1

35 Inwenter chechalvsas cell 0 STF, clecnical carenn was aaplice for 5 ninwees and T3 seconds, bherogseen anc axy-
L O OIS P lerggered 5 e el e eptpendeee |l vodirme o 109 10 e lesgs e E A T L. Write el by e
eouation of the two halves, and weal cquatien. fnd ous the volame of cach oas ond the electric curmens nlensiy.
Answer 1A

L5 Soandand vl seelugion of daniell s 1D as dilopad sl s, vae poeenmtl sl s fociinsde deeieased by S92 %
i e sTandind swcendianl, caleulate the comeenteation of elestrods s 1= "= 1100
Amawier Ol M
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COORDINATION CHEMISTRY CHAPTER-5

chi-aliminedioiodorooditinam Frans-climmenirrecicedorml a1
|r_'.|51'-,l"..ﬂ’h'.-"a"|.7.ﬁ"5 ¥2 ﬂl:':_,-' !ﬂt!nir,f}i’-'ﬁ-\-’;‘!’g,.s s .'.F;J-"

ACHIEVEMENTS

After completing this chapter, the student is expected to

* Differentiate double salts and complex compounds.

* Leamn the properties of coordingtion compounds and how coordination chemistry has developed,
* Caleulate pnmary and secondary valences of coordination compounds.

* Learn special terms aboul coordination chemistry.

* Learn about different types of ligands.

* Learn central atom, ligands and they can calculate coordination numbers,

* Learn the theories describing the propertics of bonds in complex coordination compounds and they
can apply valence bond theory on coordination compounds.

* Find coordination numbers of coordination compounds and decide their geometrical shapes,

«_i61 >
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5-1 PREFACE

Coordination (complex } compounds have become one of main subjects of inor-
ganic chemistry as in addition o different colors and magnetic propertias they
have, they also participate in many chemical structures and reactions, These
compounds have an ineressing mportance in industry, agriculiure. medicing,
pharmacy, modern lifz and clean energy production. Hemoglobin, B 12 vitamin
and chlorophyll are examples for these compounds.

Most of the metallic elements in periodic table form complex compounds,
But in this chapier, we will study mainly the complex compounds that

trangition elements form.

CO0H SO Elements that are situated between 11A and 111A groups are called as fransibion
elements (Figure 5-1). Where the element is considered transitional either in
Hemoglohin its free state or in one of s com puumjﬁ. if it have d ore [orbitals

Fﬂﬂia”'!.l' flled. Tranzition elements are divided into twoe

I-d group elements are called as main transition elements. They are found in
3 perinds awl each pericd consists of 10 elements. These are called as first, second
aned third transition chains.

2- [ growp elements are called as inner ransitions elements. This group con-
sists of 2 periods, each perind includes 14 elements. These elements are called as
lanthanides and actinides.

Properties of Transition Elements
I - They have more than one exidation states (valence),

2- I the last orbits of transition elements there are d and forbitals, Those have
unshared clectrons, These single electrons give paramagnetism to atoms (at-
traction property in magnetic field).

3. Most of their compounds are colored,
d-Great tendency to form jons or complex compounds.
52 DOUBLE SALTS AND COORDINATION COMPOUND

When two stable and simple salt solutions (ammonium sulfate and wen (1)
sulfate) are mixed in mole amounts and if the resulting solution is vaporized, a
new campound called as addition compound is obtained. This process is shown
in the following eguation:

(NH, .50 + FeS0, - 6H,0 — FeS0 . (NH_ 50 . 6H,0

Mnhr's sali
When copper sulfate, CuS0,, is dissolved in a certain solution and with addi-
tion of amimonia, the fellowing addition compound is obtained:

CuSO, + 4NH, —» CuSO, 4NH, _ [Cu(NH,) ISO,

e srracewre @ Dewreebofiin
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1 1§

L VA
[ 3 13 b4 15 li [

H | na ma w4 va o via ovms He
3 : 1 i [ u T

Li | Be B[N F [ Me
11 1d £ & 7 o M 11 12 1% T | il I 17

Na| Mg VB v v -n— ‘+111H—|-- e um | AL S| P[5 | £ Ar
1% 3 a5 T "h :- = # o 11 11 L] H L1 W

K [ Ca b L' : ‘h{ £n| Ga| f3e| As| S| Br | Kr
7 L] il 12 : [} 44 ] 51 32 a3 c- |

Ebh| Sr 3 J"-I £dll Im| Sn| Sb| Te| I Xe
56 L 4 75 an Mlu Az H3 i % &

Cs | Ha Tall W Ik Mg TI| Pb| Bi | Pe| Ac| Rn
AT Rl 1] 143 il L] i Lk I|I|I i Vl.,
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C Pr| Mdl Pl S Ea| Gadf 1
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Thi ra] U _"'J P AlT l'."

Figure 5-1 Licalion of Lhe transilivn lamenls in the perislic lable.

Lherefore, v can s ide add ion Sompunnes inla vy

A- Double Salts

These ae s1ahle salts nf sl compound Y hen ey disseloe nweate 1hey de.
U pose L gens Wil lern thenn, Fen exarnple. Bohe's sali. preparsd in the Timst eupalive
above, mives Fx MH ' 57 ons 1o the salution when it dizenlbes inowater,

in this case. ach ion keeps v5awn clacacteristicn. They can be confirmed in the

solutiabn using comnaon methols of delectisn.

B- Ceordination Compound

These wre slable addieion compound. But they don't decot pese 1o s which onm
theme comnplencly when they Jdsanbe inowater For example, the cnordmassnm compound
Counl AH it msconed squiamian gbongs dogsn™ wivg L7 g salyrion sl o ilis-
golhgs i searen, bt i Lk anly 500 o U™ i Gnkes plinee iy [Cu™MH 1 el es
o s carshne o the Follawane eguation:

Cns0 . dNH, == Ca'NH, 1 I - 50

Thiere o= thene ioonl S0 weny o The aolmtiven, oy enr Ot pon T s coonples <ol
i writlen as (LSS R Ui coundimataen conpeanal s Tunmed Do [UuiMIL |
positive comples on and simp e negative X007 wen Coordimacion compounds cin be
farmed feamn o comples negative o and a sunple pasdive o0 or cemples neganye and
crenrlas praateee wng, a5 shown in the fa lowing aoamples
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K[Fe(CN),] =— 3K + [FetCN)*

1 " ] 1
Coordinaiion compownsd Fuosigive simple jon Megative cainples 1on

[Co¢NH,),ICl, == [Co(NH,;,1** + 3Cl

Coardinution compaud Posillve comples {on Sogntkie simale

Some coordination compounds don’t dissolve in water as they don't ionize
completely, e.g. [Ni{COH, ] and [Nitdmg),] (dmg = dimethylglvoxime) and
[Co(MH,LC1 ]

Example 5-1

Whereas Fe{NH ).(50 ), is classified as a double salt, K [Fe{CN] | is accept-
ed as a coordination compound. Tell the reason for that.

Solution:

Fe(NH, (S0 ). compound is formed from the mixture of iron (11} sulfete and
ammonium sulfate solutions sccording to the equation below:

(NH,),S0, + FeSO, —= FeSO_.(NH,) SO,

The resulting compound is anhvdrous(without water molecules) Mohr's sali.
It gives Fe'', WH, ", S0 ions to selution when it dissolves in water. In order
to make sure that those wons are present i the solution, esch ion can be deter-
mitned throuph known analyzis methods,

When K, |Fe{CN),| eompound dissalves in water, the following equation
QLCLIrSS

K._,_l FE(EN}EI]#| FE(EN}EIH'-I- K

As seen here, Fe' jons in free state have disappeared and these jons be

within the structure of complex ion[Fe{CN} 1", Therefore, when dissolves

in water, the solution gives detection for K ions only but nat Fe™ ar O joms.
That means whereas Fe(NH_L{50),), iz a double salt, K, [Fe(CN), | 5 a complex
compound {eomplex sali.)

S5-3DEVELOPMENT OF COORDINATION CHEMISTRY

The preparation of hexaammmine cobalt (1) chlonde (CoCl . 6INH, b in 1798
is accepted az the real beginning of coordination chemistry. The preparation of
this compound was big news owing (o 3ts unprecedented properties. The resson
15 that forming a stable compound from two stable compounds | from mixiure
of ammonia and CoCl) could be explained anly 100 years later. Within this
time period, many theories were proposed upon formation of these compounda.
But none of those theorics were able 1o explain practical resulis,
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Umne of those theories is the Cham Theory. The theory was submitted by a Swiss
scientist.

The method followed in this theory is the same as the chain formation bemwveen
ciurbon atems i ofgenie chemistey. Due (o the general idea that aioms had only
ome valenee {oxidation state ) at that time, this scientist ¢lammed that cobalt (11T}
formed 3 bonds in complex compounds. Therefore, chain structure was used in
order to explain the shape where & ammonia molecules are bonded in CoCl,
6NH, {Formula 1} compound, According to this, chloride ions aren’t bonded 1o
cobalt directly, when silver niteate solution is added 1o agueous solution of this
compound, it precipitates as silver chlonde. This theory explains the strocture
of CoCl.5NH, |Formula I1}. According to this, one smgle chloride ton that
does not precipitate is directly-honded to cobalt when silver nitrate is added.
Meanwhile, other two chloride ions precipitate easily,

_ANH,Cl J,--*"' '

Lﬂ NH, NH, NH, NH, Cl l;: NH,-NH -NH,-NH, Cl
NH “WH,-Cl
Formula Ly Formula (IT;

CoCl AMH, compound is shown with {Formula 11} that 15 compatible with
scientific experiments. According 10 this formula, there are two ions which are
bonded to cobalt directly. But third chloride ion is not bonded to cobalt dircctly.
Col’l,.3NH, compound is shown with Formula (1V).

',;’HU ;H,-L'I
< .
Co- NH,-NH,-NH,-NH, Cl Eﬂ NH,-NH -NH
Nl a
Formula 111, Formula IV}

We might expect that the behavior of chlenide jons in Formula (1%} 45 similar
to that of CoCl, 4NH, compound. But it is observed that there is ne precipita-
tion cecurs when zilver nitrate solution 35 added, Boecause of this and for other
reasons, this theory couldn’t explain all properies of this kind of compouinds,

«__ 165 W




Cl-------Co— 4

el '
NH, :
NH
Formula (V)

«__166

( Chapter - 5

5-3-1 Werner's Coordination Theory

Werner proposed his theory which prepared a basis lor modem theories
based on the lollowing hypotheses:

I- Muost of the elements have two kinds of valences. One is primary ionization
valence and it defines oxidation state that is shown with dashed line(—--). The
with other is unionized secondary valence. 1t is the coordination number that

is shown continuous line | ].

2- Each elememt which reacts to fonm a complex compound tries w satisfy
both valences, First valence is salisfied with a negative ion, second valence
is satsticd with negative ions or molecules,

3- Second valence 1x oriented to the fixed locations in the space called co-
ordination sphere around the metal fen, This ferms the basis of metl com-
plex compounds {stereochemistry. )

Werner showed (CoCl,. 8NH ) compound with formula (V). This can be
shown with the molecular formula of [Co(NH, ), JC1 . Here, the oxidation
atate of cobalt is (+3). Therefore, 3 chloride ions try 1o satisfy the first
vialence (balancing of cobalt fon charge), Second valence or coordination
number 15 satisfied with & ammonia molecules. According to this, second
valence of cobalt {1 15 6 which 15 shown with coordination number.

Six (6 ) ammonia molecales in this situation are called as ligands. Accord-
ing 1o this theory, ligands are bonded 10 metal with coordinate covalem
bonds, Chiloride ions aren't accepied as ligands, Because these form jonic
bends with metal eut of coordination aren and all precipitate when silver
mitrate solution is added.

Werner showed {CoCl. SNH, ) compound with formuta (V1) Here, one of

the chloride fons saturated both primary and secondary valences,
And expressed the bond that connects it to the metal with the continuous

when silver nitrate solution s added as it is directly-bonded with cobalt atom
inside coprdimation arca

Meanwhile, the charge of positive complex ion [Co{NH,).CI}* is (<2}, The
reason {8 thiat Co™ + Ch= (£3) + (=1 }=+2. Therefore, the compound which
is shown with {CoCl 5NH,} is with the following molecular formula:

[CoiNH,)CICL

According to this theory, (CoCl ANH, b compound is shown with formula
{VI1). According to this, two chloride ions satisfy both first and second
valences, Therefore, these are bonded strongly in coordination area, When
silver nitrate solution is added, only one chloride oa which iz outl of coor-
dination area precipitates. As this compound decomposes 10 Cl and

[Co(MH_},C1 |" ions, its melecular is shown as [Co(NH, ) CLL]CL

[
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According to the theory, the compound (CoCl 3NH )} shown with formula
{VIIT) doesn’t precipitate when silver nitrate solution is added and it can be
shown with the chemical formula [ColNH ),CL ],

The absence of precipitation means that this compound doesn’t Tonize in this
solution, This is the opposite of what is expected in the chain theory. Accord-
ing o practical resuls, this kKind of compounds doessn’tL ionese in selubion.
This prowed that the chain theorny 1sn't cormeet and 1t supported the hypotheses
of coordination theory.

Example 5-2

What are the first (oxidation state) and second (coordination number) valenc-
5 of the central metal atom in the two following compounds?

A= K [Fe{CN}]
B- [CANH,) NG, ),
{Mote: Cyanide 1on (UN pin K [Fe(UN}, ] compound behaves like & ligand.}

Solution:

A- We know that cach potassium ion has +1 charpe. Therefore, the negative
ion is [Fe{CN), ] which carries (-4} charge.

Therefore, primary valence of iron is

equal to (+2}and secondary valence is equal
1o 6. Thus, this is the number of ligands
which are directly related o metal and

shown in brackets.

Thus: Fe ™+ [CN)=~-4

oy x+6=(-1)=-4

K=+4¥

B- Each nitrate ion has (-1) charge and ammonia 15 neutral. Therefore, as pos-
itive ion is bonded to ammonia molecules it has +3 charge. [CriNH. ), [*

Cros (WH,,=+3

= x+0x6=+

P -
X=+3

Therefore, primary valence of chromium is
+3 and secondary valence is equal to 6.

Cl

' R Cl

C Cl
NH.

Formula {‘."I[I 3

Exercise 5-1

What are the primary and second-
ary valences of iron in K [Fe{CN)L]
compound?

Answer «3:
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5-3-2 Lewis Acids and Bases

According to Lewis structure, methane (CH ) and ammonia (NH,) molecules
are showwn with the follewing formulas.

H H
H: C: H H: N :

H H

Methane Adnirroniia

Lewis structures of methane and ammonia molecules show that there 12 a very
important difference between them, This difference is that nitrogen atom has a
pair of electrons which don't form a bond with hyvdreogen afem, As o result of
this, wmmonin molecule can resct with other atoms using this electron poir. As
in mitrogen wtom, this pair of electrons is shared with another atom which has
an empey orbital and a coordinate covalenl bond is formed. This bond 15 shown
with an arrow (—) showing the direction from donor atom (o sceeptor alom,
As an example to this reaction, interaction of ammonia with proton in order to
produce ammonium ion can be given,

H H H
H:N '/:‘1 — | N H| —-[H-D:H—H]'

H H H

Ammaonia, can share this electron pair on nitrozen with other atoms just as
with hydrogen. The following example resctions show using electron pair on
nitrogen with metals.

Ag + 2 :NH, —» [HN:AgNH 1

NH

el
Cu* + 4 :NH, — [HN:Cu:NH*
NH

§ﬂ
__Cu_l

W W
o

e

Co* + 6 :NH, — [ -
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These eactivns o aceepled gz wcid-Dase esctioms avoording te Lewis siouw-
luce, Arrnmencs 15 aceepted ax eleciron dunoe Therelere, is a base accordinge
e Lewns theorny Phe snetdd omowach scoepds eleclan pamr oan acd aeeard-
ing ot Leswis theory, As a3 eesult of thiz reaccon, o coordinaoe covalen! bend i
Tomgd. The jesalting cornpetr daarg galled s conrdinabion ¢ omiplexes.

Tu sunvineaci g#, 1nis cari i gy Deteesss i Leove s Dose wonch s called os i
i and o | oewis sl whicle s called o central atom fmetal),

As menhonsd above, ore ermrs ace nsed aboul coordimaber. compeunds
Loat™s kearn s ethor lenns whoch we il aee in s ehapoor e,

I- Ligands

Pl ave melecules or Legatrve or aositine charged one which ace bended o

a cerural o ool cre o e storn donor cleciranic peir. A ligand is valled oy
memodeniate heared 0L dongies, 3 (rain o f e lecr-ons i isocalled o bidentate “wzand it i
Aumintes dwo pars ol elezians aod (00 doreres rore Hean e pairs ol slecirons.
s called 35 a muludentate lizand.

2- Central Atom

Cone el b preperics of coordimation compounds 15 that they have an moetallic aboo
wlich s an eles v o acceptor, This o e Fnded ooa licand sl o coord none
ok alem end This anon is called ns the coneeal aloms.

3- Coordimation Complex

The compnd which resalts dioey bending of ceateal amnm and ligand 1le-
i,'l]ll:‘_. worh -\,,:-\,,'\-IIII.'”I'IIETF: q_'-:'l'-.-ﬁh.-‘:rlr |_'||_:-|'||.‘|~..

4- Coordination Number

T|'|'$ il |_'IE|' 1 l"'h,-r |'|||I.I|1i|'|'|il.:ﬁ[|l._:-|'| uft |'|l.||'|'||:_‘.rE|' |_:1" |i|’_.'ﬁ.'||_'|5. |‘}-:_||1dEﬂ [y x.:L"r|I|:1| akhnm
et 01 ahe ook p ool dortorg oF lgaral Frooenlwr sords, ir i eymal w tha ok
ul covalent Bonds desl oczucring coordination numbsrs ars 2.3 and S Cdd
coerdination nwmbers are rarely seen. 0 coordinaiion cerpleses, central alamn
las o valeneas. oIne b= eocidstwsnoneu e and the other =5 coordinatisn noeeber.
T simple compizunds, there i onlv oxidation number, For esample, e s darian
aumbec gl iwen in [FerC™ e a0 20 amd sovdination ok s g The sun ol
charzes i the comples molesule gy es the charze ol i Here, e cliaree al the
cornples win =A4-a1 D he charge al Ferl e g+21 a7 the <o ol chares of sis
crvanide tars 1M pos -0

5- Complex fon

Thew ure comnpounds charged with posiorce of negalive caarges. Pher have o
central mesal aoem and suable number ol ligands asnand metal grom bended
s e coealent Baonads Connral atan bas an cecdation signe s el faosi-
e o nesiting Limands e Uesual e neatel os neginis e ar lusth

Loz enarple [LodivH g ]! [y [Fe{l™p ]
Faeuiiral higernd e ligund awillive Ligemd
|{'|||:NHJ:I_[_'| .

gt el Weenal lipad
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- Neutral Complex Compound

The complex that doesnt carry charge called neutral complex, which doesnt
ionize in water. Following compounds are examples for neutral complexes.

[Co™NH,LCL] : [NICO),)
[PENH L LCL] ¢ [N (dmg),]

7- Coordination Sphere

While writing complex compounds, cenieal atom and ligands are shown

in brackets. These brackets show the coordination field and it &5 called

as inner sphere. The part out of these brackets are called as onization
sphere or outer sphere. For example, inner sphere of [ColNH, ).CICL,
complex compound consists of central ton Co' and & ligands, These ligands
are 3 ammaonia moelecules and one chloride ion CF, The part which conzists
of 2 ¢hloride ions is the outer sphere. Therefore, fons written inside ioniza-
tiom sphere com omee in woater, These ions con be precipitated through usmg
suitable agents. lons inside irmer sphere cannot ionize thus, they cannot be
precipiated. For example:

[Co(NH,),CIICL, — [CofNH,),CI* + 20k

2Ag +2C1 — 2AgCI

% e Tl 1
sonodentate Hganad White precipitaie

Two (2) C1' jons inside ionizetion sphere can be precipitsted as silver chlo-

Hzﬁ—EHI— CHy— I":H . ride( AgCl) (white precipitate) through addition of silver nitrate (AgNO, ). Bt
. | L1 Ton inside inner sphere dogsn’t ionize in water and therefore it cannot be
Oy, Pt precipitated.
e Nl ;
‘o o 8- Coordination Chemistry

It 5= the branch of inorganic chemistry which studies coordination compotnds
and their properties.

Bidentate ligand
i S4TYPES OF LIGAND

A- Monodentate Ligands

[ 10: 101 1 Moast of thase ligands are negative ions or newtral molecules which can do-
3 nate an clectron pair to positive metal ion. In ligand chemical structure, there
o “CH. ‘,n:l:t, 1 X is a single atom which is bonded to central metal aiom. For example, CN-
“N—CH,—CH;—N Br .F ., and C1 jons and ammenia (NH, L alkyl amine (RNH. ) and pyridine
u%{' /EJI‘:I: MCHF fﬂ {C,H N} and water (H,0) molecules.
| 1 B- Bidentate Ligands
| 1 L Manv jons or molecules fomm complex compounds through more than one

atom {they have two pairs of electrons which don't take place in reaction).
Multidentate ligand For example, oxalate ion C,0 . and ethylene di amine NH.-CH, CH, -NH,
are bidemate ligands,
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(- Multidentate Ligands

These are ligands which have 3, 4 or more atoms that can form covalent
bonds. For example, ethvlene diaming tetraacetic acid (EDTA),

EDTA is called as hexadentate ligand as it has gix atoms which can form
covilent bonads,

Lizands which are bonded to the same metal atom by two or more regions
are called as chelating ligand, In Table 5-1 zome examples are given for

mano or dentate ligand types. [ Table in the end of this book
can be used to solve chapter quations)

Table 5-1  Types and Names of Some Mono and Bidentate Ligands

Structure of lipand ~ Name of Ligand Structure of ligand  Name of Ligand

Monodentate ligands

WD nitrosyl (&) carbonyl
NH, Armmma H.0 agua
C,I".N pyridine CH.NH, methyl amine
N azidio CI-IJC‘E}D acetato
{{NH.1.CO] uresd CN- CYANo
Br bromuo Cl chloro
Bidentate ligands
MNH.MNH. hydrazine NH CH.CH.NH, ethylenediamine (en)
CE}}-" carbonato {:‘.,Elf oxalato
CNOH, dimethylglyoximato (dmg)’ NO, nitrago

5-5 EFFECTIVE ATOMIC NUMBER RULE (EAN RULE)

The first attempt which explains the stable structures of complex compounds
wis made by Sidgwick who expanded Lewis” Theory, Sidgwick explained
the siability of these compounds by their similarity 1o noble cas eleciron con-
figuration. According to this theory, if the numbers of electrons donated by
central ion or ligands is equal to atomic number of one of the noble gases ;
whh o Ke, or R, the complex compound will be stable. The total number
of elecirens on the ceniral atom which are donated by ligands are called as
effective atomic number (EAN ). This rule is called as effective atomic num-
ber rule. Through this rule, the structure of many complex compounds could
be explained.



Exercise 5-1

Calculate EAN for the following
compounds. Then specify if EAN
rule is valid for them.

(,:Pd, ,Fe, Ni)

[Pd(NH, )"

[Fe{CN),I*

[Nifen),|*

Answer: 35 not valid; 54 valid;
38 not valid

Exercise 5-3

Calculate EAN of [Ag{NH,}, 1" and
[MiItKH, ) P complex. compounds.

( Atomic number of Ni = 28, atomx

number of Ag = 47). Is EAN rule val-

id fior these compounds?

Answer: 38 not valid; 54 valid

Attention:

Some complex com-
pounds do not follow
EAN rule; but they are
stable complexs com-
potnd.
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Example 5-3

What is the effective atomic number of [Co{NH, 1 ]" compound? [3 EAN
rule valid in this cempound? { Atomic number of cobalt = 27)

Solution: Calculation is as follows:

Co =27 &
Co*'=24 ¢
6NH,=12e

[Co(NH,),]'"= 36 ¢

Here, the effective atomie number is 36, This number is equal 1o the stomic
number of noble gas Krypton. Therefore, the complex compound is stable as
it follows the EAN rule.

Example 5-4

What is the EAN of [Col’l | compound? 1s EAN rufe valid for w? (Atomic
number of Cobalt = 27)

Solution:

Co =27%

Cor =25 e

4CI =B e

[CaCl > =33 ¢

Herg, the EAM is 33, This number isn't equal io atomic number of any noble
gases, Therefore, it doesn’t follow EAN rule. But despite the fact that it is a
stable complex compound.

There are many exceptiens of this mle. Although the rule explains the struc-
ture of metal carbonyl complex compounds, it is useful for only a limited
part of coordination chemistry, For example:

Cr=2e
GO0 =12¢

Mi=28 ¢
400 = F e

Fe=26w
SCO = lDe

P TE P PT P FITY PE T TT ey Sy = AEEEE:EELmaEEEL

[CriCy | =36e [Fe(CO)] =36 ¢ [NI(CO] =36 e

These complex compounds seem to follow EAN rule. On the other hand,
metals with odd atomic numbers which make compounds with Bigands [ike
above don’t follow EAN rule. Because the result is always an odd ¢lecizon
number. Therefore, whatever the added carbonyl number is, effective atomic
number will never be equal to 36, 34 or £6, This kind of compounds are in
dimer molecular or polvmier sinecture,

) R
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The following two complex compeunds [Co,(COL [Mn,(CO) | can be giv-
en a5 examples. EAN's of these compounds are calculated as follows:

Co CoO o co
ac.. [ 0 “ / .
N 0C~—_\ e
0 ‘Mn Mn——Co0 Co -
. # II| II", "“'\._ !t- - r-"} '\\ -\____L_:{}
oc” | h e ocs \
f . -4 ! .
co <o Co co
Mn=25¢ Co=21¢
Mn-Mn=1eg Co-Co=1e¢ Exercise 5-4
S0 =10e A0 =8 o {'Eiclﬂﬂl: F.AN 'JFER’:!“:U:IH,I Com-
plex compounds. Is EAN rule valid
""""""""""""""""""""" = for this compound? [ Atomee number
[MnCO), ] =36 ¢ [CofCO)]=36e of Re =73)

Answer: Valid ;86

S-6 NOMENCLATURE OF COORDINATION COMPOUNDS
Rules assigned by (TUPAC) are as follows:

I- While naming an jonie¢ compound, positive jon is named ficst and neg-
afive don second, ¢z, naming simple solt Mall sodium chlonde, complex
compound [CriNH ), [CL bexanmminechromiumi 1) chioride.

2- In coordination compounds, ligands are named first, then the metal
comes, [T there are more than one ligands, naming is done in alphabetical
{ Enghish} order, For exaomple:

[CriH (), CLIC] Tetraaguadichlorechromiumi 1) chloride

3- Megative ligands” names finish with —o suffix. But neatral ligands assume

molecule name without any change, As exceptions, waler becomes agua

and ammonia becomes ammine. In order to differentiate ammonia from
other amines, double m i3 wed. Other amines are written with single m.
Positive ligands (which are rare) finish with —iwm suffix. In Table 5-2 , some
positive and negative ligands are given.

Attention: While writ-
ing 1UPAC names of pos-
itive or negative ions, no
blank is left. But a blank
is left between positive
and negative ions.

«_ 173 >




Table 5-2

Name of ligands

§ Chapter - 5 ) —

Clhilare

Cyianie

Acctato
Thitevangta

Bl lenediamine

Hvdrazimiam

Exercise 5-5

Mar Lhe Colluwing coacdmaling
O pon: nads

- [ el MH EHL T,

2- Wa|Cued kel 1, L]

3- Kbl

A- T M Q0

S- |Luleni LI,

R TRV IATE ANV

Symbaol of ligands

cl

N

CH, CO0
SCN

NHCHCH NH,
MH,NH,"

4= 1F oz o vvweng e cwvg o theg saarng Tigarda joa qumiples comtpeoied | pre-
Jnen -l s e et are nesativned belore lizand vone Bul belve comp ey
il s etheelersdarmine cenl and ethylensdarmimeletrzcetic acwl 10T,
prefises brs-. - are kel

Froo esimeales [£rden Ll

sul {5

S vehlisrobasi ethy benedimmine lechalo LT

5- The cvsialationn state of ceareal atom s eeptioned b o flen the rame of
the wresfal b Haaman oueeerals, 1 the gecidalione stk 12 gete, U7 normbee i
uzed,

For example: [NICO, ] ki liny Inickel (0)

- |1'.'_'-:“1r|'|;1'|:!-._ L Ing el oy ||¢;'E:_1ri'-.-q- i, myne o eerteg ] aioen fesishie s woirh
sullos e, Mast ol The e Lot naeies are wsed e meetals 15 ar esarple:
on teerom, kead  plumbuo. etel) Bud in pesities el or neuiral gomp es
cotpsiils mione ul cantrd el b reman unehaneed., Fo esor e

[':a_,||--_-| ™) | [aleanm e vanaferrane of1)
[FH H _'!_]:II |?§.IZ_]* Hq-'-::l:lqu.:lill.‘u'l 11} ?;.lllp-l'u:sh-

[Hiudize] P et s L oot Jreisz ke 1L

5-7T BONDING THEOQRIES IN COORDINATION COMPOLNDS

Woernet™s coprdination shenty ancdcliim twemy woery pust sienplye innmglustion
Lo andersLand the structures of coordwation compouands, Teaks, ere have
lwer (hrze thesries propesed e explan 1the bondd stmciores of Sanerclinacion
camnnels. Theze wre:

- Walehcy Rongd | heoes (VAT
2- Crowatal Tigll Thewes (CFT)
3= Salecular OrbeLed Theoey (MCFT
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At this level, we will only give a simple explanation of Valence Bond Theory.

You can study Crystal Field Theory and Molecule Orhital Theory at university. -
Exercise 5-6

5-7-1 Valence Bond Theory Show electron configura-
This theory explains the bond structure of coordination compounds success- tlfjﬂl "111 m:!.ai and ligand m
fully. This theory is related o hybridization and geometrical shape of central [CulCNL) ':':_'mlﬂm o
atom, According o this theory, complex structure is formation of coprdinate pound ascording to Valence

eovalent bond between Lewis base (ligand) and Lewis acid (metal) reaction. In Bond Theory, {,Cu)
this theory, orbitals of metal are shown with squares (somelimes with circles).

They show the electron configuration of metal in outer shell and also electrons

of ligands. We will apply this theory to compounds with coordination number

of 2, 3 or 4, We will leave the application of this theory to compounds with

higger coordination numbers o upper classes,

For example, in diamminesilver {1) complex ien [Ag(NH, ), ", elestron configu-
ration in outer shell of silver and electron configuration of complex compound

is as follows:

Ag Kr), 44" 5s' 5p”
(pilafele) 4] [ ] [ ]

Ag' (Kr), adv 55! 5p

[alelsafs] [ [T L]

[Ag(NH,, 1" [Kr]
44" 55 5p
Aa]s]e]1) IT I

NH, NH

3 3

- 4 glectrons from 2 ligands

= Hvbridizaton 1vpe 35 sp (while forming a bond, one s orbatal and one poor
bital are used),

- The shape of complex 1on 15 linear.

- As there are no unpaired electrons, complex ion shows dismagnetic propenty
{all electrons are pained).
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Im [Hgl, | tritogomercurate (1) complex compound, the configuration of
elactrons in outer shell and electron configuration of complex compound s as

fallows:
oflg (Xej 4E 547 6 .
C[s]as]s] [
Hg® Xe), 4F" 5410 G 6p
s [s]als] [ [
(Hgl,) (Xey, 4P 54° 6  6p
EVENEIETEARE 1141

tt
(.

= & electrons from 3 ligands

- Hybridization type is sp° {in bond formation one s orbital and 2 p orbitals
are used),

= Geometrical shape is trigonal planar
- It shows dismagnetic property as all electrons are paired.

The eleciron configuration of puter shell nickel and complex compound in
tetrachloronickelate (1) [N Cl)y,|* complex 1on 15 as follows:

LNi(An, 3@ 457 1p’
Islali]s] o] [LL]

Ni'' [Ar),
3d* 4s® ap
ESESENEREN
[Ni(Cl,, * [Ar],,
3d® 45 4p
pilef]e] ] GIET:]
P11t
Cl CiClcl

= & electrons from 4 hgonds

- Hybridization type 1s sp’ {1n bond formation, one & orbital and 3 p orbitals
are vsed),

= Geometricdl shape 15 tetrahedral.

- It is paramagnetic as it has 2 unpaired electrons.
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e

The electron conhguration of cuter shell of nickel and complex compound in
tetracyvanonickelate [Ni(CN) | complex compound is as follows:

=i,“I‘»Ii ""‘“., 34" 45’ fllf
AR AE SERE .2 I

[Ni*"] rAr), 3d* 45" 4p"
EYERLAENE ]
[NigCNy, 1~ [Ar],
id* 45 4p
méﬂiuiﬂH' T 'T:i:T'
CN CN CNCN

- 8 electrons from 4 ligands

- Hybridization type is dsp” (in bond formation, one d orbital, one s orbital
and 2p ortritals are used),

= Creometrical shape s square planar,

= [ shows diamagnelic property as all elecirons are paired.

As it 15 seen in the previous 2 examples, single d electrons remained as they
are in [NifCN ) P-ecompound. But in [Ni{CT),]* compound, it (d electron) be
carwe an electron pair, In formation of complex compound, type of ligand has
an important role. UN 15 sccepied as o strong higand. Because it causes un=
paired single electrons (o become paired in forming complex. But CI dogsn't
have such capability. Theretore it s accepted as a weak ligand. Ligands sre
accepted s weak or strong according to chemical spectrum, Table 5-3 shows
those weak and sirong ligands.

| Table 5-3 SOME STRONG AND WEAK LIGANDS
Weak Ligands Strong Ligands
Symibaol Symbol MName
I lodide ion CN Cyanide ion
Br Bromide ion NH, Ammine (ammonnia)
ok Chloride ion NH,CH,CHNH, |Ethylene diamine
E Fluoride ion NO, Nitrite ion
| OH Hydroxide ion CO Carbonyl
H.O Aqua C.H.N pyridine
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If we comsider this confipuration, we sée that the number of unpaired elec-
troms i 3, Therefore, magnefic moment is as follows:

po= Jefet 2]
p=[3(3+2)]"
=337BM
2- Second Case
The electron configuration of the complex is as follows: [Co(L) 1"

3 45" 4p"
BOHT] [ Gl
AR

According to this configuration. the number of unpaired (single) electrons is
1. Therefore, magnetic moment is as follows:

k=[K1+2)" =1L73BM

[f we know magnetic moment, we can guess the type of hyhridization. In
this complex compound, il magnetic moment were 3.87 BM, the type of
hybridization would be sp’ as in the first example, But its magnetic moment
is 1.73 B.M, therefore its hvbridization tvpe is dsp’.

Exercise 5-8

According to Valence Bond Theory,
what are the tvpes of hybridizations,
geometrical shapes and magnetic
propertics of the following two
complex compounds? (_Pd, . Co)

[PACI [, [CofH,0),]"

After that calculate the magnetic
moment () of each.

Answer;
dspr, diamagnetic, square planar
gp’, tetrahedral, paramagnetic
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5-8 COORDINATION NUMBERS AND EXPECTED
GEOMETRICAL SHAPES [ view only)

Previously, we have keamt that coordination number shows the number af
etoms directly bonded to the central metal stom. Besides, we have learnt this
number is related to the expected geometrical shepe of complex compound.
The values of conrdination numbers are bevween 2 and 9 The most commaon
ones are 4 and 6, Mow, we will mention coordination numbers from 2 o 4 in
coordination compounds. Besides, we will 12l the most commen geometrical
shape of each number.

|- Coordination Number 2

Compoamds with coordination numbser 2 15 rare. The best example to this
complex compound [AgiNH 11" As expecied, this complex jon has a lnear
structure, [H N-Ag-NH_]". This coordination number is seent in complex com-
pounds of copper (13, silver(l) and gold(1) as in the following examples:

[NC-Age CN T [€1 = Au = CI]" ; [CN = Cu~ CN}

2- Coordination Number 3

Thas type of compounds are also rare. Examples of them are few, Nezative
complex ion [Hgl,|" is the best example of thiz. In this kind of complexes,
two genmetrical shapes are expected. The first is trigonal planar and the other
is trigonal pyramid shape. [Hgl ] has trigonal planar shape whereas

SnCL 18 rigonal pyramid.
3- Coordination Number 4

This iz the most common coordinaton number, Coordination compeunds with
this nimber have great importance in coordination chemistry, This coondina-
tion number causes formation of coordination compounds in which ligands
arg coordinated around the central metal atom in tetrahedral or square planar
shapes. Examples of tetrahedral complex compounds are:

[CoBr, = ; [FeCl T

e _ gic = g
Tl Br
s ll\.-
(/f ; ra
rd !
y % F \
; Fe_ o ADe Y
o T e Ty
| £ =il ]'!r"-:'ﬁ =Hr
s, - T -
u l ] = Br ]
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Square planar shaped complex compounds are formed by especially

ionaE, For example,

A

T o

Cut, Ni¥, PO

[Pd{CN), I+,

INICO),

—2+
Co

ﬂH

=
"“‘“x

‘“‘x
P
[Pd

- ot

(CN), 1*

-
CN

CH

Do vou know that?

The compaound diamminedichioro
platinum (11} [Pt{NH, ),CL (11} is an
effective drug against some cancer
types. While this compound is mak-
ing bond with nuclesc acid DNA,
twir chloride ions replace 2 nitrogen
atoms on DA molecule. This caus-
€5 a mutation which means a faunlt
In order of repeating amino acids in
DM A and this destrovs cancer cells,
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BASIC EQUATIONS
Angular momenium pARATE ee=2] ¢

BASIC COMNCEPTS
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bidentate zand, of L donales mare than teo pairs of coacctrons. 1z called as a muocbdentate lizand.

Effective Atomic Mumber Fule: v ponbers af electirons depted Dy certrzl ion or Bidimla e equil oo alernne nonhey
elone wlthe noble pases @ K| N or Koot cunples vempound sill be stable, T tetal nomiber o clestrons
nn dhe condral adom which are donwded by bgzands are called s eHectees atemic cutnber (EAN),

WValenee Bond Theory (VDY Thas theery censiders the lormatiomn of coordmation compoocly as a redctuon
bevrcon lowis avid ithe metaly and the lewis base O the ligand ] with the formation of 4 coordination
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QUESTIONS OF CHAIP'TER-S

5-1- What are the distinctive properties of transition elements?

5-2- What is the difference between double salis and complex compounds?

-3~ When FeSO, and (NH )50, solutions are mixed in 1:1 mole ratio, Fe' jon appears in the resulting solution.
But when CuS0, solution is mixed with ammonia solution in 4:1 ratio, no Cu™ jon is observed. Explain this by
giving reason(s),

5-4- Define effective atomic number. Then caloulate this number in the following complexes:
I- [PeCl, >

2- [Pi{NH,),]

3. [FeCL]

4- [CriNH 31"

5- [Ag(NH, L]

Answers: 1) 86, 2) 93,3531 4133, 5) 30

5-5- What are the oxidation states ( first vakence) of iron in the following compounds™
I- [Fe(CO).]

2- [Fe(C,0,),F

3- K [Fe{CM),]

4- [Fe(H,D){NO)SO,

Answers: 1)0 21 {+3) RN 4+

5-6- Mame the following complex compounds:
I- [Fe(H,Op(NO>

2+ Na, [Fe(CN) (NOT]

1 [ColN }NH,),]S0,

4- K, [NiCN), |

5 [Cr{H D) CL)

6= [Ni{en),C1J*

T- [ColNO. ), (NH, ), ]

8 K, [Pl ]
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5-T= Write down structural formulas for the following complex compounds;

A= Tris{ethylenediamine eobali 11T nitrate

H- Potassium tetracvanonickelatel 1)

- Aquabis{oxalatojchromate( 111} 1on

[3- Patassium tetrachloronickelate (1)

E- Potassium tetrachloromangamate (1T)

f = Hexaaquatitanium(111) chloride

Ci- TetracarbonyInickel {0}

H-= | Ethylenediamine etraiodochromate (111 oa

I- Aguacyanobis(ethylenediamine)cobalt (111) fon

|- Tetragmminecopper { [1} 1on

3-8- Answer the following questions for the 3 given coordination compounds,
[ CeHON,CNCLH,O, [CelH0]CT, , [CrH, 0, CLICL2H, O

A= What is the oxidation number (first valence} of chromium in each compound?

B- What is the coordimation number of chromium in each compound?
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5-0- Circle the right answer in the following guestions,
1= Whar i3 the oxidation number (first valence) of [Cr(H.OLCLT 7
A3 [yl Cie M5

2- Whan is the structural Formula for dichlorobis{urea oppen(IT) compound?
A) [Cu [(NH,),CO} ]CL,
B) [Cu {{NH,),COLCTCI
C) [CuCLHiINH,LCOY, ]

3y Mone of the above

3= According to IUPAC system, what is the name of the [FI{HH1;?HJ'[N{}J]EI]CI compound?
A trismminechlorobromaonitroplatinum{ 1V chlonde
B chloretriamminebremanireplatimum{ IV ) chlonde
C) triamminchromochloronitroplatinumi IV ) chionde

3 mamminenitrochlorobromoplatimumi 1V chlornde

5=101- Reply the questions about the following coordination compounds accarding te Valence Bond Theory (VBT),
[PRCLI* 3 [PACN) I [ Nigdmg), | sICoCLJ [Za(CN) 5 < [Co(CN) - 5 [ZnCLINH,),|
A= What is the type of hvbridization of central atom?
8- What is the geometrical shape of complex compound?
("« What is the magnetic property of complex compound? Why?

S=11- Whart are the numbers of single (unpaired) electrons in the following coordination compounds according 1o
Vileace Bond Theory? What is the value of magnetic morment valoe { g ) in each?

INIH,O),F 5 [NINH,) =
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5-12- Suppose that [NiL ]* complex ion contains Ni (I1) and L monodentate ligand which is weak. Answer the
following questions according to the complex 1on. { Ni}

| = What 15 the charge of the hgand?
2- What is the hybrndization type of the central atom?

- What is the value of magnetic momentum {p)?

F=13- Deefine the following terms:

Coordimation compound, Dezand, donor atom, coordimation number, chelating ligand
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CHEMICAL ANALYSIS CHAPTER-6

! I
ACHIEVEMENTS
After completing this chapter, the student is expected to :

* Leamn different methods of chemical analysis.

* Differentiate gualitative and quantitative analysis.

# Have imformation about some positive ions.

* Understand the importance of gquantitative analyvsis method n determining the amounts of unknown
compounds,

* Learn steps of quantitative analvsis and how to do it

* Perform necessary calculations mn quantitative analysis,

* Understand the importance of volumetric analvsis in determining the amount of substance dissolved
and concentration of unknown solution,

* Leam calculation of equivalent mass of different substances and relationship between chemical reactions.
* Leam some laboratory equipments which are used in volumetnic analysis.

* Determmne end point and equivalent point by using indicators in volumetric analvsis,
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61 PREFACE

Chemical analysiz has wide applicotions i indusiry, chemisicy, lology, geolo-
ey and in other science felds. For example, while analyeing ar pollution, it is
necessary o measure the amounts oF hydeecrbons, nitrogen oxides and carbon
monoxide from exhaust fumes, To diagnose goiter illness, it is necessary 10
find oul calcium ameunt in human blood, The amount of nitrogen from food
we consume gives the amount of protein. In industry, by regular mass analvsis,
the stremgth of iron and ils resistance to corrosion can be checked. As 1t 15 un-
derstood from those examples, chemical analvzis has an imporiant place in life.

The chemical analvsis which is used to find cut the components {elements or
compounds) which form a substance is called as qualitative mmalvsis and the
analveis which is uged to find out the percentage of the components of & sub-
stance i called as guantitative analvsis,

6-2 METHODS OF QUALITATIVE ANALYSIS

The aim of gqualtanve analysis of a sample @ to find ow what the componeni{s)
iare ina misture of solkition and how these components (ckements or a group
of elements) are bonded o cach other. The substance which is wanted w be
analyzed is usually transformed fo a Enown compeunsd by a substance called
as detector,

For example, a mixture of commaon pasitive ions can be analyzed. Tn this case,
qualitative analysis is a two-siep process. In the first step, ions are scparated.
In the second step, through some cerfain chemical reactions, ions are detected.
To apply qualitative analvsis, the sample is divided into groups, The reaction of
gaich group against different precipitants is examined. When the right precipi-
tant is added to solution, it precipitates the target ion and the resulting solid is
exteacted from other ions by filtering method,

Common positive fons in nature are divided into 5 groups according to the
precipitation factor (Table 6-1). In other words, the ions in the same group
are precipitated with the same substance, The analysis process starts from the
firat group and continues to the last group by addition of precipitanm until the
precipitate is formed,

First, dilute hydrochloric acid (HC) is added to solution and {Ag’, Pb*', Hg,™)
fromy 1% group jons are separated from the selution in the form of chlorides
of these ions with filter paper. In order to precipitate 2™ group jons

(Hg™ ,Cu® B ,Od™ Ph™ 507", As™,Sh*) hvdrogen sulfide gas (H,S) is passed
through the solution, In the remaining solution, upon addition of ammonium
chloride (NHCI and ammonium hydroxide (NH OH) solution, [T1A group
positive ions are precipitated. Separation process goes on like this.

After positive ions are separated according to their groups, precipitate of each
group iz analyzed to learn the presence of jons.

In the folfowing experiment, the separation of first group ions from other
groups and methods of detection will be given.
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Group of positive ions, precipitants and chemical formula of

precipitates
Giroup Precipitants lons Precipitates
I Dilute Hydrochloric acid (HCD) | Ag’, Hg ", Pb* AgCl, Hg C1,, PhCl,
Dilute Hydrochloric acid upon | ot 2+ Bitt Cd¥, | HeS, CuS, Bi S, CdS,
313 * w T T T ]‘i
it Mgy || e SIACER |yl Sn Ac™, SBY | PbS, As,S,, Sb.S,. Sn$
Ammonium hydroxide + ammo- o LR Ry ANOH),, Cr(OH),.
A’ | sium ehloride (NH,CE Ni O | AT CF FeE Fe{DH]i :
11
By passing hydrogen sulfide gas | o0 o sy | T P
B [ &yini (i.cLamon | NI, Zn*, Co™, Mn** | NiS, ZnS, CoS, MnS
Addition of (NH,)L,CO, into " 5 &
W et it Ca”, Ba’, Sr CaC0,. BaCO,, SrCO,

Substance remaining in final 2 et e
i solution without precipitation Mg, Na'. K’, NH4

6-2-1 Separation of Group (1) lons and Detection Attention:

Ph'? is in both groups 1 and 11, be-
cause solubility of lead ion s high
and some may not precipitaie when

dilute HCT is added.

As mentioned above, first group positive ions (Ag’, Fb*, Hg. ') are separated
trom solution by precipitation as chloride compounds. In the second step, each
positive 1on i3 detected according 1o the following principles,

I PBCL, precipitate dissolves in hot water but AgCl and He Cl, don't dissclve
in hot water. Dissolved PBCL, is separated by filtering from other precipilales
upan gddition of hot water. In order to detect lead, K, Cr0), detector is added to
the filtered substance. If there is lead, yellowish PhUMD, precipitates accanding
to the following equation.
PbCL, + K CrQ), — PhCrO, | +2ZKCI

vellow precipitate
2. Alter separation of lead chloride, dilute ammaonia solution is added to the re-
maining solution (Hg,Cl,, AgCl). Silver chlende AgCl forms a -;.umpi:u ¢om-
pound diamminesilver(1) chloride [Ag{NH ). ]C1 which dissolves in ammonia
solution and pazses filter, To detect silver, dilute nitric acid (HMCY Y s added
amul w white precipitate fomms or potassium iodide (K1) solution s mldecl and a
yvellow precipitate forms,
AgCl+ INH, — [Ag(NH,},|CI

dismminesilves ) chlorids
|.|'1Lg[::"‘-|i'fj}:]{_-| + IE‘I}‘wlii}.j — AgCl | +2INH NO,
white precipinse

[Ag(NH,L]CI+ KT — Agl | + KCl = 2NH,
vellow precipitate
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Exercise 6-1
Complete the Tollowing reactions.

Hg * + HCl —
= dilute
HC
Bi'""+HS —=
T diluie
MH ]
AP+ NE-I*(JH —i
MI.'I:' fI{S ."\'fll'['l'lf
©ONHCI
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Mercury (1) ehloride (Hg CL) reacts with ammonia solution and forms a black
precipitate according 1o the following equation.
HgCL+3NH, — Hg(NH)C1l + Hgl +NHCI

while precipitans Hlnck precipitnse

Upcn addition of king’s water (HN(O,+3HCI). a soluble salt HgCl, is
formed, To detect mercury, tin (I1) chloride (SnC1,) is added to the solu-
tion and a precipitate is obtained which is white in the beginning then
turns into black.

2HgCl, + SnCl,— SnCl, + He C1, |
white precipitale
Hi,Cl, + SnCL —» SnCl, + 2Hg |

Black precipilaie
Example 6-1
Howe are silver, eadmiom and ron (1113 1ons separated?
Solution:

Silver {Ag Y 1on 15 mGroup [ cadmium (Cd?' ) 15 Group [ and seon (11 (Fe'§
is in Giroup 111, Theretore, we need to add precipitants in order.

I, When dilute hydrochloric acid solution 15 added, only silver ion precipitates
as AgCl. Cadminm ond wron sons remarmn as dissolved, We can separate silver
chloride from other components of solution by filtering.

2. H,5 gas is passed through the solution, As a result, cadmium jons precipitate
a5 cadmium sulfide and are separated from solution by filtering method,

3. Only tron (111 1ens remain in the solution, We can precipitate tron in eroni 1L
hydroxide (Fe{(OH),) form by adding ammonium hydroxide and ammonium
chloride solutions,

-3 QUANTITATIVE ANALYSIS

Cuantitative analysis aims to determine the amount of target substance in a
sample. For example, caleulation of percentage of iron in a rock is an appli-
cation of quantitative analvsis. The amount of substance can be expressed as
percentage and also in a ratio of thousand, million or even billion. Besides, the
amount of subsiance 15 expressed as the mass or volume of matier found n a
certain volume of the sample or desenbed as molar ratio.

Quantifative analysis process is applicd through two measurements. The first is
the amount of the subject sample, and the second is the amount of the compo-
nent which we want to measure in the sample. Mass, volume, strength of col-
or, absorption intensity, electric intensity or any physical or chemical property
about the amount of matter can be given as examples to measurements during
analysis, But, in this book, we will cover measurements of number of moles,
equivalent mass, mass and volume which show amount of matter.
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Before applving quantitative analysis, the following are the steps to be made.

[, Exemplifying: 1t is the method of obtaining the sampie which represents the
substance in a right way.

1, Prepuring the sample: The sample undergoes a preparation process for
analvsis in laboratory, It includes processes a5 grinding the sohd somple, mix-
g, making it homogeneous and removing the moisture in it.

3. Measuring the sample: In order ¢ determine the amount of matter cor-
rectly, the mass and volume of the sample to be analvzed needs to be known
precisely.

4. Dissolving the sample: Chemical analysis is usually made on solutions.
Theretore, a solution of the sample needs to be prepared. This solution is pre-
pared with u solvent which can dissolve not only the target component in the
sample but all of the components, The solvent normally doesn’t change the
amiount of the sample.

5, Beparating the mixed substances: There are certain substances which have
physical and chemical properties with which correct mensurement processes
can be made in quantitative analysis. [n this cage, measvrements can be es-
timated directly, But in many cases, by measuring one of properties directly,
it may not be possible to identify the substance. To make measurements in
quantitative analvsis, chemiical reactions with the target compound are neces-
sary. These reactions wsed in chemical analyvsis and measured properies may
be commen For some elements mnd compounds an the sample, This situation
affects results of anmalysis and some problems may arise in chemical analysis
processes. For this reason, the target substance needs to be separated from oth-
er components in the sample which affect analysis. The other elements in the
sample which affect the results of the target substance are called as interferents.
Separating those befors measurement 15 omportani for analvses.

Practically, the person working in quantitative analysis field may apply many
different analysis methods to get results. In order to choose the most suitable
method, many factors need to be considered, The urgency of analvsis, suitabil-
ity and degree of correctness, supplying tools and devices, number of samples,
amiount of samples and concentration of target substance in sample, cost of
analysis are some of those factors. Therefore, the suceess of analysis depends
on choosing the suitable method.

Cuantitaive analysis includes many methods with respect w their uses and
significance, Those are wsually considered in two itles:

6-3-1-Quantitative Chemical Analysis

Under this fitle, classical analysis methads are placed. Those are:

| = Gravimetric analysis methods: depend on measurement of mass.
2= Volwmewic analysis methods: depend on measuremcnt of volunie.
6-3-2-Instrumental Analysis

Different instruments are used in analysis. In this chapter, classical analysis
methads will be studied.

«_ 191 >




( Chapter - 6 ) EE——

O-4-GRAVIMETRIC ANALYSIS

In gravimetne analysiz, o substance related 1o another substance with o known
chemical structure i separated and 15 mass s measered correctly. Separation
procesa is made from a sample with a known amount. In gravimetric analysis,
the target substance is usually transformed into a pure and a chemically stable
compound. This compound has a shape and formula which enables measuring
its weight precisely, After measurement, as the chemical formula of the sub-
stance is known, its mass can be caleulated.

In gravimetric analyvsis, the target substance 15 sepurated throwgh different
methods. The most important of those are:

1= Nolatilization method
2= Precipiiation method
3= Electrical precipitaiion method

4- Oither physical methods

t-4- 1-Volatilization Methods

These metheds depend on removal of the volatile substance in the semple. This
process is applied through different methods below:;

A-Sample burning method in air at high temperature  Figure (6 - 1)

B- The method in which the sample undergoes reactions with chemical indi-
cators and volatilize its components and target substance residues. Aferwards,
vorlatilzed substances are collected i a surtable mediom and their mass is cal-
culated. This method is called direct volatilization, In indirect volatilization,
the mass of volatile substance is calculated through the loss in mass of the sam-
ple. For example, we can determine the percentage of cryvsial waler in aqueous
harium chloride

{(Bal’l, .2H.O) by direct volatilization method through heating.

BaCL2HO W%, pacr zH,n1
Electric oven ¢ volstie subslance |
Sample
| \_‘_i' = N
F Q. oul

= T—— To prevent gas interfer-
i ]5’5:3' WAttt to absorb CO, gason| | ence from cutside on
ek asbestos NaOH asbestos PO+ NaOH

Figure (6 - 1)
The sample is burned by air using a high temperature electric oven.
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The vapor 15 abserbed on a suitable medium and s weight 15 measured, To
determine crystal water in agueous barium chloride by indirect volatilization
method, i is heated in open air and this causes water to vaporize. The mass of
residoe BaCl, is measuread and the mass of erystal water 15 determined by sub-
tracting this mass rom (e sample’s mass,

In another example, to determine the mass of carbon dioxide CO, in calcium
carbonate sample, hydrochloric acid HC is added to-it.

CaCO, + 2HC — CaCl, + CO, 1+ HO
vedalile sulsiaie

Corbon dioxide zas 15 passed through a deving substance to remove 1ts mols-

ture, and then it is absorbed by a suitable medium (asbestos immersed in sodi-

umn hydroxide solution), The mass of carbon dioxide is calculated through the
miss increase in absorbent medium,

Example 6-2

L4531 g of aqueous barium chloride (BaCl.2H,0) sample was analyzed
through indirect volatlizstion method w determine the mass of crystal water.
The sample was heated al 125 °C for some time and then it was cooled in a dry
medium. As the mass of solid substance is 1.236 g, what is the mass percentage
of crystal water in the sample?

Solution:

Mass of crystal water
= [0

el ' " . ] W a e
Percentage of ervstnl waler Mass of the sample

The mass of crystal water lost during volatilization 1s caloulated through the
following equuation:
bating
BaClL2ZHO — Ball, + ZIHO
befome h;uu'ng- afler h.n-_-'l.r.i-ng valstile subsiance
Mass of crvstal waler = mass of the sample before heating - mass of the
sapmple after henting
Im ||-:r{E',:|- FAT mai 2ia = OT1 e
muas{g)= L.451 {g)- L2360 (g =0215¢

Percentage of crvstal water:
muaig)

H.O %= = 1005
o M pect | 2}
S 0215 )
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Exercise 6-2

Aldloy containing nickel, chro-
rium and a small amount of car-
bon was analyveed gravimetrically
by volatilization method. 1.4 g of
mixture was burnt in acrobic con-
ditions and emitted CO, gas was
collected. As the mass of CO, gas
i5 2.2 mg, find the percentage of
carbon in the Alloy .

{C:12 g/mol, CO.: 44 g'mol)
Answer: (L43%

Some scales {micro-balances) w
welzh samples

< _14 >

Chapter - 6

Example 6-3

A sample of organic matter was analyaeed through direct volatilizaton meth-
od to determing its carbon percentage. 15.24 mg sample was burnt in acrobic
conditions and CO, gas was absorbed on a suitable medium. As the mass of
carbon dioxide 1s 22.36 mp, calculate the percentage of carbon element m the
compound.

Solution:

Mass of carbon
Percentage of carbon = —

= | N
Mass of the sample

We can calculate the mass of carhon from evolved E‘.[}!Eﬂﬁ. Because this gas
wins emitted threugh bummg of carbon in the sample,

baarnimg with oxypen

Ca.t
M (g mol ) ]

m = men, (mg) * —
- M- (g'mol)

12 {g/muol)

=22.36 (mgyx —————=6.1
m (g} 24 (g/mol) mg
C o= —BE oty =l ) e iy
m,_. 15.24 (mg)

6-5 PRECIPITATION METHODS

Giravimetric analysis method which depends on precipitation reactions congist
of somme steps thal need 10 be made quantitatively (that means in g way withoi
any inerense or decrease in amount of matier),

These steps are as follows:

|- Dissolving a known, accurate mass from the sample in a suitable solvent.
weighing is done using scales that vary in accuracy from one to another.

some of them are accurate (sensitive), with an accuracy of four decimal
places for gram, and one with one decimal place for gram.

2= To precipitate a sample in a solution as in the form of a compound which is

alightlv=soluble a precipifate is formed with a known chemical formula.

By using a suitable (chemical reagent) precipitating agent.

3- Beparating and removing precipitate from o solution by filtering.

) T—
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- Weashig vhe precipivaie: T precipitate scpacidsd Tom s sobulian rerndinrs
ot The fLer paper 1o rermee Lhie moon ey on Lhe precipalate, b oeeds Lie be
weashed with & suitahle sobvent. Fhe seheent ased for sashing nesds e heee
sl rnperies, These are:

Chemical Analysis )

= sl b T ey soluTalars o7 e procipitane: i1 sheuld anly help o
dizsulew i
fe= 1 shoabedn 't Torm g v labnle comnpound with Uee precipelale,

= 1L should b walabile bl renoed trom dae pragiptate 2asily.

SeDimg the peecipioawe, This seep mgwns thar pess i eaomon forrou b Cthe < hems
il Turrnuly wl he Dol precipiaed i ieanslommed e suaiahle -pass fore
mla, | his orocess 15 done throeugh decme toometmes al @ lemperabure over
10U ] o burnie g bemperacsre reae hang 000~

Thus, the precipitale i remowed from ans v af msianre thase warer, -
Biind water, crestal swiang )

divmgp 1AL

a4 H[_J'—h— Czl” LJ +H{1q

e ikl lenmmla LIRS TR T T
1 | v

diging o 137010

ALCLAH O — e AL = xHOH Y

[[LERT[TIH] lznnmla (LT TR T ITT I ]

Buiming prossss canss romowa o waton Tromm the stios e of Cae peecipina
ind alao decomaozition ol the precipitote threeass thenmal reactions,

[k min }Illlrl rllI
Cal 0, HU—":-— Cot 0, + H o) ——=
1if 33 L I T L R

Iovvin a1 35077

CaCOy O L e 0, }

- The precipilate i weghed For accurate caleularcn of ils a11:8 through masa
formiada. Treachicve mass analviic and ool aoonrabe resules, (here are Gabors

rezzd il alinm

= In ardar 1w arevens Inss ef mass noprecipione, i should have 3 vees shighe
srlubilils,

2o The proegutale aeeds oo have smice phswal praperlizz 10 be separaled fram

solupon qeantitalively aad eemoved from impuarhes Fhe ervstal: of the precipocane
rontsr ke Al sunlahle sizes Thos, incsaeets possibalidy s o, e precippiane siundg

pers heoeah The filler papser and the sime rb e particles zn’l allea i Froah
waslang proces:.

A= The prescipicare mest b oswitabile o e diied. Lurnt or to b precessed it

suilithle chennizal reggents moorder 1a he comeeriel oo pure <uhsianse wits

stable chewwcel Eareauli.

Addivion ol ¢hermagal reagenl
oo thy sample solacior ansl
formatign of the rrocimtane

= o
R

Reproeal of substance by pre-
cipination and then washing
s Ui sitable zolverl,
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H=5-1- Separating the precipitate by filtering and punfying

Separating the precipitate principally depends on the paricle size of the precip-
itate, The precipitates with bigger particle sizes can be separated fully, quickly
and easily. If the precipitate has a small particle size, a filter paper with smaller
pores needs to be used for separation. In this case, separation takes more time
and it is more difficalt. On the other hand, the relationship between paricle size
and purity of the precipitate isn’t clear. But, genernlly precipitates with higger
particle sizes can be obtained in a purer form,

6-5-2- The factors affecting the particle size of the precipitate

There are some factors afecting the size of padicles of the precipitate during
precipitation process, Some of those depend en the type of the precipitate while
some depend on the conditions under which precipitation is made. If the pre-
cipitate is in the form of colloidal form (the volume of the particles in this
precipitate is nearly 10X =107 mm. ) this Kind of particles cannol be separated
_ by filtering. The sther tvpe of precipitate has comparably bigger sized paniches.
Drying oven: It is used to dry These particles can be separated from solution easily. The aim of the precipi-
precipitates at hight lemperature.  gyon process is 10 have a crystallized precipitate. This is & preferred property
(1t can reach 1NPC temperature)  for g precipitate, The most significant conditions affecting the precipitation are
25 follows:

|- The characteristic and chemical structure of the precipitate: Compounds like
BaSO), dissolve shightly. Thiz kind of substances form crvstallized precipitates
when they are comparing with substances as AgCl at the same condition for
precipitation -

2= Solubility of the precipitate; precipitates with relatively high solubility in the
precipitation environment {relatively much soluble) form crystallized precipitates
i vice versa.

3- Temperature: IIZII|.|ri|1|gI precipitation, gencrally the solubility of minst precipe-

tes increases with temperatre and a crystallized precipitate forms as a result

of precipitation at high temperatures. Because, by slowing the precipifation
process, necessary time for crystadlization is supplied.

& The concentrations of substances involved in precipitation process: In pre-
cipitation process, dilute solutions (valid for the target component and the sol-
vent) are prefemred, During the progess, the precipitating agent must be added

slowly and solution must be mixed continuously. Under these conditions, necessary
time for the formatien of precipitate crystals is supplied and therefore a cryvstallized
precipitate i formed,

6-5-3- Chemical structure of precipitate and calculations

in Gravimetric Analysis

After drying and buming steps, the last step in gravimetric analysis is weigh-
Mufttle furnace: It 1s used to burn ing the precipitate comectly. Because the resulting substance isn’l exactly the
precipatates over |0 "C rempers-  sybstance 1o be measured lselfbut usually another substance containing it. For
Ture. example, in order to measure barium in a sample by gravimetric analysis, it is
precipitaled as BaSO . Al the end of the precipitation process, the precipitate
is weighed as BaS0O, after separation, washing and drying processes finished.
{mags formula):

«_ 1% P
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Ba® + 80 === BaSO, ——s=" BaSO,

precapaming sgem precpitnting ﬁ.-rﬂuln LT Il.lrllll.||=4

In the following example, calcium is weighed as calcium oxide,;

sepamatinn and bernm
Ca™ +CON 2= CaC.), —— Caﬂ COt+CO, T
prosapEming agen! procipitating mwln s Fremula

Therefore, af the end of each grovimetnc onalvsis, after determining the net
welght of mass formula by a micro-balance, some calculations are necessary
to learn the amount of substance to be measured (sought substance). These
calculations depend basically on eguilibaium reactions (or reaclion groups) and
include application of percentage and ratio rules,

Milar muss of sought-substance
{utomic or molegulor) Mass of sought substance
Molar mass of gravimetrie Mass of gravimetrie formula
formula ; imnss of precipitute)

The ratio of molar mass of the sought substance to molar mass of gravimetnic
formula is called as Gravimetrie factor, G, (G First letter of word gravimetric
and F: first letter of word factor ) (For the component in mass: fommulal

But in both formulas, contain the same number of atoms of the element or
molecules of the com panent to be estim abed.
i M"iL'l.lghl sl lnce l:.E-' mu‘l:'

G = — ™
I b M Woes formuln {g'rnnl ]

In this formula, a and b shows the lowest numbers for two compounds to have
the same sought substance in numerator and denominator, Below are examples
o bow pravimetric factor is caleulated,

Example b4

Caleulate the gravimetrie factor of chloride (sought substance) in AgCl {mass
formula) precipitate. (M= 143.5 g/mol). (M= 35.5 gimol)

Solution:

In this example, chloride 15 the sought substance. AgCl 15 accepted as gravi-
metric fomula

Gim M tefmedt
T b Mageite'mob

As both formiulas contain the same number of chloride aloms, & and b are bath
equal to 1, Therefore, G which is gravimetric factor of silver chloride is calou-
lated as follows:
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F.xercise 6-3

Cale oy rpermnetpie Getgr af fon
te e O camnpound (& 507
ool Btk o =1adl e el

Amswier: 1.7

( Chapter - 6 )

| 39,5 Fetrrmokt

Lr, = . = {125

T 43,5 ot

T0the sesnlL is wsarmined, W35 sevn thint ezoe imetris Tenrwla 25 o nmnstie gl
anc therztore, il doesn't have a unil.

Crravaimietrg factor is used i caloulanng the mass of the sousht companegntl.
Thiz wi die practically by thee mass of proc pilile as shovwn in the following
furmmalie, T this, gracienemrig Fagtoe i plipliod T s gl o it D
Turinmlick.

11. I:E]_ t:-\il T Mo ‘otf |I.[E:I

etk aoase

Cor Lhee Telluwine squation is waed w0 soleulare the posentage of the saueht
sclsinee tound o =ample.

Ml st suseitznze L M

2 Pergemape of souehn sulstanes Y = : R N1 1L
L=} 1- = [ u f'-’|,1;||-1|~|..-'5$ el 1

[P inzerm m from Fopuaoen 1o Fopatesn 2, e et 1he follew ina:

" O = My formls (B
Percentage +F soughl substance % = = I 0GR,
Msgmple (£

Example 6-5
Melal 1s Uhe mess of calciurm owide (Cat formed B comp ete buming ol

F0ad g urcaliimm eaalate 4200 00,17
Solution:

Firsgly, thg equililomnny eggetion b g the “aening i searpgn.

Laarming,

Cal 0y, ——w Luf) | 40O, - OO

hen. gravimetric Fackor ol Onild o8 — 28 momal) e caleimm osalate L 0
(M- 128 ool 15 caleulated. a and boos detemuned az 1. ¢ Becanse the number
ek caleian atorms in loth Tormglas de cooa
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A Wi
b L P

g mel
{i,=—— + —— =04375
I 128 peoec

[reordden 1o get thie mass of U savimetoe Gacten = spoiiplied with wiies o
L0 wecording e the Todloaime equatien:

M. feh= ‘.Ju < m Vertoin, (g
Ihe miss ol cileiom pxide i fouml as lloes:

m, . kb= 4375~ 506t e = 1384 g

66 VOLUMETRIC ANALYSIS

S a1 el s e g smio e g vsia o fpad 0 e Bl the el
wgasierng e nf  chemigal ieaee nn st unkoress ooeangg afeation sl 1he help
alanathar solonon weth by caes conmcentzeuon, | he salylion wath brooss con-
certration g called ae stondard solution, Checsfore, thes selotwn s dehred gz
rolbws: T o sohaimn weluch coneuns o knowe and coain amount of rewgent
i cerlain snlome (Equivalent woaw's, nuepber cof innles o grams 2120 AFer
vlims T analy s poesesy iy Tmished Trom 11 e volume of stamlacd sulwion,
the armnt el seneht comrpanesst cin be cidoolated aceording w chernizal va-
lerce s,

I ender o gheam standard snlut.cns, direer preparstion methnd ol Aol en 1=
upttl This pn duns thrgugeh dipmals g gorin apeant gl <paodagd suleEangg
i s cerlain s o <olvent (disailled soater is ustally eed gs anleent 3 The
sl orepared througl this metod 3= called as primaey gtandaed solution

{3 the dber hand, most of the wme siandard selutions are prepancd 1theouegh
abanckandiction mediod, i the orcthsd, o ia abone dudh precise meitaune-
e At walvne af salitinn sehoch oceacrs with a cenain aroonne ol s<tamdacl
st i oden e dernineg prociss concenteinen oF saluticn [ this v,
strnclard sulwtion is called as secondary stapdard solution.

A bpowen, notall chizw iead substanccs wlich ane weed wprepine solutions ac
stangdard subste co Sandind subsiars 2y W b wsgal rmist b 1he coralitign s
[afad bl

[- el w e gtable with high puority.
2= e Lreacl qualreorl e Comprmnent doodrslure, axypen, arcarban
dirgider and are ok aHecred by lighe.

3= musl have a g aqun alen mass i arder 1o msnmize nuElikes wiieh
2an dccu a0 weighing procezs sehile prepaenge selotion.

Exercise 6-4

P20 ma wlanm urganiy sekslance
wits Ireated Wil witriz acwl. Then,
in erder b precipilale be cblonds
woment ot the crmpouad qan:na-
tisely psosilver cklnside, some sl
ver il aLe s wdge] wobe eschs
I sulubivr abuve, A Lhe s of
Lhe precipitated =ilver chlence i-
134 mz caleulilz ke perecniaoe
nt chlniide (k1 =333 2:maltin
Lthe sarply

48071 145 5 wnal

Answer: 3..3%-
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4 ] 1 e 1he causkbilive atdiszeleng e selven i domgety dagtilleg
a2l hich = msed analeziy

5= M- aniann iy subEafesa ae che .

6- Preferahly. nacd o he cheapoard fownd abondaeH s,

6-6-1 Titration

Ficure -2

oe

Rl ot the linne, valuaectric analvzis = dane at laboralney, Thiz ez denc throngh

A gquantracive wnliune measarement nb ane nf ite soldinns (e.g standard =olu-

Fony whics s neces<iry o Tews | with 5 cerlan amcunl of unkaown solulisn.,

| ‘I hen, the concentration of the unhrnowr selution s caleulined. This process -5

, —— prertarmed by sending standa:d solunian drops b draps louene a b b oa Nask

- - Vlnich contaies the unkomesen selotion AFigure 22
|

Ly Slane_ Thiy addicpen precess which comtimues uncl the eacting heoseen chemigal i

1 agtant and sreughe cnmpnngnt enarplesgs i ealled ay tiirmtion T cicealicen [rioe-

cean, the prort ac which the reacvionz cnd is called as eguivalent point. Thes

1 I ask potnd 15 practically can ke chaersed walh naked exve casily thraugh a change 1in

: a peaoerty ub the selution (ee chanpe inthe color of solution or tormatun of

& poecipiaie 31 or this purpose, waually chemical substonees colled az indicators

it adued e the sulution, Ddizalors are substances wliose calins ar oo of

=} ther prhsizal proscites chinge slea b aenea sguivalent poiet ald el ey

Aon’t react in the seas linne Theremugg, this proim g shigh ¢angg nggu s

~ ’ ‘ and addsncen Troee bureoe iz slnpped 5 called as end point. This prim needs

to eaincide with cquivalene poonl. ot beeween twa pricts (Ihearcocally and

prachcalleh a socall dierence can accur Tz @ a result nf anoesrns in Hieatian.,

A ourictivm 05 e st commuen and most used process, most, instead ol tie

eolursetris analvsis 2o, 1he tuativ analysis o 15 used, Bul the volurner-

Pl anal v erm s eneg CRrensivg Bogatrsn 10 i wdles Guian e pron s sies
wised ity iz ol weaaes 0 addiomn movnating analsais

AdiLsns:

The rcacoien: helwyaen standard renireons and crompounds o bz mcasored necd
L follaw womee condibins.

L INLENEL |- The reactions nesd fo be aample il expressed with balanced chemizal squanions,

o represent Uie rectisin 4 e wonpuaoe it e e gquantified with the scicdand cemsen:.
A) Instraeents vsed im Eeracicn

B) 1 eloclzss pherwiphthalen urns 2= e need 1 52 one veay b rel equilibriom reacline

inbe pink a1 «aH = 10 poiat = .
P : I 3- The reastion need 1o be complers and fa:L L some ciases, o calalvst can be

vl Do et the e ion iaie,

ARETLION: e the Sdlowing apiers 4= Pratigally bz wned puincot Coe resation s o bedeismined Thes s -
i wtll oralv Ure Bvdre s ol walis e SI00E wn Qv mess it o doprts sl sl Uit @ ey e sgllivar e il

rived Iroancsenk cods el bases, Tes des, i i
e vt | otale sl wenlanon anl tedae- Sconcding b this, we can divedz chacal reachions whch Bave the conditions

Lt rete s ame i oo e e weeelin b0 wnd San be used cucces<fully muLiion processes nta d.
cherez |l sl )
) T'hese are:

| -Neutralization Reactions: (reaction of Acides and Bases|
T Reke reactiang e bide cicrateen of e strong hase with oo zlancard saldocian od'a
sroreng Acid o1 the appasite as the beration of @ strong o solunan wity s skan-
Az selubicon ot a stronge hase Besawse hydrogen won rsacss welh hedroede on
and water 15 fonmed.



e | Chemical Analysis )

2-Oxidation and Reduction Reactions:

Thia wehodes the reacrwens o all wohetieces ol wlieh o changee necors inoi-
deten nurbers, Tae slandard solution imohese reacticens 15 2ither a nedneirg or
an nxithring aoent.

3-Precipitation Reactions:

| aese redcliors o lude intergshion of tons fexcept H o and JHT o lorm simple
procipiates ot ecample e reactien betaeen sileer il chlornde wens,

Ag' + Cl —= Ag(l

precipitale

4-The Formation Reactions of Complex lons:

0 s weps Tiores, puolsanomig sl oe cations any Borded i wice jorrs e
kel es dnd thes Tor conrlialiorecompeeanads Trrese oompeands disgsale
in solution: but as sheews belrew, they decomonse e,

ZCN- - Ag —== AgCN, I

Disstved complex compound

6-6-2-Methods ol Defining Coneentrations of Solutions Used
i Titraion:

A we have studied belore, alandarc solulioan is a aeloben fermoed by dizaedhe ng
docznan aninant o reagenl noa certinn volume of seluswn, There are many

mizthscl= b e cheline 1he cov etz o sl eonn, Phe Bellow rg ane the most
cormraly wsecd wy velumeieie analy 53

Maolariy (M)

Asolution wnh | wlar concenieation i Krmed by disseleree | omale ol 2pb-
srav i | selotion woaghey woend s

m gy
M (moliLy . Jemelr  nfmmol  Mig:mel
Vil VimlL? Vil

T astbwala ine the copeslions e, e oanher o tnodea: Bis nowCdn mas of
dssnTvad subhsiaccs: W is voluee af o latien,

Nommahity (M)

You have seen d.faronl was = 40 define che concemratien nb a disselved sob-
stance 10 a solubn, Bow sou will see a new methed salled as normahne o
devoe conceptrien, Alsa thers are othes oems sou will mess1 lawee

Foprarmd” solutiaon s loomad by disaslving T eguivalznt grarn ol sulbstenee o |
[y w selytin
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_mg
Nteq/L) - Eqceq) _Eqimeq) = EM(gieq)
| V(L) VimD) s

Eqg m the equation is equivalent gram, EM is equivalent mass.

As known, the molar mass of any substance 15 equal to the sum of atemic mass-
es [omming this substance. This amount is constant and shown as gram/maol (g/
mol). Equivalent mass of anv substance is the mass of substance which pro-
duces or consumes | mole of active component (reactant), This amount isnt
constant, It can change with respect 1o the reaction type in which the substance
participates. According to this, @ single compound may have more than one
equvalent mass with respect to the reaction type in which it takes place, This
value 15 shown with (2/eq) umit.

Standard concentration {Normality) is usually used to prevent confusion which may
arize s 10 one mole of substance, one or more moles of active {resctant) substance
is foumd, Therefore, it1s preferred in calculations of quanfitative analysis meth-

ods which depend on fitration,

6-6-3-Calculation of Equivalent Mass (EM)

Attention; Here. as you can see, Caleulation of equivalent mass of any compound changes with respect 1o the

instead of molar mass M, equiva-  reaction type in which the compound participates. These calculations are;

lent mass EM (g/cq) is used. : gl ;
tg/eq) |-Neutralization Reactions:

The equivalent mass of an acid is defined as the mass of acid which has one

mole of hydrogen atom (1.008 g hydrogen) that can change (participate} in the

reaction. We can define this mathematically as follows:

Solar mass of acid
Fapuivalent mass of acid = - - . i
Mumber of ionized H ions
M
EM =
Mumnber of iondzed H fons

w in the equation 15 the first letter of the word acid.

The equivalent mass of a base 15 delined as the mass of base which has one
mole of hydroxide group (170081 g of ionized hydroxide group) that can
change (participate] in the reaction.

M,

EM = =
M ol jonaded O 100

b in the equation @5 the fiest lettor of the word base.

When zalts obtmned from hydrolvsis of weak acids and strong bases or viee
versa participate in this kind of reactions, their equivalent masses can be cal-
culated. For this, a balanced chemical equation of acid-hase reaction is writlén.
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The mole number which iz equivalent to acid or basge ig found and this number
iz used to caloulate equivalent mass as shown in the following example.

NaCO, +2HCl ——=  2NaCl+H0 +CO,1

Sah i weak schl

Fediiligi imiis oF H'-J‘.-'-_-'. il fines |rr'?-;3.,ﬂ_'.1 Eh
Equivalent mass of Na,CO, - =
B Mlale smirher o aeibvg pait of sl 2

Wumber of mules ol H

Mua oo,
EMuarn, -

2-Precipitation and Complex Component Reactions

The equivalent mass of a substance which participates a precipitation reaction
is equal te a substance which includes a mole of single positive ion (equivalent
to 1.008 g hydrogen ) or a substance which reacts with it.

Melislar tass of substanee

Equivalent muss =
Pesitive 1om = number of vidence

M
EM = = i
Positive fon= number of vialence

The eguivalent mass of a substance which participates a reaction to form a
complex component (which has electron pairs as active part) shiows the mass
of the substance which donates or takes electron pair.

M
EM - . e - _—

Number of donated or taken clectrons pairs

3-Oxidation and Reduction Reactions!

The equivalent mass of oxidation or reduction factor is the mass of the reagent
which mcludes or reacts with 1.008 g hydrogen or 8.000 g oxygen. For exam-
ple, eguivalent messes of potassium permanganate and potassium dichromate
which participate oxidation and reduction reactions can be caleulated.

In order to calculnte the equivalent masses of potossium  permanganats
(KMnO, y and potassium dichromate (K. Cr 0.}, viriual reactions are written Lo
determine amount of oxygen ineach molecule,

ll'li.'d'lr'lll\!:.'!1 I{ID + 2MnO + 50
K,Cr,0, K0 + Cr,0, + 30

According 1o those above, 2 molecules of potazsium permanganate vield 5 ox-
ven atoms. Therefore, the equivalent mass of this substance can be caleulated
through the following egquation,
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Adtention: hroerder 1o dif-
ferentuate rmbec wf rales

of active part of suhstamce
e number of males, noetal
symbol s Jsed.

i Chapter - 6 )

whalar mass
Eqriivalent mass of KMol
11l

With 1he same macthad, the equivalent mazs ob K Cr o) oz calewlnled as tnl-
[ms: T

Solar mizes
Egurvalont maass of KOt
5]

I order og simplite e sobjecl, wee van caleulate 1he ognivalent naes o1 am
sithatawee which parnicipme recidation sod ieductinn eactions agenading o he
follga g 2 reachioms

felialar mass

Eyueivalent mings ol oxidation [sclor
sumber of taken elecimn

Yo I M=
v i lemb imss of reductien Sacion
Aumber ol donatle] #lecinoes

Ag sred abgve, the equivalenr mazg of o subshinge s aqual 19 the oy nf
e wass o substiney o Cet bnurnber This numiber show s the swnber ol
males ol active par Hhe parl perticipating reactiosl of the substasce. Tlere-
tirre, number of noan be deternned o hile decubing the scneee patt b the sah-
stance (aconrding 10 the reaclion lvpe Ihat salstnce undergoes ' Beoaase this
valug 127 LW can waile e general ielatgnglip betagen equis alent mipss nf
sulstames w il il nelar nass.

Mg muoly M
EM (Bt
N ¢eq: mol, n
hY |

1 INE, Mg

N = number of positive salt ions |'|;-]1|u.:{--.l arnount of ch arge of

a metallic ion

Example 6-6
Cabculaie saquivalent mass ol 2ach subsiimce which o e reactgns bl

I BN,

I, = BBl 2k F TN

14

CHSOL, INROH, e THLE - Xha - K0

FRENT

.oaFe = Mndy + AHE «5Fc*  + b’ # |ZHA
L L | - el I Ip e

LAGREY, = ZRON G JAgUN) L+ 3K - N
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sOlution:

[= Do wovs alonba b couiesl e rosas of waumabaeegs stk e pes 1 1o e Depe
sl Cre rectien, vilue ol msslar s and iy e needed 1o be koo,

EM Il""flwh,rmrs,1

phl.”ﬂll.! = rl.

To calzubae roanlar s o PROSOY  ateanis massses ol afoemg [eaening, this
slEsLancy e swed up

M rPhtNUthl — 1207 7 2x <04 [ 2x3 16
=331 g mol

Then, according o the ceaction eguacion B2 low, vaoe of s calculated.

MR I I L S 3 )

[H|
This vprsarion shuvdes Abgar Pl 0, pdrrix:i[ul:--:i i |1|'-:'-:'i|1ir::riun Firast i s Phl,
h.;lll LU r'llr rr|.ﬂ‘| '|'|"|q'||,-'1'urr| 1'|'|._=' 5 :|||I_|c_' |rf “. i:. |_'i||-:_'|||:||r|:_:|_| b f||||-:|'|-'.-'_t.

i~ valencs of posilive v s nember ol pusilive ions = 250 — 2 egomsl

Mph.wm.l _ 331 1g mol

En - =
b, WO rl 9 ey _'Iﬂ‘(ﬂ?

163.0 ¢/ ¢q

Winl e sams melhod, squivalent ciass of K sall s calonl aked

MiKDD 1439-1.127 166 g mol

T wa ke ol PRSIt g pn 5 oembEr ul pesitive s IED 1 g e

M, 166(g mol’ |
EM - ——= = 1668, eq
™ n lteq: mol?

2- The Fallosaing i an s iad-Daags reastion

ITS0 - IMaQIL <2000, 2MaT - SO

Faygureilent mass ol sollune scid

N = numher by dengen ons = 2 eonool
M 9% (g mol}
M, -ty o (& il _104ieq
e n 2 {eq: mol?




Exercise 6=5

Ironedes b prepare asolugion e 21,
sulume amd 12N comeeniions,
Bovs many meoms of  putas-inm Ji-
vhromate koeOr-d: 0« nesded ac-
carding 1o the tollaw ing asadation
riduclion seacrina't $v1=204 o oal

Cran aH  aFee =
N L KN
Answer: = Mg

Fxercise 6-6

Wb is the mass ot <md nm
hedigside, MaldH (M= 30 p.mnd)

necesary b prearg 3 solergy of

G2 b IO L ?
Answer: 4 2

Exercise 6-7

Lale.late the mss of Srssolved suh-
slance in=ach ot the fallon ing snh.-
Lol

1= 350w, 0125 B s jlern e,
Aty T 1T Aol

2- 2Anl, Dol oM b

B GO IOH G (8 351 pmol
soluton acoaording o the Sallowing

I 14

B0t = 2H + 3HAY - AHGRO,

Answer
LT
2id Thg

Chapter - 6

The eqquin alent mass ol st hadzesds
MiNaOH»-1 23 1=16 1 1x1-40g mol

n = number ol hvdzoseds jons = 1 ee mo

'ﬁr.lhlal:'lll

M g ! ol
NaltH M. =

EM

-4l g eq
1ieq. mol?

3= The Tullowsing is an oxndation and reductian ceaslion,

SFe o Bnd, | BILOC | -SMer e 0 120,

The equivalent mss of Ues o s 4 This won e the reducinse aeent in this ceng-
|

M, = 50l

v oegnke oFdenaied cloctruns g

Fatnntber el lost e ecteans i valeulated T the dilersoce Tetvees ol ien
slates Mvalences ol Le and Fe' e,

EM M, 56¢ g ' mel
o n 1,eq mol,

-5B g/ ey

The scuivident miss ol Mo jored This ione i The o idizing agent i e reps
1,

M Mn( ,=1.55-4:16=119 g/ mol

i vl of lhen glecrrons 5 gyl

Faurnber ol aovepled rlcken? elecion- are valculaed from the dilfe-ence be-
o een The usidanon sices of M © and Mnc

M.-lum _ 1 I'Bfg_-' MJ
n 5 (eq: mot,

F'M."-I niyg

=238 g.eq

4= The fallaeeing is g camplex wn farmaticn reacion

Aptly, = R w [ AL ™) w Tt i“--ll_':l:“:I

The wequivient mass ol seleer nilrate AghO,

M AgNO L -1:1051 1141 316 - 170 g mal
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n, = number of accepted electron pair = 2 eg/mol

Masvo, = Lo i -85g/eq

AgNO; .

& r'L 2 (eq. Iﬂﬂ‘r}
The equivalent mass of polassium cyanide KCN - i
M{ KEH] =] _‘:-:394-1}! 11+1_‘:-:'I"l = x5 g.;' :I'I:'I.-IJI

EM

i = number of dondated electrons= [x| = | eg/mol

— = - 65 g/ :
o T, g

Example 6-7 Volumetric flask

i value of .23 mal/L sulfunc acid is found o be 2 eqgimol in a newtralization
regetion. Caleulate the normality of this acid solution.

b |
Solution: u

If we consider the two mathematical eguations about standardization of solu- J
tions and their molarities, with the condition of their molarities and i {eg/mol ) |
values are known, it is possible to calculate its standardization (normality) by
the following equation.

N ¢eq/Ly=n¢eq/mol, x M (mol /L, é“.

N - 2 eq/mol; « 0.23 (mol /L, - 0.46 eq/ L.

O-0-4-Instruments Used in Volumetric Analysis

W should express that liter (L) = @ principal unil to measuie volumes of solu-
tions used in volumetric analysis processes. Also milliliter which is a thou-
sandth of liter is used in volumetric analysis. While making sensitive measure-
mems with solutions, only some glass instruments are used. These are:

I-Volumetric fask: [t i used to measure the volume of solution during
its preparation

: L h-'l:.l.J_ .I_"\J'i-H_
T anl

2o Bureite: During fitrabion, it is used o measure the volume of consumed |
solution accurately.

3- Pipette: [tz used to transfer a certain volume of solution from one contain- Fipettes Surciie
of to annther, 4

Figure 6-3
6-6-5-Caleulation of Volumetric Analysis Results Laboratory equipment used 1o

: T measure volumes of solution
The aim of any volumetric analysis with titration method s to add chemically

eguivalent amounl of slanderd solution on the subziance with an unknown
amount. This condition cccurs in titration process, (Equivalent point 15 the
point at which the amount ol standard substance becomes equivalent with the
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amount of substance which 15 to be puessed m titration process.) Practically,
this point is determined a1 the end of the reaction (practical cquivalent point).
At this point, one of the properties of the solution changes (e.g. color change).

In titration processes, chemists usually use siandard concentration to define
concentrations during preparation of selutions.

Therefore; As we have mentioned before, standard concentration (normality)
is hasically used to calculate the equivalent masses of substances in volumetric
analysis calculations,

The following titration experiment shows the calculutions necessary 1o find
ouf the mass of barium hvdroxide Bul;ll',llH]: {M=171 g'mol) using wirluneetric
analysis processes. For this, we follow the sieps below:

I- We dissolve the sample n distilled water. Then, we complete the volume of
the selution to 25 mL by adding distilled water in o Aask.

2- By a pipette, 20 mL from sample solution is taken. It i transferred 1o a
volumetric flask with appropriate volume.

J- A few drops of crganic indicator methyl red is added o the solution. This
substance doesn’t reacte in the reaction. But, st the end point of the reac-
tion, as a result of change in the pH value of solution, its color turns red from
vellow. Therefore, the solution turns red at the end point.

4= With the barium hyvdroxide solution in the beaker, titration stars against
standard hydrochloric acad {with 00098 M or 0,098 N concentration) salution.
For this, acid solution in the burette is added drop by drop to the sample solu-
tion in the beaker, Meanwhile, the solution in the beaker is swirled continueus-
lv. At the end, for the color change from vellow to red (at the end point), 22.4
mL of acid solution is measured 10 be added.

Fird redding
ob vl

Definie

(224 mL)

Attention: The unit mmol/mL is
equivalent of mol/L. Both are mokari-
iy (M) unitz,

Eofdlenop
[T
(18- BT
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5- Caleulaian = A kpawn, gl e end pannn ot The reastian dpracticlly, oouge-
alent puinty, the armoune ol unk noven sulzstonee Csubstance we be mecsured? is
coqual te the amaunt ol stcdard =uostance. Inogrler b caloulis 1he amount
damaune o suhstanes is detined with nuraber of males or equivalenl Franm: e,
nl aubatance dizsolved ina sobaliom, e vobomg ol soluvian omlh s mglliplied
weill the cupg wntedrivn al sulur g poeel Lor gg L eespeeiiseds s

2 3 4 i
Amounl ol suRstanee

immmaoly =% {ml) * M (mmolmL)

digsidved i sohuion
1l

' i .
LF SHMELENCE

AT

dissulved 1n 5ol

[megh =W (b} = M {miegml)

Cenerally the Tallow e relationship can e wciten wehew reac oo has reached
200 PO 0 LNy TN PrEdasy,
Armount of ansnown subslance = Amoual of standard suBsumae

Aol of equivalenr grams af imkamen cubBsrance pmeq = amannr ab saquiv-
alzwr [TV vl w1pndard :Cul"rxr:'||'||\:|5'|_|'|'||$|.|__| o Y i — |.|"~. L] ".-"'|||:I CHL

Mo ™ Yo = My gean, * Vigaon

0.5 fmegqmby - 2240mbLi - Menon: - 20rmby

[ vorn thiz relaionship. standard coacentration Cnormaas 1ol Bag D0, salutivn
can be caloulated.
CEH el 1= 224 0mld

Inmby

Maon- ~ =T meg mb =L IO T eq L
I owde s e calealiale the ameannr nf disseleed snbsranes ima comain solirme of
sl 125 oL, eguaivalzur mas - of havioen bl oside s calenlanzd s ful
[
e reachioe s wied 0 Ul lon:

Baf 0, + 21071« Badll, + 21140

Avcerdinge o this reacteen, o 2 egemel Pherslone,

belg e I Tl
EMogcn = - ¥5.5neq
2 ey mal
LR
Faleql Fhdieeyg)
Mieg-Ly=——; =
ik Y oiml.

NEATERTITTIN I
Wi pot the nllaw ing Famaula it we se-arrange the equanon
Boag P~ N imb )= EMipegql
[ Ik cl ]y

Mgk

CUIGET feq Ly - 25 (mLl) « K35 Jgeq)
migh = )
Honc ywl.r.y

miEp - LI % e

Allenion: In utrarien wrocgss,
e amounts el salulions are ore-
Zured imomelar comcentration, But
detenmineia the eqavalent mass of
sultlionr wo™ slavcard =alomicn de-
sends o woining the gacninn ggquas
Lionn Burs o substaness with egual
aumber of meles resct. without
aeed Lo wrils a balangel chenncal
equate, the follmsmg, relanonzhip
can b apphed il the 2nd qesml,

e W o= Lt

Thies, 1o denine the crowenn alives
ol sl s useld o CLralie

Processes stancanl  goneenniation
Lol ibe 3o peession is pretemed

Lxercise -8

f:'l'_t-'.;li.qll_ll'n |_‘:¢Tr|'|;||'|:_;',."||'|:|.I‘E. H:"l.-‘lrr[]'_.
15w il psed ~ubstingye inoo-
daclivm-omidel en ceaclions, Whial
15 the r value ol o chenncnl reactsan
in s hch pokassiom permangatate
i‘_. T T _;1|-:_'l|.'|u|_"E' "l."l'rﬂ_]_ R T T
thi rermaabiny ol Cwe solulivy with a
malarity ul wrss®

Answer: 141 1% og.1.




Exercise 6-9

The avwerm al pickel wes medsured
ira sumple sl ATanon poocess a-
cording 1o Lhe reactian b low.
A W I | A VT

Folk e ol s prle wes latsd ot~
AT M KCM sionland zalulion, A
Ju i ml. ol KON was ussal o hen dhe
cid prorl was reached. calkculawe the
[mereeniage ol el w = T83 e msl)
i b sample,

Answer: &7.5%,

Exercise 6-10

QAR rola sample zanlaiming aeclic
acid, CHCORH, 1M = &) o] 1 wps
slandardized wiea tbraliom gt 9.225% R
slandad sewhum hedigniade soluinn,
A Lhe vulemes of silur'on necded
rench e end  pind o was 336 mL,
caleulae by percenitage ol acelic acid
im the saniple.

Answer: 47 3d%;,

Chapter - 6

I-'f'u.mnpli.- -5

1743 parimpue nalic acid 4H O 0 W=D ponalpweas emed willy sodi-
v Pysdreide sologion, 3P 32 ml o of Q0% M base soluton was ossd a0 the end
i, What soahe percenitaee uloxaliz oo in the sanple?

Solution:
| ke reactin Squalion:

2NaUH - HU, — M1, - CHL

Accordimng kothe neutraliznion reacoon, | nle of acid reacesd sith 2 oooaoles af
haze. 1 Tal means, a0 the end poat nb the reacson;

1
NHNE :'H={-'-i-]4 =" [l bpdIH
Tle ameurt Gl 1ol e soaliom Teedeos ide = caleuluned

b= W |:rr||,] - M |:|r||1'||,r|. ml.s

1 T IR

fmana

il JET om0 cmmel-ml o

menl, 7 358 mme

From the amaunt of sndium hadravide. the amonnl nf reacting, n<alic azid can
le: calenTaced

A the @l gt ot 1he veacten peas heally the equicaleen puinr)
Halt wt the sengunyt uf sehonm [y degeec e = che smmwons et eealic a0

e bt ol v aeting Sonliom v idy

1

it H OO, -

S ARd Ml

L3 wmal ™ 1 el

"
mie)
b el
B imal ) - ]
Ml
Lraom e re-armanzement of A 2gqualtion, the following tormula v ebtaned.
mred Mrmol L %0l - b oo mely

In s equatiore, ko the result of mvltiplezaiom o solumwe and melarity, 1the
amcunl of acwd defined wilh nomber of mnles 13 nseried.

mlor= 1% - 10 fial) - Wig melb=00og

T hen, the perceniie of impure txhie acid in the <omple e calealated weeond-

g b the fnllow ing, relaoons b,
e iy T8N

HLE £, % — e )
ST “.I'ull.'l-\.' I:E'I

(L 16ia)

— - [H1 =915
m1T13 4z}

H.L 0% -

}W._m
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BASIC EQUATIONS

d M.’..":."::"‘ g/ molb) Gravimetric Factor

G = L
" b M (g/mab
Mimol /L)~ oimal) Molar Concentration (Molarity)
V(L)
N¢ €q /L) %— Standard Concentration (Normality)
(L)
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BASIC CONCEPTS

Qualitative Analvsls Methods: A group of chemical analvsis metheds which is used to determine from which compo-
nesits a substance or a mixture is made up and how do these components relate te each other,

Cruantitative Anabysis Metheds: A group of chemical annlysis methods which 15 wsed to determine the omounts of cach
component in a certain amount of the sample.

Gravimetrie Analysls Metheds: A group of quantitative chemical analysis methods depend on separating and
meeasuring the mass of a substance with aknown chemical composition, contains the component Lo be estimated,

in pure and quantitative terms, about g known mass of the sample to be estimated.

Volutilization AMethods: A group of analysis methods which depend on extraction of volatile component in a sample and
then determining its mass with direct or mdirect methods.

Precipltation Methods: A group of mass analysiz methods which depend on ransforming the substance 1o be measured
in & sample nto o weighable pure component with a definite chemical firmula througeh precipitstion reactions.

Gravimetric Factor: The ratio of molar mass of sought substance to the molar mass of gravimetric formula But
in both formula contain the same number of atoms of the element or molecules of the component to be

estimated.

Titration: It 15 the process of drop by drop addition of standard solution in a burette with a known concentration into the
solution in a beaker with an unknown concentration. Thizs addition continues until the end point 15 reached. The aim of
this process is (0 determine the unknown concentration via the concentration of standard solution by measuring volumes
of usad up solutions dunng process,

Equivalent Point: It is the theoretical point at which the amount of standard substance in burette is equal to the amount
of unknown substance in beaker.

End Paint: 1t is the point a1 which the reaction between standard substance and unknown substance completes, The point
is determined practically {experimentallv) by using one of the suitable indicators.

Titration Error: [t is the difference {in volumes) berween equivalent point (theoretical) and end point that is measured
practically in titration process.

Indlicator: 1t is a chemical substance which is added to the solution in tirstion process; although it doesn’™t react
i the reaction, one of its physical properties {e.g. color change) changes clearly at the equivalent point.

Meatralization Resctlon: [vis a reaction which takes place between an acid and base and yiclds salt and water as prod-
ucks | Hydrogen and hvdroside react in order 1o form water molecules, )

Precipitation Heaction: 1 is a reaction in which a shightly soluble selid substance {precipitate) 15 formed.
Uidation-Redoction Reaction: 1115 a reaction m which reactants undergo oxidation and reduction.

Salt: It is a compound which is formed by the combination of a positive ion {except H') and a negative ion (except OH
or O~).

Equivalent Mass: [t is the mass of a substance equivalent of substances as | 008 g of hydrogen or 170608 g of hyvdroxide
or 8000 g of oxygen in a reaction. Equivalent mass isn't a constant value, but it changes according to the tvpe of the
reaction.
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DQUESTIONS OF CHAPTER-6

f-1 = How Canwe Separate comman posilive 1ons (cations) bram €ach sther!
fr-2e Mammwe thoe posative wens o tee acenl areop ol the table G- 1 Bame the Tac bors causang thase o procipi-
bt Howae gam cappser 10m and jronoom e same saloren b separated? Faplain

-3 Complets the folloaneg reagoimng ol el the properties H pranlogt
K .EII":-JJ arad |||,:-i'|ir|_g widler

P
ML FIN,
Al
T dilunc: Tl N” |If-:‘\:..:| [T ] ‘%nLI an'
|'_|; a 3 3 - 3 - 3

4= How 1 the separanon process ol He ™' and He 5 fens mpde”
fi=3= Fill in the blanks,
[- O s e el uronp sl pesitive fons ard 30 precipiiates ok s luom alter adiditien

ul and L PP LEU s,
Precipitunts of 1Y Zroup posiliv g2 wons s L .

d=Melarity of 003 % ALGSO) selutianis

d-value of matfo salutmy swhieh is G2 and 115 ...

b [0 crden 1 precpitare A7 oot lead wodae Pl ). bow many mams of povassiom icdate K10, i neeced?
CRID, - 21 gimal PLITOL 1L - 357 il )

Answer: 1283 o

f-Te L4 e of cantron diosode wis and 225 ma ol waler capoer sere produced Trem buming ol an 5.7 ma o
canic compasurl O aleulae the percentages al carbon and hydrozen in the cormpound.

(E T2 ol A2l 2imal, H:l gfmial)
Answer: O W, 3110,

f-f= A 36 T ml eyl rechlori aend sohtion segorealenn e d 3 2 md 0230 b sodiom leadroeade sohpion, whar
15 the muelaiy ot by dvachloee aeid?

Answer: 215 b

e 2 L solutwon of 2.5 oot bacwm hvdioside §s peepasd w be used inoan acid-base ceaction. What s the mo-
larity anal nermality ol o hydrosde T CBaOF) - P 'mal )

Answer 02T MDA eyl

B0 05 g ol carbon lioeade . 040 wae b e leieed Toom combusion al 5070 g Do bypdrocar o il -

aumic compEnind. what s o of wdrogen in the el i = 12 pomal Bo— 32w )
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-1 1- What 15 the volume of 0.2 M potassium permanganate solution which is necessary to titrate (oxidation
-reduction reaction) 40 mL 0.1 M iron {11} sulfate in acidic medinm 7 Titration reaction equation is given
below. 10FeS0Q, + 2KMnO, + 8H,50, — 5Fe (50 ), + 2MnS0, + K50, + 8H,0

Answer: 4 mL

6-12- Circle the comect answer in the following gquestions,

|- What is the n value of iron (T11) sulfate, Fe (S0,),, salt used to precipitate lead jon?
A- 4 eqg/mol

B- 5 egimol

- 6 eg'mol

2- How can Cu™" ion be separated from Ca™ ion by addition of one of the following?
A- Dilute HC] acid

13- passing H,S gas in NH,OH and NH_CI through solution

C- passing H.S gas in dilute HC through solution

i« What percent of 0.74 g of impure pesticide O H.Cl, {IDDT) is pure which is needed to obtain (0233 g of
ApCl?

A-17%
R- 19%
L-21%

4- What is the name of the gravimetric method which is used 1o determine the mass of a volatile component
from mass difference occurring after a certain amount of sample is heated or burmt in open air?

A- Direct volatilization method

B- Indirect volatilization method

(- Precipitation Method

5- In gravimetric analysis processes which depend on precipitation reactions,
A- lTormation of colloidal precipitaie is prefemed.

B- formation of crystallized precipitate is preferred.

- type of precipitate has no significance.

f- What does the ratio of molecular mass of sought substance 10 molecular mass of gravimetrie formula show
{with the condition of both formulas contain the sought element or molecules)?

A= Precipitation formula
B- Malar mass

L~ Gravimetric factor
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- Whit i the defmition af mass af the sulstnee whick prococes ot consumes 1 mnle sl aiive compone?
A Equevalene Maas
[i- Pditlar Bliass

L= Slandanl Mass

A= Uhe narmahty of solution ebtained by diesolving L3 e of KO0 SHmL ol dishlled water:
L1602 = L+ e — 2007+ T

A- {3 mel’L

3135 cgill

-3 1¥eq’L

f-1 3= Caleulale the gras imetoe Bactor ol Ma PO OA=368 winaldan Me P00 (M=222 el

Answer 111

fr-14- 50 L Ll l';'_\‘j (M I Pa e meland solulon was ubated asmmsl 00143 K standaed sodwom bydrocsode
selurimn. A the valimme of the bose solutior wehded fron bueetie o oeach emd peant was 458 mil, enloolae the
ol ing ;

e oty of IO, acid

- According o the folleaing reaction. i the sume acid s csed ook oo, sohal waoudd be the noomiadiny
of the agid H"J_, + -1|"l:!'i_"|: —HHO - Gl — -=||"~:'EI_, - IE'I: + EH:U

Answer. A LT3N B2 N

B3 1 3 Imorcer 1o find the concantration af 25 m L BaO L] selutien, owas itrated agamst 008 b osulfuris scid.
4701 ml ofacid was added o ecach the ond pocon. CaleuTane the molar concontranon of <o om bydexcide
sirlutien, ol then dind oue the prass of SO0 dissolved i 500wl of this sohnion, (CSNsCHE = 40 momoe').

Answer 3N 0 p
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f-lo-103 g ol mpuee ssciomowdide, Mal, (M 130 esmael) sah wos diasolvad mowanen To arccrilae w-
ide ins, silver tribe, Aabo0r o soduiion wes acdeal o the solomom. A7 ke end ol the reaction, 007434 w ool
sibver iodide &gl (M =225 @ mel] preceailase was oblamasd Calculale che percentags of sodiwm jodide
fewund e impure sall,

Angwer 959

f-1 7= 429 g ol sodipm cathomate crestals Sa CCH s H O i ddissolved i pure seater then the volame i coan-
ploted 1o 250 mL, 13 el ab o 2 W HOT seletion i pocdod 1oonewsra e 25 mboal she same salubuan completely,
Wt is the ol of water imolecwle g in the Bremwla ol Ba Ok e L0 PN 25 pfmal £ 12 Al 1) 16
pamol, Ho 1 il i )

Answe '."ﬁ'u:l'.'[ 1. I[:lH:{]

(18- Pataszium wodide soluteon was added 16032 20 mL potassium permanganale (KM solulion in
aciic comclinams. Al ke el wlibe reacion, sorme wdine {1 was poslpced. Produced rochine wos Hiral
wilh sodwim thiosu tate, Ma% 0L (=155 p/malt

I 2o 540 == INal - Na 511
Io reach 1he ond peant. 23 ml of Sas Lk ooas consumed. Acoowding o this, cdalculile the fallowing:

e The nowma iy 4 B X 08 =alution
B Howe many grams ol sednen tkwsolGae s oecded e proparne 1L solutcns?

Answer: Ak 2d M BR3702 g

B 10 Wkl = thie i af baniun sulfne, Bas0k, | M=210 wmal kel precipoiates completely shena saflicient
winetnl af bariem chioridz Ball. iM=208 g'mal) s noxed wath 10 mb al sulfuric ac d salunon, H S0,
%88 pfmodp L6 L ol 0010 M a1 s ooecded w neatralics 20 ik ol sullueic acid.

Answer 7,032 g
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ORGANIC CHEMISTRY FOR CHAPTER-7
SUBSTITUTED HYDROCARBONS
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ACHIEVEMENTS
After completing this chapter, the student is expected to :
* Differentiate the class of a compound from its structural formula,
* Apply the IUPAC system to name organic compounds (hvdrocarbons).
® Leam the physical and chemical propertics and reactions of aromatic hydrocarbons.
* Leam methods of production of these compounds.
* Scparate alcohols, ketones and aldehydes using analysis methods.
* Leam the significance of these compounds m our daily lives and their usages.
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7-1 PREFACE

H Previously, we have leamt that one of the branches of chemistry is or-
| ganic chemistry which studies properties and reactions of some com-

H "'{i‘: —H pounds that have carbon as the basic element besides other elements,
H Hydrocarbons are considered as the simplest part of organic chemistry as
they consist of carbon-and hyvdrogen elements. Hydrocarbon compounds
Methane are divided into two as aliphatic hydrocarbons and aromatic hydrocar-
{ saturnted hyvdrocorbon} bons. In hydrocarbons, covalent bonds which are formed by electron
single hond sharing exist between carbon atoms. If there is one bond between two
H H carbon atoms, the compound is called as ALKANE. Alkanes are satu-
, rated aliphatic hydrocarbon compounds. Tf there are two bonds between
fﬂ:C:: carbons, the compound is an ALKENE, if there are three bonds, it is an
H H ALKYNE. Alkenes and alkynes are unsaturated aliphatic hydrocarbons.

Ettrelene.ar sthens They can be either in open-chan structure or m ¢yehe structure. Ben-

{Unsaturated hydrocarbon) zene and its derivatives form aromatic hydrocarbons. These compounds
doidile Garid have cvelic structures,

The compounds which have the same molecular formulas but different

structural formulas are called os isomeric compounds. They have differ-

H-C=C-H ent physical properties such as ditferent boiling and melting points, We
= have learnt how 1o differentiate this kind of compounds.
Acetviene E le 7-1
junsaturated hydrocarbon ) I!EIHI'Hl} i "
wriple bond Write down ihe strucwral formulas of n-buiane and 2-methylpropane
(1sobutane) which have the same molecular formula CH , .
H
Solution: H-C-H
HHH H H | H
| | | | i
H- C=CsC-L-H H-C=C=-C=-H
il o .
HHHH H H H
Benzenc
{aromatic evelic, unsaturated n-butane 2-methylpropane
hydrocarbon)
. As you see, al!huush these two compounds have the same molecular
formula, they have different physical and chemical properties,
Table 7-1 Example 7-2
IUPALC Womenclatire of Hydeocarbons Mame the following compounds according to [L/PAC,
Pl e L L LT Ay .;i:rIJ
of gartson | Ladin W o HTM EH.I —CH—CH— I:-H]— EH:. (I:I'-I:_ |I:H1
CI it [ ST i " .
: CH CH,— CH,—C —CH,—CH—CH,
Lj ol wilmre el b cileamic 1 i :I o H
EJ pruf propess | prapaae | o {:"l‘ IﬂH‘_rl.E = (_‘:H ‘ 3 J ]
_':_:1 LI (CTETITS [STTEITS L L . " ;
._....E'r'— A i BT FaaEiiiii i 1 ] ] EH‘— l:H:I
_‘:-\1. lies T P Tty ',"-'\Llllj I_i on:
E-__-._ hiem oz pivene Begien hepiyne
T ol ook | o | octie { 1} J=ethyl=2-methy|pentane
T noune || monene | nomene 12} 2,44 <nimethylhexane
'::III il dhecare dewme drwyre

(31 2-methyl-1 -butene
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The basic structure of all hydrocarbons consist of carbon and hydrogen, But

many hydrocarbon compounds also include oxygen, nitrogen, halogens, sulfur

and other elements, What are those compounds types ? What are their properties? Fxercise 7-1

What are the relationship between those and hydrocarbons? Wike diven. eractiral Fannilek B

The presence of elements other than carbon and hydrogen in hvdrocarbon com- C.H,, compound with their mames.
powmds give them some distinctive propertes: These clements and clement

groups which give organic compound  distinetive propertics are called as func-

tional groups,

Functional groups are attached to carban atoms, Table 7-2 shows those func-
tonal groups.

Functional Group: They are atoms or atom groups which are bonded to the carbon atom that differentiate onganic
compounds and give them different physical and chemical properties.

Table 7-1 :
Example Hedorae Suffix Active Group | General structure Er;:?;:gd
CH.Br - R-X :
Methyl bromide | CoHami® | ¥ X e pey | Akl Halides
CH,CHAOH
ﬂtnﬁ;? CH, O ol =0H R-OH Aleohols
E[‘Ii‘- 0= EI']_] J['}R.. :
Bimethyl ether C"H-""icf. ether Alkoicy R-0O-K Ethers
1 0 -
CH.-C-H CH O 4l Up R_g_ . Aldehydes.
Ethansl carbonyl
0 5]
0
I I
CHi=C =CHj CH.O une e ; le e Ketones
Progancne carhonyl B
0 ¥
b
| A ] Carboxylic
Chy-C- 0 | G5 " S R-I‘.Ifll-ﬂH acid
Ethanoic acid carbonvl
] 0 5
i : Alkyled| |l .
CHy- - - CHa LnH'.lnu] aate P pebe! o T = ) R_,‘:"_n_R- Esters
Methyl ethanoate Ester :
i
Primary RN -1
H
CHiCH: - NH: , | .
T CH, N | Amine = WH- Secundify RN -k Amings
o
|
Tertiary K- N-R

< 29 >
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T-2ALKYL HALIDES

Exercise 7-1 : By cleavage of one hydrogen atom from an alkane, an alkyl group forms,
Marme the following compounds Table 7-3 shows some alkyl groups derived from alkanes.
according to ILIPALC, (R—H)—Ys R—
1) CH; alkane alkyl
Cls CH CHs— € =€ — CHs Table 7-3 JeliliilS .-1II-..1rI Groups derived from Alkanes
F Narme of group Alkyis Formula Alkane
) CHj CH; Methyl OHi— LHa Methane
CH;—CH—CH=CH — CH—.CH3 E.‘I.Iig'l CaHy— CaHe Ethane
3 CH n-propy| CH: - CH: -CH: - CsHi Propane
3
| Isopropyl | CiH Propan
CHy— € —CH; : CH: - CH -CHs : z
|
CH- When a halogen atom (x—}is bonded to an alkyl group{R-), the resulting

compound is called as an alkyl halide.,
These compounds are derivatives of alkanes. The functional groups in

|
those compoundsare _¢c—x or R—X groups.

Attention: |

FHITY ™ O Here, K represents alkyl group and X represents halogens as 1, Br, CL
Primary = the carbon 15 attached to

one other carhon. H H H

Secondary = the carbon atom is al- | | |

tached 1o twe other carbon atems. H—C—L] H— LC— LC—Br

| |
H H H

Methyl chloride Ethyl bromide

Fertinry = the carbon atom 15 attached
iry three other carbon atoms:

Alky] halides are divided into three according to the carbon atom that
halogen is attached to: primary {17), secondary (2% and tertiary (3°)

Primary carbaon atom Secomlary carben atom Tertiary carhan atom
I_ I../ R / 13 /
R—C—X R Ll —X R :_l X
Fli 1II lll
Primary alkyvl halide Secondary alkyl halide Tertiary alkyl halide
(1%} (2% ¥)

While forming alkyl halides, halogen atoms can replace more than one
hydrogen atoms either on the same carbon or different ones.

Cl 1 ]

Cl— {l_ —Cl H— f!' — I H— {l' —Cl
{|'| [l'] |!|
lztrachloromethane trichloromethane dichloromethane
Chloroform
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7-2-1 The Nomenclature of Alkyl Halides

Alkyl halides are named according to [UPAC nomenclature system as
fallows:

I- The longest carbon chain which has halogen atom is chosen. IUis num-
bered starting from the halogen atom.

2- Firstly, the number of the carbon atom attached to halogen atom is
written. Then, following the (-) hyphen symbal, halogen's name is writ-
ten with —o suffix added (chloro, bromo, iodo). 1f there are other halo-
gens, first the (-) symbaol, then the names of those halogens are written in
the same way. Halogens' names are written i alphabetical order m the
compound. For example, bromo, chlor, iodo respectively. You can see
those orders in Table 7-4.

Table 7-4  Systematic Names of Some Alkyl halides

Compound Svatemic name of compound

|
'CH,—*CH —~*CH—'CH

E.Er
‘EHJ—:I.’%—'CH
Br

{%1 Fir
‘CH = (—C—'CH,
H

2-chlorobutane
: |

g | :
) 2, 2. dibromopropang

2-bromo-3-chlorobutane

g

| -bromio-}-methylbutane

‘CH —"CH—'CH —'CH —Br

1=2-2 The Synthesis of Alkyl Halides
Alky] halides are synthesized through many methods in industry and laborato-
ries. We will explain some of those laboratory methods,

Addition ol Hydrogen Halides Lo Alkenes

[n case of the reaction of hydrogen halides HX such as (HBr, HCI, HI)
with an alkene, hydrogen atom is attached to one of the carbons around the
double hond, halogen atom is attached 10 the other carbon and alkyl
halide is obtained. This reaction is called electrophilic sddition reaction
(searching for electrons).

[

H—C—I

|
Trmdomethane
lodo o

Br Br
H—C—C—H

H H

I, 2-dibromoethane

Altention:
While writing name of compound,
does nol leave space,

Exercise 7-3

I- Write down the struciural forime-
las for the fol lowing compotds:

i- 1, 1= dichloroethane

l- 2-bromno-2-iodohex ane

- 2-iodo-Z-methyitane

2- Write down the systematic names
of ihe following compounds,
a) CHC
h} Br {l
| ;
CH:—CH— CHj
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Mote
Mechanism of reactions

wherever found for

information only

Altention:

As nucleophile groups are fres
electron-rich (they have two or
more electrons ), they are named
a2 pucleus loving, As electrophile
proups have empty orbitals, they
are numed as electron loving, The
steps of this mechanism apply to
all alkenes which are symimetrical
around the deuble bond, There-
fore. it does not matter which
carbon atom adds hydrogen and
halide. The result 15 always the
same, the same compound is
obrained.

«_ 222 >
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Thiz kind of reactions occur in compounds which have double or triple bonds
between carbon atoms. The reaction of hyvdrogen bromide with ethylene and
2-butene can be given as examples,

CH,=CH.+HBr—CH,-CH,
: : <K -G,

H Br

Ethiylene Bromaoethane

lf.r
CH,-CH=CH-CH,+ HBr — CH, - CH - CH, - CH,
2-buitene 2-bromohutane

The mechamism ol the reaction 15 as follows:

|- Hvdrogen bromide contains positive proton (H) and negative bromide
{Breyions,

H—Br

H <+ Br:

Electropisad Muckophle

2- Proton | tesirophite jis added 0 the double bond of ethylene and carbonium
ion forms.

l"(i_‘l'l ®
H, + l'.'IH2='l:HI 'I:HH—I::]'I'z

1\/ Carbonimm ion

1- Megative bromide ion (Kuceopkite) adds to positive carbonium ion and forms
cthyl bromide (alky] halide).

CH~CH, + Br
N

The steps of thas mechamism apply to all alkenes which are symmetrical around
the double bomd. Therefore, it does not matter which carbon atom adds hydre-

een and halide. The result 15 always the same, the same compound 15 oblained.

CH,CH, —Br
Bromoethane

—
CHACH, + Hbr
R

BrCH CH,

~eTN
{ﬂ-[fﬂi: + _L[Fr—n— CH,CH Br

e ——

But if the groups around the double bond are not symmetrical, the reaction
mechanism follows Markovnikev's rule,

Jpremensreenes
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r
A A
- r— CH—-CH-—CH
r\;f —1'\ 3 3
CH—-CH=CH, + HBr —— 2- bromopropane
\

. i 5 CH,CH,CH Br
nonsymmetrical alkenc 1- bromopropane Exercise 7-4
According to Markovnikov's rule, 2-bromopropane is favored instead of | -bro- Write down the reactions of the
T PrOPEIE. Fellowing with HCL
Viadimir Markovnikov assigned the following rule after so many experiments. - | =butene

When a compound s added to 8 double bonded compound with asymmetric b= 2-butene
groups, the positive ion of the compound adds to the carbon with greater num-

ber of hydrogen atoms around the double bond, Megative jon adds o the ather

carbon (with less hvdrogen’ of the double bond.

Tertiary {3} carbonium ion the most stable aomong the secondary (2%) and pri-

mary {1") carbonium ions, whereas secondary carbonium is more stable than

the primary one.

In the example above, Compound A is more stable therefore it is formed more

than Compound B.

H-Br—H +Br
i — CH—CH—CH,
L & Lr miore stable carbonium (27

— CH,CH,CH,
less stable carbonium  (17)
Ilir
+
CH—~CH—CH, + Br — CH,—CH~CH,
secondary carbonium ion 2- bromopropanc
Example 7-3
Prepare the compounds below: Exercise 7-5
I} ethy] chloride (chlormsethane) from ethylens Weite o tie chrsiel i
7} 2-iodopropane from propene tas for the following rezctions:

|- Prepare 2-bromobutane using
proper alkene

2- Add HCI to 2-methyl- propene

Solution:
[} CH, = CH, + HCl — CH, - CH,- CI
Ethylene Chloroethane

%) CH, - CH=CH, + HI —r{:H;i’T'H -CH,
I

Propene Z2-indopropanc
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7-2-3-Properties of Alkyl Halides
|- Physical Properties

Alkyl halides like CH,CH.CI, (_H Br, CH,Cl are in gas form at room tempera-
ture, Alkyl halides I.I-]:I-I-IJ-L are in liquid form and eolorless. Alkvl halides that
have more than 18 carbons are colorless snd solid. They do not dissolve in
water but dissolve in organic solvents. The reason for their water-insolubility s
that they cannot form hydrogen bonds with water

2- Chemical Properties

On the carbon which halogen 1s attached, the bond between carbon and hydro-
gen atoms is polarized as the halogen of alkyl halides has more electrons than
carbon. The poles of this band vary according to the type of halogen atom. For
example, in alkyl iodide, the polanzation is very low. The carbon which has the
halogen atom becomes a good target for addition by the aucleophile group,
The most significant reactions of alkyl halides are nucleophilic substitution

reactions,
. |
Nu: + R—C-X’ R—C—Nu + X:
h“_—'-_"il \A excluded group
ascleophile H H

alkyl hnlids product

For this iype of reactions, the following can be given as examples:

A= | he reaclion ol ||.-".| halides with sgueous potessium hydroxide
i CROHY solwtion
M Lol [ni this reaction, as shown in the following equation, halegen atom substitutes
i'u'ér Eutdmtu the pollu- with hydroxy| group (-OH) and alcohol is formed.
thﬁrume.ifaey are nsed
Jmnw:dm Alkyl holides CHJ + KOH CHOH + KI
mmafn;mm;ldqm“ﬁmbmmml ledomethane ) :1.:1]1 anol
because they are dangerous. CH,CHBr + KOH —— CH,CHOH + KBr
= []I w Bromoethane Ethanol
{ =l
d ‘-"I"C"ﬂ\"_" B- The reactions of alky] halides with aleoholic potassiom hvdroxide
['l (ROH)
B.0.T When an alky] hahde reacts with alcoholic KOH, an alkene is obtained. In this

reaction, HX molecule is lost from alkyl halide. This 15 a method of production
of alkenes. For example:

I:IT';——Lfi b KOH —2% _ cH =CH, + KBr + H,0

Bmmn:l:thunt Fthylens

CHOH
CH.CH,CH Br + KOH —J'-- CHCH=CH, + KBr+H0D
1-bropmopsopars piapne
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(- The reaction of alky] halide with mognesium metal in dry ether Exercise 7-6
Alkyl halides react with Mg metal in dry ether { free from moisture) Write down chemical equations for
to produce Grignard reagent to form methyl magnesium iodide the following reactions:
{electrophile). from which alkanes are prepared. | - The reaction of 2-chloro-2-meth-
For example: ylpropane with aqueous KOH solu-
tion
dry ether 7 .
CHl + Mg CH Mgl 2- The reaction of
lodomethane Methyl magnesium fodide .I -bromo-3-ethylpentane with KOH
(Grignard reagent) in aleohol
dry ether
CH,CHBr + Mg CH,CH,MgRr
Bromomethane Ethyl magnesium bromide Functional group
{Gngnard reagent)
. S
T-3ALCOHOLS — =

Alcohels are hydrocarbon compounds which have hydroxyl group bonded to sat- |
urated carbon atom. (-OH) is detined as the functional group in these compounds.
Their general formula s R-OH or (C H., O},

4 Yy 7Y

CH,~CH~CH, én,
CH,OH CHCh RN OH 3wt 2 piopasal
methanol ethanol 2- propanol

Alcohols are classified according to the hydroxyl group that is attached to carbon
atom. IF the carbon atom with hydroxy] group is atached to another carbon atom,
i1 18 a primary | 1) alcohiol; if the carbon with the hydroxyl group 15 anached to
two carben atoms, it’s a secondary (27) aleohol; if the carbon with the hydroxyl
eroup is attached (o three carbon atoms, it is calbsd as a feriary (37 aloohal.

Primary corban atom secondary carhom atom  Tertiary carbon atom
H K R
R— 'f!'.—ﬂH R— C —0H R— llli—f'.IH
: ‘ !
Frimary alcohol Secondary alcohol Tertiary alcohol
() {2°) (3%
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Do you know that?

Alcohols also include compounds
that have 2 hydroxyl groups such
as ethylene glycol or three hy-
droxyl groups such as glycerine.
These compounds are called as
polyalcohols.

CH,—OH
CH,—OH
Ethy lere ghyeal
[H-hadroside
CH,—OH
{I:H —0OH
CH,—OH
Glveenne

Tr-hidroxide

Exercise 7-7

A- Mame the following compounds

systematically:
I} OH

CHz — CH— CH—CHx— CHs
I

CH;

2} CHy— CTH — THy
|
CH

31 CH;

CHy— C— OH
I
CH;

B- Write down the structural for-
mulas for the compounds below:

1} 2=-methyl-2-hexanol

2) 2. 2=dimethyl-1-buanol

i} 3-methyl-3-pentannl

«_226 P
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7-3-1 Nomenclature of Alcohols

Alcohols are named according to IUPAC system as follows:

|- The longest chain which has the hydroxvl group 1s chosen, The carbon with
the hydrosxyl group is given the lowest number.

2- Maming is done according to the number of carbons. The ol suffix is added
1o the end of the corresponding alkane.

3= The number and place of the alky] groups on the chain 15 mentioned.

CH,OH CH,

gl |
CH,-CH,-CH, -OH CH,-C - CH - CH-CH,

[ - propumol |
CH,
2.2 4-trimethyl-3-pentanol
CH.
|
CH, - CH-0H ¢l-CH,-CH,- CH,-OH
2- propanal 3-chloro-1- propancl

7-3-2 Synthesis of Alechols

Alcohols can be synthesized through many methods m indwstry and [aborate-
ries. Here we will explam one of the laboratory methods,

Addition of Water 1o Alkenes

Addition of water 1o alkenes is achieved via hot concentruted sulfuric acid used
as a cutalyst, Alkene reacts first o produce alkyl sulfonic acid (Markovmkoy's
rule). This compound reacts with water and Tomms alcoboel and sullunc scid

again. OH
FILS I
CH,-CH=CH, + H-OH T*a- CH,-CH - CH,
[-propene 2- propanaol

According to reaction mechanism;

e TN,
CH—CH=CH, + HOSOH l.‘,:i-[_r—ll::H—I::I-IJ
I= pn.;i.:l'l'.————- concenirated propylhydrosuliate
050 H - OH
" _-~"7IF|L ;:.

I
EHB—EH—'EH! = H,Eﬂi
2= priopancl dilute

CH,—CH—CH, +*0—H

Example 7-4
What are the probable structural formulas for alcohols that heve a molecular
weight of 74 g/mol?

Jpremensreenes
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Solution: Attention:
Cehersl loemule soralechol(CH,.,9) OH- group replaces OSO_H in transi-
C.H,...0=nx 12) + [(Zn+2) x 1] + (1 = 16) tion compound because OH- is more
CH, . O0=12n+In+2+ 16=T4 gmol basic and concentrated than OSCLH
ldn=74- [R= n=4 'T]‘li:-'.l'nﬁ.'l.mu.i 15 wsed in preparation of
aleobols in industry,
Molccular formula is C,H O
CH, ,
| Exercise 7-8

CH, - CH, -CH, - CH, -OH CH,.-CH - CH. - OH - e

sy 3 2 o at are the probable formulas for

_E butartol G m-|.:1113.ll 1- propanol alcohols with a molar mass of 88 gf
Primary alcohol Pramary aleohol trol?
(H OH
| .
CH, - CH, -CH -CH, CH,-C - CH,
2- hatanol |
Secondary alcohol CH, Exercise 7-9
2 “‘ﬂ!"}'J'E'F'“‘FEI'“”I Prepare the following compounids;
i Romciitica 11 2-butanol from |-butene

21 ethanol from ethylene

7-3-3 Properties of Alcohols

I- Physical Propertics

Alcohols have got low molecular weights. They are colorless and poisonous and they have
sharp odors. They have strong intermolecular bonds, Therefore, their boiling points are
much higher than of corresponding alkancs (Figure 7-1). Besides, alcohols can form
hydrogen bonds between their molecules and with water molecules. Therefore,

alcohols between I[L‘I-'L‘j] dizssolve in water very well. l'*'igurr: 7-1
il il S A 3 5§ B & & £ 8 Ay hydrogen bonds between alco-
H—0O - H—0 ....H_.[? H-— | H—[lj ----- H—{|:I hol molecules
I |
B hydrogen bonds between waier
R R R H H'IR H and aleohol molecules
i I|'|I 1 L

2= Chemical Properties

Alcohols are compounds that tend to react. They react with polarized or ionic
compounds. Some important reactions of alcohols are given below:

A} Alcohokk react with soditm or potassium metals 1o prodoce Alkoxides and

|1_'!.-q.|l'||;1;_-|| s,

2CH, - CH,-OH + INg ——== 2CH,-CH,- O Nw +H, 1
Ethanol sodium ethowide
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Hi i|'|l.":| renet with 51:'1|hr:-|||'-|'l'-lln- tnchlofde (POL Y or '!1'1n;|'-..[1:||1r|1|,;n. pen-

|i|-'|l 0if -:|-,, {PL] |:'|||.-| |::II'|'|1 ik f.-| |:;||i|'-;_"-.

pyridmne
CH,-CH, - OH + PCl, ——a= CH,-CH,-Cl+ POCL, +HCI
Ethianal

Chloroethane

pyredine
3CH,~OH + PCl, ——== 3CH,~Cl+ H PO,
Methanol Chloromethane

) Renctions of Aleohols wath (hydropenhalicde) Acids
Alcohals react with acid halides {HX) and form alky| halides.

[ H Cl

£nCl, -
CH,-CH-CH, + HCl ——= CH,-CH-CH, +H,0

2-propano| 2- chloropropans

This reaction occurs fast with tertiary alcohols especially when concentrated
hydrochlonic acid s used. But with primary and secondary sleohols, it 15 guite
slow. And the reaction rate also depends on the tvpe of acid.

HI = HBr = HC

. Im the reaction, selution of zine chlende in byvdrochlorie acid s used. This max-
Atlenhion: As alcohols cannot

doabs byedroxy] OEF i 6 the ture is called as Lucas’ reagent. [t is used to differentiate primary, secondary
solution, they are not aecepted as and tertiary alechols, Tertiary aleohols readily react with this cation and form
OB Dns: alkyl halides which does not dissolve in the solution. While secondary alcohols

react with Lucas’ reagent after 5 minutes, primary aleohols do no react with it

al room emperature.

Example 7-5

iferentiate 1-propanol, 2-propancl and 2-methyl-2-propano] chemically.
Solution:

We can differentiste those compounds asing dry ZnCLHC] Lucas” reagent.
In this process, it 15 mixed with 2-propanol {secondary alcoholi and 5 minutes
later, a layer of 2- chloropropane  forms. While it reacts with 2-methy]-2-pro-
panol {tertiary alcohol) readily, 1-propanol {primary alcohol) does not react
with Lucas” reagent al room lemperatire.
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ZmiCl,
I'CH,-CH, - CH, -OH + HC| ——== N.R
| -propanc
CH, CH,

Lol
2)CH,-CH-0H + HCQO b CH,-CH-Cl +HO
2-propanal 2- chloropropane

CH CH
I

. ZnClL
3ICH-C-0OH + HCl ———= CH-C-Cl +HO

1 i

CH, CH,
Zemethy]-2-propancl 2-chloro-2-meéthylpropane

Thiz way we can differentiate primary, sccondary and tertiary aleohols using
Lucas® reagent.

I- For primary alcohols to react with Lucas” reagent, high temperature is neces-
sary and they do not react at room temperature. Therefore, no turbidity is visible
in silution.

2« In secendary alcohols, furbidity appears 2-5 minutes kater.,

3= Through reaction of tertiary alcohol with Lucas’ reagent, shightly water solu-
ble alkyl halide forms and it causes turbadity in solution,

7y Synthesiz of water from Aleoahil
Ethyl alcohol reacts with concentrated sulfuric acid at 170 *C and cthylene
forms.

il_.:'rl]il. sl

CH,- CH, - OH ——

Ethanol

CH,=CH, +HD
Ethylene

Mechanism:
The mechanizsm of the reaction above follows the following steps:

|- Addition of proton o aleohol molecule:

. M 4
CH~CH,—O0-H + H CH,~CH,—0—H

H

2- The cleavage of water molecule from the compound above and formation of
maore stable carbomium ion:

(2]

i L]
CH,~CH,~O—H —— = CH—CH, +H,0

H cafmium ion
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3- The aleavave af predan Trom carkgnion inm and farmatinn ab donlkde oand
and calinn:

H H H H
Lo -
H CyCs H-C=C-H + H"

| |
ﬂ‘ﬁ, I1

Avcunding e Soyteefl’s mule, The positne iontH s weithdraven Erons the

carrier caan atem the smalless aumber of hvdrmgen agam that 2o jacent
Exercise 7-10 e the cenbon atorn froem which the pegating on LOE 3 s withdrasn,
W hen waler molecule 05 remured
from1 Z-tealanol, wiy 2-butens =
tomiad nsbend of T-lagtene? E) Oxidation

The ziractuze of srochucts waich tom when alcohols are oxides=d depends: on
the proe wl alvebel wnd reaction conditiers Sabsances widely waed in onicks-
iy penpctivns are b, O, 00 1150 or BoMeCh TS0 moxiuces This sead oy
i methud wged 1o diflersanare aleahols

Primaty aleohmals i17) gailiog figsl pw slibehvdes tica fo cirbaa s e acicls.

Ik L
[ I el |
RONGN — R-C-Jl— G- O -1
Fruraie 2 calinl 3 R de varhesy e & o
Exercise 7-11 . [.} [r
. . .- E 1 H y
Wnite Lhe audation teaclinn ot tol- CU A e CHL o O [ —— S = £ e M
. n ' |::l
|-:_'l'|.'|.|r'|§ ..|'||'r1|'|l._‘:-ur'|4']$. Caltaal L Evual Calta e 2ced

1) 1- butanal
2y 2- batannl

Seconddiry alcobels (27 oaidize e helones,
3) 2emnerlig] «2e propinc

(H 1]
! hoTELH !
{H-CH-CH, = UH -L-CH,
or
Xpeegsnnl ) ARSI 1RSI |

R T kN R I

Tertiary aleohals (17 do not oxidize as the carton atom which carvics the
OYH graup docs nod harc any hvdropen atems.

Exercise 7-12

LHH
Aronepanmis compsoand @ hich has 4 I TR
carbon alems c2sponses wilh Lucas’ OO -CH —— MR (M means o ceaction. )
Tezpenl. A% tesull of oxidatien, l
A ketong compmnd omns Wnle cll,
Awany e Fadtian eyuataey Gugss
1he nrganie compnuid, Jorgrhy L pr apaced

ey beul-al
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7-4 ETHERS

Ethers are show nas 1970 B Allhcogh (hes biveg 2 goraal feemuolaa: g 11, 40

rhat s gimilar rg thag of aleobnlz, ethers bivve rwg alky D gioups and an oy gen
atorm, T alkyl groups anz the s (R-R', they are called w5 symanctric ohers, of
alkyl proups are diferent (H2R'), they are called ws Asyommetric ethers, ke Zunc-
tona eruup of cther s OO,

) Functivmal oo
nelbers s
L-0-0
SYImEt i ethar Asvmpneteic elher
CH -l UH, =0 LHL T,
et sy macthare Adevtheoy clhant

7-4-1 Nomenclature of Ethers

Frlwrs dalbuss alkarcsy o wnecd aceending o IUTPAE e sz g e i the
tallevaing arepes:

= Fram alke] argnps which ane onded oo ossy pen aosmm, ane wath the longer
cham 15 chozsen and eceptad a5 Lhe mam chan.

2- tlwin chain s aumbesed startine from the closest corbon o egyveen with the
bl numbeT.

Lo Tl ey wniWrs s paduleced W nawe o 1he msan Tin

Ao Crther ks | robps sare swritren wath e e eimb=ns and place mantiomed.

varin er of carbon atoms _name of the  name of the alkane corresponding

Mumber of brEnchies + nome of the brangh = bonded 1o ILCk grou: R e o the okt shidey

LOIERTTIETRTE | TRRV VR c oy LR 3 Ll : . .
Yiw ComAavy 1 s o same oy TREY gicopa P low Exercise 7-13

D Moty C10- L1 WETe o sysnematie nares Sor

2) Cthwsy  &7F1TG0- the Fellow ime vurnpotmas

3) Fropusy CFLUTL CTLAY e {1 — L

4) 1z - e s IZI'fH_I ) ['H:
CH.-CHD—

Example 7-6
Brite dnw -y Sy alemaErc names o the fullow g oo peanale: Ll 8
Solution: . .
Hy Werite devwnn stmucloral rormenlas

'l Gl P tun e follom i conipunds
1) 2. 2-&uhrlmet by s
2) 2-chloru-2-methylpreass e pen-
tans

{'H._—{]-l'."H;('H-*CH.f "iZH;-Z'I'."Il-'["]IJ WH. - - ;L"II:-"I:"II_:

2ezthuiz e sy upurie 2=l i ane Zoethise baezme
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Exercise 7-14

I} Write the synthesis repction of
ethoxybutane from ethanol

1) Write the produce of the following
reaction.

CH,CH,CH.-Br + CH,-ONa

Bromopropane Sadism methoide

Note:

Through reaction of ethers with
exvEen inain epoxides are formed,
Whale distillation cthers, peroxides
pocumulate somewhere and ot the
end of the process, this causes
explosions with glevated tem-
peratures. Therefore, Ethers must
not be distilled to the point iof
dehydration (dryness),

«_ 232 >
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T-4-2 Synthesis of Ethers

Ethers can be synthesized through many methods in industry and laboratories,
We will explain one of the laboratery methods here.

Williamson Meihod

Ethers arc prepared by the method which took the name of the scientist Wil-
liamson. In this method, sedivm alkoxide forms from mixing of sodium met-
al with a suitable alcohel,

ROH - Na —— RONa+ 1/2H,
sodiumalkoxide

Then alkyl halide and sodium alkoxide reacts and target ether is obtamed,

R-Ma + R'-X — & R-0-R"+NaX
Sodivm allkoxide  alkyl halide cthes

in order to synthesize methoxyethane and cthoxyethane, sodium reacts with
methanol and ethanal. Formed sodium methoxide and sodium ethoxide react
with brimmoethane and following ethers are produced:

CH-OMa + CH,-Br — = CH-0-CH,+NaBr
Sodium methoxide  bromoethane meethoxyethane

L H.A INa + Ll {_,' -Br —— L(H-O-CH+ MaBr
Sodium ¢thoxide  bromoethane cthoxyethans
In these reactions, abways primary alcohols are used. Secondary and tertiary

aleohols cause formation of unwanted compounds.
7-4-3 Properties of Ethers

|-Physical Properties

Methoxymethane and methoxyethane are in gos form 8i room emperature,
Maost of the other ethers are volutile liquids Ignition and boiling points are
too low, Therefore, they vaporize readily at room lemperature . They are
oolorless and they have pleasant odors.  As they don't have hydrogen bonds
between their molecules, they have lower boiling points than alcohols. Ethers
do not dissolve in water as they cannot form hvdrogen bonds with water. Bu
those with small alky] groups disselve partially in water,

R, H*-., R.. R, R"\ij R‘hﬁ
CH CH 0 (8] by =
R--__. 3 RJ_,. ] R"--. v R__..I'- n H..l".ﬁ ¥f
Al Ethers Weabhuls

They da mot have g
Lecnsl Lxivween dhei moleciles

Thery Berve lyciogen band
betvedi heli salevades. Thiey

They b war luave mdopen boel
Letwem Ueu neleinle: They hae

Jarey bt Ly ot Thay have lone bl poimis bavre hugh B inig poamis
R
Ty
CH ,-*D\ R“‘% i/ Ryg Ii'.-"'ﬂ"'-.
gw ' HH JO~—H H 0O H H
R H”

Etlsrs pulIIuLI! adiahile Alechaly soluble s node

m Al

4 lkangs -insaluble m noasar

) R
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2- Chemical Properties

Ethers are stable compounds, thus they don't resct with bases and aciive met-
als, they don’t undergo oxidation reactions. Ethers can only undergn following
reactions:

A= They form aleohols when they are heated with dilue sulluric acid

LS50
CH.CH,-0-CH,CH,, + H.O Tl-: ' 2CH.CH.OH
Ethoxyvethane i Ethanol

Rut when they react with concentrated sulfirnic acid or HCI, ethers donate a pair
of elecirons o hydrogen ion and foem oxonium salts which con dissolve in acid-
¢ solutions. Ethers can be obtained pgain when cxonium slis are mixed wiath
water. This reaction is used to differentiate alkanes and ethers as slkanes don’
resct with concentrated acids. For example:

H
. ki |
CH~CH,—0~CH,—CH, +H,$0, ~—. [CH~CH,—~0—CH,—CH | HS0,
Ny - 1 [l
Ethoxy ethane oxomium salt of ethoxyethane
= Renpction with P,

Ethers react with phosphorus pentachloride and form alkvl chioride.
R-O-R' + PCl, %% R-Cl+R'-Cl+ POCI,

CH,CH-O-CH,CH, + PCI, el 2CH,CH.-Cl + POCl,
Ethoxyethane Ethyl chloride

T-SALDEHYDES AND KETONES

Aldehydes and ketones have the same functional group. Its name is carbonyl
group. This group is formed by oxygen atom attached with a double bond to
carbon atom. Compounds which include this _E_ functional group are called
as carbony| compounds. Their general formula is C H, €. In aldehydes, the car-
bon of carbonyl is bonded to a hydrogen and an alkyl group, whereas in ketones,

carbon of carbonyl group is bonded to the same or different two alkyl groups.
O 0
| I
R-C-H R-C-R’

Cieneral formula of aldehvdes Cieneral Tormula of ketones

Exercise 7-15

How can you differentiate
methoxymethane and ethane?
Tips Consider the reaction of
ethers with water m presence of
conceniraied sulfuric acid.

Do yvou know that

The substance which is used In auop-
sy and iy preseeve bodics 8 the sim-
plest fosm of aldehydes that is fosm-
abdekryde?
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Do you know that

The organic compound used 10 re-
maove nail polish is the simplest form
of ketones that 15 acetome {propa-
moase !

Excrcise 7-16

I- Write down systematic names

for the following compounds:

i) 8]

CHy-CH-CH:-C-H
|
L |
b CH;

|

CHy—C—EH —CH;

2- Write down formulas for the
fiol fowing compounds,

i} 3-methy Ibutanal
b} 2-hexanone

«_234 >
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7-5-1 Nomenclature of Aldehvydes and Ketones
Aldehydes and ketones are named according to IUPAC nomenclature system as
in the following steps:

A) Nomenclature of Aldehydes
|- The longest carbon chain 15 chosen. The carbon atom of carbonyl group is
numbered with 1.

2 -al suffix is added o the end of the name of the corresponding alkane.

3- Alkyl groups are mentioned with their numbers.

As numbering stards from the side of carbonyl group, the number of carbony)
group doesn’t need to be mentioned. For example:

0 0 cro (W]
l I . I
CHy-C-H H-C-H CHi-CH-C-H CH;-CH, - C-H
Ethanal Methanal 2-chleropropanal Propanal

B Nomenclature of Keltones
Apply the steps in nomenclature of aldehydes.
I- choose the longest carbon chain and start numbering from the closest
carbon to the carbony] group.
2- pdd —one suffix o the end of the corresponding alkane,
- [f there is branching, alkyl groups are mentioned with their numbers.
i 8] CH -0
I | - ==l
CH; - CH:- C- CH:- CH, CHy-CH:-C-CH: CH,-CH - C-CH;
J-pentanone Zebutanone Femethyl-2-butanong

7-5-2 Preparation of Aldehvdes and Ketones
Aldehydes and ketones are svnthesized through many methods in mdostey and
laboratories. Here, we will explain one of the laboratory methods.

Oxidation of Alcohols
A ldehydes and ketones are prepared by oxidation of primary (17 and secondary
{2} alechals with scidic solution of potassium dichromate (K,Cr.0_ ) or potas-
sium permangoamate (KMn(, ).
Primary alcohals form aldehydes az shown in the following equation.
Ill H
Kt I
B——0—H —= R—C=0+H.0
| M '
H

Primaery abzohal Aldchvde

8]

—» CH,-C-H+HO
Eikanal

CH,CH,OH

Fdanal

)
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The aldebvde remaining in the reaction mixture above 15 readily oxidied and it
forms carboxylic scid.

Therefore, oxidation reaction must be controllad,

I 0 0
Rl "

- R—O —0—H

Primary alcohol Aldehyde Carboxylic acid

Ketones are prepared through oxidation of secondary (2) aleohols,

| R
[yl
R—LC—0—H —a B—C=0)
| 1]
(4
Secontdiary alohal keetine
For example;

Cf” e ‘ﬁi

CH,-CH-CH, - CH,-C-CH,

2=propadl Propaiiote

Tertiary pleahols connod be oxidized,

Example7-7

Write down oxidation products of the following compounds.
I} l-propanol

2} 2-pentanol

Ablention

when placing chemical reagents
toy conduct chemical reactions
ahove the arrow in the chemical
equation, this means that the
equation can be written regardless

of the balance.

Do you know that

Some aldchyde and ketones are o
taincd froan plants.

Beazaldehyde 15 obramed From al-
s ik sorme ketones ane obained

from cinnameon

Solution:
[}
B Crosk ? | ?
CH,-CH, -CH-OH e CH,-CH,-C-H+H0O — CH,-CH,-C-0-H
1 -propanal 1l privpanil propaneie acil
2}

= 1

L SO} {i’
g+ CH-CH, - CH C- CH,

2-penbnon

CH,-CH,-CH,-CH-CH,
2-pentanc|

Exercise 7-17

Prepore the followimg compaunds
st suitable aleohols,

|} ethanal

21 Z-hutanone
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7-3-3 Properties of Aldehydes and Ketones
I- Physical Propertics
All aldehydes and ketones are in liquid form at roem temperature except matha-

A B-
lﬁg.‘ a.__-,,A-.f' e nal (formaldehyde, in gas form).

i P Although ketones have pleasant odors, aldehydes have unplacasant odors.

}_" e o g Densities of ketones are lower than that of water, Owing to the polar property

l’ of carbony] group, these compounds are accepted as polarized. They can dis-

i solve in water and prganic solvenis like ether, Boiling poinis of aldehydes and

- ketones are higher than those of alkares, but lower than aleohols which hove

the same molecular weight with them. For example:
i :." s, & Lh
a . |
et @ CH, - CH, H-C-H CH, - OH
a' Ethane Formauldehyde Methyl aleohol

Aldehydes can dissolve in water M= 30, bp — -8 °C M= 30, bp = -21 °C M= 32, bp = 64.5°C
because of hydrogen ton in their
molecules, which form hydrogen CH, :]j :‘i}H
bl i CH, - CH- CH, CH, - C- CH, CH, - CH- CH,
[sbutane Acetone Fzopropyl aleohel
M= 58, bp =-12 °C M= 58, bp=56°"C M= 60, bp = 82.5°C

{M = molecular weight and b.p = boiling point)
2- Chemical Properties

The carbonyl group in aldehvdes and ketones has high jenization property as
shown below:

5 &

oM "t -
fC=ﬂ < - fC—U H{:‘—ﬂ

Carbon in the carbonyl group is positive charged, as nucleophile approaches it,
electrophile approaches to negative charged oxygen.

curbon react with LYRArTeO08 with
nucleophil electrophile
N8 ..E /
C=0
_,.-l'" a8

Aldehydes and ketones can undergo two-siep nucleophilic reactions, These are:

A) |st step; Nucleophile {Nu:) aporoaches carbon of carbony] group and
forms a new bond. This bond breaks double bond between oxygen and carbon
and pushes a pair of electrons o oxygen atom.

«__23 P
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Nu Exercise 7-18

!..--"_‘--.\‘ A 5= Complete following equations:
Nu: + C=0: e C—0. 4o

24 gl d [ [Red]
5 & CsHy= 0= CHy —s
T
B) Ind step: approach of an electrophile such as H' jon: b
il
Nu Nu I fhed)
""ﬁ --‘:r.___‘_‘-h‘“ i h"h ] {-IEHE'(."HW
.C-0: + H -£—0-H =

Reactions of Aldehydes and Ketones:

a} Beduction with hywdrogen
Aldehydes are reduced o primary aleohols and ketones are reduced 1o second-
ary alcohols when they react with H, with N1 and Pt as catalysts,

]

I AF
CH:- C-H + H,—» CH;- CH;-OH
Ethanal ' Ethanol

8] CXH

I 1
M
CHy - C-CH; + H, i CHs - CH -CHy
® [Raed]
Propanone 2epropanol
{Red means reduction)

b Beduction (o Alkanes

Aldehydes and ketones are reduced to alkanes via Clemmensen reduction
methad. In this method, solution of zine and mercury 0 hvdrochlore acid is
used as catalyst,

0

S .
Re=lC=R —— K-CH:-R
HET

o
| |
#ivHa
CH; - €Tl "'.'Iq"-[i CHy- CHa- C2Hs
2-bustanone : butane
0
! niliy

R-C-H-—> R-CH;

0
i S
CHi-C-H % o, -l

Ethanal e Ethane
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¢) Reaction with Hydrzimne
E’;’Erﬂf :’L '9: b 4 Aldehydes and ketones react with hydrazine (HN-NH_) and produce
TEpUre propan Py X hydrazone which is known as Schill base.

2- Write down the reaction of
propanal with hydrazine. III 1‘|

CH,—C =0 + HN-NH, B e CH—C-NNH, ¢ O

Hydrazine Mﬂuldch_l,-dl: hydrazone
ﬁ'H 4 T H,
CH—L= {‘J—HHNH ir:-lL'“H L=N-NH, + HO
m.l:mm: " liydrazine .Lcn:um: hydrazone

This resction 15 used o examine the presence of carbony] proup in aldehydes
and ketones. Hydmzone (orange or yellow color) shows the presence of the
carbonyl group,

d) Crxidation
Presence of hydrogen bonded 1o carbonyl group in aldshvdes causes some re-
actions different from those of ketones. The most important reactions of alde-
hydes and ketones ore oxidation resctions,
Aldehvdes are oxidized into carboxylic acids by the help of some oxidiznge
Do you know that apgents. But in ketones, this does not occur. We can differentiate aldehydes and
The accumulation of silver on lest Ketones using following reactions:
tube as a resuli of the reaction of
aldehvdes with Tollens™ Reagent I-Tollens” Reagent
enabled chemists 10 produce muny 1y arder to differentiate aldehydes, silver ammonium hydroxide is used. In this
types of mirrors . reaction, silver vn is reduced in solution and silver metal covers the tube’s sur-
face as mirror showing the presence of aldehyde. This reaction is shown below:

L) o
| |
R: C- H+ZAp(NH:}OH —+R-C-O'NHs + L"‘&Eﬁ + HiO + 3NHa

e hwale silier mmumam heideeside ik nf carhenndie aodd
SHver mime

L K

Tollens” Reagent R-C-R + 2Ag(NH; »0H — MN.R.

«_ 238




e Organic Chemistry )

e} Reaction with Fehling’s Solution

Fehling’s solution is a solution of copper sulfate (I salt. s basic and dark blue.
it contains negative roots such as citrate and tartrate to prevent the formation
of a copper hydroxide precipitate because it always forms stable complexes,

Iv is wsed in oxidation of aldehydes, In this reaction, copper (11} ions ranslonms

into red copper (1) oxide. This red copper (1) oxide precipitate shows presence

of aldehyde in mixture. As shown below, ketones do not react with this reagent.

0 0
| |
R-C-H+ 20w + SOH —=R-C-0r + f".l__'i']l + FH:(Y
shidinile 1 u cuirrplex; ;
0 o propiidis
R-C-R+2Cu* + S0H — N.R
kcone Ina eomplen

T-6 CARBOXYLIC ACIDS
The tunctional group of all carboxylic acids is carboxyl group (-COOH) or
2
| - C - (MH ). This group consists of hydroxyl and carbony] groups.
4
The structural formula of carbowylic acids is B - C- OH. (R} represents alkyl
group or hyvdrocen atom. Their general formula is {E'_H:_GZJI

7-6-1 Nomenclature of Carboxylic Acids

Carboxylic ecids are named according to IUPAC system as shown in the fol-
lvwing steps:

|- The longest carbon chain that includes carboxyl group is chosen and num-
hered. Carboxy] group is given number 1,

2« Branched groups are written in alphabetical order and with their numbers
mentioned,

A= The word "acid™ is added.

4= The name of the alkang which comresponds to the lengest carbon chain is
written and suffix (-oic) is added in the end.

Br

|
CH, COOH HOOOH ‘CH, - 'CH-'COOH
Ethanoic acid Methaneic acid I-bromaproapmnoic acid

CH. CH.
"L'H1-‘[IH!-‘L'H -CH -'[ZI-]:—'L'{}'[ H
3 A-dimethy lhexanoic acid

Fehling's Salution

Exercise 7-20

How can vou differentiale
propanal and propenone com-
pounds using the following
practicallv?

u} Fehling's solution
bl Tollens' Reagent

Eitsanoic acud
{vinegar)

Exercise 7-21
11 Write the name of the following
compotnd.

i

CHy-CH2=-C - €= OH

{'H:
2} Wnte the structure formula of
the following compounds.
) 2- methybutanoic acid
b 3-chloropropanoic acid
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citric acid — e

Lemons contain ¢itnc acid
wilhich is a carboxylic acid.

Exercise 7-22

Prepare propanoic acid from

the following:
1} ethyl bromide

7} propanal
c
0
& EIH 5
5 [b H&+

A T

Hydrogen bond

«__240 P
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7-6-2 Preparation of Carboxylic Acids

Carboxylic acids are prepared through many methods, As we have meniioned
hefore, they are prepared by oxidation of primary {17) alcohols or aldehydes,
We will explain preparation of carboxvlic seids using Grignard reagent. In this
reaction, firstly, alkyl halide is used then OO, As shown below, in order 1o pre-
pare wanted carboxyvlic acid, hydrolvsis qn:.aElin:rn with water| in acidic medivm
i1s realized,

R-X +Mg dry @il RMgX

Cirtgnord reacent

(8 )
H.vH !

RMgX + CQ, > R=C-0=MgK ——we R-C-0-H
intermediste compound carboxylic acid
0 0

' H.CvH '
= CH-C-0-Mghr ———eCH-C-0-H
gthanoic acid

CH Mghr+ €0, -

The carboxyhic acid prepared through this method has one exira carbon than
the alkyl group of Grignard reagent.

7-6-3-General Properties of Carboxylic Acids

| -Physical Properties;

The carboxylic acids with low molecular mass (lower than C,) are liquids
with pungent and unpleasant odors. As their molecular mass increase, their
beiling pounts also go up and the boiling points are higher than these of alco-
hels with the zame number of carbonz, The regson is that carbonyl and hvdrox-
¥l group in acid melecule ionize at a high rate and hydrolysis occurs (more than
alcohols) between acid molecules. forming hydrogen bonds,

;ﬂ A i i s GH
b
R—C C—R
SOH e F

Carboxylic acids with low molecular mass are highly-soluble in water. As
their melecular mass increase, their solubilities decrease,

2-Chemieal Properties:
A Acidity of Carboxylic Acids
Carboxyvlic acids assume acid property by carboxyl group’s donation of proton.
Therelore, they resct with bases readily and Form water and sall
L] ]

[
R-C=-0-H+MaldH
Carboxylic acid

|
= B- -0 Na-'-H:{}
Sale of Corboxylic ncid



B Beactions of carbosxylie acid with carbonpies nand bearbonaics Fxe reise T-23

When carboxylic acids react with carbonates and bicarbonates, CO, gas is Writz down the reaction
fermed. This reaction is one of the important reactions o differentiste carbonyl  equation of acetic acid
group in carboxylic acids. with sodium bicarbonate,
(MaHCO, )

RCOOH + NaHCO, —= RCOONa + €0, +H.O

C) Beaction of carboxylic scid with dleehols [esterification renction)
Carbiaiylic acids react with aleohols along with HCl or H 80, catalysis and
form esters. This reaction is reversible as seen below and called as esterifica-
tinm.

L8 ¥

il
RBeCa0-H+H-OR = R-C-0-R" +HO

Carboylic acid Ester

0 L
i

CH-C-i0-H+H-0CH, == CH;C-0-CH,+H,0
Acetic acd Ethanol Ethyl ethanoie

31 Reduchion of Carboxvlie Acids
Carboxylic acids are reduced by reducing agents such as lithivm aluminum hv-
dride (LiAIH,) and form primary alcohols, But they cannot be reduced with

H,/Mi,
4
I
CH-C€-0H —"» CH,-CH-OH
Acetic acid Ethanol [0 vou know thal
Aspirin which has been used as
Example -"r'Hf - . pain killer anticoagulant for
Hregaiy proparios: Ao Stctng Dom ciikoal, patients with heart disease,
0 LI} is one of the most importent
CH-C-H CH,-CH-C -OH drgg that contain carboxylic
1 acid.
Solution: COOH
The egquations of the resctions are as follows: 0
0 |
R-C-H+H,—» R-CHAOH ——p R-CHX —=» 0—-C—CH,

ey elher

R-CH-MgX —» R-CH-COOMgX — = R-CH-COOH +MgX,

|, slep

L&)
I

CH,-C-H+H, —ﬁ- CH,- CH.-0OH
Eihanal Ethanol
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Exercise 7-14
Prepare butanoic acid starting from

propanal.

Exercise 7-15
Prepare butanoic acid starting from
1-butanol.

Vitamin C s found in many

firuits.

< 22482 >
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2. siep
3CH,- CH.-OH + PCl, —— 3CH,- CH-Cl + HPO,
Ethanol Ethy| chloride
3. slep
iy witwer 0
CH- CH,-C1 + Mg ——= CH,- CH-Mg(l
Ethy] chloride Grignard reagent
4. slep
CH,- CH,-MgCl + CO, — CH,- CH,-COOMgClI
Intermediate compound
5. step
CH,- CH,-COOMgC] + HCl— CH,- CH,COOH + MgCl,
Propanoic acid
Example 7-9

Prepare propanoic acid starting from ethyl chloride.

Solution:
In this method, a carboxylic acid is obtamed with one more extra carbon than
the number of carbons of the starting alkyl.

dry cibar

CH,- CH,-Cl + Mg ——— CH,- CH -Mg(l
Ethy] chloride Cirignard reagent

CH,- CH,-MgCl + €O, —» CH,- CH,-COOMgC!
Intermediate compound

CH - CH,-COOMgC! + HCl ——» CH,- CH,-COOH + MgCl,
Propanoic acid

( Vitamin C 1, which 15 known as ascorbic acid 1s a carboxylic acid which s
found i citrus fruits most. [0 has an important place in our lives, Vitamin C
helps improving defense of body by strengthening immune system, It is given
as pills 1o patients.

7-7T ESTERS
Esters have got the same functional group with carbexylic acids. They both

51' : : o
have (R-C-p-) molecule, The structural formula of esters is E—é _O-F

and general formula is C H, O Here R'=R or R'#R.
Besides, K can never be a hydrogen atom a2 in carboxylic acids.

I |
HiC—CH; —CH;—C—0—CHj; HyC—CH;—C—0—CHCH,
Mouthyl butamnoate Ethy| propanonte
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T-7-1 Nomenclature of Esters Do vou know that
a . o Esters which are found in fruits
ASESIEIS fi-C-0-g e made up of two groups, ong is from carboxylic acid and vegetables have pleasant odors
o and therefore they are used as

and the other 15 from alcohol H—E—:JI-I , 50 they are named after they are di-
vided into two groups as follows:

|- The first name of ester belongs o the alkyl group bonded to the oxvgen atom
in alcohol group,

2- The remaining name is writken by adding —oaie suffic to the alkane part of
the carboxylic acid.

sweetener in foods, perfumes and
kids® foods.

Exercise 7-26

i f_IJ '[:-‘ |- Write down systemafic names
CH.-*CH - 'C -0- CH. 'CH,- (- 0-CH, of the following compounds.
Ethyl 2-chloropropanoate Methy! ethanoais ‘M L

i
CHi-CH-C-QO-CiHs

7-T-2-Preparation of Esters |

Esters can be synthesized through many methods such as the reaction of aloo- CH-
hols and carboxylic, Besides from the reaction of carboxylic acid chloride with Bj 0
dlcohol in the presence of pyridine used to remove the HCI acid that produce, i
esters are prepared. H-C- 0-CH:

4] &

B ety ; irarkiioe ] y . I Wreile down structural formula
R-C-Cl+H-OR"— R-C-0-R"+HCI ot Fallestis aaviouiil

L} L& Propyl 2. 3=dimethylhexamoates

CH-C-Cl + CHOH =—% (H-C-0-CH,+HCI
Acetvl chloride  Methanol Methyl ethanoate

7-7-3 General Properties
I- Physical Properties of Esters
Esters can womnize. [ts shows apolar characteristic in its molecules, but its effect

on the molecule decreases with the increase of non-polar hydrocarbon part - 5
They dom’t form hydrogen bonds between their molecules. O
Therefore, thetr boding points are lower than those of carboxylic acids with the

same aumber of carbons. Most esters don't dissolve in water but dissolve in & I+ =&
many organic solvents. Besides, these substances are used as good solvents for R — C p— ﬂ ®
many organic compounds. 5 ke R b

2- Chemical Properties of Esters

Esters undergo following reactions.

a) Reaction of bEsters with Water in Acidie Medium

This reaction is the opposite of esterification reaction which is synthesis of
esters from aleohels and carboxylic acids. Here HSO, and HCL ire used as
catulysts. Esters react with water and form carboxylic acids and alcohols.

(0] i
il
H.-['-ﬂ-ﬂ'*l'[,':l# B-C-0OH + R -OH
Ester Carboegwlic acid Alcothel
i ]
i il |
H-II o ﬂ—{'H,{‘HI— HO == {'H; - (H 4+ [‘!—IJ{‘I-E, -H
Eilivl ethamoate z ’ Fihamoie acid Fihanol
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Apples and beeswax contains esters,

Exercise 7-27

| - Prepare ethy| methanoate starting
fram methanol.

2= Prepare methyl propanoote starting
from ethanel.

3= Prepare ethy| ethanoate starting
from acety] chloride.

Exercise 7-28
Write down the reactions of ethyl

inethanoste with water in acidic and
basie medium.

H—N—H
AMMmiona

ammonia

AT

( Chapter - 7

b} Reaction of Esters with Water m Basee Medium

Esters react with water molecules in basic medium such as NaOH. At the end
of the reaction, sodium salt of carboxylic acid and alcohol are formed. This
reaction is very important as it 1= used in soap product:on. Therefore, it 15 also
known as saponification reaction. Besides, it is used to differentiate esters as
shown in the following reaction:

0 O

! e B ! -
L‘IJE O e iy B L'II::JL'IIE ¢ MalH ﬂl—t- L'I[_,- C =0 A L'IJ_,CIJ: =0OH
Ethy] ethanoate n Sodium cifanodic Filanol

7-8 AMINES

Amines are compounds which are formed by substitution of hydrogen atoms
in ammonia NH, by one or more alkyl groups. Therefore, amines are named
aecording to the number of alky] groups they contain, 1 an alky] group replaces
one hvdrogen of ammonia, it is called as a primary amine RNH, ; if two alkyl
groups replace two hydrogen atoms, it is called as a secondary amine R,NH [ if
three alky] groups replace three hvdrogen atoms, it is called as a tertiary amine
R M, For example:

H 4 I
' I I
R—N—H R—MN—H R— N—R"
Primary amine Secondary amine Tertiwry amine
(1%) (27 {3")
i CH, CH;
I |
CH~N—H CH-N-H  CH-N-CH,
methyl aming dimethyl amine trimethyl amine
H B B
R—N—H et '
(1*, primary amine ¢ 27 ysecondary aming (37, lertiary aming
mathyl amine dimethyl amine trimethyl amine

7-8-1-Nomenclature of Amines

a) Special (Common) Nomenclature
I = Im this method, frsily, the alkyl group bonded o mtrogen atom is writlen
then the word amine.

e
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For example:
CH, - NH, CH. CH,- NH, CH,CH,CH, - NH,
Methyl amine Ethv| amine n-propy! amine

2= I there are two or three alkyl groups bonded to nitrogen atom, di- or tri- pre-
fixes are added 1o the word amine,

CH, CH,
CHi-M-H CH: - N -CH;
dimethyl amine trimethy] amine

5= 1T the alkyl groups are different, they are written in alphabetical order.

Amines cause odor of rotlen fish,

H CH,
CHy -MN-CH2-CH4 CHy - CHz- N - CH (CHal,
ethyl methyl amine ciiy] isopropyl methyl amine

b} Amines are named according to IUPAC svstem as n the
following steps:

|- The longest carbon chain which carries the amine (-NH, ) group i chosen
and numbered, Amine group acts as the functional group.

2= Previous rules are valid in naming amines.

CH, NH_, 1".'1-!_, CH.
CHy « C=CH;s CHs « CH « COOH CHy= CHa= CH =CHs= CH=CH;
MHa Z-amyinppropandoic acid F-amine-5-methy exans

Zeamino=2=melhy L propans

7-8-2 Preparation of Amines
There are many methods to prepare amines. We will explain only two of them
here,

I- Reaction of Ammonia and Alkyl Halide

LUising smmonia, we can prepare the three types of amines,

For this, as in the example below, alcoholic armmonis sodution and alky] hahde
are mixed in asealed test tube.

- alit]

CH, 1+ NH, — CH-NH,I—» CH-NH, + Nal +H0
!"r'|1:!|'|'r|.'.' dodbide 1|"r:|t'|1.'I|!|:.-| Amie

This is mot a successiul leboratory method as a mixture of primary, secondiry
and tertiary amines which are difficult to separate are prepared. We only prepare
primary amines with this method.

245
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Exercise 7-29 2- Ammonia-Alcohol Reactions
Prepare ethy| amine using suitable Primary aminmes are prepared when ammaonia and alcohol vapor passage aver
alkyl halides. aluminum oxide as {cotalyvafat 200°C, In this reaction, just hike the reaction above,

a mixture of primary, secondary and tertiary amines is obtained. But when a great
amount of ammonia is used, we get mainly primary amine.

pe A
CH,OH + HNH, -W:- CH-NH, 4 I'I:l.'..“I
Methunol  ammomia (177 methy] anine

= = :' i 7-2-3-General Properties
}L'f'" TR 1 Physical Properties
i Molecular massof amines are small and their odors are like ammonia’s, They
arein gas and liquid form at room temperature. These compounds form hydrogen
bonds due to their ionization property. Therefore, their boiling points are high-
er than these of compounds which cannot ionize, Figure 7-2
Amines can dissolve in water as they can form hydrogen bonds with water

oo B molecules. Besides, they can dissolve in omzanic solvents such as benzene and
ether.

R =]
=

T
—&
=
]
e

Figure 7-2

a- Hydrogen bonds between water
and amine molecubes.

b= Hyvdrogen bonds between
amine mobkecules

2- Chemical Properties

Amines are considered as bases because nitrogen atom has a pair of
electrons which can make bond with protons or Lewis acids. This indicates
its ability to react with acids such as HC| as below :

Exercise 7-30
Prepare propyl amine using suitable
alcohol

K- 1"--IHJ FHCl —— E‘.-NI-I.:' il
armine amine sali

This salt can be transformed into amine again when it reacts with a strong base,
pii
H-i"ﬂ'l']1' Cf — B-MH, + Na(C] + E'I_D

Besides, amines form compounds known as amides when they react with acid

R — bl] —H chlorides.
|

R O H 0 H

1 . Lo |
CH,-C -1 % H-N-CH, —= CH,-C-N-CH,+HCl

Amnne is a base, Torereramet ; .
Acetyl chlonde  Methylamine M-t by lacetannde
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BASIC CONCEPTS

Organic Chemistry: 1t is one of the branches of chemistry. Along with other elements, it studies compounds which
have carbon as main element,

Hydrocarbons: They are the simplest organic compounds which contain only carbon and bydrogen. IF carbon atoms
form single bonds, they form alkanes which are saturated hydrocarbons; if there is a double bond between carbons, they
form alkenes; if there is a triple bond, they form alkynes. Both alkenes and alkynes ave unsamrated hydrocarbons. Ben-
zene and derivatives are eyelic, unsaturated hydrocarbons, They are called as aromatic hydrocarbons,

Isomers: They are orpanic compounds which have the same general formulas but different structural formulas, physical
and chemical properties.

Functional Group: Thev are atoms or atom groups which are bonded to the carbon atom that differentiate organic
compounds and give them different physical and chemical properties.

Alkyl halides: organic compounds in which the alkyl groupiR-) is related to a halogen atom (-X) and is
considered aderivative of the alkanes, where ahydrogen atom replaces ahalogen atom, its general formula R-X,
its general law CpH,, X . and the functional group in it C-X.

Markovnikov's Rule: When we add unsymmetrical double-ion carrying compounds to double bonded compounds
which have unsymmetrical alkyl groups. positive ion (hvdrogen ion) attaches to the carbon atom with more hydrogen
ptoms gnd carbonium ion is fommed. Megative ion 15 attached 1w the carbon atom with less hvdrogen atoms.,
Electrophile Reagent: These are electron-loving atoms, molecules or ions which can accept a pair of electrons due
Ly their empty orbitals. Lewis bases as NOL' . X" . R, and Lewis acids as carbony] group and aluminum chloride AICT,
are examples.

Nucleophile Reagent: These are nucleus-loving atoms, molecules or ions which can donate a pair of electrons as they
have exir elecirons, Lewis bases as OH- | X and H-, carbonium ion, B, double or iriple ions and ammonia are examples,
Alcohols: They are organic compounds which have hydroxyl group attached 1o a saturated carbon atom. Their structur-
gl formula is R-0OH, and their general formula is CH, .0, their functional group is C-0H.

Ethers: They are organic compounds which have oxygen atom bonded (o two alkyl groups, Their structural formula is
R-0-R, their general formula s C H 0, and their functional group is C-0-C. 0

Aldehvdes: They are organic compounds which have hydrogen on nnn: side of the carboay| group - E;_ and hy-
drogen or alkyl group on the other side. Their structural formulais g E p - general formula s © H, O and their
functional group is carbonyl group.

Kerones: rhg' are organic compounds which have alkyl groups on both sides of carbonyl group. Their structural for-

mula s » general Tormula is C H, O, and their functional group is carbony] group.

R-C-R
Carboxylic acids: Their functional group is carboxy| group ~COO0H, their general formula s R-COOH and their
general formulais CH O

L R

L&)

1
Esters: They are derivatives of carboxylic acids. They have carboxyl group as carboxylic acids ~ C-0- _In esters.

¥
oxygen of the carboxyl group 15 attached to alkyl group, Their structural formula is -C-0- R, and general formula
is C H, 0,
Amines: They are derivatives of ammonia, Alkyl groups replace one or more hydrogen atoms in ammaonia. They are
divided into three groups as primary amines RNH,, secondary amines R,NH and tertiary amines R.N. Their structural
formula s B-NH, and general formula s C H, N,

[ e B
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QUESTIONS OF CHAPTER-7

Sl raere wre e colorless Bgonds oo different 1ol ubes, O s hesane, the other g -hesanol, How can v dif-

Fereneiane fhese owo liguids!

T2 Witz doeon the preparitios processes alibe Tedlus e compaunmd s frowe he starting substanses.,
by #thanol frem sthens

a) I-propanel from [-chloreoropane
d) sredivng sthansate from meths | cthanaie

¢} erkana’ from cthanal
T e e " —chlorabotang and 1-bmene cowpaowd < in lthoratgrs Wi one oo g e prepane |-kt ?

Ted= Buppls marmg s for e Tellowing ureanis compuends dscarding e CPAC systenn,

I £) I UHCHOCHACHACH £) {1
I Il

CHAC T - Ol ApCELCTLC LR, CHUATC OO,
2 CHs 5 ¥ i 0y

I I
CHAH: U CHAH CHAUH: £ UH. CHULCH: )17 - H

I Bi o

] Il

CHuUCH: O -1

7-5- supply structural formoalas For (ke folles cus erparie compoeonds.
3y 3-aibel- 1 -hepaned

I} Z.05-dimacthy hesanane oo I} bt utanoale
A1 F-gthel-2-amiinohey s

4 I-mgahy - -hg prangmey; 5 Z-migghey 2 -pirangl
T Lcllerahiesane B Zeamimine Zmngt bl ane Ay butusybuting

1) F-areethy lpeotanois acid

T-6- Y rine: the erpaalinny showing the fallawing reactions

L} Mrezsratint ol cthangm aish sbsthing Trarn mit bareal.
Z} Frosarsion ol ethamol strtog Fom oethanal.
At Proparation o propanoiz acid stareing Srom 1-brismopropan.
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~T- Aa arganiv cumpound welich b generad Ternuka O 1 A2 with ooolar wass ol 600ge rna dee s wol eeact with Locas
regzent. But it underooes oxidation complete’s, Wrile the molecu ar snd structucal fermulas oF the compound. Acbter tha
wrile iz reactions and then write seneral formulas ard narces af it prodects.

TB- Chircke the comrect giiswers
|- Which compound 15 chramed by keating ethanol and sulfunc aeid?

1)
|

T BCl, D, e} C1I o0 | d) CH -CN

2= Wha s 1he campound btained Teorm osiditien o 2 propanal sl the belpool b Cr 00 i acidie vanditioes?

a) prispanal b} prapunoene  cf prapens tl} prapanctic acid
3= Tre zompuund vbiined Tram redoctivn ul prupia by additon o Wiand 1,
“) Erekpane c asid b} l-poupanel c 2-propamal ol propame

4- U'he mas abaimed from the resction of efiangl wnh sad.omm metal:

ap({l. Ry e d1H,

- Addilion ol aaalgan {imercucy- adoed o the presence of B and ethanal:

a) Primary alcohols I Secondary alenhnls o) Tectiary alcahals ) Alkune

6- The gas olvaired from the eeaction of edwneiz acud witk sodioem hyd ripgc carbonale:

alH, I 03, )il dy 5]

7- Farwaich at the fnllnwln;:'_ 15 Locas’ reagenl dHOLAn0T b ogsed 10 difererbabe’

Y prinuey, sccoedary ansd ey aleollL B aldehsdes sl ketones o) printan il secombany arines
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- The numbxr of stroctural formulas of O 11 B, comapound:

ap? b3 cpd dp s

S- I ocder W foom sibver meror, w ith which of the Eellowine sheald silver ammonimm hedroside neace”?

a keranc b} aldchyde c}rertiary alenhial d} alkanu

[1= Y high ot the Dellowcang compoucids reiscts with Fehling™s seloten”
i 0] Cr Cr
o | | |

AV UH:- - DOCH: by - U - H ¢} UH: - - CH Pty - -1

b= “‘lhq"l'l I ﬂ'n,-" Peaagtferah w |1i¢|‘1 |1:_:r'|:~1f:::-r1'||:~ |:':-|-:l|"|:_3r|||'|r Ten : |"|||:-J'|:||"|-:'-|'.:'

al) oridatiom b} cleavape ¢ bediction o} =nbsbarutior

7-9-Wrile diw i the s ntheasis coyation of Tudavis acid fom uitablealby D halide with Grignand cepent,

7-10- YW rire diran the aurnes of erpanic 2ompeunds from Ao Ein the chairn reacticns stacting with ethylens

(1=

ClHa=0H+ 10— A

H:Tt

Ao RO

[N R A TE R
¢

13 = MaH{ ) ———— F - (7. - H.i
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7-11- Hoe can s diltizeensiane the tollowing compound paws oxperrmemally?
I propacal and progamenc Iy -penaned and prerane
2 butaral e buerione aeid 4Y Z-mweth e [-2-propacds and T -propicnil
1wt and ethawoic sl & othe o e and ethane

7-12= Lwpiawn the Tullivwine chanees via chemacal squanion::

al CH. 'H.
| |
Cll=- - EH; ——e T - C-10

I I
'l (H

h) 0}
Il
-0y ———= O -CH = CH-

a [-lanrerne — 2-Fackungl

7=13-"The follea ing coarpound s are foomed from resul of oocidicion zeactions o aleohass, Weite cown their neaction: and
structural formelay wnd names of aleehols,

ap Ethinal Yy I mwerhy lpeopanal e 2 aanany

7-14- Sl he To lewing equations and enseer the guestions,

iy Bl ) Fenlirg s Solmion
1 H:Hr e [':Hal JH = LT H Y _ = ML
A B L

#1 Ferile dova i the stroctoral Termolas of &, B and £

b) Wiz cowr the names ot AL H ard ©

) Which nt'B end {7 hag higher Fowoing paint!

d] Wi e ncha st iaeal Feomolas of comprand B wTich docsn’ eadize wath K_'I._-“r__l:_'ll_ i agidee coegdnisna.

7=15- Lwuw ot the fullowing compounds were weced i aedic condiions, A e 2od o the reaclion, plzasant-smelling
O H A comgsund formed, Find cun these vao compeends and wrine down O1e equanon:

THyCH.. CH:CH.OH, CH.CHO. CHHAOOCGH.  CHoCH20OH,
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7=16= Wi ot the sy besis egeatnns o7 the Follawane commpstinl. s fron ethanol,
ab cthaonic woid CHLACGOH  bhethyl ethangate CHLCOCOCH L

ey clhnaban: CHCH.CI d) erlied peggnesiun chlormds CHAOH MOl

TedIbtain the Tullowne compounds slaning Tim ethylens (0T C101. Write dowen 1he equationa.

ik £l by el rnagreauw hicnide e ethy] hesinoas

Tel8e s oy has three carbna atoms, write Joven the tnulas ol the Bllowing AL T5 O Ux L nrganic compoutds in the
{allaw g equation chair.

11 I M ‘ R [ 1 F

Ar gloer

7=19< 4 35 an aczanic carnpeurid sl has > cacbwe etewes 10 Borees connpeenngd B when s sedized This sobslinue
doesn'L react wath Fehbine's solutiva, When sodion mets, reacts woith coopouml A, compound s ublaned. Bt when
H s reduced. i ovelds compauanel A,

g Write doveen v stroctural tammalis ol AL T amd O

B WL e the Tuemnatisn esuationg Svempaund = A Woaed O
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BIOCHEMISTRY CHAPTER-8

.

LN

ﬂ‘

ACHIEVEMENTS

After completing this chapter, the student is expected to :
# Differentiate different types of carbohydrates.

* Leam types of sugars and their differences.

* Differentiate starch.

* Leam lipids.
* Leam how soap is produced and the mgredients uzed in soap production,

«_253 >




( Chapter - 8 -

8-1 PREFACE

Brochemisiry is the branch of science which studies chemistey of biosynthe-
st5 in living bemngs. This branch of science explams biological phenomena m
bodies of living beings in terms of chemistry by studying chemical changes in
human body and in other creatures, Inthis chapter, we will study the properties

and reactions of fwo important chemical substances which we take inte our
bodies from foods, These ore carbohydrstes and protems,

32 CARBOHYDRATES

Havie viou ever thoueht about carbohydrates which make up of maost of our food
as bread and rice?

Do wou know why honey, banane, apple, grapes and some other fruits are
sweel?

In the structure of these foods, chemical substances as carbohvdeates, starch,
sugar are found.

What are carbohydrates? What are their properties and how many kinds ol
carbohydrates are there?

8-2-1- Structure of Carbohydrates
Carbonhvdrates starch and sugar are 1w examine the structures of the feods mentioned above, we see that they
fundemental foods for humans, are made up of oxyren, hvdrogen and carbon, Bul the ratio of oxyzen 15 hagh-
er than others. In the siructural formula of most carbohydrites, carbon atom
Forms bonds with atoms of water molecule, These are (CH,O) and C (H.O) .
Therefore, this kind of malecules are called as carbohvdraies as they ongmate
from hydrate {water] and carbon,
Carbohvdrates are divided into two groups as complex and simple carbohy-
drates, They can be in long carbon chams which con rotate plane pelarized light
(optically active) or in evelic structure. Bodh structures are stable.

8-2-2-Classification of Carbohydrates
Carbohydrates are classified as follows:

| -Monosacchardes: e.g. Glucose and fructose
2-Dhisaccharides: e.g. sucrose, maltose and lactose
1-Polysaccharides: e.g, Starch and cellulose

We will mention some important properties of each group,

|-Monosaccharides:
They are the simplest form of carbehydrates, as examples, glucese and fruciose

n) Glucose {Grnpe sugar):

Glucose 1z found m grapes and blood in noture, 1t is espeaally imporiant os
a nutrient For patieniz who cannot be fed through mouth and alzo in surgical
operations. l1s molecular formula iz C H O, or C, (H,0),, The molecular sirue-
ture and peometrical shape of glucose are given below,
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{1

H':J‘. i A
H==iC =] l:'—“ T
i — Ili-"'.. L x‘;:'
— LA III i o
H—C—CH u.'- | — 01
o i Wl
Hyl
LY
40|
H —L'|: =0
H—-C—-0OH
| i o
HO~C—H O RN
H—C—OH . <
H—l:%:— OH OH “‘-H;F! i OM
| OoH
H—C—DH

In eyvelic structure, it is an ether conthining hydroxy| grosps.

-In open strecture, it is an aldehyde containing hydroxy] groups.

We can explain the properties of glucose with respect to its molecalar structure.

The maleculur structure also helps us understand its reactions.most of reactions
occur in aqueous solution, Glucose has a crystalline structure, Is boiling

point i5 high, It dissolves in water, When we study the structural formula of

glucose, we can see that hydrogen bonds fomm between hydroxy] groups and

hydrogen atoms and plucose molecules. These hvdrogen bonds cause boiling

point elevation,

When we examing the open structural formula of glucose, we see that it is
formed from an aldehyde group and many bydrosy] groups. Therelore, 1t bas

soamve properties similar to those of alcohols and aldehydes. Therefore, they are

oxidized in Tollens™ Reagent and Fehlmg's Solution,

b} Fructose (F ok susar)
Fructose is found in honey and most frnts. s molecolar formola is C H 0,
and it is same as the makecular formula of glucose. But their structural formu-

las are different. [n Figurel A Yand( Bithese formulas are shown, € _%_ bLAs s
structure is similar to that of glucose, their physical properties are also similar,
They both contain hydroxyl groups (-OH) and carbonyl groups. In their open
forulas. In cyclic structure, they have (-OH)and _f’:_u_é_ y groups which
raise both boiling paint and water solubility. : '

In open structural formula, there are numbers of hydroxyl groups in addition

to carbonyl ketones which gives similar properties and inter similer reaction
to those for Alcohols and kelones, Therefare, fructose can be oxidized.

e strueture Rl af gl

In open structure formudla glucose
molecube, functional groups are
atinched to long carbon chain.

H—%—ﬂu
=}
H{}— I‘-'H.
H—C—10OH
H={—0OH
H—C=0H

I
H

(B)

A Cyvelic formula of fructose
H) Open formula of fructose

Codtrary 1o ketoies, fructose is oxidized with Tollens Resgent and Fehling's Solutica.

Therefore, although fructose s a ketone, it 15 acoepted as among reducing sugirs.
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2) Disaccharides
Amulecule of this trpe consests of two identical or diferen: monosaccharide

atter lesimpg aowater madecwle the most example of this,

Sucrose

Sucree g it cane are esamples, Saerose s seeel, Bs prodoced Trarm
vanar cane, AHer cetning. ourthcaton ane crystallizatien, swe eet while sugar
L wiceleenlar farmmnla s O ?H?:tlll. In sucrnae maoecthe, Ihrnu_l_'_gh cleasape af
nne ot o keende Foee oo gloengs and frocoese m ceuls, glvensicde bonls
are Tocined betw zen thiern, B (his bond dissoloes durine dicestion in e bods
s

Auerese —=  Fructose - Olucose

I- LA Lif] (R
Glucose Fructose
A Lilyvoossdi bond
“J‘T ' o
Ci} A Y
1 ;..l.- | '»H f-l H:-':I- .-.____.-"' i H
.|._.--'.“_| T " H HidY ™~ + H)
! lI T,r” eyl e
I|I"'|,‘} ':I- 1|—(| C._I I
L
H O “H o H UM
SUCTOSE

3) Polysaccharides
They are large molecules ppolymers) Tormed oz bonding o e
mionasic sharides wewsher S ansd cellolose o coamples

[ R B LTl

When we gonsime pdate, we wel carbohy drates e fiom sma'l glncnse
iy hes sobesiiee iy oo praly mer callal s siret e Tds e unin is 2higeaye,
waich are connected thromgh the decoding of the carbonyl dewble hand.

Foods cotntaining this type of carbohydrate are called (starches)due ro the
prescnce of starch in theminalarge amaonnt.

b) Cellulose
Celluluse iz o limee mwleculsgpolyarer] formed oo glocuse, Altheook Basic
units b cellulose and starch are 012 same. they have diferent sbapes and prop-
cries depending on The rumber o glucose umies That mgke upeocackoaon Therm and the
alvlercrmes in their bonding vl cach oclier, The wann sompes o7 eellnlngs 16wl Slus
il besides pesl o sorne Troine o Jdats pilm have celloluse,
S wnzemes or somy acid sulutions dissolve those big moclectles. A similar vwent
T ERLs wecurs i disesieve sysien in our bodies,

FEnzymes or

. acid salution .
Cellulose Crlucose
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#-2-3- Detection of Starch _,-" : Culinne BTG
Slarch modecules form hond s w ik odine ndeculzs n codms solusion and pro- ‘m, @ / ",
face a conpounmd wirh blos coleur . The ndime salulinn is nbtained by ) a " 4 "]-E-'L A s -_'-r_,ﬂ_,.,.
dissnlvnng dime crvaalim pazassinn indide with e colmonr soluting. - ,‘i.'.ni__ M

""l. 4 "".ﬂ. 1.;;‘
Thus, b o ekeebem tif ~.|.||¢|| i fuw "|r4,||;‘:-\': af peee aalanon o [ L1 sl e gl & ﬁ'ﬂ‘ *'Ul \ ey
P ddet] W stk solution, 1T Bue colun ix ubserved, il shows e paesencs ey -"’-"‘."“..'1 L -. L‘,;'Iﬂ

o O e

of slarch.
-3 PROTEINS

1 ek origin af the  word preotein, the first syllakle (pre imcans the | primaeyd,
arad thoe sec vl sellabsle ©oeined meens i ance ur b,

Cellulose

[ is the rain boalding Block of our behies i Found inoall Isving beine s

IE Cirries areat srporancs a3 il is the biroes seorce of acving acids which are
necessary Tor arawine nb livicw beings,

Wbk ar Hhe ©hemical Seeoetrees ot these swhetane es™ What arc the anmiliancics
and ifersices B=tw e ozl

W lat e the shapes of i rnolecule s Can owee prepione them in Bsbaritocs™

The main somarse af any protein i Bying boadizs, batame avess o Phe oody mae contain meliple spes of poreins
that must be ceparatec trom sach ather. Lz to the similweity ot it chemnicul compasition and itz physical anc
chentical propertics, it iz dithocl: b separate it by zimple chemical methode.

8-3-1 The constituent elements of protein molecules
Asa reso Cob e ciporimanls, 0 os Saew el proen g crentiing of carhen,

wediogen e pen and Ctmagerelemens o achhinon we thase oleeents, N TP,
prote:n may centicn sullun aod aleoesplong s, e 1 O //’
8-3-2 Amino acids R |l g
Ty s tha st impeartian unirs in praotetn sieustare, They ace Swsrn with the HalN— C—C—0OH
lermiiula ke low: |

| nsiyanws g:'m-r.:ll steactoral fonewtla o oy o ds and apswee s 1he I_'|II.|.-'-\_‘riI'I-I'I‘_. 14

=W b s the Tumetieenad eooap cumman o all annne asids®? o

Formbla for

T 7 VY [ TN IR S, i el . Y P 4 :
2-%Wha: are the chemica effects of cach funsiional group nncche prportics n sl asid

aminet acid

Al diferenees betweeen e o aoids depend on gl DR 2oy

H-3- 3-Formation of Proteins

Protsin = fnemed rem burdma of man aenne aod< damer fasang H U mnlecule)
when thoe bond s Zormed wirh peptide Gonids | bands,

Thew Londs mihe lunge clainsspvlomon) st bog moleculac mass contatning

Fiastne 40,0000 rey 0,000,008 mokecules

O H R O
[0 [

HN-¢- CHOH - H-N-C—C-00 — K .
H H

\JE

Fpg v sournza of protem.

prpticle boned {aminle ond)
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Protein has a carboxyl group on one side and an amine group on the other side,

F E There are amide groups at the place where the bond = formed. 0
] Sl H
z ik R " [ li
Pl R i H—N—(— —)—c —OH
| i ol
g amidie band amide bond
= 8-3-4-Significant Reactions of Proteins
l.ui" The most significant reactions of proteins oceur in cells of living beings. AL the
; Q}J:%L y g 3 endof mmiln:al:tiuns_ profein decomposes o ane Or MAare amine aln;.'iu:l units.
= W 1'& 23 In laboratories, proteins can be decomposed o amino acids forming them by
i 4 ,! addition of inorganic acid (HCD), These reactions occur by the breaking of am-
%‘% f ide bond a5 in digestion, Besidez, by addition of inerganic base (MaDH), pro-
1l 63 . teins can be decomposed to amino acids salts
: EE 3 ¥E Proteins show some differences with respect to the type of amino acids they
- =i\] j contain and glso with the numbers and order of those aming acids. There are
Winding ' Randam more than 20 amine acids in nature, The functions of pretein in body depend
sheets Wrapper on the amino acid and its sequence. Therefore, scientists have tried 1o produce
g o amino acids in laboratories in order 1o make use for living beings when neces-
E g = sary and leamn their sequence.
E E 5. Proteins play a vital rolz in lives of living beings. They have many different
;' gi types which have the same chemical formula and same bonds but due to their
E simes, they have different functions,
For example:
¥ those in fibrous shape as keratin in hair and wool.
¥ those in semi spherical shape a5 in egp
Proteins assume important roles in bodies of living beings with respect to their
~  shapes. Any effcet changing the shapes of proteing interrupts their functions
E 2 and afects the life of the livimg being, The most imporiant proieins in our bod-
5 -El ies are enevines, hormones and bemoglobin in blood.
=
: £3 B-4-ENZYMES
| E A They are some kind of proteins. They are found in all cells of living beings.
F They function independently. They play vital roles in events like digestion and
Metabolism and Breathing.
Enzvmes are produced in bodies of living beings. They are constantly renewed
Structure of protein during vital reactions as they lose their effects by time. They function at a cer-
tin pH value. High temperatures disrupts their structures and prevents ther
funciions,

. Enzymes supply the necessary energy for reactions,

EIEI:I:ISE' 8-1 . . .. There are two types of enzymes:

_Pfﬂt'ﬂ""E show either 1:'_35“3 oracid- | el enzymes: They enible oxidation reactions inside cells and they
ic property (amphoteric). Say the 4.4 get out of cell membrane, such as oxidative enzymes.

reasons for this, 2- External enzymes: They perform their duties oul of cells aller they are se-
creted as digestive enzymies.
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8-5-LIPIDS

—

Uhere ace plensy of lipads in nature Sepetelle wile are tound in cores of plaats a

a5 oty coen, and bruics like ol and cocunun, Animal f= e fowd inall #

wirlly ol anwaly. They aeg stoeed for vnergy e B s el pacszans Tn c e

digestivn pnd s iwdistioes e tions, plenty of eneres i ohiGanes] Topads pepres “E FATTY ACiD 2

sertl enetey pulenliol 1 living beinus Uhes are ceoy impuortan in seap. paim L

and candle imdusices. Lipids don't dizsolve in water. They disselve i orzanic Lt —(FATTY ACID 3)
—

sulsenty lise ether and chilorotnrm, Anmial 31 s ~olid at coom LEmperacre
welionea s g ta e wily s o T d Ty,
1 i|'|i..‘:; Are foernegl 1|'|rul||gh pede v bgsar v e e o 1'.:=|_‘|_'r' Auid - mith _gl_':.-qqlllll
Uhiew are ' so called s trigh e rid ez and tormed Tronn lung hvdrocarbon chairs
M- beith cothomy] croucp al ure side

Triglyeerwde

Faber Trrmd

c|3
. S
S iR / v
H—QH 'lJ 9 HL—0—C—HR
: |I
HO-—CH ¢ k—{—8H — R—L—0—CH ? L AHg
; i
BLL — tl i —O—C—FR
CH—L—K
ghee ol Futry weid Lriplveeride

8-6-50APS

Sueap producoen is the oldes! icdwsoes thae bumans have been doang Soapois
soaclinn oo puazsiven salr o Tany s Soap iz obsamsd ey acklivign of arrung
B s widiurn v aulkassung: sdioside Tullewed by addione sodivem chlociade
sulution and Tnally by precipitatme o ek Liver or s chete The mesmcioe o -
curs hers s culled gy caponification reaction. A1 the Anal step, if 12 wassed with
WLher o e e sall.

i
:;H__—n—:_‘l— IGH 3 CH,
l;l lT'H_,— 13H iill o
T © ClCH 4 alill ——= cg— 1 20T, & O
T éH, GOH Sodium palioiates

[
CIL - - — 10 LH,
elveeryl tripalmitate

shape and gqualive ol soaps Jepend v the 1vpe ol s and sl used e sapon-
icatun, When sodiem bydroxide i wsed a: base, we g1 so0p bary we use in
daily Iife 1w wae porasginm levdroside. we gel =ofl =naps as hygud soaps and
saaving fama.

Steps of soap produciion

<irrijlin I_I,'_ -:'|l.|i||il_'_. uf L j {ll:_-[_1:'|'u|;, 2 e IV p= wf ]| el
Exercise 8-2
Wh juen’o ko gor mapne L
o idvs sl arestessd of swldivin
arnd patassiurn oedromides nosaap
pr ucLwT?

, AP _
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BASIC CONCEPTS

Biochemistry: It studies the chemistry of vital compounds in living beings. It explams functional bielogical properties
of living beings chemically by studving chemical changes in human body and living beings.

Curbohydrates: They are compounds which are Tormed from oxveen, hydrogen and carbon. The rate of oxvgen in
hydrocarbons is higher than of others. When we examine the stractural formula of (TH,0) we see that each carbon atom
is bonded to water molecules. Therefone, carbohydrate name is given to those compounds.

Clucose: 1t is a kind of monosaccharide: Itis in form of hard crystals. Its boiling points is high. It is found abundantly in
grapes and also n blood in natune. Therefore it is also called as grape sugar. Its formula is C H O, or C(H 0. Its open
formula contains many hydroxy] groups and an aldehyvde group.

Fructose: 1t is a type of monosaccharide. 1t is found in honey and fruits abundamly. Therefore, it is called as fruit sug-
ar. [ts physical propertics are similar to those of glucose. [is open formula contains many hydroxy] groups and a ketone
EIoUp.

Sucrose: It is a type of disaccharide. It is obtaimed from sugar cane and it is also called as cane sugar. Its molecular
formula is C H,.0, . Each fructose molecule is formed from a glucose and a fructose molecule with a glycoside bond
between them, These malecules can dissolve in our bodies during digestion,

Stareh: Itisa tvpe of polysaccharide. [t 15 obtained by breaking the doukle bond of carbeny| in glucose and then forming
pobymers by bonding glucose melecules to each other.

Cellulose: Ttis a kind of pelvsaccharide. It is big molecule formed from pobvmerization of glucose. Starch and cellulose
show different properties and shapes due (o the difference in the number of glucoze molecules they have and bomds they
mike. Fibers of plants and skins of stme frusts are natural scurces of celluloss,

Profein: Tt is formed from carbon, hvdrogen, oxygen,nitrogen and sometimes sulfur and phosphoris. s main source is ving
beings especially living organs.The Greek origin of the word protein, the first syllable means the {primary}, and the
second syllable means importance or basis . It carries great imporiance in lives of living heings,

Proteins are abtuined by bonding many amino acids together and removal of water during this process, On one side

of protein malecule s carboooyl group and on the other side is amine group. As bonds, amide group are present

H &
Amino seids: They are the main units of proteins. Tts formula is H,N—{I'--(!:—rm L Aminn acids show difference

with respect 10 alky] group which 1s between carboxy] group and aminge group.

]"::ll:r::r'rlu.':'i: They are some Kind ul'pmt-:inﬁ.. In all living beings, they are produced by the organism. They are found in
all eells of body, They fun<tion independently. They play vital roles in events as digestion and respiration. They are con-
stantly renewed during vital reactions as they lose their effects by time. They function only at a certain pH value. High
temperature disrupts their structure and their functions.

Lipids: They are the main substances which body stores to supply energy when necessary. (ireat amount of energy is
ohtained from animal fatz during digestion and oxidation reactions. They are also found in cores of plants like cotton and
CINT,

Soaps: Soaps are orgunic compounds of sodivm or potassium salis of fatty acids. Soap 15 obiained from mixture of
strong bases as sodium or potassium hydroxide with oils, The shape and quality of soaps depend on the base and the
quality of fats.
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QUESTIONS OF CHAPTER-8

#-1- Circle the comrect answer in the following guestions.

13 Which of the following isn’t a protein?

a) A compound which i3 made up of carbon, oxygen, hydrogen and sulfur,
h) A compound whose molecules ane made up of carbon, hvdrogen and nitrogen.
¢} A compound which reacts with acids and bases.

2} Sucrose molecule consists of units. These ane:

a) glucose b} fruectose e} glucose and fruciose

31 Which of the following elements isn’t found in amino acids?

4} nitrogen b) phosphoruz ¢} oxypen d) carbon

41 Which polymers are formed by Tatty acids?

a) profeins b) carbohydrates c) oils { Lipids)

§-2- Tell reasona for the following:

#) Fructose 15 assumed as a reducing sugar,

b) Protemns react with acikls and bases.

¢} Separation of protens with simple methods 1sn't easy.

£-3. How can vou differentiate starch and ghicose?

#=4. Complete the following table:

Subject of comparison Glucose | Fructose
Mualecular formula

Open Formula

Functional group in open formula

Funetional group in evelic formula
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SI Units and Conversion Factors

Jusadll Jalge s Slaa gl (1) Jaaall

Jabll (Length) (m ) sl

SI Unit meter

<L8)l (Mass) SI Unit: kilogram (kg)

1 kilometer(km) =1000 meter{m)]
1 mile = 1.61 kilometer (km)

| EﬂnqﬁHT_E GeAtimeler _._nE__

1 kilogram =1000 grams (1 kg = 1000 g)
Lamuf i) = 166x10% kg

amu  [ys U0S Saay)

Sl (Time) S1 Unit: second (s)

p==ll (Volume) SI Unit: cubic meter —aSali{m?) 3l

1 hour (h} = 60 minutes {min}
1 hour (h)= 3600 seconds {s)

1 liter (L) = 10r* meter’ {m')
| liter{L) = 1000 milliliter| mL )
L liter(L)= 1000 cenlimeter! {cm')

I milliliter {mL) =lcentimeter’ (cm’)

GlL) (Energy) SI Unit - Joule(])

1 Joule (1) =1 kg . m'/s (exact)
1 calorie _Hnw_.T 4184 Joules E_

Laiall (Pressure)  SI Unit: Pascal (Pa)

byl adl <20 (Temperature) SI Unit: Kelvin (K)

T Kelvin{K) =t Celsius (C) +273

'F Fahrenheit=_~
5

w t Celsiug () +32

1 atmosphere {atm) = 101,325 Paseal _“m__..u_u.
1 w—nE_mm_un:u__“EHw = 760 mm Hg = 760 Torr

1 mmHg =1 Torr
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Oher Symbols and abbreviations (Lalall Sl ,2321l)

a alphaparticals  [Lall 3id5a) Iy hour (1el) ml. millter (volume)  fasa) il

B betapamicals  (Lie 3ilia) 1 loulefenergy)[ialh 3uny ) s mm milimeter (length)  ( Jak) ale

Y EAMMArays, (ks Ll K Kelvin {temperature] | 3,) ) moke (amount) (LS )] s

abernic mass unil (amu) (Ll 58 Saa gl kg kilogram [mass) [Llg] iz L& {mp} meliing peant Hegeanl ki

(#q) squeous solution | Sls ) slas) kPa ldlopascal [pressure) (ldn) JIS.l. (.8 n*  meuiron O A Tt

[atm) atmosphere | pressure ) bios §as ) L liter fvolume) saa) ol n  number of mobes =l | das

bp boiling poeini] il | idais) (1) liguid (k) n  principal quantum number i WS Jae
“C depree Celsins {temperature ) G sl Taa) | M mokir miass L sl | U551 P pressume Jniliia

€ Speed of ght in vacumm { apaall oo} m  meler {length) [ Jads) 5 P prolan ) e

e centirreler (kenght) Jobdl bosy Sasi] fm miaes 455 Pa  pascal {pressure) bdos RE_L

E energyl Lilldl) Voo vl pee R ldeal pas constant r___.__l,..L LA =Lt
e electron{ 5 5 3511) b half— life time  —deatill yec -pat & -second P L

f o pram mas | LSS Gan ) ol T  temperature s f s 3 50 {5 solid aplens

[B) B3}

TP Sandard Temperatare and Pressare Saaad o301 g (il

51 international Sysvee of Units =lfasld  Jgall sl sl
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Chapter - 8

Jreeoeococecceeeene-

List of Elements

ATOMIC NUMBER | NAME SYMBOL | RELATIVE ATOMIC GROUP PERTOTY
MARS
I Hyslrogen H L Onag L/ IA I
2 Helium He 4002602 I8 /) WIILA 1
3 Lithium Li R P/ IA 2
4 Rerybinm il 012182 2 11A |
5 Horon H 1dll L3 F A 3
fa Carhim G L2007 14/ 1%A 7
T Hitrogen M L4, (o7 I5fVA 2
= LIsygen Lh |, et Tl S 2
9 Flusrine F L& SaB4032 7 I VITA 2
() Meon Ne 217 18 £ VLA 2
Ll Soxdind  Natrium ) Ma 22 HRETOITR I/ 1A 3
iz Magnesium Mg 24.305) IIHA 3
% Alvmvinioom (A omi- Al IGGRIS3ER 130 HIA 3
mm )
L4 Silicom Al 28,0855 14/ TWA 3
I3 Fhogplwaries F M ¥ 3762 F3. VA 3
L& Hulfur 5 IT.065 16 VIA 3
i Chlorine 1 35453 7 I VILA 3
L& AFgon Ar AR B8 WIRLA 3
i Potassiom {Kalinn) K EL B L] 1 1A 4
) Calcium L 4.0TH 21 liA 1
Il Scandium 5c 4455551 1 37 1B 4
iz Titanhim Tl 47467 4/ I%¥B L
23 Vanadium Y SRS S/VH 4
24 Chromium Cr b 6/ VIR 4
P Manganess Mn LIS S YIIR 4
26 Iron {Eerrum) Fe 55845 gVl 4
27 Cobalt Lo SH.933195 o Y1l 4
25 Mickel Mi 6934 I v 9
I Cofpper (Cuprum} G B3, =6 1118 4
)] ding An 5340 £2/ 118 4
3l Gallium G (5 13/ THA 4
iz Crermanium (e T2 14/ TVA 4
13 Arsemic As T4. 921640 I50 WA 4
14 Selentium Se TH. 96 Ia VA 4
5 Hromine Hr T 17/ V1A 9
k] Erypton Er 43.798 I8 VIILA 4
37 Hubidium 513 #53.1678 L/ IA 5
AE Strontiam ar a7nd 21 TN 5
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¥ririm ¥ RH GRS 4/ [T 5
-
44 Zdrcomium &1 B1.224 41 TWH 3
il Niohium Nb 2006 34 5/ VB 5
32 Mobrbdenum Mo §5.594 6/ VI 5
13 Technetium Te a2 F/VIIB 5
a4 Fut hesinm 411 [R1NT E.J W 5
45 Ehodinm Eh 125005 50 LERi| 5
36 Palladinm P [ ) 10 VIl 3
47 Sitver { Argentum) AR [T RER2 R 13 5
4H Cadmium Cd 112411 12/ 1IB 5
44 Imeliuim Ini 114818 13/ 1A h
S Tin [ Sranfom) in 118710 14 ¢ IVA 5
| .‘mtimqm:r' {Stibyivrm] =h 121,760 150 WA 5
52 Telluriwm Te 12760 LG WIA 5
23 Towdlimiz 1 | 2SRk 7 17 I VITA &
54 enon b1 131,293 18/ VII1A 5
35 Caesium (Cesium) Ly 132554514 1/ LA L]
56 Fatrivim e 137327 21 HA &
57 Lanthanum La | 38554 T - &
35 Ceram e 14k 116 [}
549 Praseodvinium Fr (ELER Hrd K] - [+
i} Meodymium Nd | 44,242 - &
fil Promethiom Pm 1445127 - &
b Samariun Sm 15436 - &
3 Euripiwm Eu 151, 5 &
x4 Gadolinium Gd 157.25 - &
RS Terbium Th | 5892535 3]
5 Cryspirosivmm Ty 1 &2.500 - &
BT Hoalnium Ha &L 530 32 - (4]
& Erbiurm Er 1672559 - 4]
Fd Thilinsrms T aH 8342 - &
)] Yiterhinm Th 1 730
7l Lutetium Lu | 74567 /I8 [
Tl Halniuim Hf | THAY 4, IVH &
! Tantalum Ta | B S4 724 RIVE &
74 Tungsten [Wolfram] | W 183484 6/ YR &
5 Ehenium e 186,207 74 VG 1]
Ta O lum ks 123 RS VI &
7 Iridium Ir 192,317 oI [
T8 Flatimum Pt | %5.0484 Lk 4 W &
i Gold {Auram) Au | S, SEG50Y 11718 i

265




( Chapter - 8
Bl MSercury {H}'IJI:'E.I'HT- 1 lz.: LS9 12/ 1B i
ruir)
Bl [ hadlim T 2 FEFD 13/ 1A L]
g2 Lead [ Plumibum) Pl )73 14/ TWA L]
B3 Bismuth 1 20H.98040 154 YA 6
B4 Podoniam P JE 9824~ 16/ V1A i
B3 Adtaline Al el 17 VTIA 1]
] Ridon En e N e o 187 ¥IHA #
U7 Franclum Fr 2230097 1714 T
B3 Radium Ra 226.0254" 2 114 7
b Actinium Ac 2270277 7
Gl Thaorim Th 232 3EDA® 7
9] Protactinium Fa 231 E5EE 7
o2 Uraniuim LB} 2380255 |
o3 !\-I'l.-rll:uniurn. }-I'p IRT 4RI 7
2] Plhatermizm Pu 244 0642 7
95 Americiunm Amn 243.0614" 7
by oW Cm 2470704 i
a7 Berkellum Bk 2470703 7
g8 Califormium ef 2al.aet 7
o4 Emnsteinium Es 252 08350 7
1k Fermiwm IFm A57.04951" 7
1k Mendelevium B ZaR.0984* %
12 Mobelium My 23910040 7
I3 Lewrencium Lr 262, 1057* 1B 7
1123 Buntherfordium Ri 261 1088 4/ 1VRE 7
IS Dabpfium [ ) 2652 51V 7
14,1 Seahormpium Sp 2564 61 VIR 7
11 Bohriwm Bh 264 71 VD 7
1173 Hassum Hs P 37 Vi 7
1Y Aettnerium M ot 9§ VIIT 7
I1ck Darmstadtiom 1k T | 14 /. %11 7
111 Raentgeniwm Rg 272 WRIE] 7
12 Ununbiam Uub 245 12/ ITR 7
113 Llnsentrinm L1t 184 13/ TT1A 7
114 Ununguadium Ly 244 14/ WA 7
115 Ununpentiom LUup FEH] 151 VA iy
116 Ununhexium Uuh 292 16/ V1A T
117 Ununseptinm L= - 170 ¥1lA 7
114 Ununoctium Lo 294 181 ¥VIIlA 7

*Relative atomic mass of the isotope of the element with the longest known hal f-life.
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Examples of acids, bases and salts

L. F [FE T R s
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