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for wome other reactons? ey
Ang. L W number of moles of reactants and products are equal, then K. has no units e
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) Consider the equilibrium 2Hsg + Oxg === 2HOi. If the concentration of H:0y i Increaes
the concentrations of Hyy, and Oy will: z
A Increass B. Decrease. C Remain the same. D. Change irregularty
[} Ferwhichsysiem, does the equilibrium constant, K¢ has unitsof {concentration)'?
A My = 3H, 2NH; B. Hy + |y === ZHI
C 2ND, MN:Os D.IHF ====H;+F;
(i) The exgression for Kc of the reaction: N« 3H; == INH; is:
AT S [Na] = Ml B (NG S INHL] C [NH) / [Ma] [Ha? O, [HHGE S [Nl
(W) M the temperature of an exothermic reaction increases, then K:
A Increases B. Decreasss C. Remains same D. Becomes ierg
(¥} Forasaturated sclution of a salt in water, a dynamic equilibrium is between:
A, The dusabied wons and the undissolved solid sait
B. The solute and the solvent malsculss
C The solid sait and the water molecules
B. The hydrated ions and the water molecules in the bulk sohent
[vi) Which of the following condition will not change the equilibrium position?
A, Charge o pretiurs B Changs in concentration
C Agding calatyst D. Change in temparalure
Q.2 Write sthort answers of the following questions. {2xB=15
(I} The oyramic eguilibnum sxists betweasn water and its vapour at 100°C. Justily the statement.
(W] Whry le= 3t O°C can be melted by applying pressure without supply of heat from oultside?
(] Difarsrtate betwesn macrotcopic and microscopic changes with examples.
() M=ntion the characteristics of chemical aquilibrium
[vj Derwethe Ko expression for the reaction: 250y = 0y =— 250,
{¥i] Aopiy Le Chatelisr's Principle when pressure is increased ina gaseous system
[wil) Hike reaction s endothermic, how does increase in temperature affect Kc?
[vif) Define gymamec equilibnum bebween two physical states with an example.
Q3 Datensive Questions. E [2xd:k
[a] 2yusinglsChateler's Principie, sxpiain how CONCENTration, pressure, and tsmpsrature changas affect equibrus

Descrite the industrial apphcations of equilibrium using Haber's process.
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Em (1} ACID-BASE CHEMISTRY

After studying this chapter, students will be able to:

pefine conjugate atid base pairs. (Understanding)

jdentify conjugate acid base pairs in reactions. (Understanding)

[istinguish that Lewis acids accept lone pair, and Lewis bases donate lone pair to make a coordinate
eovalent bond. (Understanding)

pefine mathematically the terms K_.pH.K, and pK, and use them in caleulations. (K, and the
equation K_ =K, =K, will not be tested). (Application)

« Caleulate I'I:',,,:IIJ and pH values for: [Application)

« (2] strong acids (b) strong alkalis (o) weak acids {d) weak alkalies

«  Calculate the [H,07|given the K, and molar concentration ol weak acid. (Application)

s« Apply the concept of the comman bon effect to describe why the solubility of a substance changes
when it is dissolved in a solution containing a common ion. [Application)

s Calculate the pH of buffer solutions in given appropriate data. (Application)

s  Construct an expression for K. (Application)

s Demonsirate the abllity to comprehend and effectively apply the concept of solubilily product X,

{application)
«  Perform calculations using K, values and concenteation of a commaon ion. (Application)

»  Calculate concentrations of ions of slightly seluble salts, (Application)

«  Calculate K from concenlrations and vice versa. (Application)

s« Use the concept of hydrolysis to explain why aquecus solutions of some salts are acidic or basle.
(Understanding)

*  Apply the concept of conjugate acid and conjugate base on salt hydralysis. (Application)

. Select suitable indicators for acid-alkali titration, given appropriate daia (pka, values will not be
used). (Understanding)

s Perform acid-base titration to calculate malarity and strength of given sample solutions. (Application)

N >

= Differences between Common Aclds and Bases

Sr.No. Acids — Bases

1. Acids were first recognized as having sour tasie. | Bases were first recognited as having bitter taste,

. Acids change the litmus from blue 1o red. Bases change the litmus from red to blue,

3. Acids change the indicator "Phenophthalein™ | Bases change the indicator “Phenophthalein®
from pink to eolouriass. from colourless to pink.

Mote: Acids and bases neutralize each other and during neutralization, acids and bases react

with each other to produce ionic substances called salts.

I:b Iinteresting Information!
Acidity in our tomachs i3 due b0 exoesd HEL 10 i treated by taking mild baseds such as, baking soda
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BRONSTED-LOWRY CONCEPT

0, Describe the Bronsted-Lowry theory of acids and bases, Provide examples af conjugate acid-base Pl

and explain clearly thelr relationship,

The Dantsh chemist I N Bronsted and the English chemist TM_ Lowry in
1523 independently expanded the Arrhenius theary of acid-base

-~
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Bronsted-Lowry Acid:

According to the Bronsted-Lowry concept, "an acid is the species
denating a proton in a proton-transler reaction”.
Bronsted-lowry Base:

According 1o Bronsted-Lowry concept, "a base is the species
accepling the praton”™.

Example:

When HCL dissolves in Water:

When HCL dussolves in water, an H' fon (a proton) is transferred
from HCL to water, where it becomes attached to a lone pair of

elecirons on the O stom and forms H,0'. In fact, HCL (the acld)
has donated the H™ and H,0 (the base) has acoepted it

Chn

L puag b R

H_l'.}”. -_—
Fpre af cepine
Conjugate Acld:

"A species formed atter a Bronsted base accepls a proton from
the acid Is called the conjugate acld”. The hydronlum len (H,07)
is the conjugate acid of water,

Conjugate Base:

"A species formed when an acid donates a proton to a base |5
called the conjugate base". HCI-Cf and 1-!2!3--H,l:7.\'+ are
conjupate acid-base pairs

Example:

When NM; dissolves In Water:

When ammania dissalves in waler, proton transfer also occurs. An

H* fiom H,0 attaches to the N atom's lone pair and NH; and
OH are formed, With Tewer H™, the water molecule becomes
OH™ won:

HO’

CiAfARE alal

HCL, | -

PreLe w

U
NH, +H,0,, = OH, + NH;
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whent Droniled Linvry pointed ogg thag
acid-base reactions can be seen ag Tfotng
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Note:

» Chiorige kan [CL7) 1 indeed the conugu,
base of hydrachlone acid (MCE) becaye
it b the species thal remiing after (g
atad {HCL) kas foat its praton
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» A Bronsted-Lowry acid 1% 3 proton dongy

s A Gronated-lowry Bate B & peorgn
ceplor

——

@ Rock Your Mind!

Lin 1h;: reactlon botween HOL ang
waler, which species aoz a1 ke

gonjugate bated
&) HyO® b cL-
CjHEL o} W0

@ Rack Your Mind!

2. Conjugate acid-base pakr dilfers by:
A] An elaction pair B) A neutran
Chan electran 0} & proten

in this case, H,0 (the acid) has denated the proton and NH, (the base) has accepled it NH, ~NH] and

H;0 ~0H are conjugate acld-base parr.

Amphoteric Substance: An amphoteric substance is a species that can act as aither an acd and a base (it

can lose or gain @ proton), depending on the other reactant.

H:O is Amphoteric in Nature: H,0 |5 amphoteric in nalure because i acts as a base in one case and asan

acid in the other {as shown in the above examples)
i

]
are e

HO + HO—+HO + OH
pary] -m..,-;;nr-...-
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application of Bronsted-Lowry Concept: The Bronsted-Lowry theory can be applied 1o acids in solvents
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gther than water or even solventless reactions. The reaction between gaseous ammania and HCL gives
solid NH,CT,

HCl ) wNHy —RHCL,
HCL is an acid because in the reaction it donates a proton Lo the NH, molecule. The NH, acls a5 a base,
gven though hydroxide ion OW® is not present, and accepts a proton from the HCL molecule. Similarly,

.2 . LI
HX + HO—sHO + Ci
[, e —
1 1
Table: Canjugate Acid-Base Pairs of Common Species
Acid Base cuul'ljlllﬁiil!' Ackd Cn:rn;u;itn Base
HNO, + HD —_— Hlu‘ + ND;
30, + WO . H}u" * HSO,
O + oy — HED; + oM

LEWIS CONCEPT OF ACIDS AND BASES

—

pDefine the Lewls theory of aclds and bases. How does this theory differ from the Bronsted-Lowry
theory? Give examples of Lewis acids and bases that do not invelve proton transfer,

T 1913, GN. lewis proposed a generalited definition of acid-base
pehaviar in which acids and bases are identified by thakr ability to accept
or to danate a pair of electrans and form a coordinate covalent bond,

=

-

@ Rock Your Mind!

Lewls Acid: 3. Why b BF; contidered a Lewiy scid?
“A Lewis acld ls any specles (molecule or lon) that can accept a palr
of electrons”,

Lewls Base:

"A Lewils base is any species (molecule or ion) that can donate a pair ef electrons”,

A Lewids acid-base reaction occurs when a base danates a pair of electrons to an acid

Example 1:

In the following reaction, each of two ammonia molecules, Lewis bases, danates a pair of electrons 1o a
positively charged silver ion, the Lewis acld. The sum of charges on the left side is +1, so the acid-base
adduct on the right hand side must carry a charge of +1:

? )
: |
2H —Til: + Ag® P —— H—Til—rbﬁug =M —H
|
H H H
Lewis baze Lewls acid Acld base adduct

Example 2:

The boren atem in boron trifluonde, BF,, has only six electrons in its valence shell. Boron atom has an
Incomplete octet. 5o it can behave as an electron pair acceplor, BF, 15 a very good Lewns acld and reacts with
many Lewls bases e.g. a fuoride ion which Is the Lewis base In this reaction, donates one of its lone pairs

a - il

s F: i
- I LE] - E -
IF: + BeeF! — 3 [IF—B—F:
-e ! - LR I LR
tF: IF3
Lewis base  Lawis aeid Acid base addust
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The negative eharge on the adduct is the sum of charges on the lelt hand side of the Equal'm
sum of charges on the right hand side must also be =1

Example 3: In the following reaction NH, has a lane pair on N-alom 5o it is a Lewis base (electron Pair
donar] and boron accepts the lone pair and is a Lewis acid,

H F H F
| | I |
H=N: +' B=F—p H=N'—s0=F
| I | |
H F H F
donor acceplor complex

I--—-—-—-mw—---u—-___..____.....-___.”—-—-—-—-—

. {F] Quick cHECK 9.1
| a)  Idemtity the conjugate acid-base palrs In the following reactions:
(]
Il HCNG) +H0) =M, 0 +CN 1)
1
|
i

Alzo write down the balanced chemical equation lor the reactlon -'ﬂ'ld explain.
Ans. The conjugate acid-base palrs are:
1. HCN (acid) and CN- [its conjugate base]
HCN donates a proton (H*) to becoma CN°,
2. H;0 (base) and H,0* (its conjugate acld)

H;0 accepts a proton (H°) to become HD".
summary of Pairs:
o Agid -s Conjujiate base by
Bronsted Acid | Conjugate Base Josing H*
HEN N o Dase = Conjugale acid by
H,0 H0* gaining H*
« L

CH,CO0MH, ) +H,0,, ==2H,0",, +CH,CO0"
Ans. Pair 1: CH,COOH [Acid) and CH,CO0" (Conjugate Base)
« CH,COOH donates a praton [H°) to became CH,COO0".
*  Acld; CHyCOOH [acetic acid].
* Conjugate Base: CH,CO0" acetate won),
Palr 2: H;0 (Base) and H,0" (Conjugate Acid)
» MyD accepls a proton (H*) to become Hy0°,
= Base: H;O [water)
*  Conjugate Acid: Hy0" (hydronium ion).
Tl Hrﬁm + H,O‘ 1 .=‘H.{I"l.“ + Hrht]

Ans. Conjugate Acid-Base Pairs:
*  MyS [acid) / H5" [Conjugate base); H,S donates a proton {H*) to become HS". [Acsd: Proten [H'] donor )
=  MW;0 (base) / H,0" (Conjugate acld): H;O accepts a proton [H°) to become HyO®. (Base Proton [W')
acceptor)
e Pairs differ by ane proton (H*),
Note: H;0* s the strongest acid here, H5S™ is the weakest base

. HCE, +I'I'.Tl.'.l;‘_.|]I ;—_"‘H,I.‘.ﬂl‘_“ +Cf7
Ans, Conjugate Acld-Base Pairs:
1. Holet
*  HCL (acid) donates a proton [H*) 1o become CL (its conjugate base)
1. HCO/H,C0,

|
|
|
|
¥
I
I
|
1
I
I
i
|
|
L]
I
|
1
|
I
I
|
|
|
L]
!
|

= HCO; lbase] accepts a proton {H*) 10 become H.LD. [ns conjugate .‘n:ﬂ.‘iI

—— e — — e e

§CcHO
":"—;;m Table:

- — i — ———
—

| ns-
|

|
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L]
| Ml *H.O
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|
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|
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Acid
HCL
HiCOy

tonlugu Base

s
HCO,

b} Identify the Lewls acid and I..mis base In the reaction between:
50, and 0"

galanced Chemical Equation:

0" —» SOy

Lowis Acid-Base Identification:

1. Lewls Acid; 50,

» Reason: 50; accepts an electron palr from 0% (its sulfur atom has an incomplete octet and Is
electron-deficient).

7, Lewis Base: O™

» Reason: 0" donates an electron pair 1o 50, (it has lone pairs available for bonding).

pechanism Explanation:

1.
2
3

50, (electron-deficient due 1o palar 5=0 bands) acts as the electron-palr acceptor (Lewls acld).
o™ {a negatively charged ion with lane pairs) acts as the electron-pair donor (Lewls base).
The O°" attacks the sulphur in 50, forming a coordinate covalent bond and creating 504 (sulfale).

50, is o classic Lewis acid (e g . in sulfurie acid production: S0 +H:0 —sH2504 ),
0" is a sirong Lewis base (common in oxide reactions).

HU- and H,0
| pns. Balanced Equation:

— 0 +Clg

Lewls Acid-Base Identification:

1.

Lewls Acid: H* (fram HCL)
*  Reason: Accepts an electron pair from HyO to form H,0°

1. Lewis Base: H;O

* Reason: Donates an electron pair to H® 1o form a coordinate covalent bond in H,0°.

Explanation;

L]

HCL dissoriates into H® (elactron-pair acceptor, Lewis acid) and €L,
H:Q [with lane pairs on exygen) acts as the electron-palr donor (Lewis base), farming hydronium {H,0°).

BF, and NH,

| Ars. Balanced Chemical Equation:

; B, + NH,—H N~ BF,

Lewis Acid and Base Identification:

Lewis Acid: BF, (electron pair acceptor),

*  Boron in BF; has an empty 2p orbital, making it electron-deficient
Lewls Base: NH, (electron pair donor).

*  Mitrogen in NHy has a lone palr it can donate.

Mechanism:

L NH; donates its lone pair to the empty orbital of 6F;,

L Adatlve covalent bond (coordinate bond) forms between N and 8.
Key Polnts:

BFy is a classic Lewis acid (no protans involved|).
NH, is a Lewis base clue to its lone pair.

<k - L = = = - S — i — e —

- — i — e — S — e —
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IONIC PRODUCT OF WATER
*  Pure waler Is a poor conductor of electricity but its conductance is measurable
s Water undergoes sell-lonization reversibly as follows,
Net Reactlon:
@ Rack Your Mind!

¥

H0py +Hi0py ==H\0j) + DK,

HyOpy =M * OH,,
The equilibrium constant for this reaction can be written as follows:
M JloH"]
A T

= The concentration of H;0 Le. [H,0] In pure water may be calculated ta be 1000 g dm! divided by E

1000 pdm™
mal! ghing 555 moles dm™ | e. "'in—gfﬁ“‘l 55.5 mal dm™

4. Why bi the concentration of wige,
omidered  constant I the
eeprettion?

=18%10"" moldm™

= As waler s present in very large excess and very few of its molecules undergo lonkzation, s n
concentration remaing effectively constant.

= Constant concentralion of water is taken on LH.S, and multiplied with K to get another canstin
called K.

K [H,0] =[H]loH]

or = 1.8%107" ¥ 55.5=1.01x107" =[H' ][OH"]
This 1.01x10°" Is calied X_ of water at 25°C.
K [H,0)=[H"][oH"]
As K[HO] = KuSo, K, =[H'|[OM ]=10"" a1 25°C. Table: Ko ot varicus |
s K iscalled lonic product of water or dissociation constant of water. tlw::m'"-
Ku of H10 Increases with Increase of Temperature: o 0.11416"
= The value of K_ Increases almost 75 times when temperature |5 10 0304 10"
ingreased from 0°C to 100°C. A3 10102
For neutral water 2 309+10%
() = O] 100 75«10
Or [H*][H*) = 10°™
T = 107" (at 25%C)
(H'] = 107 moldm™
and [oW] = 107" meldm™ -t

The effect of temperature on K. Is shown in Table.
*  Whenever some quantity of acid or base Is added to water, then K., remalns the same, but [H°]and
[OH™ Jare ne more equal.
In case of addition of small amount of acid,
- [H]=[OH"]
While in the case of addition of few drops of a base.
[OH = H"]

*  During both of these additions, the values of K., will remaln the same, |.e. 107" at 25°C.

SCHOLAR = CHEMISTRY {11}
a—

"'.ﬁﬂ,g Sorenion, a Danish biochemist, intraduced the term pH

293

PH AND pOH

o pOH So, the scales of pH and pOH were developed,
pH:
*The negative logarithm of hydrogen lan concentration In
the solution is called pH.”
pH==log[H" |
P pOH: dj Interesting Information!
*The negative logarithm of hydroside lon concentration In | Selutons of negative pH and hawing valees
the solution is called pOMH,* rrare than 14 are aluo knawn
pOH=-log[OH')
For neutral water, pH=-logl10™"]=7
pOH = =log/10°7]|=7
Also, pH+pOH =14
The value of pH narmally varies between 0—» 14 at 25°C.

The pH values of some familiar aguecus solulions are shown in Figure. This table can help you to
understand the acldic or basic nature of commonly used sofutions,

@ Rack Your Mind!
* e —
S 1 vhe pH of 3 solution s 3, then (i (7] b
A0 mal dm®  B) 107 el den?
L 10" moldm® D) 3 mal den?

#

In &l the squetus saluland, The concentratan
of W' end QW™ afe 100 low (o be convenently
eapreited and uied In caltulations.

Acidic Mewlral Basic
MapE W' I w' w* o' w* 1w w* W 1wt w0
A | i i i | i Il i i
LRI it Cwtmmatac ik it Lianstgy sl i
WHTITA)  mater pH I (pHEE) (pH 74} G0 Mt B AR
m.ﬂ.-u'muw B Sopmater
ABII0) aeH 253 4) |pH 4 0 5) {pH T 08 3}
I i T T T T T S | i T
g 1 2 3 4 5 i T [ 9 w o oon 12 13
Flgure: pH Values of some common substances
Sample Problem 9.1
Inasolution, the pH is 9.2. Determine the lonic product of water K_ ot 25°C.
Safutlon:
Caleulate the pOH from the pH:
pOH = 1a=-pH
pOH = 14-9.2
pOH =48

Find the concentration of H and OH™,
Taking antilog of pH and pOH
antilog pH = antilog
[OH"] =10=pH
'] = 10
[OH'] = 63x10"Mm
Similarky, antilog pOH = antilog (4.8)
[OM"] = 10-pOH
[oH") = 107"
[OH'] = 1.6x107*M
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Sample Problem 9.2
The ionic product of water at a certain temperature Is K, =1.0x10"" at 25"C. If the concentration of

lons in a solution is 1.0x 107" M, caleulate the concentration of OH™ lons, the pH and pOH of the solution,
Salutlon:
Use the expression for K_ -

Chapter 9 2 Acld-Base Che
___"’f‘;_lq_“

K. =[H"]lon7]
Substitute the known values of K and the concentration of H' :

1.0x10°" = [LOx107")[OH"]
Solve for the concentration of OH™

[oH7) = % =10x10""
Calculate the pH: _ pH = =log[H’]
= —log(l.ox107")=7
Calculate the pOH: POH = —log[H]

= —og(1.0=107)

por =3

Ke = [H']|OH]
Ko = (6.3 % 107%)(1.6 = 107%)
Ko = 1.008 = 107"

This is the ionic product of water at a given temperalure

Calculate K.

[F} Quick cHECK 9.2 :
A solution Is prepared by mixing eq;al volumes of two solutions: one with a pH of 4.0 and another 1
with a pH of 10.0. Caleulate the K_ for this mixture at 25°C.
Given:
= SolutlonA: pH=40 = [H']=10"mM
= Solution B: pH = 10,0 —» [OH] = 107 M (since pH 10 = pOH 4).
Step 1: Mix Equal Volumes '
* [H']from A and [OH"] from B neutralize each other:

H® + OH —— H;0

= Result: [H'] = [OH] = 107 M cancel out, leaving neutral water (pH 7).
Step 2: Final pH
+ The mixture is neutral (pH = 7.0] because the H* and OH" concentrations were egual and fully reacted,
Note on K.:
s K.= [H][OH) = 1.0 x 107" [constant at 25°C) for all agueous solutions, including this mixture.
Final Answer:
The mixture has:
= pH=7.0(neutral).
s Ko=10= 10 (at25°C).

A — — . — . — i —— T — - — - — i —

...,._-E____-.

|
|
!
:
J
[]
|
L]
|
|
|
|
]
|
;

—————— i —— -
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sCHO —
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|p) Ataspecific temperature, the lonic product of water K_ Is 1.0x107"* , If the concentration of OH lons I
i

| Inasolutionis 2.5x 107 M. Calculate the concentration of H* ions and the pH of the solution.

|

| Ans. Glven: [
| Ke = 10x10Y f
i [OH] = 25«<10'Mm |
i Ko = [W]joH) '
. =14 |

! H] = EFK;-_]- = __:in;‘ll:' = 4.0%10"'M i
'I Calculation of pH I
| pH = =log [H'] = ~log (4.0= 1077} l
i pH = 6.40(since logld.0) = 0.60 and log(10°") = =7} '
| Final Answer; l
i [H] = 4.0x107 M |
. PH = 640 i
T Copper-plate etching solutions Is prepared by diluting concentrated HND, to 0.30 M HND,. Calculate |
| [W']pHIOH ] and pOH of this solutlons at 25°c. |
) Ans. Given: !
| » HNO, concentration: 0.30 M (a strong acid, fully dissoclates). |
| e AU25°C:K.=10x10°M, .
| Since HNO, is a strong acid: !
i [H] = D.30M |
i pH = -log|H'] = =log(0.30) = 0.52 '
| as pH+pOH = 14 |
i POH = 14-pH=14-0523=13.48 !
I Final Results: POH = -log [OH] l
i [H] = D30Mm l
: pH = 052 i
| [OH] = 33=10°%mM |
i pOH = 13.48 '
| pH + pOH = 14 '

— T — S —— — — - —— i —

IONIZATION CONSTANTS OF ACIDS (K,)

Atids and bases, when dissolved in water, may or may not be completely dissociated. Many acids are weak
electralytes and ionize to an extent which is much less than 100 %. The value of K, called the dissaciation
tonstant of an acid, is the quantitative measure of the strength of the acid.
¥ Mathematical Derivation of Ky
Suppose we have an acid HA dissolved in water,
HA+H,0 —H,0" + A~
K: for Lhe reversible reaction will be written as follows:
o [HO°JIA]
*  [HAlHO)

k(0] = PO IAT]

[HA]

@ Rock Your Mind!
6. What is K, In acid-Base chemistry?

et K [H0l=K,

o O
T

Hence
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COMMON ION EFFECT

e

0. Discuss applications and Implications of the comman lon effect in varlous flelds,

Oefinition:
“The: supprisslon of londiation of a weak electrolyle by adding a comman lon 1o It I ealled commen kon elfed”,

S Applications of Common lon Effoct
»  Purification of NaCL:
MaCL s purified by passing hpdragen chilaride gat theough the saturated brine, Sodiam chlsride (s fully lonied e
the selution. Eruilibrium constant mepeession for this process can be wenten a5 folla e
MaCly, === Na, + Cliy
g, = INATJICL )
HaCL)

* Wb EAn appreds e iantratnn ol il
rleetrahge by ermman pin elfad

ﬂ Giber appieatinng ol coremea o

HEL alza lunites in salutian, affict. famy tws)

# Vistvwwginy whsy o) ji shivays in 1ha

KO b Gl
protipitation of Zod Group Besle Radicals of Salt Analysis
Thie tisbeat il idare ol a weoak ol 105 In waler Cai lee Supgaressed g the
additan Gl strargger acid WEE MY I @ eoinmion o 105 Lscomes ey
drsnachatetd i acli solubicn I this way, e dancantration of %'
e laped

I ol dhres b

ﬁ:} Raeh Your Mind!
¥ owrnen lasdpeien of @ weal
slaitinigle W wepgreninil by @

Hi's = = J“‘.u P‘i.’m sy shlradps  heving @
b iy # bl
Trig b comeentomtion of % Gons lielgs Lo da e grecipitation of ;::::,ﬂ.,
radieals ol secesnd grop basie radicals durig st analgein g Hithering

“{.!'".“ - - thl ¥ h',m
» Preciphtation of Jed Group Basle Radlcals of Salt Analysly:
an adbditicinn Gf HEGEE it BHGEN solition sugpressns e concrntration g G, due o thiv gresende ol @

E j Fairvmme wia afteen

|- 1) Fimd gl dwne et
— - ———

latjee earmss nl “H; Treain Bl fetually, NIGET 1 a stinng wleitiolpte T cormbination il et Vi
subisbantes b dabed as reagent in e geosap biasie raddioaly
HH by - ”.'.lhl L2 [
NH Ry s Wy Gy,
r Uses In Qualitatlve Analysls and Proparailon of ulfers;
Commun lan eflect has s eenension apphieatbons in e qualitative salyss and tie pragarstion of e
Mate: In cornamen b elfoon, te verm "Floetralyte™ b used iatead of adul, base ar sall

BUFFER SOLUTIONS

The selutlons which resist the changs In thelr pi when o small atnount of an scld o a hase 1s added 1o them,
avn il buffer solutions,
o Thesy have a specilic etnstant valie of pit The gl values of Balfer
saluticans di it ehangee on dilution s on keepiog o o long Nine
= Iypes of Buffor Solutions
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Example: '
An acidic bulter consisting of CH,ECO0H and CH,COONa CH,COON being a weak electrolyte unge,

viery Iitle dissoclation. When CH,CO0Na, which 1 a strang electrolyte, 1s added to CH,CODN $olutigy
then the dissection of €1,C00M is suppressed, due 1o common lon eltect of CHC00 | l

CH,CO0M , +W,0, , ==2CH,CO0[, +HO],

CH,COOMN, , ==2CH,C00,, +Mag,
i one goes on adding CH,COONa in CH,COOH solution, then the added concentrationg o

CH,C00 decrease the dissoclation of CH,CO0H and the pH of solution increases, The Table tells hay

the pH value of a mixture of two compounds Is maintained. Greater the concentration of acetlc agy
compared (o CH,CO0MNa , lesser is the pH of solutlon.

Table: Effect of addition of acetate lons on the pH of acetic acld solution

[CH,CO0H](mal dm ™) | [CH,CO0" |(maldm™) | % Dissociation | pH
010 0.00 13 2.89
010 0.05 0,036 4.44
010 0.10 0,018 4,74
0.10 0.15 0.012 4.92

Actually, a buffer mentioned above is a large reservoir of CH,CO0H and CH,CO0" companents. When 3,

acid or H,0° lons are added to this bulfer, they will react with CH,C00 to give back acetic acid and heg,,
the pH of the solutian will almast remain unchanged, The reason i that CH,CO0H being @ week agid wy
prefer to remain undissociated. Similarly, the buffer solution consisting of NH,CP and NH,OH, can resis i,
change of pH and pOH, when acld ar base ks added from oulside. When a base or OH ions are added injg,
they will react with H,0" to give back H,0 and the pH of the solulian again will remain almost unchanged,

Acldic buffers Rasic bullers

s Those bulfers which are formed by the [« Those bulfers which are formed by mixing of 2 we
miving of a weak acld and a saltaf it witha base and a sall of It with a strong acid are called bask
strong base are called acidic bulfers., bullers.

*  Their pH is usually less than 7 s  Thelr pH ks more than 7.

= Henderson's equation for acidic bulfers s Henderson's equation for basic buffees
pH = pK, + Ing{‘%;li pOH = ph+lﬂg£ﬁ%

e.g. CH,COOH + CH,COONa eg. NHOH + NHLCL

wieak prid salt of weak agid weah baie  salt of weab baie
= Calculating the pH of a Buffer

Lt us discuss preparation of a buffer of definite pH. EI"J Intaresting Informatient
Example: The body's blogd bullering system, kmvolviag

Consider a weak acid HA and its sall with a strong base NaA | bicarbonates, helps maintain @
[eg NaDH]. The reversible reactions for dissociation of HA and ¢ L
Nad are as follows:

HA=—=H" +A" ‘
Nad=—=Na' + A
Cadculation of pH of a bulfer solution by wsing Henderson equation:
[Acid |

pH=pK, -log——

[Salt] = I

SCHOLAR £ CHEMISTRY (11™)
[nterchanging the numerator and denaminator, the sign of log changes

[5am |
pH =pk, + hﬂ[_ﬁ;r.‘l_] :

this relationship Is called Henderson's equation
factors Alfecting pH of a Buffer:
penderson's equation shows that two factors which govern the pH of a buffer solution are as follows:
(i) pke ol the acld used,
() The ratio of the concentrations of the salt and the acid.

= The best buffer Is prepared by taking equal concentration of salt and acid.

= So,pHis controlled by pk, of the acid.
gxample: For acetic acid - sodium acetate buffer, if

[CH,CO0H] = [CH,CO0Na)

p, = 474
[CH,COOMNa]
H=pK +lgg—i—x
e PHI=PEs *1%8"[cH,coon)
pH=pk, +log[l)
pH =pt‘ +0 =p\K
so. pH=4.74 :
i means that the pH of this bulfer is just equal to the pk, of the acid.
[E| Quick cHECK 9.4

a) Explain the Impact of common lon effect on solubility,
Ans. Effect of Common lon on Solubility

salurated solution of PLCrO, , which is a sparingly soluble ionic salt.
POCrOusy ===== Phi,\, + CrO,,,
N CrDujey) = IN2 gy + cﬂ]:.ﬁlll

insoluble POCrO.. So equilibrium is shifted to the left to keep K. constant,
yb)  Toasaturated solution of AgCL some of NaCL solution was added.

|L  State the efect of the concentration of Ag® on the equllibrium.

' ans, Effect on [Ag"]:

—— o — i — i — i —

1 The addition of NaCL (which provides CL” ions) 1o a saturated AgCL solution decreases the concentration

of Ag® ions at equilibrium.
ill.  Explain your answer with respect to the common lon effect.
| Ans. Explanation (Commen lon Effect):
Equilibrium Shift:
# The dissolution equilibrium of AgCLis:
AgCluy == Ay + Cliy
NaCly, == Naj,,, +Cli

Principle) to reduce the added CL°, causing more AgCL to precipitate.
Mathematical Impact:

*  The solubility product (K.} must remain constant:

|
|
I
I
|
|
| .= [AgIict]
I

The presence of a commaon ion decreases the solubility of a shghtly soluble wonic compound. Consider a

Mow add Na;CrOs which is a soluble salt CrO} is the comman lon. It combines with PE* ta farm more

* Adding NaClL introduces excess CL'(common  lon), shifting the egquilibrium left (Le-Chatelier's

e ——— — e S S S S e e

S S S m—
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1 Result:
i = Solubility of AgCL decreases, and the solution becomas less saturated with Ag* ions. !
3 €} How does a buffer maintain pH stability? |
| Ans. A bulfer maintains pH stability by resisting changes in pH when small amounts of acld (H*) or base ID].“‘
are added. Here's how It works concisely: |
Mechanisms:
I, Composition:
= A buffer consists of a weak acld (HA] and its canjugate base (A7) [e.g.
CHCOOH/CH,C00") or a weak base (B) and Its conjugate acid [BH*) {e.g., NHu/NH.').
il. Action Against Added Acid [H*):
s The conjugate base (A7) neulralizes H*:
A +H' —HA
= Example: In CH,C00"/CH,CO0H buffer, CH,C00" consumes H* to form CH,COOH,
lil. Actlon Agalnst Added Base [DH'):
# The weak acld [HA) neutralizes OH":

i
i
|
I
|
I
|
HA+OH —»A”™ +H,0 ]'
|
i
i
i

*  Esxample: CH,;CO0H donates H* to OH", forming water and CH,CO0"
iv. pH Stability:
*  The equilibrium between HA and A” ensures [H'] {and thus pH) changes minimally,
*  The Henderson-Hasselbalch equation predicts bulfer pH:
pH = pk, + log([HA][A])
Conclusion:
Buffers stabilize pH by shifting equilibrium to consume added H* or OH", keeping the [HA}/JA] ratg
(and thus pH) nearly constant. '
Calculate the pH of a buffer consisting of 0.50 M HF and 0.45 M of a fluoride (F~) salt before and afte |
addition of 0.40 g NaOH to 1.0dm’ of the buffer (K, of HF=6.8x107").

Given Buffer Solution;

o
—

®
2

[HF] = 0S0M
[F] = D4sMm
Volume = 1.0dm?
K. of HF = G.8w10™"
= Added NaOH = 0.40 g (Molar mass = 40 g/mol — 0.01 mol NaOH in 1.0 dm® —
Step 1: Calculate Initlal pH (Before NaOH Addition)
Using the Henderson-Hasselbalch equation:
pH = pK,+ log([F/IH])
(-1 -log (6.8x10"")=3.17
pks = -logls.8x10")23.17

[F]
[HF]

pH = a1:r+r.ug[“5]=3u+hgm: =3.17-0.046=3.12

[OH ] =001 M)

pH = pKa+log =—

Step 2: Calculate pH After Adding NaOH (0.01 M OH")
NaOH reacts w:ih HF {weak acid) in the buffer:
HF + OH™ =+ F" + H,0
»  [HF} consumed: 0.50-0.01 = 0.49 M
* |F] produced: 0.45+0.01 = 0.46 M
Mew pH:
pH =317 + log [0.46/0.49) = 3.17 + log{0.94) = ._1.?

S —
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¥ = Caiculate the pH of a buMer solution In which 0.11 molar CH,COONa and 0,09 molar acetic 3cid |

]
1 golutions are present. K, for CH,COOH Is 1.85x107%. |
! Given Data: [CH; COONa) = 0.11M '
| [CH;CO0H] = D.0SM |
. K. of CHYCOOH = 185 = 10°° i
| Required: pH of Buffer solution = 7 -
*l Solution: pEs = —logk, |
i = ~loglB8x10*=474 ¥
| _ [Salt) |
1 PH = pR+ I":"gl.ﬂ.:hd] i
| —r .
i pH = 4.74 + log 0.00 |
i pH = 4.74 +0.037 i
(B —— 5.1 S s

SOLUBILITY PRODUCT
(For slightly soluble lonic compounds)

= [Eavrcine L0 6]

@ Whatls the solubllity product for sparingly soluble salls? Give its two applicatlons.

Definition:
*The sclubility product ks the product of the concentratlons of lons raised to an exponent equal o the
roelficlent of the balanced equation®.

R
*The product of the equillbrium concentration of lons raised to an exponent equal to the coefficient of the
balanced equation at given temperature Is called solubllity product [K.,)".
When a soluble ionic compound s dissolved in water, like NaCl, it dissociates completely into ions. But for
slightly soluble salts the dissoclation is not complete at equillbrium stage.
7 Example 1, Lead Sulphate:
When Lead Sulphate (PbSO,) is shaken with water the solution contains Pb'*, 50, and undissociated

PbS0,. It means that equilibrium exists between solid solute, PLS0, and the dissolved ions, 50, and Sﬂi' =
Lead sulphate is a well-known sparingly soluble compound and it dissociates to a very small extent like PbCE,,
H-0 " -
PbSO, ) === Pb™,,, +50{"

10 .
l'IF'h' 1150571
" T PBSO, ]
Being a sparingly soluble sall, the concentration of lead sulphate

(#b50, ) almost remains constant, Bring [Pbsﬂ,] on LHS5. with ¥, @ Rock Your Mind!
K [Pbso, ] =[Pb* JIs0} ) 5. What bt the etect of temperaturs
if Kr[Ph"S«Dd:Ku on the Ky, vahie?

Al It always remaing constant

B} 1t decreases with temperature
C} It changes with temperature
D) It increases with pressure

then K, =[Pb™ ][50} ]=16x10" at 25'C
Kiy 15 called the selubility product of PeSO,. It is the product of

molar solubilities of two lons at equillbrium stage.
Example 2, Lead Chloride:

Consider a sparingly soluble salt, PoCL,. K, =[Pb™ ][0
K is usually a very small guantity at room temperature. The value of K, Is lemperature dependent. The
vitlue of K, |15 2 measure of the dissociation of sparingly soluble salt.

w
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The following Table shows the K values of some slightly soluble ignic compounds.
Table: K values for some lonic compounds ——
Salt lon Product Kip Salt fon Product Fog
AgBr [ag*liBr ] 50x107" Cus (cu™ )s*1 Bx10™
==
AgCL [Ag"JICC] 1.8x10™" Fe,S, Fe” P T 14x10°"
ANOH), | (AP JOH ) 3x107 Mgco, [Mg™* 1lcoy ) 3.5%10°
B—
BaCd, [Ba}icoy"] 1.1x10™" Mns (Mt 1157 | Ixlg™
caco, | [ca*)(ca)’) 33x10” PhCrO, P6™ |[Er0) 2.3x10°0
CaF, lca® NIF ¥ 32x10°" PbsO, [PbT* 1505 ) 16x10% |
2 Applications of Solubility Product
a) Determination of Solubility from K.,

For this purpose, we need the formula of the compound and K, value. Then the unknown molar sa|
5 Is calculated and the concentration of the ions is determined. Table shows the refationship between g,
Kyp values and the salubility of some sparingly seluble compounds.

Table: The relation between solubility and solubllity products of some salts

Formula | Mo. of lons K Solubility g dm™
PLSO, 2 1.69x10™ 13x107
CalOH), 3 65«107* 11752107
CaFy 3 32107 20x107"
Ag,CrO, 3 26010°Y g7=10"
Smart @ﬂﬂnkln‘
Relationship Between K,, and Molar Solubility (s)
Compound | Catlon | Anion | Ksp Expression | Relation Between Ksp and s
AgcL O 7% I PP ey
BaS0y 5 s [Ba™]{SO3 ] Kpust D5= f‘w:;
1
PbF: : 2 | PEIET Ky s di=s §a ["_:_}’

MIC“‘J a5 1 KlP"“S‘:&: [l:#]’

[Ag"F'1 €O} )

- a = “ll 4
‘m-l‘,ﬁ =5= —?

ALIOH) s 3s | |A")[oH)

E ¥ a _'E.'i.
Kip= 108s* =5 [mu

Cas{POu): | 35 2s | [ca®P(PO) P

CHOLAR <& CHEMISTRY (11%) 31
s

~ ole Problem 8.4

(oH); 19 sparingly soluble compound. fts solublity product ls 6.5x10™, Calculate the solubllity of Ca{OM),.
ca

ython:
the solubility be represented by S in terms of moldm .
w!antﬂd egualion is:

GalOH),,,, =—=Cay,,, +20H
ca:ﬂl'ﬂ““:' ;.D +* ﬁ

Let
The

Initial Stage
CalOH), ===5+5 Equilibrium Stage
e concentration of OH™ s double than the concentration of Ca’* , 50

K, =1Ca" JloH | =sx{25)

a5 =g.5«10"*
5; = '55 L3 J.D_‘I
4

5=(1.628) 107!
5=1.18x110" mol dm™
wence, at equilibrium stage 118x107maldm 'moldm™®  of Ca'*  and  2x118#10 " 'moldm
_736+10" moldm™ OH are present in the solution. In this way, we have calculated the indmidual
concentrations of Ca** and OH ons from the solubility product of Ca{OH),.
b} Commeon lon Effect
The presence of a common ion decreases the solubility of
a slightly soluble ionic compound. In order o explaln it,
consider 2 saturated solution of PhCeO,, which Is a
sparingly soluble ionic salt,

Y € o

PBCrO,, ===Pb"" | +CrO}"
Wow add Na,CrD, which is a soluble salt.
Na,CrO,,, ===2Na" +CrO%
€™ is the comman ion, It combines with Bb™ 1o form more Insoluble PbErD, . So equilibrium is shifted
to the left to keep K, constant.
¢ Predicting Precipitation

The solubility praduct (K) helps In predicting whether | lonlc Type of Precipitation
the precipitation of a salt will occur or not. For example, | Product Solution

the solubility product of Ca$0, Is 2x10™ Il we add »Ke | Supersaturated Yes
107 moldm™ solution €™ 1o 107 moldm™ solution | =K, Saturated Mo

of SDi' ions at 25°C, the concentrations of each lanle <K Unsaturated No

species can be calculated as:
[ca*]= [50'.'1=$ =50%107" moldm™
[Ca™ )[SO} ") =5.0%10"" moldm ® x5.0% 10 moldm™
=25¢10"" molfdm™
=25x10"* mol’dm™® > K, of Cas0,

&z the product of concentrations ls greater than K, therefore Ca50, will pmgte out.
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'ﬁj QUICK CHECK 9.5 I

|
1 |
l2) The solubility product constant (K,,) of silver chioride (AgC/) Is 1.77x107" @t 25°C. A solugjg,|
| already contains 0.10 M of Sodium chlaride (NaCf). Find the solubility of AgCL In @ solution g, |
L contalns 0.10 NaCL !
| Ans. Glven Data: |
i »  KspofAgCl= 1.77x10°4 i
¥ = [CL7] from NaCL = 0.10 M (this is the commaon lon) I
I Let § = molar selubility of AgCL (maolfdm?) in the presence of NaCL i
= Dissolution equation: i
ARCLy === g,y + CLi,y |
= At equillbrium:

[Ag’) = Sltrom Agcl)
[C] = 0.10M (from NaCL) + 5 =0.10 M [since 5 << 0.10)
Ky = [Ag'][cL]

I i
" |
I [}
- I
i

! 1L77%10° = §x0.10 I
| S = 177%107"/0.10=1.77x 10" M i
i b)  Predict whether CaS0, will be precipitated or not when 10 moldm™ of each of Ca™ and su:* I
i mixed together. |
| Ans. Given: [Ca™] = 107" mol dm? ;
i [507] = 10" mal dm?? 1
' Ean T Kip of CaS04 = 2.4x10°* (at 25°C, literature value). |
| Calculation of the ionic Product (Q) '
i Q= [Ca¥[s0i)=(1010Y=10% !
Comparison of Q1o K., |
i » If Q> K,,: Precipitation occurs, ¥
' « If Q <K, Noprecipitation. 1
| Here: Q=10"% vs Kyp=2.4 % 10" |
i Since 10%2 24 %1051 e, Q< Ky i
| Conclusion: |
i Ca50, will NOT precipitate under these conditions because the ion product (Q) is less than K. i
i €}  Solution of potassium carbonate is basic. !
I 1 Explain why the solutlon is alkaline. |
i Ans. Solution is Alialine: i
! Potassium carbonate (K;COy) dissolves in water to produce ED‘:’. which hydrolyzes to form OH ions, |
making the solution basic: !

! €O} +Hy0 s==== HCO; + OH" .I.
! . cu}' (@ strong base) reacts with water, accepting protons [H*) and releasing OH™. !

« K* (from K;C04) is @ spectator ion and does not hydrolyze.

! li.  Alsogive the eguation for the hydrolysis of the above salt. !
| Ans. Hydrolysis Equation: I
0 KOOy —s 2K* + COY !
I CO% + Hi0 ==——= HCO; + OH |
| I

{Dissociation)
{Hydralysis)
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I:I:l Interesting Informatio

Thie thell of this nautibul bk cempozed maknky A
of caltium carbonate The nautiue adjucts
canditions go shell material is formed when
the toncentration of celsium igna and
carbanate lons in seaweter are high enough
o precipitate calcium carbonate

SALT HYDROLYSIS

Then a salt dissolves in water, it dissociates Into its constituent lons, These ions can interact with water,
Jifecting the solution's pH depending on the nature of Lhe acld and base from which the salt is derived.
» Hydrolysis:
*The Interaction between salts and water are called hydrolytic reactions and this phenomenon s called
hydrolysis®.
= Salts of Strong Acids and Strong Bases

For salts derived fram strong acids and strong bases (e.g., sodium chloride, NaCl), the conjugate base of a
strang acid [e.g., CU from HCL) is very weak and does not significantly react with water, The conjugate acid
ol a strong base (e g., Na" from NaOH) is also very weak and does not significantly react with water.

NaCl, —ATaNa® 400,

Ma® is the conjugate acid of NaDH (a strong base] and does not alfect the pH.
CL" Is the conjugate base of HCL (a strong acid) and does not affect the pH,
The solution remains neutral.

Examples are KCL (HCL + KOH), KNO,y{HNO; + KOH), NayS0.(H;50 + NaOH) ete.
o Its o =] i d Weak B
For salts derived from strong acids and weak bases (e.g., ammanwm chlande, NH,C! |, The conjugate base
of the strong acld {e.g., CL') does not react with water. The conjugate acid of the weak base [eg., NH;
fromNH, | reacts with water to produce H,0" lons, making the solution acidie,
NH‘HM“:NHLMH +q[_ﬂ#
NH; Is the conjugate acid of MH, (a weak base) and reacts with water:
NH; o) +H0 ==NH, , +H,0F,)
CL™ is the conjugate base of HCL (a strong acid) and does not affect the pH.
The solution is acidic due 1o the NH; ion.
Examples: ALCL;, CuS0., NHLNO; ete.
2 Salts of Weak Acid a
The example of salt of weak acid and strong base is sodium acetate.
CH,COONay,, +H,0; ==CH,CO0[,,, +Nay,,)
CH,C00° is the conjugate base of CH,CO0H (2 weak acid] and reacts with water:

CH,C00,q) +H10yy 7"CH,CO0H,) +OH,y
Ma® Is the conjugate acid of NaOH (a strong base] and does not affect the pH . The salution |s basic due 1o
the CH,CO0" ion.
Examples: NayC0u[H,C0: + NaOH), NayPOu(H:PO, + NaOH)
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= alts o ids an ak Bas

For salts derived from weak acids and weak bases (e g, ammonium acetate, NH,CH,CO0 ): The CORjugay,

acid (NH} and the conjugate base (CH,CO0"} both affect the pH .

NH,CH,C00,,,, ===NK; ., +CH,CO0,,
NH; hydrolyzes to produce H,0".

i sl

NHG(ag) +Hi 0y ==2NH
CH,C00" hydrolyzes to produce O,
CH,O00,,, +H,0, ) T==CH,COOH, _, +OH
The resultant pH of the solution depends on the relative strengths of the conjugate acid and conjugar

base. The solution may be acidic, basic, or nearly neutral, depending on which reaction IS more deminam
Examples: NHiCN(NHaOH + HCN), [NH):C0:{H;C04 + NH))

o) +H.1:|1'”|

ACID-BASE INDICATORS

An Indicator is a substance that changes coler to mark a titration's endpoint, Ackd-base indicators exhibit g,
color in acld and another in base. Most indicators used in acid-base titration are weak organic acids or weg
organic bases. In talutlon, a weak-acid indicator (Hin) can be represented by the equation below.
Hine==H" +In"

Here In” Is the symbal of the anlon part of the indicator. Because the reaction is reversible, both Hin and In” an
present. The colors displayed result from the fact that Hin and In” have ditferent colors,

In acidic solutions, any In” lons that are present act as Bronsted bases and accept protons from the acid, The
indicator is then present in largely unionized farm, Hin, In basic solutions, the OH lons from the base combine
with the H' lons produced by the indicator. The Indicator molecules further ionize to equalize the loss of Hiigas,
The indicator is thus present largely in the form of its anfon, In. The solution now shows the base-indicating
color, which for litmus is blue,

In baslc solution

In acidic solution

Figure: Unionlzed acid-base indicators and thelr lonised forms exist in an egqullibrium
Different indicators change color at different pH values. The color depends on the relative amounts of Hin and
In” ata given pH, For example, methyl red changes fram red to yellow between pH 4.4 and 6.2, A% pH 4.4, the

indicator exists mostly as Hin molecules, which appear red in the solution. The Indicator ranges are given below
for some of the indicators commonly used.

T T e— |
Phenolphthalein [ MO s
o 1 2 3 4 5 €& T ® @2 W oM 713 4

pH

Flgure: Range and color changes of some common Acld-Base indicators

= Selecting a Suitable Indicator
The two general criteria for an indicator to be used in a titration are;
= The pH at the end of the titralion should be close to the indicator's neutral point.
s The indicator should indicate a sharp color change near the equivalence point of the titration.

OLAR <4 CHEMISTRY (11%) ais

Eactt pH inchcator changes color over a defined range of pH, known as the indicator range. An indicator
¢hanges colour over a range of about 2 pH units.
e sercise LO 7Y

"""B;?Hbe the general shape of a titration curve for a strong acld titrated with a strong base. How can you
jdentify the equivalence point on this titration curve?

ﬁ_ ion Curv

scH

Equivalence Poi

« pHCurve: A pH curve is a graph of the pH of the wolution verses the volume of titrant added.
« Eguivalence Polnt: The equivalence point & the point at which the amount of titrant added is just
" pnough to neutralize the analyte salution complately
« Titration curves: Titration curves show how the pH of an acidic or basic solution changes a5 3 basic or
acidic solution is added 1o it, We can use the titration curve 1o choase an indicator that will show when
the titration is complete and we reach the equivalence point.
» End Point: The end point of the titration occurs when the indicator changes color. We choose an
indizatogwith an end point close to the equivalence paint.
1, Strong Acid-5trong Base Titration Curve: Lea
Consider the titration of HCL with NaOH. Initially, the
solution containg only the strong acid Since the acid is
strong, it completely dissociates, leading to a high 1o
concentration of H* lons and the pH s very low 1
$gaCH is added, OH" ions from NaOH begin to neutralize i
. the H' lans from HCL and pH of the solution rises.
The equivalence point is reached when the amount of OH
added iF stoichiomatrically equal to the amount of H* 44
priginally present in the acid. The pH at the equivalence ]
point in a strong acid-strang base titration Is 7.0. o
The titration curve at this stage shows a steep rise in pH, a
changing quickly from acidic to neutral. The pH value at
the endpoint changes about from 4.0 to 100 These
tItriH:ag!- have a pH of 7.0 at equivalence, so, such
¢ phenolphthalein as indicator can be wsed as they show
different calours In this range.

2 Strong Acid-Weak Base Titratlon Curve & ¢ 124
Consider the titration of aqueous NH, with HCL
initially, the solution contains only the weak base and it e
only partially dissociates, with a lower concentration af _ #
OH" lons compared 1o a strong base, The initial pH will be
greater than:7 but lower than the pH of a strong base. As
HCL is added, the concentration of OH decreases, causing <
a further decrease in pH,

Betate reaching the equivalence point, the solution s in a
bulfer-like region where the pH changes more gradually, e e———————————
The presence of the weak base and its conjugate acid L BN O L
{lrom the salt formied) creates a buffering effect, which i e el

helps to maderate thie pH change as the base is added.

;M-J.Inn‘l:.a-u n

gH = T 00 3
e AR ol

L
[Ty

T T T T T T T 1
= L} wn w &0 0 W ™ R
Voluma af sireng base a3ded (MLI

Figure: Strong acld-strong base Biration curve

prensighinaien

pH =5 26 a1
equivalence
3+ pent

Figure:strong acid-weak base tiralion curve
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a)
3 Ans, The differences between Endpoint and Equivalonce:

b)

Ans. An Indicator Changes Color In Acldic vs. Basic Solutions:

The pH at the equivalence paint will be less than T[pH=5.27) because the conjugate

dissociates, releasing H' lons making the solution acidic (NH; —sNH, +H" ),

Alter the equivalence poinl, the pH of the solution decreases
rapidly. This s because the strong acld dissociates completely in
walter, providing a high concentration of hydrogen wons W, which

significantly lowers the pH, Methyl orange has s colour change in vitratian?

@ Rock Your Mind|

10, wnuumﬂulvﬂmmh,

this range, therefore, it can be used as an indicator for strong acid-
weeak base litrations

Table: pH ranges of commen indicaters
Acid color | Base color | pH Range Type ol Titration
orange yeliow 17-45 | strong acid-strong bose
strong acid-weak base
strong acid-strong base

Indicators
Methyl prange

Phenolpthalein | colorless | red 82=100

[ﬂi QUICK CHECK 9.6
Dillerentiate end point and equivalent point.

Feature Equivalence Point Endpalnt

Definitlon The paint where stoichiometrically | The point where the indicator changes
equivalent amounts of analyte and | color, signaling completion of titration,
titrant react.

Theoretical | Theoretical (ealeulated from Experimental (observed visually or

vi. stoichiometry). Instrumentally).

Experimental

Dependence | Independent of indicator Depends on the cholce of indicator.

on Indicator

PH (Acid- pH Is determined by the sall formed | pH may slightly differ due to indicator

Base leg. pH = 7 for strong acid-strong | range (eg, phenciphthalein changes

Titration) base), at pH 8.2-10).

Precision Exact {based an reaction | Approximate (may not perfectly match
stoichiometry), equivalance paint).

Explain hew an indicator changes its colowr In acidic and basle solution.

1. Chemical Structure:

* Indicators are weak acids (Hin) or weak bases (InOH) with different colors in protonated

(acidic) and deprotonated (basic) forms,

2. Acidic Solution [pH < pK.):

*  Excess H* lons shift the equilibrium to the left
Hin === H"+In"

*  The protonated form (Hin) dominates (e.g., red for methyl orange),
3, Basic Solution (pH > pK.}:

*  OH" lons remove H*, shifting equilibrium right
Hin—= In"+ H*

* The deprotonated form (In") dominates {e.g., yellow for methyl orange).
4. Transition Range (pH = pK, £ 1):

. Euk.w change occurs Ie g phensolphthalein turns pink at pH 8.2-10).

_— e e e

i,

]
|
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!
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|
|
|
|
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|
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|
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|
|
]
|
|
]
|

« Reason: Covers the neutral pH [=7) typical for weak acid-weak base titrations (e g, acetic aod +
ammonia)
Limitation:

*
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=T Gample: e R PP e e
! « Methyl Orange: i
| Acidic [red, Hin) —» Basic [yellow, In”) '
! + Phenolphthalein: I
! Acldic [colorless, Win) —» Basic [pink, In”). i
| Key Idea: The indicator’s color reflects the dominant farm [Hin or In° ) based on pH '
i d suggest a sultable indicator for weak acld and strong base titration. !
i yns, For the titration of a weak acid (e.g., CH,CO0H) with 2 strong base (e g., NaOH), the best indicator is: |
| phenolphthaleln i
i + pHRange: 8.2-10.0 (colorless —» pink), E
i « Reason: The equivalence point pH 1527 [due to hydrolysis of the conjugate base, e.g., CHCOO). |
! Phenclphthalein’s range matches this alkaline pH. '
ld) suggest a sultable indlcator for weak acid and weak base titration. E
! png. Forweak acid-weak base titrations, no indicator is ideal due to the gradual pH change near the |
equivalence point. However, if required: 1
suggested Indicator: Bramothymol Blue |

s+ pH Range: 6.0 (yeliow) to 7.6 (blue) }

]

|

L]

|

L]

Weak acid-weak base titrations often lack a sharp pH Jump, making pH meters more reliable than visual
indicatars.

I\

%1 | Option Explanation
. HCL [acid] —» H* +CL" (conjugale base)
L HCl donates a proton, making CL its conjugate base,
o When an acid donates a proton, it forms its conjugate base, and when a bage accepts a proton,
1 it forms its conjugate acid,
BF; is a Lewis acid because the boron atom has only six electrons in its valence shell, which is
1 5.0 less than an octet. This incomplete oclet makes BF, electron-deficient and able 1o accept a
lone palr from @ Lewis base like Mluonde ion
Water concentration remains effectively constant (about 55.5 mol dm™) because water is
[N 5.0 | present In large excess and only a tiny fraction lonizes, so its concentration does not change
significantly.
L [
=1
5 A
=0.001 Mor1x10°"M
pH is defined as the negative logarithm of the hydrogen lon concentration
§ s.q K, Is the acid dissociation constant, It represents the extent 1o which an acid donates protons
A In water. A higher K, value means a stronger achd.
T c Presence of a commen lon from a strong electralyte reduces the lonization of a weak
. electrolyte, shifting the equillbrium towards the reactants.
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s Abulfer solution resists a change in pH when a small amount of acid or base 1s addeq
8. 5.0 | Itmantainsaconstant pH and Is stable over time and on dilution.
» Bulfers are made from a weak acid/base and its salt &
Based on “Le Chatelier's Principle” the system shilts to oppose the temperature Iﬂ;;:“
9, [ “temperature can Increase or decrease Ksp” depending on the heat change of the dissaly,,
reaction.
» The equivalence point is when the amount of acid equals the amount of base. oy
10. 5.0 = [t is where complete neutralization oocurs

= Itis not always al pH 7, depending on acid and base strength.

ai
L

L D> Exerase KL |

MULTIPLE CHOICE QUESTIONS (MCQs)

Four cholces are given lor each question. Select the correct choiee.
Given the lellowing reaction:

N, +H 0 —sNH] ) +OHL )
a) NH, s the agid, H,O Is the base b} HH, is the base, H,0 Is the acid
¢} NH; isthe base, OH is the acid d) H,0 is the base, OH " is the acid
The pHaf 10~ mel dm™ of an agueous solutlon of M50, I
aj3o b) 2.7 ¢} 2.0 d) 15
The solubllity product of AgCL is 2.0%107 maldm™®, The maximum concentration of Ag”lans in thy
solution is:
a) 20210 ¥ moldm™  b) 141x10 moldm™ ¢} 1L.0x 10" moldm™ d) 4.0 10" moldm™
Which Indicator Is typically used for titrations Involving strong acids and strong bases?

a) Methyl red b Phenciphthalzin ¢} Bromathymal blue dj Litmus solution
Which of the lollowing Is the conjugate base of water?

3) OH, b} OHLy €} H 0 d) WOl
Which of the followlng Is a Lewls acid but not a Bronsted-Lowry acld? LR
a) HCL b) NH, ) afce, d) H,0

In an acld-baze titration, the equivalence point s reached when:

a) pH of thee solution is 7.0 b The indicator changes color.

¢} Equal valumes of acid and base have been added. d) The reactlon stops.

If the concentration of C£° lon in a solution is Increased, the solubllity of silver chioride (AgCL) will:

a} Decrease b} Increase ¢} Remain unchanged d) Become Tero

Which of the following pairs of substances can act a5 @ conjugate acid-base palriaccording to the
Bronsted-Lowry theory?

a) HCL and NaOH b} HH, and NH;, ¢} H,0 and H,50,

If the pH of a selution Is 11, what is the [OH™| concentration in the solutlon?

d) H,0 and CH,

a) 1107 M bl 1x107'M ¢ 1x107 M d) 1x107™m
Which of the follewlng pairs forms a buffer solution?
a) HCL and NaCL b) CH;CO0Na and CH,CO0H

¢) HaOH and HCL d) MHyand Na;504

4cHOLAR B CHEMISTRY (11°) i
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Answer Key with Explanations ==

Answer
HH, 18 the base, H O isthe | e
ackd

Explanation

HHy accepts H°, making it a Lase, Hy;0 donates W,
rrakirg i an acid

e WSO, === W'+ 50|
W] = 2 #1107
pH = =log [H']
pH==log 2 » 107" = <[log2 = 3logl0) =~ (D301 - 3}
pH=2670r27

0 ALl e pgth g )"
Ky = [Ag] [CL]
207 10 = [ag™] [CL )
2010 "= [ag)

o107 = ﬁhn.:r
[Ag"'] = 1,414 = 10 * mol dm *

+ Changes color aear pH =9, ideal for strong acid-strong
base titrations

2.7

Since [Ag"'] = [CLY]
1.41% 10 *moldm ™’

1

=
T

Phenalphthalein

V. a OH,,, « H,0 loses H* 1o form OH" s0 OH” 5 ILs conjugate base
Wi 13 AiICH, & Accepts an eleciron palr but does not donate H*.
'-; : Equal volurmes of acid and +« Equivalence point is stoichiometric, not necessanly pH
: base have been added. 7.
vl Decrease » Common lon effect reduces solubility,
I, tH, and NH, & NH, gains H* to form NH;
x| » 1107 M o pH=11-» pOH = 3 —» [OH"] = 107 MA.

Sodium acetate [CH,COONa) | = Weak acid [CH,COOH) + its conjugate base (CH,COO")

| =

and acetic acid (CH,COOH}

SHORT ANSWER QUESTIONS

forms buller,

@2 Aunempt the following short-answer questions:

2. Define the following with an example for cach;
I} lenlzation constant
iil) Common lon effect

Ans,

{1} lonlzation Constant: The quantitative measure of the strength of the acid and base I5 called anization
constant,

Example: we have an acld HA dissobved in water,

il) Solubility product
Iv) Acld-base Indicatar

WO AT
= [HA)
(i} Solubility Product: The solubility praduct is the product of the concenteations al lons raised 1o an
exponent equal 1o the co-eflicient of the balanced equation
Example: For AgCL

HA+H,0=H,0" + A" K

Agli==ag"+CI", K, =lAg'][CC)
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Lmt"ll-l - saa mlur% =
(1) Comman lon Effect: The suppression of lonization of a weak electrolyte by adding a commen

lap I
s called commaon lon elfect !

NaCH, === Ny + Clig
Hcri,n Y -'J"Hl.al "':rlﬂl

(i) Acid-base Indicator: An indicator 1s a substance that changes colour Lo mark a titration's g
Ackd base indicators extibit one colour in acid and another in base, Most indicators used in iy, ",
titration are weak organic aclds or weak organic bates, iy

SsCHOLAR & CHEMISTRY [11") =
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I this case, H,0 [the acid) has donated the proton and NH, (the base) has accepted it NH, —=NH; and
W,0~0H are conjugate atid-base pair
Conjugate Base:
*aspecies formed after a Bronsted base accepts o proton from the acid is called the conjugate acid
prample: The hpdranium ion (Hi0°) is the conjugate acid of water. A species farmed when an agid donates
a proton 10 a base is called the conjugate base. HEL + CL™ and Hy0 — HyO® are conjugate acid-base pairs

T i

Example: el . | s -
Phenolphthaleln: Colarless (pH < B.3) to Pink (pH > 10.0) e e e
b.  Dilferentiate botwoen: T T —T— - N
i} Hydrolysls and dissolution Hj Acidic and baslc buffer solutlons 4 Whatls - p:‘“““‘“ strength of an acid and the strength of its conjugate base?
Ans. 1) Hydrolysls and Dissolution T— | A :ml-ut;i':f:;m ::‘: ':“'::’ ::;ﬁm‘ﬂ because it donates pratons easily. A weak acid has 3 stronger
Feature | Hydrolysis Dlssolutlon = pxample: HCL {strong acid) forms CL [very weak base).
Definition | A chemical reaction where water breaks A physical process where a solute dissolye; «  Strong Acid [HCL): Weak conjugate base [CL°).
bands in a compound, In a sohvent. « Weak Acid (CH,COOH): Strang conjugate base (CH,CO07),
v ]
Nature | Chemical process (forms new substances). | Physical process (no new substances formeg, = for the following three reactions, identify the reactants that are Arrhenius bases, Bronsted-Lowry bases,
Involves | Reaction with water molecules (H' and OH" | Mising of solute and sohent (e.g, sal in wiater) | and/or Lewis bases. State which type(s) of bases each reactant is. Explain your answers,
may participate). - — I} NaOMy ——oNal $OML, ) MR M0, ——bF M OL, i) Hiy +NH —NHL
g-llorn M.:-.r;:-h:mgr absorb energy :‘flt‘ﬂ *:h“"’ energy lendathermic, buy ny 3. I} ON° 15 an Arthenius and Bronsted-Lowry base [accepts H').
ange [exofendotheimile], Wiy [il} HiO 15 a Bronsted-Lowry base (accepts H') and Lewls base {donates lone pair).
Result Forms new products (e.g., acids, bases, or forms a homogeneous mixture (solution), | {li) NH; is a Bronsted-Lowry and Lewis base (accepts H* and donates lone pair).
lons). o -
- . Anamphoteric substance can behave as elther an acid or a base. identify whether water behaves as an
Example AFCH |+ 3,0 === AF|OH), + 3H" + 3C/ NaCfy, —sNa, +CO acld or a base in each of the following reactions.
i) _Acidic and Basic Bulfer Solutlons S ) H;0+HCE—H,0" +CE I} NH, +H,0—sNH] +OH™
Acldic buffers Basic bulfers i) HNO, +H,0—H,0" +NO; Iv) CH,CO0H +H,0 —CH,C00™ +H,0°
« Those bulfers which are lormed by the | » Those bulfers which are formed by mixing of 3] | =
mixing of & weak acid and a salt of it with a weak base and a salt of It with & strong acd an Ard. Reaction H:D Role Reason
strong base are called acidic buflers. called basic bulfers, ) HO+HC —sH,0" +CI Base | Accepls H* from HCL
- ::“"” pH s less “'":" ?'[ — - ::'""‘;FH iSimore “l':n“ :: o ] WHs+HD™ —sNH] +0H fcid | Donates H™ 1o NH,.
enderson’s equation for ac ullers * Henderson's equation lor basic bulfers
. [salt) & [salt] fii} HNO3+H20  —sHiO" +NO; Base | Actepts H* from HNOs.
pH = pi, + o lacid] pOH = pke = log [base] |'I] CHICOOH 4+ Hi0 — CHICOO™ + HiD" Base Accepts H* from CHyCOOH.
& CH;COOH CHCODOMN y NHOH = NHLCL
o weakacid sall of weak acid B eakbase  salt of weak base . Which salt would you expect to dissolve more readily In acidic solution: Barfum sulfate or Barium
= -1
€. Cuplain the concept of conjugate acld-base palrs. How are they related In terms of proton transfer? fiuorkta} Explain, K pgpucs,) =1-1¢10 ‘“.qm )
Ans. Conjugate Acld: Ang. Barium fuoride [BaF;) dissolves more in acid.

“A specios formed alter a Bronsted base accepls a proton from the acld is called the conjugate ackd” The
hydronium lon (14,07) is the conjugate acid of water,

Example:
When NH; dissolees in Water:

When ammonia dissolves in water, proton transler also sccurs, W' from H,0 attaches Lo the N atom

lone palr and NHy and OH are fermed. With fewer W', the water molecule becomes O™ lon:

N III+H*G“I = QH!-H . NH-‘!-I
ERetl Al Twipgsts Fas  Ldrmgats |l

Reason: F~ reacts with H® (o form HF;
BaF; Ba’+ 2F F+ H ——s HF
Ba%0, s unalfected because 507 doesn’t react with M,

b Why does common lon effect decrease solubility of a less soluble salt?

A, The solubility of a less soluble salts KCLO, in water is suppressed by the addition of a more soluble salt
KCL by common jon effect. K is a common lon, The lonization of KCLO; s suppressed and it settles
down as precipltate.

Kﬂ‘-ﬂm. — Kl:qj+m_ml
KCliy === Koy +Cliy
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i.  State the basic principle of solubility product. Mention factors affecting solubility product. o
Ans. it is the product of molar solubilities of two ions at equilibrium STge S e

For example: spanngly soluble salt, PbCL. K., = [PB*][CL)

K. I Usually a very small quantity at raom temperature, The value of Ky Is temperature dependeny

Factors AHfecting K.;:

= Temperature

« Presence of comman kons

+ pH (if salt has basic/acidic ions)
) Frove by equations what happens when Na,Cro,p Is added to saturated solution of PBCrO,,
Ars. When Na;Cr0. is added to a saturated PBCrO, solulion, It increases the concentration nﬁ;—;ﬁ"i‘.";;

According to Le Chatelier's Principle, the equilibrium shifts left to reduce the added CrQ."" fons:

PBCrDupy === b1, + GOy
N3 L0y === 22" + CrO}

= Result: More PbCrD, precipitates out, decreasing its solubifity,

= Reason: The common ion (CrQy?) suppresses the dissociation of PbCrOs.

This s an example of the commaon lon effect reduaing solubility.
k. According to the Lewls acid-base concept, Baron trifluaride (BF;) can act as an acid. Is Wﬁmw“*
Ans. Correct, BF; is a Lewis achd. =T il

Reason: Boron in BFy has an empty p-orbital and can accept an eleciron pair (Lewls acid).

Example: When BF, reacts with NH, (a Lewis basel, it forms a coordinate covalent band:

BFy + NHy —# HyN—= BF3
Here, BF; accepts the lone pair from NH;.

L. i the concentration of hydrogen ions in a solution Is 1x107*M, what Is the pH of the solution?
Ghven Data:
Concentration of hydrogen ions, [H'] = 1= 107 M
To Find:
pH of the solution= 7
Solution:
Step 1: pH formula:
pH = -logH]
Step 2: Substitute the glven [H*] into the formula:
pH = -log{1=10"%)
Step 3: Simplify the logarithm:
pH=~-[-5)=5
Answer: The pH of the solution i5 5.

- DESCRIPTIVE QUESTIONS

a3

e

Describe the Bronsted-Lowry theory of aclds and bases. Provide examples of conjugate acid-base pain
and explain clearly their relationship.

See Page No. [294)

Ans,

123

scHOLAR B CHEMISTRY (11%)

—e
26 whatls the solubllity product for sparingly soluble salts? Give Its two applications.
. See Page No. (309)

=7 Describe the general shape of a titration curve for a strong acid titrated with a strong bave. How can you

identify the equivalence point en this tiration curve?

And. sec Page No. [315]
mr solution has a pH of 5.0. It Is made from a weak acld HA with a pK, of 4.8. What is the ratio of
the concentration of the conjugate base [A™ 1o the concentration of the weak acid [HA] in this buffer?

NUMERICAL PROBLEMS

— »
wen Data: pH = 50
e pk. = 4.8
sall
Formula: pH = m+baf;&]i
putting the values: 50 = 4.H+Ing[%]

vioel VA1) L
Salve for the log term: Ing[m] = 50-48=02
Convert log to ratio (antilog):
(a7
= 10Ma),
[HA] 258
Al .
Final Result: —_ = [15g
[HA] -

The buffer contains 1.58 times more conjugate base (A7) than weak acid (HA) 1o maintain pH 5.0
09 Cakulate the solubility of a sparingly soluble salt lead (1) lodide (PbI, ) In water. It has K,, =1.4% 107",

Given Data: Ky = 1ld4x10"
Pl === Pbj,y + 21,

Define Solubility [s):

Let s = molar solubllity of Pbl: [mol/dm’)

At equilibrium: fPb™] = s

[IF] = 25(2 moles of I are produced per mole of Pl).
K, Expression: K = [PR™IT)
= (sH2s)f = 45"
Sobve for s: 4a¢' = L4x10"
=
5 E:L =35% 10"

s = Y35%10" =[L52 % 207 mol/dm]
Final Answer: The solubility of Phi; i 1.52 = 107" molfdm’,

0.10 The molar solubllity of silver chramate (Ag,CrO,) In pure water at 298 K Is 6.5=10 " mal dm "
Caleulate the K, of sliver chramate at this temperature,

Q.4 Define the Lewis theory of acids and bases. How does this theory differ from the Bronsted-lowy
theary? Give examples of Lewis acids and bases that do not involve proton transfer.

See Page No. [295)

Discuss applications and implications of the comman lon effect in various fields.
See Page No. [305)

Ans.

Ans.

Glven Data:
Malar solubility {s) of AgsCrOy = 6.5= 107 mol dm™
AGICrOy, == 2Ag, + Erﬂ:'_"
lon Concentrations in Terms of s
[4g'] = 2s{2molesof Ag" per mole of AgiCr0).
[crol] = s{1moleof Cr0;~ per mole of Ag:CrO.).
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1.

11.

lag'licrog ]
(25)(s) = 4¢?
4% (6.5x 10"

¥, Expression: Kis

Substitute s and Solve for K K.

T T B

Ko = 4% (2.746 %10
Kea 1.10x 10" mol' dm™
Final Answer: Kip =

ADDITIONAL SLOs BASED MCQs

‘Water cannot act as:

A Lewis acid B. Lewns base €. Bronsted acid D. Bronsted base
pH of 0.01 M HCI solution is:

A 107 8. 10v C.20 0.1.0

An aqueous solution of ammonium chlorlde is:

A. Basic B, Acidic C. Neutral D. Amphoterlc

An aqueous solution of which compound is basic.
A, Ammonium nitrate B. Calcium chloride

If a liquid has a pH of 7 then:

A It must be colourless

C. It must be a salution

C. Ammonlum acetate D, Potassium carbonate

B. It has boiling point of 100°C

D. It musst be neutral

When air is bubbled through pure water, the pH is lowered from 7.0 to 5.6, which gas in the air j;
responsible for this change.

A. Argon B. Carbon dioxide C. Nitrogen
Which of the following oxides is classified incorrectly?

A Zinc oxide (Zn0) amphoteric B. Carbon dioxide (CO4) acidic

C. Carbon monoxide ({CO) nautral D. Lead oxide (PbO) basic

If 25¢m” of 1 mole. dm™ nitric acld is added to 50 em’® of 0.5 potassium hydroxide solution, what weud
be the pH of the resulting solution?

AS 8.7 C.9 D.14 ’

A base s a substance which will neutralize an acid. Which of these substances is not a base?

A Agueous ammonia B. Copper oxide C. Potassium chloride D, Sodium carbonate

A strong acid:

A, 15 akecays partially ionized when in solution B. Is abways Tully ionized when in solution

C. Always decomposes carbonatas D, Always contains oxygen

Which one of the following oxides dissolves in water to form acidic solution?

A. MgD B. Na;O C. 50, D. 5i0;

When crystals of copper sulphate are heated, the colour changes from blue to white. This is caused by:
A. Loss of water only B. Loss of water and 50,

€. Reaction with CO; in the air D. Loss of water, sulphur dioxide and oxygen

The oxide of a metal was found to react with HCl and aqueous NaOH solution. Which of the following?
the best description of the oxide?

A Acidic B. Amphoteric

D. Oxygen

C. Basic D. Heutral

3z
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Answer Key with ‘Explanations
Explanation

= Water can donate and accept proton [H'). 5o it can act as Bronsted acid as well as base.
HiO + H:0 —— Hy0" + OM-

» Similarly, in water, oxygen has electron pairs which it can donate to other species, 50
waler acts as Lewis base.

H-l':;u +H —» [H-i;.;i-b H]
H H
But water cannot act as Lewis acid.

HCl o=——= H"0+CI"
0.01m 0.01M
Since HOl Is a strong acid, it ionized completely giving [H*] = 0.01M = 1071
pH = =log [H']
pH = ~log 107
pH = 2log 10
pH = 2

log10=1

HC  + NH; =——— NH(

Strong acid  weak base Acidic salt
When NH:Cl is added, the solution becomes acidic.

Salt Type

NHJND:
Ammonium Nitrale Acidic Salt

CaCl
Calcium chioride
K:COy
Potassium carbonate

Mature of Solution

Acidic solution

Somewhat neutral

Meutral salt dada

Basic salt Basic solution

pH = 7 (Neutral)
Solution {pH = 7 (Basic)
pH 23 [Acidic)

When air is bubbled through pure water, CO; combines with water and forms carbonic acid.
mjm + H:ﬂm = HiCO%aq
As a resull, pH of the solution decreases

Lead oxide (PBO] is an amphoteric cxlde.
PO + H:504 — PHS0, + H;0
{base] (acid)
PBO + 2Ma0H + Hy0 — Naz [Ph{OH)4]
(acid)  (basz)

Concentration = Molarity = Velume of H* or OH"
Since [H°] = [OH] in both cases. so a neutral solution having pH =7 s formed.

9, C

KOH +-HCO — KLl + H0
Strong base  Strong acid Neutral salt
KCl will not hydrolyse, so solution remains neutral,

10. B

The strength of an acid depends upon its extent of ionization. A strong adid fully lonizes in solution.

[Metals form basic oxides
Generally - | yon.metals form acidic oxides
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50;  + My —s H;50; (sulphurous acid)
Acidic oxide
When deep blue coloured solld copper (1) sulphate pentahydrate is heated to ""’m
wapours, it forms while sold copper (11) sulphate.
Aluminum oxlde (Al;0) Is amphateric and It reacts with both acidic and basic solution,
Al # BHC gy =t 2RI g0y # 3IH2 00
{basc)
Al O » 2HAOH up — ZNaAID gy + H:Op
{acidic)

—_—

Q1 Why do the equilibrium constant value has its units for some of the reversible reactions but has ng o

ADDITIONAL SHORT ANSWER QUESTIONS

for some other reactions?
Ans. L If number of moles of reactants and products are equal, then K has no units. T
Hug + lyg =—— 2HI
1mol 1mol 2 mol
=¥
- ]Hli’ Imﬂ‘! dm F =g unils

L
H;00L] [mel dm™ mel dm™)
il i the number of moles of reactants and products are not equal.
Mg + 3Hz == INHyy

4 mol 2 mol
: [k, 1! . jmaldm"} = moHt.dm®
ICIHT  imeldm imotdm ] 10 O

0.2 Define pH and pOH with mathematical expressions. What is the sum of pH and pOH?
Ans. pH: “The negative log of hydrogen ion concentration is called pH.”

pH = —log[H']
pOH: "The negative log of concentration of hydraxide ion is called pOH.™
POH = ~log[OH")
Relationship between pH and pOH:
pH = pOH = 14 a1 25°C

The sum of pH and pOH for a solution must be equal to 14 at 25°C.

Q.3 Write the relationship of pH and pOH with pi.,
Ans. Relation of pH and pOH with pK.;

From the conzept of lonic product of waler we have

Ka = [H] [OH]
Taking log: logky = log[H'] log[OH"]
Mow multiply wath (=1}
=logks = —lag[H"] + (Hog[OH™])
pEe = pH + pOH
pH+ pOH = 14 a1 25°C (Since, pke = 14 at 25°C)
This, the sum of pH and pOH is equal to pi, Le., 14 at 25°C

SCHOLAR 2 CHEMISTRY (11 327
ﬁ__m lonization constant of acids.
ﬁm_mmcnmnm of Acids:

The ionitation constants of the acids 1s the quantitative measure of the strength of the acid. Acids and bases
when dissohved in water may or may not be completely dissotiated Many agids are weak electrolytes and
they ionize 1oran extent which is less than 100%.

ﬁlﬁe Lowry Bronsted concept of atids and bases,

s, Bronsted Ackd:
*Those species (lons or molecules) which donate or have a tendency 1o donate proton [H'] are called

acids.
W
P i
pample: HCL + H;D == H,0" + CI~
And  Base
gronsted Base:
“Theseé species (ions or molecules) which accept or have 2 tendency to accept proton (H*) are called
bases.”
Q6 Whatare conjugate aclds and bases?
js. Conjugate Acid:

& conjugate acid is the specie (malecule or ion) formed when a proton is added 1o 2 base, e.g..
When a weak acid or 3 weak base is dissobved in water, the conjugate acid base pair is produced,
e CHCOOH + H:O CHyCOO # Hy0*
acid bases conjugate base conjugate acid

Conjugate base: The species {ions or molecules) formed when acid loses its H* ions and resulting
specles become ils conjugate base,
Example:

H

o
NHy + H:O NH + OH-
Base Acid

Conjugate acid-base Pair

When a weak acid or a weak base is dissolved in water, the conjugate acd base pair is produced

Example:

CHCO0H « H0 = CHLO0 + H;0*
acid base conjugate base conjugate acid

a7 What is the formula to calculate the percentage lonization of weak acld?  [LHR 2018 Gn)

Ars, Percentage of lonization of Weak Acids:

We can calculate the percentage of ionization of weak acid and the formula is as follows:
Amount of acid lonlred

% lonization = 4 sunt of acid initially avatiable

=100

Q8 Defline pk, and pKs. Give its significance.

Ans. pi:
"The negative log of dissociation constant of acd (i) is called pk,”.
pha = —log K.
phtﬁ
pha:

“The negative log of K is called pi,”.
PKs = -log Ke
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Significance:

s pK,and pie gives us the quantitative strength of ackds and bases respectively
s Larger the value of pi,, weaker will be the acid and vice versa.

= Larger the value of pla, weaker will be the base and vice versa

Q.9 Prove that pk, + pK, = 14 at 25°C,
Ans. Let us lake the log of equation:
logks = K} = log(K.)
log Ky + llog K] = log Ko
Multiply both sides by *=1°
= log K, = logky = - logk.
Since, Py == logk, and pky = = log Ky
S0, ¥+ plly = p¥, = 14
Hience pi, and pk, of conjugate acld base pair has o wery simple relation with cach other.
K.+ phs = 14 at 25°C

Q.10 What Is ionic product of water? Write Its value at 25°C. B

Ans. lonic Product of Water: Pl
The product of molar concentration of H* and OH In pure water is called ionic product of walsy

—
—_

represented by Ko and its value is 107" at 25°C. A
k. = [W][oH]
Ko = 107" a1 25°C
0.11 What Is buffer selution? Give types of buffer solution with one example each, »
T ——

Ans, Buler Solutlons:
“These solutlons which resist the change In thelr pH when a small amount of an acid or a base js addegy,
them are called Buller selutlon.”

Thie buffer solutions have a specific constant value of pH.
Thes pH values of buffer salutions do not change on dilution and on keeping for a long time,
Types of Buffer Solutions: Buller solutions are mostly prepared by miing two substances.

Acidic Bulfers Basic Buffers =—
» These bulfers which are formed by the [+ These bulfers which are formed by mixing of ;]
mixing of a weak acid and a salt of it with a weak base and & salt of it with a strong acid 3p
strong base are called acidic buffers. called basic buffers,
& Their pH is usually less than 7. . s Their pH is more than 7.
= Henderson's equation for acidic bulfers = Henderson's equation for basic bullers
sall salt
pHer.Hﬂg%m}i pDH-pIC.Hn;‘lIb;e]I
e.g., CH,CO0OW + CH,COOMa eg., HNHOH =+ MHCL
weak acld  salt of weak acid weak base salt of weak base

Q.12 Define buffer capacity. Write down the Henderson's equation for acldic buffers.

Ans. Buffer Capacity:
“The capability of a buffer solution 1o resist the change in its pH when a small amount of acid or a base s

added in it Is called buffer capacity.”

It
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.13 Define commaon lon eflect. How can NatCl be purified by commeon lon effect?
ﬁmmﬂ lon Effect:
“The suppression of ionisation of a weak electrols by adding a common on from outside & called
comman ion elfecy
example: Purificatlon of MaCL:
NaClL is purilied by passing hydrogen chlande gas through the saturated brine. Sodium chionde o fully
ignuzerd in the salution. Equilibrium constant erpression for the process can Be wiitten as follows
NaCly, =====na _+CL,,
= [Ha']lct ]

= INach)

HEL also ionizes in solution.

HO =——= H.;. # u‘l;-n
On passing HCL gas. concentration of CL iony is increased Therefore, NaCL crystalizes out of The solution
1o maintain the constant value of equilibrium constant. This type of effect 13 called common on etfect
HII‘_‘I L ﬂ,__u —_—— "ml
The addition of 8 common ion 1o the solution of less soluble electralyte suppresses its waization and the
concentration of unionized species increases, which may come oul as a precipitate

Eﬁ_ﬁm applications of commaon lon eect (any two).
Ens. Applications of Common lon Elect:
« Precipitation of 2nd Group Baslc Radicals of Salt Analysis:
The dissociation of a weak acid H;5 in water can be suppressed by the addition of stronger acid HCL H*
15 @ comman an. H;5 becomes less dissociated in acidic solutlon In this way, low concentration of 57
is developed,

H;5 =—= 2":'-“ - 5_:;
This low concentration of 5% ions helps to do the precipnation of radicals of second group basic
radicals duning salt analysis.
Hﬂ“‘, —_— HI'_“ ...-n‘:..l
« Precipitation of 3rd Group Basic Radicals of Salt Anakysis:
An addition of NHCL in NH.OH solution suppresses the concentration of OH_, dus 10 the presencs ~* _
large excess of NH; from NHGCL Actually, NH.CL is a strong electrobyte. The combination of these two
substances is used as reagent in third group basic radicals
NH Gl === Na,_ +CL,
NHOH, oy === Ha___ +OH
Ewme the effect of comman lon on solubility. Prove by equations that what happens when Na=CrQ), is
added to saturated solution of PBCrO.?

Ans. Effect of Commaon len on Solubility:
The presence of a common ion decreases the solubility of a shightly soluble ionic compound. In order to
explain it, consider a saturated solution of PECrO,, which is a spanngly soluble ionic salt.

PACAO, ., == PBL, +CI0s,

Na,Cr0,,,, —=INa,_ +Cr0}
Mow add Na;CrO., which is a soluble salL. CrO} Is the commaon ion. It combines with Pb™ to form mors
insofuble PbCr0.. 50 equilibrium is shifted to the left 1o keep K constant
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Q.16 Define Solubility Product Constant [K.). Give two examples. __ﬁm

Ans. Solubility Product: —-...._\\\
“The preduct of the equilibnum concentration of lons raised to an exponent equal to the 00 ficign,
balanced equation af given temperature ks called solubilty product (K.,).” ol
Mathematical Form:

AR, s===A"+yB"
A"l'iB"I'
[N
K [ABy] = [A™] (B8]
K = [A™]'[B)
= Ky s the product of molar solubilities of two lons at equilibrivm.
Examples:
1. When Lead Chioride [PbCL:) is shaken with water, the solution contains PB*, €L and un-dissociate p
It means an equilibrium exists between PLCL (solid solute] and the dissolved lons, P and -
PBCLyy === POl === PbiJ, +2CL,,
According to law of mass actlon:
R L |
[PBCL, |
K [PBCL] = [PRM]ICL )
K = [PR][CL) = 1.6 = 10°% at 25°C
2. Solubility Product Expression for Ag:CrO.:
AGCrO, =——= 2Ag" + CrO;

bey,

_lagT[cro})
T [AgsCrOu]
Ke [Ag:CrO] = [Ag'][CrO7 )
Ky = [Ag'] [CrOu) 7= 2.6 = 107" ar 25°C

0060
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Total Mark: 30

mlhr correct option, {1« 6=6)

i

""Tlv_t:th' following reaction:

Nt # H3Ou ——» NH . + OM[,,
A By i the acied, HLO s the bave B MM s the base, M0 15 the acid
€. HHG bs the Base, OH s the ackd 0. ;0 15 the base, OH° s the aod
jri the given reaction, the conjugate base l:
HHy + HCL —» NH; + CL°

A HH, nce [ 1T W 0. HCE
1““ which statement correctly describes a Lewls acld?
A decepls a lone palr ol electrons B, Donates a lane palr of electrons
€, Always donates protons [, Has & negative charge
w) if the pH of a solution ks 11, what s the [OH] concentration In the solutlon?
A1xI0'M . Baa=10tM Cl=10'Mm D 1=10"mM
) The solubliity product of AgCL s 2.0 % 107* mol dm™, The maximum concantratlon of Ag® lons in the
solutlon ls:
A20w 10" moldm ' B 141 = 10 moldm™ C 1= 107" mel dm'? D AD= 10" maldm
i which indicator is typically used for titratlons involving strong acids and strong bases?
A Methyl red . Phenolphnhalein C. Bromottwmal blue 0. Litmus solution
0.2 Write short answers of the following questions, (2 = B=16)
Tl'l__mmliﬁ,r the Lewls acld and Lewls base In the reaction between:
(a} 504 and O (k) HCL ancd H,0
Mso write down the balanced chemical equation for the reaction and explain
ji) Calculate the pH of 2 0.01 M NaOH solution,
(i) Determine [HiO®] Ina ©01 M HA solution given K, = 1.0 10°%,
W) Deline comman ion elfect. Give a sultable example.
v} Differentiate end point and equivalent point.
v} Asolution is prepared by miking equal volumes of two solutions. one with a pH of 4.0 and anather with a pH
of 10.0. Calculate the Ky for this mixture at 25°C.
(vil) How does a bulfer maintain pH stability?

{will} Wy is agueous solution of NHLCL slightly acidic?

o3

Extonsive Questions, (2=a=8)

{3l
U]

Describe the Bronsted-Lowry theory of acids and bases, Provide examples ol conjugate acid-baze
pairs and explain clearly their relationship.

The maolar solubility of siiver chromate (Ag; CrO4) In pure water at 298 ¥ s 6.5 = 107 mol dm™?
Calculate the K of siiver chromale at this temperature,

oo
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Aot studying this chapler, students will be able to:

Deline the terms redox, oxldation, reduction, and dispropartionation {In terms nlrrer.lrun {ranyler
and changes [n oxidatlan number). {Hnnwl.dn]

Apply the concept af ealdatldn numbers In identifylng aridation and reduction reactions, (Application)
Jdentify the axititing and reducing agents in a redos reaction, (Knowledge)

peseribe the role of oxldiding and reduclng agents in the redox reaction. (Undertanding)

Apply the concept of changes In oxldation numbers (o balance chemical equations, (Application)
fxplain how elecirolytle colls convert elecirical energy 16 chemical energy, wilh axidation al the
annde and reductlon al the cathode, (Understanding)

Predict the dentitles of substances liberated during electrolysls based on the stale of the electrolye,
position In the redox werles, and concentration, (Knowledge)

Apply the relationship between the Faraday constant, Avogadro conttant, and the charge on the
glectron to solve prablems, [Application)

Calculate the quantity of charge passed during electralysis and the mass or volume of substance
lberated duting electralysis. (Application)

Deduce the Avagadro constant by an electrolytic method. (Application)

Deflne the terms standard alectrode polential and standard cell potential, [Knowledge)

Describie the standard hydrogen electrade (SHE) and methods used (o measure standard electrode
patentlals. (Understanding)

Caleulate the standard cell potentlals by combining the potentlals of two standard electrodes and
then use these 1o predict the featibllity of a reaction and the direction of electron flow In a simple
cell. (Application)

Deduce the relative reactivity of elements compounds, and lons as oxidizing agents or reducing
agents fram thelr electrode potential values. (Application)

Construct redox equations using relevant half-equations. (Applicatian)

Explain how voltale (galvanic) cells convert energy from spontaneous, exothermic chemical processes to
electrical energy, with oxldation at the anode and reduction at the cathode, (Understanding)

Explain how voltale cells convert chemlcal energy from redox reaciions to electrical energy using
Cu=iIn galvanic cell as an example, (Understanding)

Explatn how elecirode potentials vary with the concentrations of aqueous lons and use the Nernst
equation to predict this quantitatively, (Understanding)

Explain the concepl of the activity serles of metals and how 1L relates to the ease of oxidation,
(Understanding)

Deduce the feasibility of redox reactions from activity serles or reactlon data, (Understanding)
Explaln the merlts of pholovoltale cells as sustalnable ways of meeling energy demands by making
reference to the photovoltale princlple. (Understanding)

Explain the use of the Winkier Method e measure blochemical oxygen demand (BOD) and its use as
a measure of water pollution, (Understanding)

(['] ELECTROCHEMISTRY
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The branch of chemistry which deals with inter conversion of electrical and chemical "““m
energy into chemical energy and chemical energy into electrical encrgy Is called electrochemistry.

Chapter 10 3 F.h.-nm.
iy,
I”‘-'-H.

OXIDATION, REDUCTION, AND REDOX REACTIONS

Oxidation is a process involving loss of electron or electrons.

Here Fe™ and Zn" have lost electrons, therefore they are owidized,

Fe'l —aFe 4o’
In" —2n 4+ e”

Reduction is a process involving gain of electron or electrons.

In these examples, CI° and Cu™ have gained electrons; therefore, they

Cr*+a —Cr™
cu” #2720 —scu®

Iit] Interesting Informay
Photoyyrthes!s is @ reden reacyiy,
provides food for the entiee ph“t“"‘fth

anothor one 14 resplration ghy
you slive, both are redon reattipn, T

ﬁ
@ Rock Your Mind!
o Mihd!

1. Caleulate the oxidallon numbey g

are reduced. I WgCrDy,
Differences between Oxidation and Reduction: e
Se. No. Oxidation Reduction 5 oh
: The addition of oxygen in a specie is called | The removal of oxygen or an E‘Eﬂm
axdation. element from a specie is called reduction
&g, 540, —50, 2.8
c+0, co, InD+C——In+CO
Cul 4+ C—+Cu+CO
2C0+0, —2c0, 2FeCl, +H, —»2FeCl, + 2HC(
In these examples, onygen is added to 5, Cand CO.
Z The removal of hydrogen s also called oxidation. | The addition of hydrogen 1o a specie Is cilyg
g, reduction. e.g.,
H5+Cf, —2HCL+5 H‘5+Br‘—rlﬂﬂr+5
CH, +20, —»C0, +2H,0 Here bromine gets reduced as it paing
50, Hs5 and CHy are oxidized. hydragen to form HEr
HC=CH, +H, —»H,C~CH,
3. Loss of electron/s and hence decrease in oxidation | Gain of electrons’ and hence decrease in
number is called oxidation, e.g., oxidation number is called reduction. e.g,,
In—Zn™* 420" In' +28 —7In
Here Zn is owdized to form Zn'* jons. Here Zn** is reduced to form Zn.
4, In electrochemical cells, oxidation takes place at | In electrochemical cells, reduction takes place
anode. at cathade.
* Redox Reactions

“Those reactions in which one spedes (atom, ion or molecule) is
oxldized while other is reduced are called redox reactions®.
There are two ways of finding out whether or not o substance has

been oxidized or reduced during a chemical reaction:

Electron transfer
Changes in oxidation number

Coedation Mumber rules can be
oppied to any compound, whelha

ionig or covalent species
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OXIDATION NUMBER AND ITS SIGNIFICANCE

e finition
_Mﬂmtmnumhlﬂumrwmmh atom or lon In a compound that shows us s degres of axldatien.”

2

P

Or

“1t Is the apparent charge on an atom (per atom) of an element in @ molecule or an kon,"

L]
-
L]

The oxidation numbers are also called oxidation states.

Oidation numbers can be positive, negative or zero. The + ar = sipn st always be included
Higher positive oxidation numbers mean that an alom or lon is more osidized.,

Higher negative oxidation numbers mean that an atam or lan s morne reduced,

Oxidation Number Rules

The osidation number of any atom or lon can be deduced by using
gxidation number rules. It ks Important 1o note that an oxdation
pumber refers 1o a single atom In a compound,

V.

vl

wil,

. In compounds, many atoms or lons have ficed oxidation numbers,

@nuummmu

1.0 el oabdalbon rescthond, B
ol an slement In 8 chernical
ipecies  loas  slectroen e

The oxidation number of any uncambined element I 1ero, For
example, the oxidation number of each atom in 5, K, Cf, Na, Mg

and Zn is zero, ln.l;;:ﬂ uulr;.u
In elther a compound or an lon, the more electrancgathve element {:L;ﬂm':_“
Is given the negative oxidation number. In WF, fuorine has =1 fie) Reduetians

oxidation number, () Megation charges

group 1 alkall metals are always +1, group 2 alkaline earth elements are always +2, group 17 halogens
in binary compounds are always =1, hydrogen is +1 (except in metal hydrides, such as NaH, where it is
=1}, onygen is =2 (except in peraxides, where it s =1, and in RO, where it is #2)

. The oxidation number of an element in a mono-atomic lon Is always the same as the charge on the lon,

for example, CF Is =1, A" 543,

The sum of the oxidation numbers in 8 compound Is sero. In neutral molecules, the algebraic sum of
the oxidation numbers of all the elements Is zero, e.g., In HCL {41 =1 = 0), NaCL [#1 = 1 =10},

In polyalemic ions, the algebraic sum of cxidation number equals the charge on the lon o g,
N, €O, and SO

For transition metals and many non-metals, Gx, No. cannol be ficed as they show variable Oz states
Therefore, there Ox, Nos. are always determined by calculations.

whike applylng the oxidation number rules in the following examples, ‘Ox. No.' 83 an abbreviation for
oxidation number is used,

= Hydrogen shows =1 cubdaton state with all metsls

KEEP IN &  Hydrogen shows +1 oxidabion stale wih all non-metaks

MIND *  Oxygen shows negalive oxidation stale with all metals,
*  Dxygen shows negative oxdabon stale with all non-metals oxcopl fivonne
*  Chrypen shows <2, =1 and =172 in H,0,Ma,0, , Bnd KO; respectively

n dati rof an Element in a Compound or

The oxidation number or state of any atom of an element present in 2 compound or 3 radical ean be
determined by making use of the above-mentioned rules,

Compounds of a Metal with a Non-metal

A metal always has the positive Ox. No. and nonmetals have the negative Ox. State. For esample, in
sodium sulfide, Na,5:

2[+1)+5 =0
+2+5s0
§==2
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= Compounds of a Non-metal with a Non-metal ey
In compounds containing two different non-metals, the tign of the Ox No. depeng, -
electronegativity of sach atam. The most electronegative element ks given the negative sign
Sample Problem 10.1
Find the oxidation Mo, of 5 in Sullur dioxide, 50,
On. Mo of cach O atom = =2
For two cxygen atoms = 2 = (=2} = =4
50, has no charge, so the total Dx. No. is zero. So,

S«2f-2) = O
s-4=0
S= =4
Ox. No of 5= 4
= Compound lons

Compound lons are kons with two or more different atoms. Examples are the wlfate lon, 50
nitrate ion, NO,

Sample Problem 10.2

Caleculate the oxidation number [Ox No.) of Sulphur in 50
Solution

.Jn.qh_.

[Ox No. of 5] » 4[Ox No. ol 0] = =2
Sed[=2) ==
5 =4b

_ Thus, the oaidation number of sulphur in 500" ed

= - — i — i — . —

| ‘P QUICK CHECK 10.1

Define exidation and reduction in terms of electron transfer with examples.
Oxidation: The lows of electrons by a substance

Example:

Ny ——s Na" =

Sodium lowes one electron — oxidation

Reduction: The gain of electrons by o substance

Example:

Cly» Yo' —s 2L

Chiprine gaing electrons — reduction

Define oxidation and reduction in terms of change in oxidation number with examples.
. Owidation: The process imvelving ngresse i pndation number i called Qudaton
Example:

Fe, —aFe,=e
Odation number incresses from =2 to +3 — gaidation
Reduction: The process io decreade in omdation number i called reducton
Example:
i

Oailation number decreases from 0 to =1 — reduction
Determine Oa, No. of:
Oxygen (N} in Na,0
Oxygen |0) In Na,O
| Let puidatron number of ovygen = =
] Na==+]
|

S8 _

— A — U —— . — i — i d— e — i —

U E:g.ll-n_nn_n ol O in Ha0 = =2

—_— - — - - — — i — . — -
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5 Todine (i} in ict,
s Jodine (1) in ICLy
et lpdine = x, Chiorine =<3
ni=1)=0 =x3=0

e — i — - — — O — — — — i — i — . —

= xw+] Ouidation no, of 1in Gk =+ 3

|

1]

1

]

' |
B! ; :
'4) Nirogen [N} in NO, |
| sos. Nitrogen (N) in NOy~ ;
| letNew O == 1
T T arbe-l ma=45 Cdation no. of N in NOy™ = +5 |
iy Chramium (Ce) in €,C00, i
| yop. Chramium (Cr} in KyCryOy 1
’ Kee],0a=2 Cram |
ediedinps?(=2) 4 0 '
aleln=14=0 = Zuw= )2 !

|

L]

|

]

|

]

|

'

=gs+h Owidation no. of Crin KCrD; = «6

[

i

|

i" Manganese [Mn) in K0,

+ gahation:

| {0n tio of ) « (Oa No.of Mn) « 4|0z No of0}=0
E sleMnsdf-2} =0
. [#1) = Min=8 = O
| of Mn = 7

—— e —

Omdaton ng. of Mn in KEMAQ, = +7

- — i — - — i — — i —— i —

DISPROPORTIONATION REACTION

;_ Disproportionation Reaction
& chemical reaction where & wngle substance (2 speces ie. molecule, atom or ion) acts as both the
ewditing and reducing agent, retuiting in two different products with different oudation states
Thay fype of reaction invohies the umultansous oxdation and reduction of the same element.

» Example 1:

The decompotition of hydrogen peromids (HO,) to form water (M 0]
and orygen (O, ) 6 3 Saproportionation reaCTon:

e

@mmm1
I-w'h.ﬂlnmnmiﬂu
an eawmpke.

1,0, —sH.0;" -0

Ouidation number of oxygen in K0, = =1
Oudation number of oxygen in K0 =-2 [Owygen is reduced fram =1 to =2}
Oudation number of owygen in 0, =0 (Drygen is onidized from =1 to 0)

» Example2:

'EN.GHI-H "J'tr;ul i sﬂ'“:",TI’I'I

- mcr’u‘_, +3H.0
Oudation number of chionne atoms in Cf, =0

Dutabion number of chianme n Ball = =1 [CL s reduced from 0 to=1)
Owdation number of chiarine in NaCLD, » =5 CL & (oudized from 0 1o +5)

Important: Dsproporiional:on rEaclons can ootur where ians or malecules can exist in multiple owdation
ftales ina reaction
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OXIDIZING AGENT (OXIDANT) AND REDUCING AGENT [REDUET].HT]

Reducing Agent

A reducing agent [atom, lon or mmg,-__uw
substance which reduces some other substane, ,

is itself owdized to a higher oxidation state by lnmnl
one or mare electrons.
if an element M loses one electron and is _“_hﬂ:e""ﬂ
to M* cation, the element M is said to be 3 u,
reducing agent, since it is providing electrons, Py
hugher oxidation state. Thus,

Oxidizing Agent

An oxidining agent (atom, on or molecule) is that
substance which owidizes some ather substance, and
is itself reduced 1o a lower oxidation state by gaining
one of more electrons

I an elemeant M gains one or more alectrons and I3
comverted into M anion, the elemant M is sald to be
acling as an oxidizing agent, since it withdraws an
electron from the other atom, in this process

o g

oxidation number of M has decreased that is: For reducing agent
For ouidizing agent M—— " +8”
et i [Ox. No.=0]  [Ox. Ne.==1]

[0x No.=0]  [Ox No.==1] (Lower Oxidation State)  (Higher Oxidation Sia
[Higher Onidation State) [Lower Oxidation State] | For example,
For example, Ma—sNa" +e~

Cf +p” ——Ci
B —— — O W S H.H-—--*--_-_---—---‘
@J QUICK CHECK 10.2 [
a)  ldentify the cxidized specles and reduced specles In the following equation. Also identify the w
and reducing agents on the reactant side.

I r-,nm.l+mm — F!{d-!-mlm
Ans.

1. Assign Oxidation Numbers (O.N.):
=  FeyOy: 0 is=2. 50, 2{0.N. of Fe}+ 3(=2) =0 = 2(0O.N.of Fe} =+ = O.N.of Fe=43
* CD:DiE=2.50,0N. 0l C+(=2)=0=>0.N. of C=+L
=  Fe:O.N. of Fe = 0 [elemental form).
* COp0is-2.5, 0N ofC+2{-1)=0=0.N ofC=#.
2. Identify Changes in O.N.:
*  Fe: 0N, changes from +3 in Fe0y to O in Fe. (Decrease in O.N.)
= C:0.N. changes from +2 in CO to +4 in COy. {Increase in O.N.)
= O O.N. remains -2 throughout.
3. ldemtify Oxidired and Reduced Species:
*  Reduced Species: Fe in Fey0y s reduced (its O.N. decreases from +3 to 0). So, Fey0y is the
species containing the element that is reduced.
*  (oidized Species: C in CO is oxidized {its O.N. increases from +2 1o +4). 50, CO Is the species
containing the element that is oxidized.
Identify Oxldizing and Reducing Agents [on reactant sida):
= Oxidizing Agent: The species that causes oxidation and gets reduced itself, Fe;0y gets reduced |
50, Fey0y i1s the oxidizing agent.
* Reduclng Agent: The species that catses reduction and gets oxidized itself. CO gets oxidized 5!.1
CO iz the reducing agent,
c“*!t] * m‘:.} = m,m + IH,D{,J

i i i i S i S A e i o . s

-1
H

R o e e A e e e A m—

1. Assign Oxidation Numbers (O.N.):
= CHoHis+1l 50, 0N.of C+a{+1)=0=0.N,of C==4,
- ﬂ:_ﬂ M. uiDnﬂEltmennl 'I’nrrn_L

I
L]
|
|
L]
|

— —

e ——— i ———— — -
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= €Oy O is =1, 50, O.N. ul't+1['-1]—B=nH af C=ed

s HyD:His+1l,0i=2 0N ofD==2

7, Identily Changes In O.N.:

p & C:0.N. changes from =1 in CH, to+4 in CO;. (Increase in QN )
| = 0:0N. changes from 0 in 0. 5 =2 in €0, and H,0. [Decrease in O.N |
' « H:O.N.remains +1 throughout.
| 3. identify Oxidized and Reduced Species:
1" »  Owidized Species: Cin CHy s oxldized (its O.N increases from —4 1o «4) So, CH. is the species
i containing the element that (s oxidized.
| + Reduced Species: O in O; s reduced (its O.N. decreases Irom 0 1o =2] S0, Oy is the species that
i 15 reduced.
L]
|
i
|
L]
!

4. Identify Oxidizing and Reducing Agents (on reactant side);
= Ouidizing Agent: The species thal causes oxidation and gets reduced itsell. Oy gets reduced 5o,
0y is the oxidizing agent.
* Reducing Agent: The species that causes reduction and gets orxidized isell. CH. gets oxidized
S0, CHa is the reducing agent.
jdentify the species In the following reaction which undergoes both axidation and reduction.
L INaOuw+ 2H:Op —» ANaOHw + Ouy

1. Identify oxidation states:
= |n Na0; (Sodium superoxide)
= Naisablways+1
= Letthe oxidation state of O be x

= Soi+l+dxs= D:h--::::-:}

Each oxygen in Of

= |nNaOH: -
0ls=2

= [nO; [oxygen gas)
Ois0

2. What happening to oxygen

* In NaDy:
Oxygen starts at —1f2

Products:

=  Some owxygen atoms become =2 in NaOH <& reduction

= Some become O in Op gas —» oxidation

The species that undergoes both oxidation and reduction is:

The superaxide lon {0:7) in Ma0y

It disproportionate;

=  Pariof it is oxidaized to Oy (0)

= Part of it is reduced to OH™ (via NaOH, where O is =2

Pugyy +30H[, ) +3H,000 —>PH,  +3H,PO;

1. Assign Oxidation Numbers [0.N.) of Phosphorus in each species:
= Py |White phosphorus): O.N. of P = 0 [elemental form).
= PH; (Phosphine): H is +1. S0, DN, of P+ 3{+1) =0 = 0N . of Pu=3.
*  HyPD; (Hypophosphite lon): His +1, D is =1 5o, 2(+1)+ O.N. of P + 2{=2) = <1 [charge of the ion)
:H'.'.fﬂ NofP=d==1=0N0ff=2==1=0HNH of P=+l

P ——————————————— L T pee———— R

]

|

L]

|

L]

|
ik
I.M!
L]

|

]

|

i

|

1

|
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2. Analyze the changes for Phosphorus: T
* In the reactant Py, P has an O.N. of Q.
= Inthe product PHy, P has an © N, of =3 {Reduction: 0 —+ =3, decrease).
* inthe product H;PO;, P has an O.N. of +1 [Oxidation: 0 —» +1, increate).
3. Conclusion:
The species that undergoes both exidation and reduction Is Phosphorus in Pe. [Or you can say

the
spenies g Py I:u!l’]

s e — — —— — T — — T ———
—

BALANCING OF REDOX EQUATIONS BY OXIDATION NUMBER METHop

i
-

The
I

(%
1.
v,

wi.

following steps are carried out for balancing of redox equations by oxidation number mathod: —

Winite down the skeleton equation of the redox reaction under consideration.

Identify the elements, which undergo a change in their oxidation number during the reaction,

Record the oxidation number above the symbals of the element, which have undergone a change i the
oxidation number.

Indicate the change in oxidation number by arrows Jeining the atoms on both sides of the £quatian |
shows number of electrons gained or lost.

Equate the increase or decrease in the oxidation number, i.e., electrons galned or lost by mult
a suitable digit.

Balance the rest of the equation by inspection [hit and trial) mathod.

@- Did You Know?

Sequence of the balancing the chemical equation using inspmm-n {hit and trial) method.
* Firstly, balance atoms of all elements except nitragen, oxygen and hydrogen,

* Second' | Laanc pir 2ms af nitrogen (ifin the equation).

= Thirdly, balance g _sms of axygen (if in the equation).

= Lastly, balance atoms of hydrogen (if in thie equation).

PhYing wiy,

—

a) If an element in a specles undergoes only increase in oxidation number or decrease in
oxidation number in a reaction. The specie contalning such element is wrillen once on the
AHS of the eguation.

gy $HCL (o) —220Cl 3y +Hoga)

If an element in a species undergoes bolh increase In oxidation number or decrease In
oxidation number simultaneocusly In 3 reactbon (as In case ol seif-redox or
disproportionation reaction). The specle containing such element Is written twice on the
RHS of the equatbon. First for increase In oxdation number while second Is written for
decrease in oxdation number.,
Cf, +NaDOH+ Cf , —NaC/l + H,0+NaOCl

) If an element in a specles undergoes increase or decrease in oxldation number as well as
no change in oxidation number in a reaction. The specie containing such elemant is also
written twice, First, for change in oxidation number while second 15 for no change in
oxidation number.

—

HND, + Cu+HND, —s CulNO, ), +H,0+NO,
HCE +K,Cr,0, + HCE—sCF, +KCL+CrCe, +H,0

“ﬂou“ B CHEMISTRY [11%)

— & Problem 10.4

golu

1.

L

oo o e e o e

|m Step 1: Oxidation numbers

; Balance the given equations by oxidation number method.

galance the following equatlon by oxldation number method.
Ky Cr0, + HCE —» KCL + C1CE, + ©F, +H,0

an:
write down the skeleton of chernical equation

K, Cr 0, + HCf —Cf, +KCI-CrCl, +H,0
write down the oxidation number of each slemeni.
KTCHT 0] +HUCE el ek T cor et it
jdentify the elements that show change in ua‘r!datmn number on both sides

I 1
KO, « O — ) + KUCE + Cr L + WD
VAR |

e
Here, Cr undergoes a chonge in oxidation state from +6 10 +3 and it is reduced (acts as an oxidizing agent)
while CL undergoes a change in oxidation state from =1 10 0 and it 15 cxidized (acts as a reducing agent)
write two half reactions separately i e, reductlon and exidation reactions
K,Cr;" 0, —+2Cr'*Cf, Half reduction reaction 1]

IHCI" — €43 Hall oxidation reaction (it}
Decrease in Ox. No. of Cris 6 units for ane molecule of K,Cr,0,.
Increase in Ox, Mo, of CL ks 2 units for 2 molecules of HEL
Eq. [ill} is muitiplied by 3 in order to equalize the loss of electrons and the gain of electrons Le., § electrons
In this equation.
3 IHCA —— 3CL,
EHCA —s3C1, iv]
Now eq. (i) becomes:
K €0y + BHC — 3CF, + KCL + 20rCH, +H,0
Rest of the fallowing equation is balanced by Inspection method:
EyCry Oy + BHC, —— 301, 4 2KCE + 2000, +H,0
To balance CL and K, 14 molecules of HCL and 2 KCL molecules are required, therefore, we add 8 HCL Lo
left hand side
BHCL + B, Cn0, +BHC — 20rCH | + 308, + ZKCE +H,0
To balance hydrogen and oxygen, 6H,0 are added to RHS.
Hence, the balanced equation is,

K,Cr, O, -ﬂ.#HC!’—-ZKl:I’-»ZCrC! + 300, +TH,0

' I[ QUICK CHECK 10.3
Fe, ﬂ 05} +* m[“ —QFHII}-'PW.{'J

*  FelinFe;Dy: +3 = Fe: 0 [reduced)

s ClnCO:+2 — Cin 0O+ (oxidized)

Step 2: Determine changes

«  Fe:+3 = 0 [gain of 3 electrons per Fe, 2 Fe aloms = 6 e~ gain)
»  C:+2 - +4 (loss of 2 electrons per C atom)

Step 3: Equa!hu e~ transfer

limisimimaznmuid
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Balanced equation: ==

Fey0y + 300 — 2Fe + 300,
MnO, + HCE —» MnCL, +H,0 +CL,

Ans. Step 1: Oxldation numbers

«  Mnin M0z +4 = Mn in MaCLy: +2 [reduced)
=  CLInHCL: =1 =+ Cly: 0 {oxidized)
Step 1: Determine changes
s Mn:+4 =+ +2 (gain of 2 electrons)
=  Cl=1—0(loss of 1 electron per CLatom; Cly = 2 CLatoms = Ze” lost)
Step 3: Equalize e” transfer
« ICL" owidized = 2~ loss
= 1Mn* reduced = 2e” gain —» already equal
Balanced equation:
MnOy + AHCL— MnCLy + IH 0 + Cly

£l t] S 3
Fejy, +MnO,, —sFel +Mn o,

Ans. Step 1: Oxidation numbers

v,

Ans.

|

i

|

]

|

i

|

L]

|

L]

|

1

|

]

|

]

|

i

|

i

|

i

s Fe'" —s Fe (oxidation, loss of 1 &7) |
= Mn™ in MnOj =+ Mn®* (reduction, gain of 5 &7) ;
Step 2: Equalize electrons ' i
= Multiply Fe?* — Fe® by 5 |
i

Step 3: Balance rest (acidic medium) |
»  MnO; + BH® + 56~ — Mn* + 4H;0 y
Balanced equation: !
|

i

|

i

|

i

|

i

|

]

|

i

|

i

|

i

|

]

|

i

|

)

|

(]

|

]

|

S5Fe’™ + MnO; + BH" —s 5Fa® + Mn®™ + 4H,0

K3C00 (0 +FES0, (0 + Hy50, 1,y —C5 (S0, )y, ) +Fe,(50,)y 0 +KiS0q) *H:Oy
Step 1: Oxidation numbers
= CrinCr07: +6 —» Cr'*: +3 (reduction, gain of 3~ per Cr)
= Fe™ — Fe™: oxidation (boss of 1e”)
Step 2: Cr;0+*" contains 2 Cr — 6e” gained
s Therefore, 6 Fe!® needed (each loses 1e7)
Balanced half reactions:
s Cri0F + 14H" + Be™ = 2Cr* + TH;0
« GFe' — GFe™ + Ge”
Combine:

Cry0F + GFe™ + 14H" — 207" + 6Fe® + TH;0
Include sulphates and potassium:
«  CrOy - CnfSQu)s
= Fe'* —s Fey[504), [needs 6 Fe' — 3 Feq(S0.):)
e K®and SO; balance with K;S0.
Full Balanced equation:
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ELECTROLYTIC CELL

T slectralytic cell 1s a device that converts electrical energy into chemical energy through a process called

#:lmlﬁh
» Construction:

jr consists of two electrodes, typically made of metal or another conductive material, which are immersed
jnan electrolyte-a substance containing free lons that carry electric current.

Process: °

when a direct electric current is applied, one electrode becomes negatively charged (the cathode) and the
other positively charged (the anode).

in an electrolytic cell, positive ions in the electrolyte migrate towards the cathode, where they gain
slectrons (@ reduction process), while negative ions move towards the anode, where they lose electrons
{an oxidation process). This movemnent of ions and transfer of electrons results in chemical changes at the

electrodes, effectively converting electrical energy into chemical energy.
Dﬂﬂ current power Supply

Anode
[Positive eleciroda) mgg;.nm ehecirode)
= r
—» Elactrolyla

Figure: Main parts of an electrolytic cefl
applications of Electrolytic Cells:
Electrolytic cells are used in the electrolysis of sadium chioride to produce sodium metal and chlorine gas,
the refining and plating of metals, and the production of chemicals like caustic soda Electrolysis is also
wsed to produce non-metals such as chlorine and to purify metals. Electrolysis is generally carried out in an
electrolysis eell as shawn in Figure,
In the electrolysis cell:
« Electrolyte: The electrolyte is the compound that is decomposed; it is either a molten ionic compaound
or a conceniraled agueous solution of jons
» Electrodes: The electrodes are, made from either carbon (graphite) or metal, which conduct electricity
1o and from the electralyte - the anode is the positive electrode - the cathode is the negative slectrode
# DC: The power supply must be direct current
[Mote: The actual structure of the cell will vary according ta the alement extracted).

REDOX REACTIONS IN ELECTROLYSIS

Duning electrolysis, the positive lons (cations] move to the cathode. When they reach the cathode, they gain
electrons from the cathode.
For example:

G}, +20" —+Cy,
M, v 28—l
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Gain of eloctrons Is reduclion and It always occurs at the cathode. If metal atoms ane formed, g .
deposited as a layer of metal an the cathode. Altermativaly, (hey may form a molten Layer n the gu)), i h,-.j" e
gas s formed, It bubbles off, "y
The negative lons (anlons) move 1o the asode. When they reach the anode, they lowe slectiony g thie
Loss of electrons s osldation. Oskilation always occurs at the anode .

for example:

2CH,  ——Cl 4 20
A0M, —+0,,, + 2,0, +de

Electrolysis is @ redox reaction. For example, when molien gie ehlorlde (2007 ] 18 elecitolyied, i,
reactions are:
+  Cathode: I, +2e" —2ny,
Anoder 201, —-sCl, 4 20° (Cxldation)
The electron ks at the anode balances the electron gain at the cathode, The averall reaction ks
INCA py —=wdiny, +Cl

O —— T — i —— i — i — i — i — — S — ki

| [:q] QUICK CHECK 10.4

| Molten copper (I} bromide (Cullr,) Is electrolyred using Inert electrodes.

il Which lons are present In this solution?

| Ans. The lons present are Cu®™ and Br°,

Y. Name the electrode on which the fermation of copper metal ocours?

!’ Ans, Copper metal forms on the cathpde,

| Wil Give the hall-equation that represents the Termation of copper metal,

y Ang, Cu™ + 2o — Cu

| iv.  Write the half-equatlon for the formation of bromine on the other electrode,
1 Ang, 2Br' — Bu_‘l_!_e; {.:Ltr;u_r_?_a_l m:- umdeL

(Reduetion)

-

- R S e =
—

MASS OF A SUBSTANCE DEPOSITED DURING ELECTROLYSIS

The mass of a substance produced al an electrode during electrolysls is proportional to the time over 1:1;;7
constant electric current pass and the strength of the electne current.
Combining current and time, we get the relationship:
Q=1I1=x1
Q = Charge [in coulombs, C)
I = Current [In amperes, A
t = Time {in seconds, 5)
The mass of a substance produced at (or removed from) an electrode during electrolysis 15 proportional to (s
quantity of electricity [in coulombs) which passes through the electrolyte.
»  Faraday:
The quantity of electriclty Is aften expressed in terms of 4 unit called the Faraday (symbol F). 1 Faradaye
the quantity of electric charge carrled by 1 mole of electrons or 1 mole of singly charged lons, It value g
96500 C mal ™, !
Electrolysis of Silver Nitrate Solutlon:
During the electrolysis of silver nitrate solution, silver is deposited at the cathode.
‘qs:nl o _'A'Eirl
I1mol 1mal 1mol
1 Faraday of electricity (96500 C) Is required to depaosit 1 male of silver.

#  Electrolysis of Copper(ll) Sulphate:
During the electralysis af copper (1) sulphate solution, copper is deposited at the cathode.

Where

Y
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(,ul";ll i e 1 ATHS
Lol Jamal 1ol

P wquatboons shiowe Wiat 2 oobes of electinns are needed W grotduce 1 mote of copper fram Cu® jons S,
It eecpuires 3 Farathigs of electrieiy (2« 90400 €) 1o depasit 3 male of copper
His ol Farinclay » Mo of maokos of slectrions gaboed or kst

AMOUNT OF SUBSTANCE PRODUCED DURING ELECTROLYSIS

m1uﬂ al T ean be wsed 1o caleulate e mass of substanees dopasited at an sloctrode and the valume of gas
pmdl“"d at am electrode

I hlo
galeulate the mais of kead (Ph) deposiied at the cathode during electrolesls when a current of 1.50 A flows through
molten lead (1) bromide (Phies) for 20.0 min, (relative stamic mass, Ar valus: [Pb] = 207; F = 96500 C mal™ )

Huﬂﬂm
stepd Write the hall-eruation for the reaction
Py 120 o,
srep 21 Finel thie nuimtier of caulambs requited 1o tlepnsit 1 male aof product at the slectrode
2 moles of electrons are required per maole of P formed = 21

= 2« D6500
= 193000 € mol™
step 3: Caleulate the charge ranstecred during the electralysie.
Qs=lwt
« 1.50 % 30« 60
= |HO0C

srep A Calculate the mass by simple proportion wskng the relative atamic mass
193000 C deposits 1 mole Ph, = 207 g Ph

207
1€ doposits » —00-
POt Taio00®

o7
TBOD C o e :
ety 19 #1800 » 1.93 g b

AVOGADRO'S CONSTANT BY THE ELECTROLYTIC METHOD
B e oorcise LOA

How Avogtadro's number ean be derived using an electrolytic cell?

Avoegadro's Constant:

s The Avogadro's constant, L, is the number of specilied particles (atoms, molecules, or ions} in 1 mole
An electrolytic method can be wsed to lind a wvalue for the Avopadea’s constant by calculating the
charge associated with 1 male of electrons,

_ Charge onl maole of elecirons

Charge onl electran

s The chiarge on the electran can be calculated by experiment. The results show us that the charge an

the electron bs approximately 16010 "™ €,

2 Finding the Chargo on 1 Molo of Electrons

« The charge an 1 mole of electrons can be lound from a simple electrolytic experiment. The apparatus
faar this bs showm in Figure,

Procedure;
#  The procedure i Lo weigh the pufe copper anode and pure copper cathode separately arrange the

apparatus during the electrolysis of aqueous copperil) sulfate as shown in Figure

||
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The variable resistor is used to keep the current constant pass about 0.2 amperes.
Pass a constant electric current for a measured time Interval, eg., 40 min.

Reweigh the cathode and anode.

Batiery
e
||!I|' vanatie
Ammata PELnr
Coppar anode Coppad eahatls
=
Cosd,
= sotton

Flgure: Apparatus for calculating the mass of copper deposited
# The cathode increases in mass because copper is depasited.
s The anode decreases in mass because the copper gos into solutlon as copper lons. The decreas,
the mass of the anode Is measured. This is preferred because the copper does not always stick 1y the
cathode very well.

Calculating Charge on An Electron

& sample calculation is shown below, using a current of 0.20 A for 34 min,

mass of anode at start of the experiment =56.53g
mass of anode at end of experiment =56.40 g
mass of copper removed from anode =013¢g
quantity of charge passed Q =Ixt
=0.20x34 =60
=408 C
As the amount of copper removed is 0,13 g
S0, 0,13 g of copper requires = 408 C
408
1gof lres = —
g of copper requ 013
408
63.5 g of copper requires = 213 x63.5=99845 C
But the equation for the electralysis shows that 2 moles of electrons are needed to produce 1 mole of copper,
Cufpy +28” —Cuy,
190500
The charge on 1 mole of electrons = =953250C
If the charge on one electron is 1.60= 107,
Charge on an electron = ET = 158x107"¢C
6.02 10

QUICK CHECK 10.5 I

An agueous solution of silver nitrate is electrolysed. Calevlate the mass of silver deposited at the |

cathode when the electrolysis is carried out for exactly 35 min using a current of 018 l..!

{Ar{Ag]=108;F = 96500 Cmel™) I
Electrolysis of Silver Nitrate [AgND,) ;
According to Faraday's First Law of Electrolysis; '
Mass(m)=QxMnxf __‘___-_______'__!

Remove the cathode and anode and wash and dry them with distilled water and then with Propang, .

‘“ﬂmu LT T 2
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Q= I=xt
timest = charge In coulombs
M = molar mass of Ag = 108 g/mol
N = number of electrons per lon (A" = Ag = 1e7)
F = Faraday's constant = 96,500 C/mal

srep 1: Calculate 4
| =

t=
Q=

018 A
35min=35x60=2100s
Ixt=018=x2100=378C
syep 2: Calculate Mass of Ag
=M 37Bx108 40824

M="T%F  1x96500 96500
An electric current of 1.04 A wai passed through a solution of dilute sulfurlc acid for 6.00 min. The
volume of hydrogen produced at STP was 81.5cm’,

| How many coulombs of charge were passed during the experiment?
Ass. calculate total charge passed

=0.423g

1= 1044
t = B.00Omin=6x60=360s5
Q= lxt=104=x360=3744C

i How many coulombs of charge are required to liberate 1 mole of hydrogen gas? [F =96 500Cmol™)
pns. Charge required to liberate 1 mole of H; gas

geactlon at Cathode:

IH +28" —H,
5a, 2 moles of electrons are required for 1 mole of H.
Charge =

—— e e S e e

‘ELECTRODE POTENTIALS
(Ease of oxidation and reduction)

puring the redox processes, a redox equilibrium exists between two chemically related species that are In
dfferent oxidation states.

pefinition:

*When a metal is put into a solution of its lons, an electric potential [voltage) is established between the
metal and the metal lons in solution, This Is called electrode potential®,

it indicates the ease of oxidation or reduction of a substance.

fxample: When a copper rod is placed in contact with an agueous salution of its ions, the following equilibrium
Exists:

Cufey + 26" ===y

w

Explanation:

There-are two opposing reactions in this equilibrium.

Metal atoms from the rod entering the solution as metal lons. This leaves electrons behind on the surface
of the electrode.

Gty —+Cofiy 22



348

Chapter 10 ¥ E

b)

lons in solution accepting electrons from the metal rod and get deposited as metal atoms n“_‘ht'l—-:f;:\
the electrode. &
Cufry +26 — 0y,
The redox equilibrium is established whan the rate of electron gain equals the rate of eleciron lags
For unreactive metals such as copper, if this equilibrium is campared with the equilibrium set yg
metals, the equilibrium set up by copper lies further over 1o the right.
Oy + 267 —Cuy)
Eu;"_. lons are therefore relatively easy 1o reduce. They gain electrons readily to form copper meta)
For reactive metals such as vanadium, the equilibrium lies further over to the left.

hfllbﬂ

Vi +26"— Y,
'u'[’_;} Ions are therefore relatively difficult to reduce. They gain electrons much less readily by cOmpariy,

The pasition of equilibrium differs for different combinations of metals placed in solutions of their jpp,

= Electrical Double Layer
It is thought that the absolute electrode potentials cannot be measured due to the formation o
electrical double layer, when an element is placed In 3 solution of its ions.
Example:
A strip of Zinc in & solution contalning Zn lons: F--E_"' Zine toa
« When zinc is placed in a solution containing zinc lons, E:, =
a tiny number of zinc atoms on the surface of the (@]l (S
metal Is converted 1o zinc ions, which go into o) s [0
solution, This leaves an excess of electrans on the @ =T @
surface of the zinc. -
= The solution around the metal now has excess In'” Q-9 B R
ions. Some of these callons near the surface of the Q--|@
zinc are attracted to its surface. So, an electrical (&)
double layer is formed. @ f==] @
+ This buildup of charge causes an electric potential -
(valtage} between the metal and the metal ions In Zroil) jons
solution as shown in Figure 103, Figure: Formation of elechical double layer
« Due 1o the formation an electrical double layer, the
potential cannot directly be measured.
=  The difference in potential batween the metalfmetal lon system and anothar system can be mediund
We call this value the electrode potential, E. Electrode potential is measured in volts. The system o
use for comparison is the standard hydrogen electrode (SHE).
STANDARD HYDROGEN ELECTRODE (SHE)
fiEveccise L03]
Q. Whatls meant by Standard Hydrogen Electrode [SHE)? How It |5 used to measure the electrode potents

of another electrode?

The Standard Hydrogen Elecirode (SHE) s one of several types of half-cell that can be used as reference

electrode.
#  Construction:
Figure shows a standard hydrogen electrode. SHEE I3 i renweiy ot elechiode
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O] wity platinuem black i & preferred

catabyur?
Platanim wirn Ars. Platingm black i @ highly prefened

catalyst due 1o Ay esceptionally hgh

= - werfaee  ared,  whith  signifcantly

enhances iy calalytic activily. This

5 pall’ wath i k= " . high surfate area, achieved through @
.ﬁpl,::e in far H; 10— " [1motidm*)) fing povwdler faem, provedes numerous
pubble oul sttive 1es for chemical resctiont 10
1 Platinum electiode octwr. Il boouls reaction rates and

aerall efficiency

Figure: Standard hydrogen electrade (SHE)
standard Hydrogen Electrode conslsts of;

» Hydrogen gas at 101 kP, pressure, in equilibrium with H® lons of concentration 100 mol dm ™"

« Aplatinum electrode covered with platinum black In contact with the hydregen gas and the H® ions
The platinum black is finely divided platinum, which allows close contact of hydrogen gas and H' lons in
solution so that equilibrium betwean H, gas and H® ions is established quickly, The platinum electrode is
jnert 5o it does not take part in the reaction. Standard electrode potential E° values for all half-cells are
measured relative to this electrode.

when connected to another half-cell, the value read on the volimeter gives the standard electrode
patential for that half-cell, The half-equation for the hydrogen electrode can be written:

Aeduction (Acts as cathode): ZH{'“: +28" —bH, =000V
Duidation (Acts as anode): H, —»2H" + 2e =000V

The way that the half-equation is balanced makes no difference to the value of E°. The equation does nat
affect the tendency for the element to gain electrons.
Electrode Potential: Its voltage s arbatrarily fixed at 000V,

STAMDARD ELECTRODE POTENTIAL (E®)

-T;mllag: of an electrochemical cell will also depend on concentration, lemperature, and prassure of the gas.
Therelore, we should use standard condltions when companng electrode potentials.
Conditions:
« Concentration of ions at 1.00 mol dm™
« Atemperature of 257C(298 K)
o Any gases should be at a pressure of 1 atmosphere | 101 kP.)
s The value of the electrode potential of the half-cell is measured relative to the standard hydrogen
electrode.
Under these conditions, the electrode potential we measure is called the standard electrode potential.
This has the symbol, E7 It is spoken of as " E standard’,
"The standard electrode potential for a hatl-cell is the voltage measured under standard conditions with
astandard hydrogen electrode [SHE) as the ather half-cell”.



