§ Acid-basetitration

Titration : Measuring the volume of a standard solution (a solution of known
concentration) required to react with a measured amount of sample.

Fig 4.7 titration of vinegar (CH,COOH ) with sodium hydroxide
Step 1. = E &R =IAIEN ] CH,COOH  + E’,R@?J (1-2 drop)

Step 2. ]I NaOH [y ¢ 2
Ry S+ B
Step 3. JfEF I ERT
CH,COOH (aq) + OH" (aq) %3 CH,COO" (aqg) + H,O
(HC,H,0,)

Equivalence paint : 'IE{&HF

The number of equivalent mole of base equal to the number of equivalent
mole of acid .
NV, = NgV, CH,COOH 1M=1N
H,S0, IM =2N
NaOH 1IM=1N
Ca(OH), 1M=2N

End point : jifi A
The point of the indicator change color.

Neutralization point : [ 1I71E¥
The titration solution reaches pH = 7.0.

§ Ex 4-7 : Three beakers labeled A, B, and C contain the weak acid H.X. The weak
acid is titrated with 0.125 M NaOH. Assume the reaction to be
H,X (ag) + 20H" (ag) ® 2H,0 +X* (ag)
a) Beaker A contains 25.00 mL of 0.316 M H,X . What volume of
NaOH is required for complete neutralization?

b) Beaker B contains 25.0 mL of a solution of H,X and requires
28.74mL of NaOH for complete neutralization. What is the
molarity of the H,X solution?

c) Beaker C contains 0.124 g of HoX and 25.00 ML of water. To

reach the equivalence point, 22.04 mL ofNaOH are required.
What is the molar mass of H,X?
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AnS:
a) HZX(aq) +20H (agq) %% 2H20+X2' (a0)

N,y = 25000316 =7.90" 10° mol
21000
Ny ‘N, = 11:2
790°10°%:n,. = 1:2
n,, = 0.0158 mol
v = tow 008 006,
o M, 0125
b) n. =0125" 2874 _ 359 10°® mol
OH 000
Ny Ny, = 1:2

Ney ©: 359710°= 1 :2
Ny x =1.80710°° mol
Nyx _ 1.80° 107

M, , = = 0.0720 M
"V, 002500
c) n,. =0125" 2204 _ 2.76” 10 mol
oH 1000
Ny N, = 1:2

Moy © 276710°= 1 :2
Ny x =1.38"10° mol

m,x _ 0124

= ——— =389.9g/mol
n,x 138710

Iv”leZX =

§ 4-4 Oxidation-reduction Reactions r Redox reactions

— involves atransfer of electrons between two species.
] - 2=V~ Zn = HCL Yk
Oxidation : a specie loses electrons
Zn(s) ¥ Zn* (aq) + 2e
— Theion or molecule donates electrons b Reducing agent
Reduction : aspecie gains electrons

2H"(aq) + 2¢ %% H,(9)
— Theion or molecule accepts electrons b Oxidizing agent



Redox reaction :
Zn(s) + 2H"(aq) %% Zn*(aq) + H,(Q)

For aredox reaction :
1. Oxidation and reduction occur together.

2. There is no net change in the number of electrons in a redox reaction.

§ Oxidation number s {*gf

Oxidation number
1. An element in an elementary substance 0
2. Monatomic ion the charge of the ion
3. 1A element in compound +1
A +2
VIIA -1
Oxygen in ordinary compound -2
719t
Hydrogen in ordinary compound +1
719t

4. The sum of the oxidation numbers in a neutral speciesis O.
5. In apolyatomic ion, it is equal to the charge of that ion.

Ex 4-8 : What is the oxidation number of phosphorus in
a) sodium phosphite, Na,PO, ?
b) In the dihydrogen phosphateion H , PO ;

Ans:

Ex.

Cl, 0
P, 0
K 0

Cl- -1

Al* 43
ok -2
Na® +1
K" +1
Ca® +2

HCI
NaH
CaH,

?



a Na,PO, b) H,PO,
(+)" 3+x+(-2)" 3=0 (+)" 2+x+(-2)" 4=-1
X=+3 X=+5

§ Oxidation and Reduction
(2]

Oxidation : an increase in oxidation number &t [ =gy 1,4 5. %—4 1t RO

Reduction : adecrease in oxidation number &t [~ gyyai ") JEH ”qu—% |

(S
+1 -1; reduction 0
| |
Zn(s) + 2H"  se Zn*(aq) + H,(9Q) P Redox reaction.
| |
0 +2; oxidation +2
+2 -2; reduction 0
2AI(s)+ 3l (ag) me 2AI*(ag) +!3Cu(s) b Redox reaction.
Q  +3; oxidation +3
+1 0 +1
| |
COl (ag)+2H"(aq) me CO,(g) + H,O b Not aredox reaction.
| |
+4 0 +4
§ Balancing half-equation (Oxidation or Reduction)
Oxidation Fe?(aq) we Fe(aq) ERNEE
| |
+2 +1 +3
P Fe”(ag) %%® Fe’(aq) +e
Reduction Cl,(aq) e 2Cl (aq) = fﬁ“?ﬁ* =
|

|
0 -1" 2 -1




P Cl,(aq) +2¢ %% 2Cl (aq)

T kL
MnO; (aq) %%® Mn*?(aq) ENIEE S
Cr(OH),(s) %% CrO; (aq) ERRTEE S S
i

a. Balance the atoms of the element being oxidized or reduced.
b. Balance the oxidation number by adding electrons.
R (R S (H 2 e
c. Balance charge by adding H* ionsin acidic solution, OH" ionsin basic
sol ution

TR PN (PR D0~ ) JOIHRTON (bt
N E')
d. Balance hydrogen by adding H,0 molecules. I f=H: H 7 $w— 327[1H,0
e. Balance Oxygen number. = ~O: O }f,ﬁlgfl[J%a’E‘}ﬂ‘ fif

Ex 4-9 : Balance the following half-equations
1) MnQ,(aq) e Mn?(aq) (acidic solution)
2) Cr(OH),(s) me CrO7 (aq) (basic solution)
Sol :1)a) x+(-2)" 4=-1b x=+7
MnQ; (aq) e Mn™(aq)

| |
+7 -5;reduction +2

b) FWrepe- e
\ “: +5¢

MnQ; (aq) + 56 %% Mn*(aq)

) PRIRPHT (BR bl - %)
?’in%)’(‘. -6 JF[:+2
\ Sl +8HY

\ MnQ; (aq) + 56 +8H" %% Mn**(aq)



B)

\ MnQ; (aq) + 56 +8H" %% Mn*(aq) + 4H,0
e O:% =4 Ti=4 okl

\ MnQ; (aq) + 56 +8H" %% Mn*(aq) + 4H,0

a) X+(-2)" 4=-2b x=+6

Cr(OH)y(9) we Croj (ag)
| |
+3  +3; oxidation +6
b) & [“grepu- e
\ F[ D+ 3e

P Cr(OH),(s) %%® CrO} (aq) + 3¢

©) R OH ™ (R it %~ 3%)
”th,:’néfzt =0 f[1-2—3=-5
\ %1 +B0H"

b Cr(OH),(s) +50H" %% CrO? (aq) + 3¢

d)check H: = =3+5 =0

[
JF[ : +4HZO

P Cr(OH),(s) + 50H" %% CrO? (ag) + 3¢ + 4H,0
g)check O: = =3+5=8 JF‘ 4+ 4=80kK!

P Cr(OH),(s) + 50H" %3 CrO? (aq) + 3¢ + 4H,0

§ Balancing Redox equation:

1. 75 % oxidation » reduction equation
2. S5 & half-equation

3. JiHI* fi#h i~ half-equation
4.2+3 b i

-

Ex 4-10 : Balance the following redox equations.

a) Fe* (aq) + MnO; (aq) %% Fe* (aq) + Mn** (aq)
b) Cl,(g) + Cr(OH),(s) %% CI"(aq) + CrO; (aq)

(acidic solution)
(basic solution)



Ans:

a) +2 +1; oxidation +3
| |
Fe"(ag) + MnO;(aq) wme Fe*(ag) + Mn*(aq)
L I
+7 -5: reduction +2

Oxidation (Fe”(aq) se Fe*(ag) +e) = 5

Reduction (MnQ;(aq) +8H" +5€ e Mn* +4H,0) = 1 b Ex4.9(1)

b
5Fe (aq) o 5Fe’(ag) 4 5e
+) MnO;,, +8H" +5€ wme Mn” +4H,0
5Fe¢”*(aq) + MnO;(aq) +8H" wme 5Fe*(ag) + Mn* +4H,0
b) +3 +3 +6

| |
Cl,(g) + Cr(OH),(s) =e 2Cl (ag) + CrO; (aq)
| |
0 17 02 -1

Reduction : (Cl,(g) +2e e 2Cl°(aq)) 3

Oxidation : (Cr(OH),(s) +50H we CrO; (ag) +4H,0 +3e) =~ 2 b Ex4.9(2)

3Cl,(g) +6€ woe 6CI"(ag)

+)  2Cr(OH),(s) +100H e 2CrOZ (ag) +8H,0 +6&

3Cl,(g) +2Cr(OH),(s) +100H  wme 2CrOZ (ag) +8H,0

Ex 4-11: Asyou found in Example 4.10, the balanced equation for the reaction
between MnQO;(aq) and Fe**(ag) inacidic solution is
MnQ; (aq) + 8H™ +5F€* (aq) %% 5Fe* (ag) + Mn* +4H,0
What volume of 0.684 M KMnQO, solution is required to react
completely with 27.5mL 0.250 M Fe(NO,), ?
Ans.



n_, =0.250 273 _ 6.88" 10 mol
Fe 1000

. _ . ’ -3
1:5 =Nyo: 1 6.88" 10
— 103
nMnOA = 1.38" 10" mol

138" 10°=0684° —~_
1000

X =2.02mL



