812 PRINCIPLES OF PHYSICAL CHEMISTRY

Example 11. The molar conductances at infinite dilution for sodium acetate and hydrogen chloride at 30°C
are 91:0x10~ and 426:16x 10~ S m? mol-', respectively. Also for H* ion in HCI, £, is 0-821 and for CH;COO-
ion in CH3;COONa, ¢_ is 0-556. Assuming that ty = 1;, calculate Ay, for CH;COOH.

Solution : We know that.x’, = ri(A%) and A° = 12(A%) (Egs. 11 and 12)
Assuming that f: = t, and r o= t_, from the data on HCl, we have

° = 0-821Xx426:16X10™ = 349-88x10* S m? mol”!
From the data on CH;COONGa,
A = 0-556x91-0x10% = 50-60x10~ S m? mol-!

>
+
Il

Hence, for CH;COOH, A::n = 1: + A = (349-88 + 50-60) x 10~ S m? mol ™!
= 400-48x10* S m?® mol”!

Example 12. At 25°C, the degree of dissociation (o) of pure water is 1-90x10-?, Calculate the molar
conductance ( ,\:. ) and specific conductance (x) of water at this temperature. The molar ionic conductances of
H* and OH" ions are 349-83x10~ and 198-50x 104 S m? mol, respectively.

Solution : From Kohlarusch's law,
Amigo = A+ + J%H_ = (349-83 + 198:50)x10* S m? mol”! = 548-33x10 S m? mol"!
The degree of dissociation of a weak electrolyte is giver. by a = Am/Asy, (Eq. 4)
Am =aAy = (190 x 107°)(54833 x 10*Sm* mol™!) = 1-401x10" S m? mol-!

Further, Am = x/c (Eq. 3)
In this case, ¢ = 1000 g dm%/18 g mol™! = 55:56 mol dm> = 55-56x 10° mol m->
CAm = (55:56x10° mol m) (1:041x107° § m? mol-!) = 578x10~ S m"!
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Example 9. For the strong electrolytes NaOH, NaCl and BaCl,, the molar ionic conductances at infinite
dilution are 248-1x107, 126-5x10~ and 280-0x10~ S m? mol-, respectively. Calculate A, for Ba(OH);.

Solution : BaCl, + 2NaOH — Ba(OH), + 2NaCl

Thus, according to Kohlrausch’s law of independent migration of ions,

o -] o
AmBaoH), = Ambacly; + 2Amnaon — 2Amnac)

I

(280 + 2x248:1 - 2x126-5)x10* S m? mol™!
= 523-2x10~% S m? mol!

Example 10. The molar ionic conductance at infinite dilution of lithium halide (LiX) is found to be

892x10*¢ S m? mol~!. What would be the molar ionic conductance of the halide ion if the molar ionic conductance
of Li* ijon is 38-70x10% S m? mol! ?

Solution :  According to Kohlrausch’s law
-A‘:u =25 + AL
o

2. =Ap -Ay = (8920 - 3870)X10* = 50-5x104 § m? mol-!
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Example 5. The specific conductance of 0:01 M solution of acetic acid was found to be 00163 S m™ at
25°C. Calculate the degree of dissociation of the acid. Molar conductance of acetic acid at infinite dilution is

390-7x10~* S m? mol™! at 25°C. |
¢ = 0-01 mol dm3 = 10 mol m™

Solution : k = 0-0163 S m;
_ -1
Agy =-Eas m =16-3 x 10~ S m? mol™
C 10 mol m

AS, = 390-7x10% S m? mol™! (given)

e T, |
Am _ 163x107°Sm"mol™”  _ 4,947
Agy 390-7x10~* Sm? mol !
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Example 13. Th'e I:Ill:llal' i.onic conductance at infinite dilution of silver ions is 61:92x104 S m* mol™ at
25° C. Calculate the ionic mobility of silver ions at 25°C at infinite dilution.

o

Solution : Ay, = 61:92x10™ S m2 mol-!
uy = A IF (Eq. 18)
W 61:92x107* sm? mol™!
b =
96485 C mol ™!
= 6-417x10% m? v-1 &1 ¢+ C=As=VS5Y

Example 14. A dilute solution of potassium chloride was placed between two platinum electrodes 10:0 cm
apart, across which a potential of 6-0 volts was applied. How far would the K* ion move in 2 hours 1at 25°C ?
Molar ionic conductance of K* ion at infinite dilution at 25°C is known to be 73-52x10~ S m? mol

Solution : Molar ionic conductance of K+ ion at infinite dilution = 73-52%x10* S _rnz s

Wy = N, JF (Eq. 18)
W 73:52 x107* Sm? mol™!
_ 96493 C mol ™! .
= 7-619x10% m? v-! 5! (- C=VSy)
Potential gradient in this case = 60 volts/10 cm = 06 volt cm™! = 0-6x102 volt m™!

Speed of K+ jon = 7-619x10-8 m? st volt™!x0-6x10% volt m™ = 7-619x10-*x0-6X10> m 57!
Distance moved by K* ion in 2 hours = 7-619x108x0-6Xx10* m 5! (2X60X60 5) = 3-291x10% m

Example 15. Calculate the molar conductance at infinite dilution of an aqueous solution of NaCl at room
temperature, given that the mobilities of Na* and CI” ions at this temperature are 4-26x10-® and
6:80x 108 m? V-! s, respectively.

Solution : According to Eq. 18,

Ay = Fuy
= (96493 C mol™) (426x108 m? V-! 57y = 41.10x 104 § m? mol™!
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PRINCIPLES OF PHYSICAL CHEMISTRY

(96493 C mol™!) (6:80x10-8 m? vV-! s7!) = 65-61x10* S m? mol™!
7‘::1- = (41-10 + 65-61)x104 S m? mol™!

=]

A +
Nat

106-71x10% S m? mol™!

-
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Example 18. The molar conductances of sodium acetate, hydrochloric acid and sodium chloride at infinite

dilution are 91-0x10~, 426:16x10 and 126-45x10 S m* mol™, respectively, at 25°C. Calculate the molar
conductance at infinite dilution for acetic acid.

o o .

Solution : AomCH;;COONa = lcu;cc}o- + At = 91.0 x 10~ S m? mol™!
[+ _ o o —4 2 _‘l

Ampar = Mg+ + Ag- = 42616 x 1074 S m? mol
AmNaCl = fnf + ’:c[- = 126-45 10 S m? mol ™

o ] o o o o o
y = P WIS\
?“CH;;COO' g = lcu;coo* At T At Ay Nat a
or

a [+] o - o
Amciizcoon = Amcscoona + Amiic ~ Amiac

|

_ (91-00 + 42616 - 126:45)x10% = 3907110 S m? mol™?
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Example 19. Calculate the transport numbers of Lit and Br~ ion.s'when a furrent l}o.ws throfxgh an
infinitely dilute aqueous solution of LiBr at 25°C, given the ionic mobilities of Li™ and Br~ ions at infinite
dilution are 4-01x10~° and 8-:09%10% m? V-! 57, respectively.

Solution : In this case, - 4y = 4-01x108m? V' s and 4°= 8:09x10% m? V! 57!

B -8 2 y;-1 -1
o _ u, _ 4.01x107°m“ Vs = 0-331
From Eq. 22, T (4014809 x10°m Vs

Since G+t =1
= 1-10331 = 0:669

Example 20. Molar ionic conductances at infinite dilution of Na* and CI- ions are 50-11x10~* and
76-34x10~ S m? mol-!, respectively. Calculate the transport numbers of Na* and Cl- ions.

Solution : According to Eq. 20,

E I Y 5011 x 10~*S m? mol ™!
U 20 (50-11+76-34) x 107 S m? mol™!

. 4 R
50-11x 1074 S m? mol™ _ g4
126-45 S m” mol

° A 7634 x 104 S m?2 mol™!
) e —4 2 = | = 0-604
22 425 (50-11+76:34) x 10~ S m? mol

0396 + 0-604 = 1

]

As can be seen, 1, + I
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Example 22. The molar conductance of 0-01 M solution of acetic acid was found to be 16-30x10~4 S m? mol”!
at 25°C. The molar ionic conductances of hydrogen and acetate ions at infinite dilution are 349-8x10~* and
40-9x10~ S m? mol~, respectively, at the same temperature. What percentage of acetic acid is dissociated at this
concentration ?

Solution :

ot o
AmCH3C00H = A

_ o+ A, =(40-9 +349-8)X10* = 390-7 X 10~ S m? mol"!
CH3C00 H*

Ap _ 1630 x 10™*S m? mol™!

A " 390-7 x 104 S m%mol ™!
Thus, Oy»awﬁc acid is 4'172 per cent dissociated.

04

= 0:04172
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ELECTROCHEMISTRY-I. ELECTROLYTIC CONDUCTANCE AND TRANSFERENCE 819

a Example 23. At 25°C the specific conductance of carefully distilled water is 58-0x10-7 S m~! and the
Ap values for H* and OH- ions are 349-8x10 and 198-5%10~ S m? mol™!, respectively. Assuming that Am

o

differs very little from Am, calculate the jonic product of water at 25°C.
Solution : H,0 — H* + oW
Ky = [H*]J[OHT] = (¢) (¢) = 2 oeufi)
where c is the concentration of each of the ionic speices.
From Kohlraush’s law, Ap = l;+ + l';H_ = (349-8 + 198-5)x10* S m? mol"!
= 548:3x10 S m? mol"! = A, (Given)
Since Am = ¥/ (Eq. 3)
58.0 x 10°7S m™!
¢ = xlA, =
" 548-5x 107 S m% mol T
= 1:06x10"7 mol dm
Hence, from Eq. (),K, = ¢ = (1-06x10”7 mol dm™)? = 1-12x 10" mol® dm®

=106 x 10~ mol m~3
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fLECTROCHEMISTRY-I. ELECTROLYTIC CONDUCTANCE AND TRANSFERENCE 821

c=_k _ _405x10%sm!
Am 200 x 107 Sm? mol™T
Hence, from Eq. (0, K‘P = 4c3 = 4(2.025;,(10—4 mol dm- = 3'32)(10'“ mol’ dlll"

=2.025 x 10~ mol m~® = 2:025x10~* mol dm™
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