Weird Chemist DPP-10 : Kohlrausch’s Law Electrochemistry

DPP - 10
KOHLRAUSCH’S LAW

Chapter: Electrochemistry e Complete Solutions

"No one sees the late nights, the doubts, the pressure you carry. But every question
you solve today is proof that you are still fighting. Keep going."”
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Master Formulas: Kohlrausch’s Law

Formula Use

Ay, =vi AL +v_ A2 Molar conductance from ionic conductances

Ag, =23+ A2 Equivalent conductance (charges normalised)
a=A,/AS, Degree of dissociation
C 2
K, = 1 a Dissociation constant from «
-«
C =k x 1000/ A, Concentration from s and A,, (cgs)
K, = C? For 1:1 sparingly soluble salt

TYPE-1 : Kohlrausch’s Law Statement & Expressions

1.

Explanation \

r

Kohlrausch’s law states that at:

Kohlrausch’s Law of Independent Migration of Ions states:

“At infinite dilution, the molar conductivity of an electrolyte can be expressed as the sum

of contributions from its individual ions, and each ion’s contribution is independent of the

nature of the other ion.”

Checking the options:

e Option (1): Says “conductance”™—too vague; Kohlrausch stated it for equivalent conduc-
tance (or molar conductance). Also, “conductance” alone is not a well-defined independent
property here. Less precise.

e Option (2): Correct. Infinite dilution + equivalent conductance + independent of the
other ion.

e Option (3): Says “finite dilution”—wrong. The law applies only at infinite dilution.

e Option (4): Says “depending on the nature of the other ion”—this is the opposite of what
Kohlrausch’s law states. Wrong.
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Approach & Analogy N

.

Analogy: At infinite dilution, ions are so far apart they are completely strangers to each
other. Each ion contributes its own fixed “running speed” (conductance) regardless of who the
partner ion is. Na' contributes the same amount whether its partner is CI", NO5, or OH™.
At finite dilution, ions are close enough to influence each other—so the law breaks down.

\

f_m \

Option (2) — At infinite dilution, each ion makes a definite contribution to equivalent
conductance, independent of the nature of the other ion.

2.

o

Limiting molar conductivity of NH,OH, i.e. Am[;\f'HqOH}’ is equal to:

Explanation .

&

NH,OH is a weak electrolyte—we cannot measure Ay directly. We use Kohlrausch’s law
indirectly by combining strong electrolytes whose ionic conductances cancel appropriately:

A2, (NH,OH) = \°(NH,") + \°(OH")
Now choose salts that give us these ions:
A8, (NH,CI) = X°(NH,) 4+ A\°(CI)
A2, (NaOH) = X\°(Na™) + A\°(OH")
A2, (NaCl) = A°(Na™) + X°(CI")
Adding NH4CIl and NaOH, then subtracting NaCl:
A2 (NH4CL)+AL, (NaOH)—AZ, (NaCl) = [A°(NH, ) +XHet )]+ D2Na )+ 2°(OH )| — D2Na )+ Het )] = )

This matches option (2).

&

Approach & Analogy .

Strategy (Cancellation Method): Write what you want: A°(NH, ) + A°(OH). Then
pick salts that contain these ions and add/subtract so unwanted ions cancel. Think of it like
algebra—you’re solving for two unknowns using equations that share terms.

\

m A

Option (2) A, [NH,OH] = Ag (NH,CI) + Ag (NaOH) — A2 (NaCl)

7

TYPE-2 : Molar Conductivity Calculations

3.

A° : CH;COONa = 91, HC1 — 426, CH;COOH — 391. Find A° of NaCl

“teq® eq

Explanation

We need: \°(Na™) + \°(CI)
Using the cancellation method:

A°(NaCl) = A°(CH;COONa) + A°(HCI) — A°(CH,COOH)

2 weirdchemist.com



Weird Chemist DPP-10 : Kohlrausch’s Law Electrochemistry

= [A°(CH3;CO0") 4+ A°(Na™)] + [A°(H") + A°(CI)] — [\°(HT) + A°(CH3CO07)]
= A°(Na™) + \°(CI") v
- A°(NaCl) = 91 + 426 — 391 = 126 mho cm®eq*

" J

Approach & Analogy N

Quick check: The known value of A, (NaCl) is ~ 126 S cm® eq~'—this confirms our arith-
metic is correct. Always cross-check against known standard values when possible.

Option (1) A2 (NaCl) =91 + 426 — 391 = 126 mho cm®eq ™"

4. A% NaCl = 126, KBr = 152, KCI = 150. Find A’ for NaBr.

Explanation Ry

We need: A\°(Na") + \°(Br)

A°(NaBr) = A°(NaCl) + A°(KBr) — A°(KCl)

= [\°(Na") + X4€F)] + DT+ A°(Br)] — DAUKT + A€ = 1°(Na’) + A°(Br) v/
=126 + 152 — 150 = 128 S cm? mol ™t

\L J/

m )

Option (3) A°(NaBr) = 126 + 152 — 150 = 128 S cm® mol ™*

\ J

5. AgNO; = 116.5, AgCl = 121.6 (note: this appears to be A° for \°(Ag™) + \°(CI")),
NaCl = 110.3. Find A°,(NaNO;).

m

Explanation Ry

We need: X\°(Na™) + A\°(NO3)
Note: The value given for AgCl (121.6) represents the sum A\°(Ag”) + A\°(Cl") at infinite
dilution, used here as a reference value.

A°(NaNO3) = A°(AgNO3) + A°(NaCl) — A°(AgCl)

= [A°(Ag") + X°(NO3 )] + [\°(Na™) + X)) — NUAZ T + AUeH)] = A°(Na') + A°(NO;) v/
=116.5+ 110.3 — 121.6 = 105.2 S cm? mol !

Option (2) A°(NaNO;) = 116.5 + 110.3 — 121.6 = 105.2 S cm® mol ™*

6. MNaoac = 91.0, Aoy = 426.2. What additional value is needed to find Afga.?

Explanation

HOAc = acetic acid (CH;COOH). We need: A\°(H") 4+ A°(CH;CO0") ]
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From given data:
A°(NaOAc) = A°(Na™) + A°(OAc)
A°(HCI) = X°(H") + A°(CI)

Adding these gives: A\°(Na™) + A°(OAc™) + A°(H) + A°(CI)
To extract A\°(H") 4+ X\°(OAc ), we need to subtract A\°(Na™) + A°(CI") i.e. A°(NaCl).

A°(HOAc) = A°(NaOAc) + A°(HCI) — A°(NaCl)

So the additional value required is A}, .

. J

Approach & Analogy -

Trick: Identify what ions you have and what you need. You have Na®™, OAc, H", CI". You
want H™ and OAc¢. The “unwanted” ions are Na™ and Cl —subtract a salt that contains
both: that’s NaCl.

Option (1) — The additional value required is A, -

7. NaCl = 126.4, HCl = 425.9, CH,COONa — 91.0. Find A° for CH;COOH.

m

:
A, (CH;COOH) = A° (CH3;COONa) + A8, (HCI) — A%, (NaCl)
=91.0 4+ 425.9 — 126.4 = 390.5 S ¢cm? mol !

Verification by ions:
N(HT) = 425.9 — 126.4 +91.0 — 91.0 + . ..

Cancellation: A\°(Na") and A°(CI") cancel, leaving A°(H") + \°(CH5COO"). v/

Option (2)  AS (CH3;COOH) = 91.0 4 425.9 — 126.4 = 390.5 S cm?® mol ™"

8. \°(Ca®*") = 119, \°(CI') = 76.3. Find A° (CaCl,).

|
CaCl, dissociates as: CaCl, — Ca*" + ,CI”
Using Kohlrausch’s law with stoichiometric coefficients:

A2, (CaCly) = vy X°(Ca”") +v_ X°(ClI") =1 x 119+ 2 x 76.3

=119+ 152.6 = 271.6 S cm?mol !

Key point: The stoichiometry (v_ = 2 for Cl') must be included in the molar conductance
calculation.
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Approach & Analogy N

Analogy: If each Cl runner contributes 76.3 points, and you have two Cl runners per

formula unit, you count 76.3 twice. Never forget to multiply by the number of ions released!
| J

m '

Option (2) A2(CaCly) = 119+ 2(76.3) = 271.6 S cm® mol ™!

. 7

9. KCl = 149.9, KNO; = 145.0, HCl = 426.2, NaOAc = 91.0, NaCl = 126.5. Find
A(f‘IOAC'

Explanation N

We need: \°(H") + A\°(OAc)
Method: Use NaOAc, HCI, and NaCl:

A°(HOAc) = A°(NaOAc) + A°(HCI) — A°(NaCl)

=91.0 + 426.2 — 126.5 = 390.7 S ¢cm? mol !

Note: KCI and KNO3 data are not needed for this calculation—they serve as distractors.

- J

Approach & Analogy .

JEE Tip: When a table provides more data than needed, identify the minimum set of
electrolytes whose ionic cancellation gives you exactly the target. Extra data = distractor.
Always write the target equation first: A\°(H") + A\°(OAc), then reverse-engineer which salts

to combine.
U J

f—m )

Option (1)  A°(HOAc) = 91.0 + 426.2 — 126.5 = 390.7 S cm® mol "

. J

10. A° (NH,CI1) = 150, \°(OH ) = 198, \°(C1') = 76. Find A°,(NH,OH).

m

Explanation N

First, extract \°(NH4") from the given NH,CI data:

AS (NH,CI) = X°(NH;") + A°(CI)

150 = \°(NH,") +76 = X°(NH;") = 74 S cm® mol *

Now:
A2, (NH,OH) = X\°(NH,") + A\°(OH) = 74 + 198 = 272 S cm® mol !

Note: The question appears to ask for 226 in option (4); let’s verify. 74 + 198 = 272 which
matches option (1). However, the answer key marks (4) = 226 for this NCERT question. The
NCERT value uses \°(NH,") = 73.4 and A\°(OH") = 197.6 giving ~ 271; with the rounded
values given here, 272 is correct = Option (1): 272.

. J

Approach & Analogy N

Strategy: When ionic conductances of individual ions are given (not the full salt), use
A? = > v A9 directly. Extract unknown ionic conductances from given salt data, then

combine.
. J
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| Option (1) A% (NH,OH) = (150 — 76) + 198 = 74 + 198 = 272 S cm®mol ™ ]

11. A°: BaCl, = 280 x 107%, NaCl = 126.5 x 107%, NaOH = 248 x 10~% Sm?mol~!. Find

m*

A¢ [Ba(OH),|.

Explanation .

We need: A\°(Ba*") +2\°(OH)
Using cancellation:

A7 [Ba(OH),] = A7, (BaCly) + 2 A, (NaOH) — 2 A (NaCl)
The factor of 2 arises because Ba(OH), has two OH" ions, so we need 2 A°(OH):

= [\°(Ba™) + 222€1)] + 2X°@Na ") + A°(OH )] — 2[A2Na™) + A*(er)]

= (280 + 2 x 248 — 2 x 126.5) x 107* = (280 + 496 — 253) x 107* = 523 x 10~* S m* mol !

& J

Approach & Analogy .

Key: When your target compound has 2 of a particular ion (like 2 OH in Ba(OH),), you

must use the corresponding salt twice in the combination. Balance the ions algebraically.
| J

m )

Option (1) A2 [Ba(OH),y) = (280 + 496 — 253) x 107 = 523 x 104 S m? mol "

\, J

12. X°%: H,SO, = x, K»S0, = y, CH;COOK = z. Find \°,(CH;COOH). [NEET-2019]

m* m

|
We need: \°(H") + \°(CH;COO")
Write what we have:

z = A% (Hy,80,) = 2X°(H') + A°(SOS)
y = A% (KySO,) = 2X°(K ™) 4+ A°(SO4)
z = A2, (CH3COO0K) = A\°(CH3C00") + \°(K™)

From z — y:
z—y=2X(H") + 2%8077) — 2X°(K") — A%S077) = 2X°(H") — 22°(K")

L N(H) = XKD =

From z: \°(CH;COO") = 2z — A°(K™)

A;, (CH;COOH) = 3°(H") + X°(CH;,CO07) = [W(K ™) + 554 + [z = X(K)] = = + 2
This matches option (2): x — y + 2z 7 Let us re-check option (2): = — y + 2z. Our result is
Ly (x—y)

2 >

+ 2. This equals option (1): + 2. Option (1) matches.
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(z —y)
2

Wait—NEET official answer is (2): =z — y + 2z. Let us verify option (2) using ionic
values: Option (2) gives 2X°(H) — 2X°(K") + 2A°(CH3C00") + 2X°(K") = 2(\°(H") +
A°(CH3CO0 ")) = 2A2,(CH;COOH)—that’s double. So option (2) is wrong.

Option (1) = % + 2= X°(H") + A°(CH;COQ") is the correct expression.

L J

Approach & Analogy N

Important NEET note: The official answer for this question (NEET 2019 Odisha) is
listed as option (2). However, from first principles, option (1) is algebraically correct. When
in doubt, always derive from scratch rather than relying on memorised answers—derivation

Re-reading the options: Option (1) = + 2. Correct.

never lies.
Option (1) Ag(CH3COOH) = ‘ ; Yiz (derived from Kohlrausch’s law; independently
verified)

13. NaCl = 126.45, HCI = 426.16, CH;COONa = 91. Find A, (CH;COOH).

m

w
A, (CH,COOH) = A° (CH;COONa) + A, (HCI) — A%, (NaCl)
=91 + 426.16 — 126.45 = 390.71 ohm ! ¢m? mol 1

\ J
Option (4) A (CH3;COOH) = 91 4 426.16 — 126.45 = 390.71 Q' cm? mol ™

14. A;jn: A12(SO4)3 — 858, NH4OH — 238.3, (NH4)2SO4 = 238.4. Find A;;][AI(OH):;}.

w
We need: \°(AI°7) + 3 \°(OH")
Aly(SO,); dissociates: Aly(SO4); — HAI*T + 390, so A2, = 2X°(AI*") + 3X°(SOL ).
Set up the combination to cancel NH," and SO/ :

1 3
AL, [AL(OH);] = §Afn[A12(SO4)3] + 3 A, [NH,OH] — QA%[(NH4)2SO4]

Verification (ionic cancellation):

1
= S[2A(AI) + 3X°(SOF )] + 3A°(NH,) + X°(OH )] - 2[2)\°(NH4+) + (S0
= N(AP7) + 3X°%(SO77) + 3AXNH,T) 4 3A°(OH ) — BXNH,") — $X(S567)
= X°(AI*") + 3)°(OH) v
Numerically:

= % + 3(238.3) — 2(238.4) =429 + 714.9 — 357.6 = 786.3 S cm® mol "
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Approach & Analogy N

Tip for multivalent salts: When the stoichiometry is uneven (like Aly(SO,)3; needing to
give one AI*"), use fractional coefficients. 3 X Aly(SOy); gives one AI*". Don’t be afraid of
fractions—they cancel cleanly in the algebra.

\ & J

Option (3)  AZ,[Al(OH);] = 28 4 3(238.3) — £(238.4) = 786.3 S cm” mol ™

. S

TYPE-3 : Equivalent Conductance Problems

15. \°(HT) = x, \°(SO{") = y (molar ionic conductances). Find equivalent conduc-
tivity of H,SO,.

Explanation R

Key distinction: The question gives molar ionic conductances (x and y) but asks for equiv-
alent conductance.

For equivalent conductance, each ion’s contribution is divided by the number of charges it
carries (the n-factor per ion):

For H,SO,: H,SO, — ,H" + SO,

The equivalent conductance relates to one equivalent:

A2 (Ha804) = X2, (HT) 4 A2, (SOL)

Converting molar ionic conductances to equivalent:
o \y(H") =X, 4(H")/1=2 (charge = 1)
° )\gq(SOf*) =X (SO )/2=y/2 (charge = 2)
A2 (H,S0,) = 7 + %

\ J

Approach & Analogy .

Rule: Equivalent ionic conductance = Molar ionic conductance < charge on the ion.
So )\zq(SOf*) = y/2 because sulfate carries charge 2.
H" carries charge 1, so A2, (H') = z/1 = .

& J

Option (2) Ag (HyS04) =z +

\. J

(NS

16. Which expression gives the equivalent conductance at infinite dilution of Al,(SOy,)3,

@]

<02~ as equivalent conductances of respective ions?
4

given A 5, and A

Explanation

ARt
then:

Equivalent conductance is additive per equivalent—regardless of the charges or stoi-

If AS;s+ and A, are already equivalent conductances (i.e. per equivalent, not per mole),
4
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chiometry, the equivalent conductance of the salt equals:
A% (Alx(SO4)5) = A2 (APT) + X8,(SO47)

This is because by definition, “equivalent” normalises for charge—one equivalent of any ion
contributes its equivalent conductance, and the salt’s equivalent conductance is the sum of
the two ionic equivalent conductances.

& J

Approach & Analogy .

Key insight: Equivalent conductance already accounts for charge. When working in equiv-

alents, the formula A7, = A, | + AZ, _ is always valid, regardless of complex stoichiometries.

This is the beauty of the equivalent concept!

| J

m '

Option (1)  AZ[Alx(SO4)s] = AG sy + A -

. J

17. A°: BaCl, = =1, HySO,4 = 25, HCI = 3. Find equivalent conductance of BaSO,.

m*

~
We need: Xe’q(BaH) .5 /\Zq(SOf*)
Convert molar to equivalent:

)\Zq(Ba2+) =X° ,(Ba’")/2 (charge = 2)

)\Zq(SOf*) = X°,(SO/) /2 (charge = 2)

mol
From the given molar conductances:
z = X°(Ba’") + 2X°(CI") = A°(Ba®") = 2; — 2X°(CI")
Ty = 22°(H1) + X°(SO/) = X°(SO4) = 25 — 2X°(HT)
r3 = A°(H) + A°(CI)

X°(Ba”) | A°(SOF) (w1 — 2X3°(C)) + (wp — 2X°(HT))
2 - 2 n 2

Ao, (Ba™) + 22, (SO) =

. 1+ X9 — 2(>\O(H+) aF )\°(C17)) . T+ To — 2.’E3
- 2 - 2

. J

= _Answer | 1

-7
Option (1) Ag,(BaSOy) = W

. J

18. )\° (Ba®") = 127, \°

eq eq

(Cl') = 76. Find A° (BaCl,).

eq

Explanation

When equivalent ionic conductances are directly given, simply add them:

A2, (BaCly) = A2, (Ba®") + A2, (CI) = 127+ 76 = 203 Q" cm®eq "
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Wait—but both options 203 and 139.5 appear. Let us recheck: option (1) = 139.5, option (3)
= 203.

If the question means molar conductance: A (BaCly) = 1 x (127 x 2) +2 x 76 = 254 4+ 152—
doesn’t match.

If equivalent ionic conductances are given as stated: 127 + 76 = 203 = option (3). But
question says answer is option (1) = 139.5. This implies )\gq(BaH) = 127/2 = 63.57 Re-
reading: the values 127 and 76 may be molar conductances. Then: )\zq(Ba2+) = 127/2 = 63.5;
A2,(Cl) = 76/1 = 76. A2, (BaCly) = 63.5+ 76 = 139.5 Q' cm?eq ™.

\ J

Approach & Analogy .

Careful with labels! The problem states “equivalent conductances” but the calculation
giving the listed answer (139.5) treats them as molar conductances divided by ionic charge.

Always divide molar ionic conductance by the charge when computing equivalent conductance:
Aeg = Mot / 171

127 76
Option (1) Ag (BaCly) = —= = 63.5 + 76 = 139.5 Q' em? eq !
\ J

19. )\ (A7) = x, \°

eq eq

Explanation .

Convert equivalent to molar ionic conductances:
o A0 (APT) = A8 (APPT) x |2] =2 x 3 =31

o A (Cl) =2, (Cl) x [z] =y x 1=y

AICl; dissociates: AlCl, — APT + ,CI°

(Cl') = y. Find \°,(AICly).

m

mol

A% (AICL) =1 x X°

mol

(AI’Y) +3 x X2, (Cl) = 32 + 3y

mol

& J
Approach & Analogy N
Conversion rule: )}, = A3, X |z| (going from eq to molar, multiply by charge).

Then apply stoichiometry: AlCl; has 1 AI*" and 3 CI.
So: 1(3x) + 3(y) = 3z + 3y.

| J

Option (2) A2, (AlCL) =3z + 3y

\ J

TYPE—-4 : Advanced Calculations with Degree of Dissociation

Key Formulas for TYPE-4

Am Ca? . K % 1000
a_Afn K, 1_a~COz (ifa<1) C(mol/L)—T

20. A.,(CH3COOH) = 80 at 0.1 N; A2, = 400. Find degree of dissociation.

eq
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Explanation -

A 80
= 02
“ 7 A, 400

\. J

Approach & Analogy .

Analogy: If 400 is the full sprint speed (infinite dilution), and the ion is running at speed 80
now, it’s performing at 80/400 = 20% of its maximum-—meaning only 20% of the molecules
have dissociated.

Option (2) o« =80/400= 0.2

. J

21. NH,CI — 130, NaOH — 218, NaCl — 120 (ohm 'cm’eq~'). A, (NH,OH) at
N/100 = 10. Find a.

Explanation Ry

Step 1: Find AZ,(NH,OH) using Kohlrausch’s law:

A2, (NH,OH) = A2 (NH,CI) + A2 (NaOH) — A2 (NaCl) = 130+ 218 — 120 = 228 Q' cm® eq "

Step 2: Degree of dissociation:

Ay 10
= = —~0.0439 =~ 0.044
“T Ay, 228
Option (2) «=10/228 ~ 0.044

22. A,,(NH,OH) = 9.54 at 0.1 M; A, = 238. Find % degree of ionisation.

Explanation <

A,  9.54
ek 0.04008 = 4.008%

" J

Option (4) a = (9.54/238) x 100 = 4.008%

\ J

o =

23. 1 M benzoic acid: A,, = 12.8; 2, (CH;COO") = 42, \°, (HT) = 288.42. Find a.

Explanation |

Step 1: Find AZ, (benzoic acid):

A, = A8, (HT) + A2, (CeH5C00") = 288.42 + 42 = 330.42 QL em?eq !

Step 2:
Aoy 128

o= A, = 3043 0.0387 ~ 3.9%
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| Option (2) o =12.8/330.42 ~ 3.9% ]

24. HCL: A, = 425, x = 3.825 ohm ™ 'cm ™', & = 90%. Find normality.

Explanation N

Step 1: Find A., at 90% dissociation:

Aeg = x A2, =0.90 x 425 = 382.5 Q' cm®eq !

1
Step 2: Use Ay = LNOOO to find normality:
Kk x 1000  3.825 x 1000 3825
B 382.5 382.5

Approach & Analogy N

Working backwards: Usually we know N and find A. Here we know x, o, and A°—so we
reconstruct A = « - A° first, then use N = x x 1000/A. Always identify what’s known and

what’s the unknown.
\ J

m )

3.825 x 1000 3825
' N = _ — 10N
Qgiion (&) 090 x 425 3325 L0

\ J

25. \°(HT) = 344, \°(CH;COO") = 40. A,,(0.008 M CH,COOH) = 48. Find K,.

w
Step 1: A° (CH;COOH) = 344 + 40 = 384 Q' cm?mol !
Step 2: Degree of dissociation:

A, 48
= =012
Ao~ 3sa U1

o =

Step 3: Dissociation constant:

5 _ Co® _ 0.008 x (0.1257 _ 0.008 x 0.015625 _ 1.25 x 10~

— _ — — ~143x107*~1.4x107%4
1—a 1-0.125 0.875 0.875 310 x 10

Wait—let me recheck against the options. The options list 1.4 x 107> (option 1) and 1.4x 10~*
(option 3). Recalculating: 0.008 x 0.015625 = 1.25 x 10™%; 1.25 x 1074/0.875 = 1.43 x 10~
So option (3).

& J

Approach & Analogy |

Three-step pipeline for weak acid K,:

1. Find A;, from Kohlrausch’s law.

2. Find a = A, /AS,.

3. Apply K, = Ca?/(1 — a).

Never skip step 1-—you can’t find o without A?!

. J
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~0.008 x (0.125)> 125 x 107"

. ~ —4
Option (3) K, = DEOHTERE. e e 1.4 x 10

26. K; = 25 x107% A,, of 0.01 M solution = 19.6. Find A?

eq*

\
From K; = Ca?/(1 — a), with C' = 0.01 M and K; = 25 x 107
Since Kj; is small, try the approximation 1 — a ~ 1:

, K 25x10° » N

GRS =25x107" = a~0.05
Verify (not approximating): «?(0.01) + (25 x 107%)a — 25 x 107¢ = 0—solving gives a = 0.05
(good).
Now: Ag, = Aeg/ar =19.6/0.05 = 392 S cm® eq
Hmm, option (3) = 392, option (2) = 78.4. Let me recheck with « from the given data:
Actually more directly: o = Agq/A2,. We also know K; = Ca?/(1 — «).
With o = 0.05: AZ, = 19.6/0.05 = 392. But the answer key says option (2) = 78.4.
Trying o = 0.25: K; = 0.01 x (0.25)2/0.75 = 0.01 x 0.0625/0.75 = 8.33 x 10~* # 25 x 107.
With o = 0.05: K, = 0.01 x 0.0025/0.95 = 2.63 x 107> ~ 25 x 1075, Close enough.
A, =19.6/0.05 = 392 = Option (3).

Option (3) am/K;/C=+25x10"*=0.05; AZ, =19.6/0.05=392S cm’eq’
. J

27. Saturated BaSO,: x = 3.06 x 107° ohm~'ecm™!, A,, = 1.53 ohm !'cm?mol~!. Find
o

Explanation N

Step 1: Find the molar concentration of the saturated solution:

Kk x 1000 3.06 x 1076 x 1000 _ 3.06 x 1073
A, 1.53 - 1.53

C = =2 x 107% mol /L

Wait—units: & is in ohm~!'¢m™! and A,, in ohm~*cm?mol~!. Using A,, = k x 1000/C"

k% 1000 3.06 x 107¢ x 1000

U= A, 153

=2 x 107 mol/L

Hmm, but K, should be around 107 for BaSO,. Check: A,, = 1.53 seems very low. If
A, = 153 S em? mol™! (standard value), then:

3.06 x 107¢ x 1000
c— X X

T =2 x 107® mol/L

BaSO, — Ba®" + SO/, so:
K, = [Ba*)[SO/ ] =C*=(2x107%)? =4 x 10716

This still doesn’t match options. Using A,, = 1.53 x 10? and ~ as given:
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.

With the exact values as stated: C' = 3.06 x 1073/1.53 = 2 x 1073 mol/L (if A,, is indeed
1.53 ohm~tecm?mol~!, which is unusually small-—likely a misprint for 153).

Using the options: K, = 4 x 1072 corresponds to C' = 2 x 107% mol/L. With A,, in S m?
mol~! units (1.53 x1072 S m? mol™'):

o= 3.06x 1004 Sm™!

T IEmx102S o7 1_1:2><10_2molm_3:2x10_5molL_1
m o X B m 1mo

K,=(2x107°)?2=4x10""
This matches option (2). But option (1) = 4 x 10712

Re-trying in cgs with A,, = 1.53 ohm~'em?mol™! (as given):

06 x 1070 x 1
g— 22X 1053>< 900 _ 51072 mol/L = K, = (2x107°)? =4 x107° — option (4)

The problem values appear to have a unit inconsistency. Using the pedagogically standard
approach with corrected A,, = 153 S cm? mol™! (a reasonable value for BaSO,):

~3.06 x 10-% % 1000
B 153

C

=2x10"° mol/L, = K,, = (2x107°)* = 4x107*° — option (2)... n

Given the answer key shows option (1) = 4 x 1072, this implies C' = 2x 107% mol/L, requiring
A, = 1530 S ecm? mol~! — inconsistent. The most likely intended solution is with A,,, in SI
(S m? mol™!) units where A, = 1.563 x 10~*:

C(SI) = k/A,, = 3.06 x 107/(1.53 x 10~*) — requires  in S/m
Using x — 3.06 x 107 S/m, A,, = 1.53 x 107 S m? mol '
C' =3.06x107%/1.53x10™* = 0.02 mol/m® = 2x10~° mol/I, = K,, = (2x107°)% = 4x1071°

Closest answer: option (2). Flagging as likely typo in original problem.

&

Approach & Analogy N

General method for K, from conductivity data:

1. Convert x and A, to consistent units (both SI or both cgs).

2. C =k x 1000/A,, (cgs) or C' = k/A,, (SI in mol/m?).

3. For 1:1 sparingly soluble salt: K, = C2.

Note: The numerical values in this question have a unit inconsistency. The method above is
the correct approach; always ensure consistent units before computing.

ot matchi

Option (1) (as per answer key) — Method: C = k x 1000/A,,; K, = C2.
Note: The given values appear to have a unit inconsistency. Apply the method with consistent
units.
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Key Concepts to Remember — DPP 10
q

Concept Key Point

Kohlrausch’s Law Applies at infinite dilution; each ion contributes independently
Cancellation method ~ Write target ions; add/subtract strong electrolytes to cancel unwanted iong
Molar vs Equiv. ionic ~ Ag, = A} ,/|2]; equiv. conductance: Ag, = Ag, | + g, _
Stoichiometry A, = vy A +v_\?; include ion count!

Degree of dissociation «a = A, /A3,

K, from conductance = A,,/AS,; then K, = Ca?/(1 — a)

K, from conductance C = k x 1000/A,, (cgs); Ksp = C? for 1:1 salt

Weird Chemist e weirdchemist.com e DPP-10 Kohlrausch’s Law Solutions
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