Problem Set #12, Chem 340, Fall 2013

— Due Wednesday, Dec 4, 2013

Please show all work for credit
To hand in:
lonic equilibria:
1. Calculate the value of m. in 5.0 x 10* molal solutions of (a) KCI, (b) Ca(NOs)-,

and (c) ZnSO,4. Assume complete dissociation.

a) KCI

%

m;(vaﬁf) m

m,=/1m=5.0x10"molkg™

b) Ca(NOs),

mi=(vi+vﬁf )% m

m, =(4)" m=(4)’* x5.0x10*mol kg * = 7.9x10*mol kg *

C) ZnSO,

m;(vaﬁf )% m

mi:(l)}/2 m=5.0x10"*molkg™

2. Calculate 7, and a,for a 0.0325 m solution of K,Fe(CN) ¢ at 298 K.
m 1

| = E(vgf +v.2°) = E(mgf +m_z°)

| = l( 4x0.0325 mol kg * + 4% x0.0325 mol kg * ) = 0.325 mol kg *

2
Iny, =-1.173|z,z | ! — =-1.173x4x J0.325 = —2.6749
B mol kg

7, =0.069

m, =(viv" )% m = (4* )% x 0.0325 mol kg™ = 0.099 mol kg™

o

a, = (2 ] 7. =0.099 x0.069 = 0.0068



3. Chloroacetic acid has a dissociation constant of K, = 1.38 x 10, (a) Calculate the
degree of dissociation for a 0.0825 m solution of this acid using the
Debye—Hickel limiting law. (b) Calculate the degree of dissociation for a 0.0825
m solution of this acid that is also 0.022 m in KCI using the Debye—Huckel

limiting law.
a) K,=1.38x10°
0.0825 m
2,2
K, = (my)my)_ w72 ) 35,90
m 0.0825—-m
when 7 =1

m?=1.1385x10"* -1.38x10° m
m?+1.38x10° m-1.1385x10* =0

2

~1.38x107 + \/(1.38 x10°)" —4(1)(-1.1385x10™)

5 =0.0100 molkg™

m=

| = %(2) =m=0.0100 molkg™

Iny, =-1.173x1x+/0.0100 = —0.1173
¥, =0.8893

when 7 =0.8893
m? =1.43956 x10* —1.7449x10° m
m? +1.7449x10° m—1.43956 x10“ =0

2

~1.7449x107° + \/(1.7449 x107°)" - 4(1)(-1.43956 x10°*)

m= 5 =0.0112 molkg™
m 1

'=?(2)= m=0.0112 molkg \

Iny, =-1.173x1x/0.0112 = -0.1239 Same value. donel

y. =0.8835

when 5. = 0.8835
m? =1.4587 x10™* -1.7681x10° m

m? +1.7681x10° m-1.4587x10™* =0

2

~1.7681x107° + \/(1.7681 x107°)" - 4(1)(~1.4587 x10°*)
2

m=

=0.0112 molkg™

| =0.0112 molkg™
Iny, =-1.173x1x J0.0112 =-0.1239

The degre of dissociation is 1;2 x100% =13.6%



b)
K*C1 v.= v=1 1
z,=1 z =1
| =0.022 molkg™ from the KCl alone.
We first calculate the activity coefficient using this value.

| = &222(+1) =0.022 molkg™

Iny, =-1.173x1x+/0.022 = -0.1740
7, =0.8403

We next calculate the concentration of the ions produced through the dissociation of
the acid in the solution.

2 2
M =1.38x107°
0.0825—m
2
M _19544x10°
0.0825—m

m? =1.6124 x10™* -1.9544x10° m
m? =1.9544x10"° m-1.6124x10* =0

~1.9544x107 + \/(1.9544 x107°) ~ 4(1)(~1.6124x10")

2
The ionic strength is the sum of that due to the chloroacetic acid and the KCI or

m = =0.01176 molkg™

-1
| =0.022 +0.012 = 0.034 Molkg™.

We recalculate 7+ using this value for the ionic strength.

Iny, =-1.173x1x+/0.034 = —0.2163

7, =0.8055

and recalculate m

m?(0.8055)°
0.0825—m

m = 0.01222 molkg™

=1.38x107° giving

Given the fact that the concentration of KCI is only known to 2 significant figures,
this value of m is sufficiently close to the previous value that a further iteration is not

0.01222
necessary. The degree of dissociation is 0-0825

=14.8%.



4. The principal ions of human blood plasma and their molar concentrations are

Mt = 0.14 m, M- =0.10 m, chos- =0.025 m. Calculate the ionic strength

of blood plasma.

Note: obviously something missing, pos-neg imbalance

| = %Zmizf =%[(o.14 mx12)+(0.10m=12)+(0.025 mx12 )| =0.1325m

5. The oxidation of NADH by molecular oxygen occurs in the cellular respiratory system:

0, (9) + 2NADH(aq) + 2H" (aq) — 2H,0(l) + 2NAD" (aq)
Using the information in Table 9.7, calculate the standard Gibbs energy change that
results from the oxidation of NADH by molecular oxygen.

The standard reduction potential for nicotine adenine dinucleotide is
NAD" (ag )+ H" (ag )+ 2¢” — NADH (aq ) E*" =-0.320v
Using the half cell reactions:

Oxidation: 2NADH——2NAD" +2H" +4e" E, =0.320V

Reduction: O +4H" +4e"——2H,0 E,=0815V

Ecell = Ered + Eox =1.135V
AG:pion = —NFA@ = (4)x (96485 C mol™ )x (1.135 V) = —438.0 ki mol *

reaction

6. Determine Ky, for AgBr at 298.15 K using the electrochemical cell described by

Ag(s)AgBr(s]Br‘ (aq, ag- }Ag+ @q, aAg+ }Ag(s). The half cell and overall

reactions are

AgBr+e — Ag+ Br E' =+0.07133 V

Ag —Agh+e E =-0.7996 V

AgBr—Ag'+ Br E =-0.72827V

log, K, =——E 0789V _ 45319
P 0.05916  0.05916 V

K,, = 4.90x10°®

7. For a given overall cell reaction, As_-175imol™* kK™ and AH_=-225.0 kimol™.

Calculate E and [ 9E°) _

arJp

£-__AGy _ AHZ-TAS; 225000 Jmol™ -298.15 Kx17.5 JK “mol*
nF nF 1x 96485 Cmol ™
£6E°j _AS;  17.5JK™mol™
P

oT ) nF 1x96485 Cmol™

=238V

=1.81x10*VK™

8. The following data have been obtained for the potential of the cell



Pt(s]H2 (g, f= 1atm]HCI (aq, m)AgCI(s}Ag(s) as a function of m at 25°C.

m (molkg) E (V)

m (mol kg?) E (V)

m (mol kg?) E (V)

0.00100
0.00200
0.00500
0.0100

0.597915 0.0200

0.54425 0.0500
0.49846  0.100
0.46417 0.200

0.43024
0.38588
0.35241
0.31874

0.500
1.000
1.500
2.000

0.27231
0.23328
0.20719
0.18631

Calculate E” and 5 for HCI at m = 0.00100, 0.0100, 0.100, and 1.000.

Cell reaction:

E =F —gln(awau)2 =F° —%In(awau)

a.a_ =a’

H* el = =7

f-p -0
F

m) 2RT
RORIUIA

2AgCI(s) + Ha(g) — 2Ag(s) + 2H'(aq) + 2Cl (aq)

In the low concentration limit we can use the Debye-Hdckel result

Iny, =-0.509260g,, /ﬂ — -1.1726141In /ﬂ
B m m

Therefore, for dilute solutions

E+—In
F

2RT [

Using this result, a plot of

2RT

E+——In

F

valid for more concentrated solutions.

j: e 2RT 1170614 | M
- = Jmo

ﬂm
) (y axis) vs. m’ (x axis) will have an

intercept of E”- We use the data up to m = 0.100, as the Debye-Hiickel model is not

o m j 2R 1)
m° F m’
0.001 0.031623 0.57915 0.224212
0.002 0.044721 0.54425 0.224909
0.005 0.070711 0.49846 0.226203
0.010 0.1 0.46417 0.227531
0.020 0.141421 0.43024 0.229218
0.050 0.223607 0.38588 0.231943
0.100 0.316228 0.35241 0.234090

The data in the table is graphed below. The best fit line gives a value for E” of



0.223665 V.

0.4

0.25
=
‘é 0.24
=
= 0.23 //
I~
—
e 0.22
T
Qo 0.21

0 0.1 0.2 0.3
m/m°

Given E°we can now find 7+ from

Iny, =%(E° - E)—In[%)

E® =0.223655 V

m/m’ Iny. Vs

0.001 -0.010654 0.989
0.010 -0.0755112 0.927
0.100 -0.203036 0.816

9. A fuel cell develops an electric potential from the chemical reaction between
reagents supplied from an outside source. What is the cell potential of a cell
fuelled by (a) hydrogen and oxygen, (b) the combustion of butane at 1.0 bar and

298 K?
(a) The cell reaction is
H,(g) + 3 0,(g) = H,0()
A,G® = A,G°(H,0,]) =—237.13 kJ mol-! [data table]

o __AG®

7.13 kJ mol-!
== [6.26) 29 N _=[12aV
V.

~ (2) X (96.485 kC mol)



() CHip(g) + 5 0,(g) > 4 COx(g) + 5 H,O()

AG® = 4A,G°(CO,,g) + 5A,G°(H,0,1) = A;G°(C4Hy0,8)
=[(4) x (-394.36) + (5) x (-237.13) - (-1 7.03)] kJ mol-' [data tables]
=-2746.06 kJ mol!

In this reaction the number of electrons transferred, v, is not immediately apparent, as in part (a).
To find v we break the cell reaction down into half-reactions as follows:

R: % 0,(g) + 26 e + 26 H'(aq) — 13 H,0(1)
L: 4 CO,(g) + 26 e~ + 26 H'(aq) — C,H q(g) + 8 H,O(1)
R — L: C.H y(g) + 5 0,(g) = 4 CO,(g) + 5 HO(1)

Hence, v = 26.

-AG® +2746.06 kJ mol~!
Therefore, £ = — 5= 26) x (96485 kC mol ) ~ L2V

10. Consider the cell, Zn(s)|ZnCl; (0.0050 mol kg—1)|Hg.Clx(s)|Hg(l), for which the
cell reaction is Hg,Cly(s) + Zn(s)—2 Hg(l) + 2 Cl™(aq) + Zn**(aq).
Given that E°(Zn?*,Zn) = —0.7628 V, E° (Hg,Cl,,Hg) = +0.2676 V, and that the cell
potential is +1.2272 V, (a) write the Nernst equation for the cell. Determine (b) the
standard cell potential, (c) A/G, A/G,, and K for the cell reaction, (d) the mean ionic
activity and activity coefficient of ZnCl, from the measured cell potential, and (e) the
mean ionic activity coefficient of ZnCl, from the Debye - Htickel limiting law. (f )
Given that (OEce /0T)p, = —4.52 X 10-4V K_l, calculate A,S and A/H.

Hg,Cly(s) + Zn(s) — 2 Hg(l) + ZnCly(aq) and Vv= 2

693 mV .
@ Ew=Eu- iv—m— InQ[6.27,25°C]

0 = a(Zn**)a*(CI") 7 ] a
= {7,6(Zn**)Ib%} x y2{b(CI")Ib°}, where b(Zn**)=b,b(Cl")=2b, and 7,72 =7i
Therefore, Q = y3 x 4b* [b = b/b® here and below]

and Eqy = Ecn — E§i923"1—\’1n(4b37;) = E%y — 3 %(25.693 mV) x In(4""by.)

E2, —(38.54 mV) x In(4"3b) - (38.54 mV) ]n(yt)l




(b) ES, = E°(Hgd/Hg) - E*(Zn*/Zn) = +0.2676 V — (~0.7628 V) =[1.0304 V

(© AG =—-VFEq=—(2)x(9.6485 x 10°C mol-') x (1.2272 V) =[-236.81 kJ mol-'|

A,G® = —VFE g =—(2) X (9.6485 x 10 C mol™') x (1.0304 V) = [—198.84 kJ mcﬂ
AG® 1.9884 x 10°J mol-!

a - = = 34
RT _ B3145) K molyx (298.15K) _ 0211 so K=[6.84x10

(d) From part (a):
1.2272 V =1.0304 V - (38.54 mV) x In(4"* x 0.0050) - (38.54 mV) x Iny,
_(1.2272 V) - (1.0304 V) - (0.1 864 V)

b= 0.03854 V =-0.2698 so y,=|0.763

@) logys=-lz.z,| AI'"*[5.75]
=13 22(b/6°)[5.76]

InK =

where b(Zn"") = b=0.0050 mol kg~ and b(CI) =2b=0.010 mol kg™!
Thus, I = 1[(4) x (0.0050) + (0.010)] = 0.015

log 7 =—(2) X (0.509) X (0.015)2=-0.125 56 ,,-[075

This compares remarkably well to the value obtained from experimental data in part (d).

9A,G
) AS= _(7],,

= vF(g—ij [6.36] = (2) x (9.6485 x 10*C mol™") x (-4.52 x 104V K1)
p

=[-87.2J K- mol!|

AH =AG + TA,S = (-236.81kJ mol~) + (298.15 K) x (-87.2 J K- mol-')
=[-262.4 kJ mol~!

11. The standard potentials of proteins are not commonly measured by the methods
described in this chapter because proteins often lose their native structure and
function when they react on the surfaces of electrodes. In an alternative method,
the oxidized protein is allowed to react with an appropriate electron donor in
solution. The standard potential of the protein is then determined from the Nernst
equation, the equilibrium concentrations of all species in solution, and the known
standard potential of the electron donor. We illustrate this method with the protein
cytochrome c. The one-electron reaction between cytochrome c, cyt, and
2,6-dichloroindophenol, D, can be followed spectrophotometrically because each
of the four species in solution has a distinct absorption spectrum. We write the
reaction as Cytox + Dreg — CYtreq + Dox, Where the subscripts  ‘ox” and  ‘red’
refer to oxidized and reduced states, respectively. (a) Consider E%,: and E°p to be
the standard potentials of cytochrome ¢ and D, respectively. Show that, at
equilibrium, a plot of In([Dox]eq/[Dreq]eq) versus In([cytox]eq /[Cytrealeq) is linear
with slope of 1 and y-intercept F(E%y — E°p)/RT, where equilibrium activities are



replaced by the numerical values of equilibrium molar concentrations. (b) The
following data were obtained for the reaction between oxidized cytochrome ¢ and
reduced D in a pH 6.5 buffer at 298 K. The ratios [Dox]ed/[Dreq]eq and [Cytox]eq
/[cytreq]eq were adjusted by titrating a solution containing oxidized cytochrome c
and reduced D with a solution of sodium ascorbate, which is a strong reductant.
From the data and the standard potential of D of 0.237 V, determine the standard
potential cytochrome c at pH 6.5 and 298K.

[Doddeq/[Dreleq  0.00279 0.00843 0.0257 0.0497 0.0748 0.238  0.534
[cytoxleq /[Cytegleq  0.0106  0.0230  0.0894 0197 0335 0.809 1.39

The half-reactions involved are:

R: Yl +€° = ¥y Egy
I DE +eF = Db B

The overall cell reaction is:
R — L = ¢yt + Drea = €ytreq + Dox E‘6=Eg1_£|‘;
(a) The Nernst equation for the cell reaction is

£ = — KT 1y [t] Pen]
F [c)’tox] [Drea]

At equiiibrium, E = 0 therefore

a [C)'tmd]eq [Dox]eq _ _FH (
[Yter]oq [Prealeq — RT

y ( moxleq) g ([cyt].ﬁ ) o (- EB).

lDred]eq

D, cyt
Therefore a plot of In ( (Do fey ) againstIn ( [ Y ]"" ) is linear with a slope of one and an intercept
F
of = (Ea—Ep)-

(b) Draw up the following table.

[Dox legq
In —5882 —4776 3661 3002 2593 —1436 —0.6274
[Drcd]eq

1
In(M) _4547  —3772 —2415 —1625 —1.094 —02120 —0.3293
[Cy[md-lcq




[D, i C ; oo T
The plot of In ( oxleq ) against In ([_ytﬂ) is shown in Fig. 7.6. The intercept is —1.2124. Hence
[Dredleq [c¥lealeq

RT
Eqp = - * (-12124) + 0237V

=0.025TV x (—1.2124) + 0.237 V
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12. Fe**-myoglobin (Fe**-Mb) is spontaneously oxidized by molecular oxygen in a
one-electron process to give Fe**-Mb and superoxide, O, The reaction can be
written
Fe*-Mb + 0, —Fe*-Mb+ 0%, ¢ =-0.971V.

The biochemists' (pH 7) reduction potential of Fe**-Mb is
Fe*-Mb+e — Fe*-Mb, ¢° =+0.046V.

O, can be electrochemically reduced to hydrogen superoxide,a weak acid (pKa ~ 4.9):

O, +H" +e— HOy, e =-1215V

a. Calculate the pH 7 reduction potential for oxygen to superoxide.

b. Calculate the potential for the one-electron oxidation of myoglobin by oxygen at an

oxygen pressure of 0.02 bar and pH 7.

a.0,+e —0%

e”=-0.971 V + 0.046 V = —0.925 V

b. Q = 1/0.02 = 50, the number of electrons transferred v. = 1,

e =¢° - (0.0591V/ v.)*logQ = —0.971V - 0.0591V*logh0 = —-1.071 V



13. Lysozyme (m.w. 14.3 kD) is a rather basic protein; at pH 7, it has a net positive
charge of +18. If we dissolve 5 g of lysozyme in 100 mL of 0.1 M KClI, and
dialyze against 0.1 M KClI, calculate the Donnan potential and the concentration
of K" and CI” inside the membrane.

Zyv =18, cm = (59/ 14300 gmol™) /0.1L=3.50 x 10° M, ¢ = 0.1,

“Zyem | | Zuen Y
The ratio of ck jn t0 Cxout IS I = T+\"( 2 ) ' =0.733.
Ck.in = Cclin = 0.73x0.1M = 0.073 M
If assume the Lysozyme is associated with CI” for charge balance (not specified), then
Celin = Cin + ZwCw = 0.073 + 18*3.50 x 10° M = 0.136 M.
Donnan potential is V = (RT/F) Inr = 0.0257 In0.733 = -0.00798 V = - 7.98 mV

14. Ferredoxins (Fd) are iron- and sulfur-containing proteins that undergo redox
reactions in a variety of microorganisms. A particular ferredoxin is oxidized in a
one-electron reaction, independent of pH, according to the equation:

Fdeg — Fdox + €.

To determine the standard potential of Fd.q/Fdox @ known amount was placed in a

buffer at pH 7.0 and bubbled with H, at 1 bar pressure. (Finely divided platinum

catalyst was present to ensure reversibility.) At equilibrium, the ferredoxin was found
spectrophotometrically to be exactly one-third in the reduced form and two-thirds in
the oxidized form.

a. Calculate K', the equilibrium constant, for the system 1/2 Hy + Fdox —Fdreq + H™ .

b. Calculate ¢ ° for the FdreclFdax half-reaction at 25°C.

a)  K=[H'I[Fd,1/((H,]"*[Fd,,D
= (107 X1/ 3)(2/3) = 5107
b) E® refers to standard states at pH7, so H' is not included in the
equilibrium expression
K'(pH7) =[Fd ., I/((H,1"*[Fd, 1) = 0.5
E¥ = (RT/nF)In K’ =0.0591log,, 0.5=-0.0178 V

Fd_ +e +Fd_; E”=-00178-0421=-0439V



Extra, practice for test:

15. Write the cell reaction and electrode half-reactions and calculate the standard
potential of each of the following cells:

(a) Pt|Cl2(9)IHCI(aq)||[K2CrO4(aq)|Ag2CrOa(s)|Ag

(b) Pt|Fe™*(aq),Fe*"(aq)||Sn**(aq),Sn** (aq) [Pt

(c) CulCu?* (aq)|[Mn**(ag),H+(aq)[MnOx(s) Pt

The cell notation specifies the right and left electrodes. Note that for proper cancellation we must equalize
the number of electrons in half-reactions being combined.

For the calculation of the standard emfs of the cells we have used £€ = EE = Ef , with standard electrode
potentials from Table 7.2.

@ R: AgCrO4(s) +2e~ — 2Ag(s) + CrO; ~(aq) +0.45V
L: Cly(g) +2e~ — 2ClI" (aq) +1.36V
Overall R —L):  AgyCrOy(s) + 2C1~(aq) — 2Ag(s) + Cr0} (ag) + (Chg) —0.91V

() R: Sn**(ag) +2¢~ — Sn’*(aq) +0.15V
L: 2Fe’*(aq) + 2¢~ — 2Fe’*(aq) +0.77V
Overall (R —L): Sn**(ag) + 2Fe’*(ag) — Sn?*(aq) + 2Fe** (aq) —0.62V

(© R: MnOs(s) + 4H*(ag) + 2¢~ — Mn?*(aq) + 2Fe** (aq) +1.23V
L: Cu’*(ag)+2e~ — Cu(s) +0.34V
Overall (R —L):  Cu(s) + MnOz(s) + 4H* (ag) — Cu?*(aq) + Mn?* (aq)

+2H,0(1) +0.89V

COMMENT. Those cells for which £€ = 0 may operate as spontaneous galvanic cells under standard
conditions. Those for which £2 < 0 may operate as nonspontaneous electrolytic cells. Recall that £ informs
us of the spontaneity of a cell under standard conditions onty. For other conditions we require E.

16. Consider the cell Pt|H,(g,p°)|HCI(aq)|AgCI(s)|Ag, for which the cell reaction is 2
AgCI(s) + Ha(g)—2 Ag(s) + 2 HCI(aq). At 25° C and a molality of HCI of 0.010
mol kg™, Ecenn = +0.4658 V. (a) Write the Nernst equation for the cell reaction. (b)
Calculate ArG for the cell reaction. (c) Assuming that the Debye - Hiickel limiting
law holds at this concentration, calculate E°(Cl—,AgCl,Ag).

(a) E=EG—E|11Q v=2
vF

0= n a}" = aa+aél_ [all other activities = 1]
J

b
= a%_af = (y+b+]2 X (y_b_)2 [b = b—ehere and below]

= (yav-) x (byb-)’ = yjb* [5.66.by =b, b =b)]

RT 2RT
— e _ 7 dpdy — i
Hence, E = E o In (}'ib ) E® E In (y.b)

)] A;G = —vFE [1.27] = —(2) x (9.6485 x 10° Cmol™") x (0.4658 V) =| —89.89 kJ mol !




(c) log y, = —lz42-|AI'2[5.69] = —(0.509) x (0.010)'/2 [I = b for HCl(aq) ] = —0.0509

ys = 0.889

E°—E+ Z%T In (y,.b) = (0.4658 V) + (2) x (25.693 x 1073 v) x In (0.889 x 0.010)

~[ommv]
17. The potential of the cell Bi |Bi,S3(s)|Bi>Ss(aq)|Bi is 0.96 V at 25° C. Calculate (a)
the solubility product of Bi,S3 and (b) its solubility.
R: 2Bi**(ag) + 6e~ — 2Bi(s)
L: BizSi(s) +6e~ — 2Bi(s) + 38?7 (ag)
Overall R —L) :  2Bi**(aq) + 38? (ag) — BizSa(s) v=6

K — VFE® _ 6(096V) -~
RT  (25.693 x 1073V)

K= e224

@ K—_ 9Base M’ _ 2

"éi-“(aq)ag?-—(aq} [Bi3+]2[52—]3
In the above equation the activity of the solid equals I and, since the solution is extremely dilute,
the activity coefficients of dissolved ions also equals 1. Substituting [S?~] = 1.5[Bi**] and solving
for [Bi*+] gives [Bi**] = 2.7 x 10720 M. Bi;S3 has a solubility equall to 1.4 x10~2 M.

(b) The solubility equilibrium is written as the reverse of the cell reaction. Therefore,

Ks=K ' =1/e"* =52 x107%

18. The potential of the cell Pt |Hx(g,p°)|HCIl(aq,b)|Hg2Cla(s)|Hg(l) has been measured
with high precision with the following results at 25° C:

b/(mmol kg ™)  1.6077 3.0769 5.0403 7.6938 10.9474

E/V 0.60080 0.56825 0.54366 0.52267 0.50532

Determine the standard cell potential and the mean activity coefficient of HCI at these

molalities. (Make a least-squares fit of the data to the best straight line.)

Ha(g)|HCl(aq)|Hg,Cla (s} Hg(l).
RT _ )
E=E°— B Ina(H")a(Cl™) [Section 7.8].

alY) = by =yub; aCl7)=y_b_=y_b [b = i%here and below].

a(HNa(Cl™) = y...y.bz = yibz.
2RT 2RT
E=E9‘-T|l'lb—T]n]f¢. (a)

Converting from natural logarithms to common logarithms (base 10) in order to introduce the Debye—
Hiickel expression, we obtain



(2.303) x 2RT - (2.303) x 2RT
E F= F
= E® — (0.1183 V}logh — (0.1183 V) log y+

E=E°—

log ys

=E® —(0.1183 V) logh — (0.1183 V) [—Iz+z_ |Ar'f2]

= E® —(0.1183 V) logh + (0.1183 V) x A x /2 [I = b).
Rearranging,

E + (0.1183 V) logh = E® + constant x b'/2,

Therefore, plot E + (0.1183 V) log b against b'/2, and the intercept at b = 0 is E°/V. Draw up the

following table.
b/(mmol kg~ ') 1.6077 3.0769 5.0403 7.6938 10.9474
b\ 12
r 0.04010 0.05547 0.07100 0.08771 0.1046

E/V+(0.1183)logh  0.27029 0.27109 0.27186

0.27260 0.27337

The points are plotted in Fig. 7.2. The intercept is at 0.26840, so E° = +0.26840 V. A least—squares
best fit gives E° =| +0.26843 V | and a coefficient of determination equal to 0.99895.

0274 i

0272 i

0.270

E/V+0.1183 log(s/b<)

0.268

0 002 004 006
/b)) Figure 7.2

For the activity coefficients we obtain from equation (a)

E°—E_ b _0283-E/V b
2RT/F " 5° 005139 b°

Inyy =

and we draw up the following table.

bi(mmol kg~ 1) 1.6077  3.0769  5.0403

7.6938 10.9474

In 4 —0.3465 —0.05038 —0.6542
Y+ 0.9659 09509  0.9367

—0.07993 —0.09500
09232 0.9094




19. Express a:in terms of a. and a for (a) Li,COg3, (b) CaCl,, (c) NazPO4, and (d)
K4Fe(CN) g. Assume complete dissociation.

a)Li,CO; a, =(ala ) =(a’a )

-

b)CaCl,  a, =(aa" )1 (a,a’)
1 1

¢)NaPO, a, =(ara" )’ =(ala )*

) KiFe(CN)s @, =(aa” )i =(ata_ )é

20. Express p in terms of y and y for (a) SrSOy, (b) MgBr,, (c) K3PO,, and (d)
Ca(NO3),. Assume complete dissociation.

2)SrS0s 7. =(7. y)%
b)MgBr. 7, =(7, ﬁ)%
¢)KsPOs ., = ( P, 7)%

d) Ca(NO3), 7, = ( 7.7 )%

21. Using the Debye—Hiickel limiting law, calculate the value of % in 5.0 x 10> m
solutions of (a) KCI, (b) Ca(NOs3),, and (c) ZnSO,4. Assume complete dissociation.

a) KCI
I :m(v 22 +v zz)zl(m zZ2+m 22)
2 +5+ - 2 + T+ - -
| = %( 0.0050 mol kg™ +0.0050 mol kg ™) = 0.0050 mol kg™

Iny, =-1.173|z,z | = ~1.173x/0.0050 = -0.08294

|
molkg™
v, =0.92
b) Ca(NOs),
I :m(v 22 +v zz)zl(m Z2+m 22)
2 +5+ - 2 + 5+ -

| = %( 0.0050 mol kg™ +2° x 0.0050 molkg ™) = 0.0125 mol kg™

=-1.173x2x+/0.0125 = -0.26229

I
In]/i: Z_| Tg4

vy, =077



C) ZnSO4
| = %(vgf +vfzf) = %(mgf + mfzf)

|1 ( 4x0.0050 mol kg™ +4x0.0050 mol kg ™) = 0.020 mol kg™

Iny, =-1.173|z,z | / = -1.173x4x+/0.020 = -0.6635

y. =052

22. Calculate I, 7, and a. for a 0.0250 m solution of K,SO4 at 298 K. Assume
complete dissociation. How confident are you that your calculated results will
agree with experimental results?

K,SO,=>v, =2,z =1v =112z =2

=2 02250(2 4) =0.0750 mol kg™

Iny, =-1.173x 2 x+/0.0750 = —0.6425

7. =0.523

(2]
+ mo yi

? =(0.050)°(0.0250) = 6.25x10°°

m, = 0.03969 molkg™
a, =0.03969 x 0.5260 = 0.0209

Not very confident. Figures 9.5 and 9.6 show significant deviations from predicted behavior for
| >0.01mol kg™

23. Calculate the ionic strength of each of the solutions in 0.0500 m solutions of (a)
Ca(NO3),, (b) NaOH, (c) MgSO,, and (d) AICls.

| =%(v+zf +vfzf)

for Ca(NOs);
| _ 0.0500 2 (1% 2% 4+ 2x1?) = 0.150 mol kg
for NaOH

| 00;500(1 +1) =0.0500 mol kg™

for MgSQ,

| _ 0.0500 2 (1% 22 +1x 2%) =0.200 mol kg
for AICI,

| = 005(1><32+3 x1°) =0.300 molkg™



24. By finding appropriate half-cell reactions, calculate the equilibrium constant at
298.15 K for the following reactions:
a. 4NiOOH + 2H,0 — 4Ni(OH); + O,

4NO; +4H" —4NO+ 2H,0+30,

b.
a) The half cell reactions are
NiOOH + H,0 + e — Ni(OH), + OH" E' = +0.52V
40H — O, +2H,0 +4e” E’ =-0.401V
The overall reaction is
4ANiOOH + 2H,0 — 4Ni(OH), + O, E'=+012V
ink = NF go _ 4x96485 Cmol™*x0.12 V
RT 8.314 J K™*mol™x298.15 K

=18.683
K =1.30x10°
b) NO; +4H" +3e- —» NO + 2H,0 E' =+0.957V
2H,0 > O,+4H " +4¢ E =-1.229V

The overall reaction is
4ANO;3 + 4H" — 4NO + 2H,0 + 30, E =-0.272V

nF _. 12x96485 C mol™x0.272 V

INnK=—E"=- ——
RT 8.314 J K™'mol*x298.15 K
=-127.047
K =6.67x10"*°

25. You are given the following half-cell reactions:

Pd** (aq)+ 26" S Pd(5) E°=0.83V

PdCIZ- (aq)+ 2e” & Pd (s)+ acr (aq) E° =0.64

a. Calculate the equilibrium constant for the reaction

Pd%* (aq)+ ACI (aq) < PdCI i_ (aq)

b. Calculate )G for this reaction.
a) Pd*" (aq)+2e 3 Pd(s) E°=0.83V
Pd(s)+4Cl (aqyf® PdCI; (aq)+2e” E°=-0.64V
Pd* (aq)+4Cl (aq) PACI; (aq) E°=0.83+ (-0.64)=0.19 V

=Rk
nkF
K — enFE“/RT

2(96,485 C mol™)x(0.19 V)

=2.65x10°
P (8.3145 I mol 'K *)x(298.15 K)) g

K =ex

b) AG" =-nFE" =(-2)x (96,485 C mol™)x(0.19 V) =-36700J =-36.7 k mol .



26. Using the data in Table 9.7, calculate the standard Gibbs energy change and the
equilibrium constant for the oxidation of acetaldehyde to acetic acid by NAD™ at
pH = 7. For concentrations

-2 -4
Copp =1:00 %1072 M, Cyppy =250 x107* M,

Cacetaigenyde = 3-30 X 10" M, Copie =3.60x 107 M

acetic

Calculate the reaction quotient Q and the Gibbs energy change.

The equilibrium constant is given:

K’ — Cencoon Cron (Cw /1077)_ (3-60><1073 M)X (2-50><1074 M)

— -4
. Cenero © ~ [1.0x10° M)x(33x10° M) 2.13x10

NAD*

AG" = RTIn[K']=-(8.314472 mol™ K™ )x(298.15 K)x In[2.73x10* | = 20342.4  mol *



