1. Suppose we have the following cell at 25°

(@) First user standard condition determinkeglvcation undergoes reaction by
comparing their standard reaction po&nti

(b) Calculate standard EMF

(c) Suppose the following concentration fof ‘Gand K
[C&'(aq)] = 1M
[K'(aq)] = 10° M
Calculate EMF.

%QIa2+(aq )] 12

- concentration.
[K™(aq)]

(d) Plot the cell potential as a function

Ca2+(aq )] 1/ 2

(e) What is the ratio c& —
[K™(aq)]

at which the direction of reaction would

change?
(f) Start with [C&] = 0 and [K] = 1M we allow a current to flow. At equilibrium
when there no potential anymore what bélithe final concentration of [E3?
(9) What will be the total amount of chargenster?

K Ca

2. Consider a z-z electrolyte

KoSOy CaSQ

0 (-zFd(x))  (zFd(x))
p(x)=n Ze{expT eXDT

(a)Derive the equation for capacity

C:ﬁcosh(ﬂ]’ |_D =
L, 2RT

X |+

(b) Obtain an equation for charge densitfipr small potential. Can this equation describe
the experimental data (the plot of the charge dgasia function of potential is in the

lecture note).



(a) We write both reactions in reduction forms:

K'+e —K El =-2.92V

C&" +2¢— Ca E2 =-2.76V
SinceEl, >E; the reduction of Ca is more favorable, therefoaee@ctrode is the
cathode side.

(b) E°=E’-E’=-2.76-(-292= 01&/
And the overall reaction will be:
K+ica* . K" +ica
2 2

(c) using Nerst Eq.

_RT [K*(aq)]

E=E°
[V[F [Ca”(aq )le

(1)

Where[K+(aq )leM

and|Ca”(aq)|=10°M ~ [Ca™(ag )]l/ ‘=107 M

E =0.16- Q0 0258n 1
0.001

E =-0.018v

Note: The sign of the EMF potential (E=-0.018) skdhat the direction of the

reaction is changed due to the low concentratio[r(]af”(aq )} and therefore Ca

will be in anode side.

(d) Using Equation (1)



e _po_RT In[ [K*(aq)] }
I

F ca*(aq)]’

|ca*(ag )]

T [K*(aq) ]

Now we write this equation with respect to thea

Eopo R [caa(aq)}l/2
F [K*(aq)]
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(e) At point P: E=0 and therefore:

g0 RT, [Ca*(aq)] o
F [K*(aq)]




n [ca®(aa)]"" | -0.16 6901
[K*(aq)] 0.0258

[Ca*(aq )]1/ ’
[K*(aq)|

=2.0%10° (2)

(f) The initial concentrations of K and Ca ai¢*(aq) | =1M and

[Ca”(aq )]i =0 respectively. In this case because the ration of

[ca®(aq)["”
[K*(aq)|

allow the current to flow, the initial concentratiof | K*(aq ) |reduced and the

=0 according to the graph we have back reaction. Nowe

concentration ({fCa”(aq )} increases the EMF potential become zero. In this

case the ratio of both concentrations satisfy theagon (2). Hence

[Ca*(aq )lll ’
K (aa)]

Index f specifies the final concentration. The fioancentration can be calculation

=2.0%10° (3)

by mass balance (for each mol of tkere will be ¥ mol of Cd)

[ca*(aq)], -[Ca™ (aq)] =3[K"(aq)] ~[K"(aq)]

[Ca*(aq)] -0 :%(1—[K+(aq )] )

Replacing that into equation (3) we will have:

(1/ 2(1—[K+(aq )]f))u2

=2.010°
(K (aa)],




[K*(aq)] =4.08¢10°

Now each K produces one electron and therefore the numbédectien transfer per

volume is given by:

n=N,[K*(aq)] =6.02x1G°x 40& 10°= 246 1t

Each electron has=1.602x10"°C. Therefore the amount of the charge transferrbeso

e=e’xn =1.60% 10%°x 24% 1= 03Q

(a) According to Poisson’s equation:

d* _ —-p(x) _ .0 _ZFO(x) Y ZFd(x)
W_?’ p(x)=n ze{exp( Tj eXp(Tﬂ

replacing the charge density into Poisson’s eqnatie have:

d’¢ _ —n’ze, _ZFG(x)) ZFd(x)
dx?> e, [eXp( RT ] eXp( RT ﬂ ()

_zF
=570 (@

We define:

d’e_ zF d% . d*% _RT d%

3
dx? RT dx? dx®> zF dx? ®)

n, =N,C%,=FC° (4)

Applying Eq. (3), (4) into (1):



d’p -z°F<C° 27°FCO .
= exp(—@) —exp( - = sinh
i’ RTee, (exp(-@) - exp(-)) RTex, (9)

—

Now we define:

, _ —22°FC°
RTeg,

Therefore eq. (5) becomes:

2

d @
dx?

=k?sinh(®)

do

We multiply both sides int%—
X

dod'e
dx

2 . dé
=k?sinh(@)—
dx? () dx

1d (do) _ ,
2dx(dx} - dxCOSh((p) ©)

Note: icosh(x):sinh(x), isinh(x):cosh(x)
dx dx

By taking an integral on both sides of (6) we get:

X=00 2 $=0
| d(:—)‘("j =2¢* | d(cosh(o))
x=0 $=d,

Note: at x=0 we havep =¢, and in xzo, ¢ =0

d(p2 _d_(p2 — 92 =0)-
[&szm (dexzo_ZK (COSh((p_O) COSh((pA))

()



Using 1- cosh( x ) = 2sinh? (gj

= (d—"’j - 4K2(Sinh2(%A)j

dX x=0
- (d—‘pj :ZK(gnh(%)]
dx /, -, 2

Applying eq.(2) we have:

According to the definition of charge density

= O0=¢gg, (dd%j
x=0

X

Replacing the eq.(7) into this equation we will @av

o= 2ZERT S.nh( zZF %]
zZF 2RT

And finally the definition for capacity is given by

C:[ ao}
09,

c :(ZEE(LRTj[ZTQFTjK(CO§1(¢A))




C =eg,k (cosh(6,))

€€, 21
c :L_(COSh((I)A))’ Lo =

D

(b) The equation we have for charge density:

o= 2ee RTK snh zZF¢
zF 2RT

For small potential:

sinh( ZF¢ ] _zFd
2RT 2RT
Therefore

o= 2ee RTK zF¢ _

€e K
zF 2RT ° ¢
According to eq.4
0
K=2zF 2
eg,RT

Replacing this equation into the equationdave will get

0
2¢eg,C

o=zF¢ _T

This equation shows that charge density is a lifgaation of potential which is in
agreement with experimental plot, however this égunashows that charge density is
also a linear function of z which is in disagreemaith the experiment. Overall this
eguation fails to explain the experiment



