Model Solutions to 3.53 Problem Set 6

Problem 10.4 (a). The approach to this problem is outlined in the first edition of Electrochemical
Methods, page 348-349. Consider the circuit in Figure 10.1.14 where Rq, is in series with parallel
components of Cy and the faradaic impedance, Z;. The faradaic impedance is represented as a
series RC circuit where the elements are R, and C,. If Z; is isolated from Rq and Cy, then
R, and C, can be determined. The trick is to note that for resistors in series, the total resistance
is the sum of the resistances; for capacitors in parallel, the total capacitance is the sum of the
capacitances. Rq and Cy can be eliminated by first considering a series circuit (to eliminate Rq)
and then a parallel circuit (to eliminate Cy).

First, consider Rg which is composed of two components, Ry, in series with the parallel element.
As this is a series circuit, the measured resistance Rp ean be expressed as Rg = Rq + Rz where
Ry is the resistance of the parallel element. Thus, the solution resistance can be eliminated as

R’B-‘:RB—RQ m

Second, this leaves a parallel circuit where C; is in parallel with the faradaic impedance. The series
values (R’z and Cp) can be converted to paraliel components following the equations developed in

Problem 10.2 and outlined in the first edition on page 348. For W = (wRC)? = (wR’BCB)z,

W+1 W+1
B = R [—w—] = s ["—W—] @
_ C _ Cs ‘
G = W+1 W+1 . (3)

Then, the double layer capacitance is eliminated as
Cl=Cp~Cy @)

Third, the faradaic impedance remains in a parallel arrangement. It remains to convert the parallel

form to the series form. Equations are provided in Problem 10.2 and on page 348 in the first edition.
I 2

ForW, = (prC’,) ,
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Finally, the phase angle is calculated from equation (10.3.9). Note that radians are converted to
degrees by multiplying by 180°/=.




,('ﬁztan_l[ 1 ]Hmm [__1_] (10.3.9)

Values and the corresponding equations are tabulated on the nextpage. R, = 10 Q; Ca = 20.0 uF.

eqn. Freq. (Hz)

: 49 100 400 900

Rp ()] 146.1 1216 633 302
Cp (uF) 2908 1586 414 256
Rg=Rp—Ra () (1) 1361 1116 533 202
W = (wR%Cp)? 3.761 3.133  0.779 0.217
R, @ @ 1723 1472 1217 1135
Cp WF) () 6L1 384 233 210

Ci=Cp,—Cd (uF) (4 411 184 33 1.0
W, = (wR,C})? 0.120 0.0732 0.0254 0.0113
s ()] (5) 1538 1372 1187 1122

Cs (WF) (6) 3826 269.5 1323 931
[wRsCs) ™! 0347 0271 0159 0.106
) (rad) (103.9) 0.334 0.264 0.158 0.106
) (deg) (1039) 191 151 905 607

(b). Plots of R, and C, versus w~1/2 will be linear and yield Ry and 0.

R,=Ra+ 572' (10.2.25)
1 .
Co=—7 (10.2.26)
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Markers: R, (¢) and C, (o)

Relevant definitions are provided by equations (10.3.2), (3.4.6), and (10.3.10).

Ry =— (10.3.2)




io = nFARC ™ Cy : (3.4.6)

RT 1 1 |

= —— —_— 10.3.10
O = EFAR [\/_'DOCB * \/-—DRC;{] (103.10)

Regression analysis yields R, = 99.6 + 378/w!/? = Ry + o/w'/? and C,(F) = 2.66 x
1073 /w'/? = 1/ow!/?, Thus, Ry = 99.6 Qand o = 378. :

Equation (10.3.2) yields

. RT _ 0.02569V
WETR, T 9060

=2358x107% A Q)

Itis giventhatn = 1, A =1 cm?,and C} = C} = C* = 1.00 x 1075 mol/cm?, such that from
equation (3.4.6),

o _ _ % '
o= nFAC* ®
258x1074 A
96485 C/mol x 1 em? x 1.00 x 10-5 mol/cm3

=267x10"3 cm/s

From equation (10.3.10),

B = i ®
V2 % 0.02569 V
378 Q/s1/2 x 96485 C/mol x 1 em? X 1.00 x 10~6 mol/cm3
= 9.96 x 107* em/s/?
D = 9.92x10"7 cm?/s




