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Chemistry 163B

Electrochemistry

activity coefficients for ions (HW9 #58)
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work of expansion
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hydrogen pressure [‘concentration’] cell (reaction | of 111)

Hy (10 bar) —ie— | | || m=—ryt0en

[Ca L]

My (10ba) ——en 2H* o 26

4%+ 208 — Hy(1ban)

H, (10 bar) — Hy(1bar)
A=A/ + RTIn g,

rea ction

Au*=0 Ay’ isforreaction H, (7

Pilbaryi
A=A+ RTIM————= -5706 kJ per mole H
Ty P P4

=1bar) =H,(P =1 bar)

du and work-other (did before for dG)

du=aH - Tas — 8ar

du= dq-TaS —SAT+VaP+dw,,, (very general)

=0 by 2nd law

Ay, Wy,

for a spontaneous process at constant T,P
the MAXIMUM work done ON SURROUNDINGS
is |Au| and this occurs when the process approaches

REVERSIBILITY

responsible for 3 redox reactions; here’s || (HW9, prob #60)

Hy (1 bar) —f

*Ij__-Ag(s)
H* = 1M _‘——AQCHS)

[cri= 1M

Pt

oxidation anode Hy(1bar) —— 2H*[1M] + 2¢

reduction cathode  2AgCi(s) + 2e- — 2Ag(s) +2CI" [1M]

2e™+ Hy (g, 1 bar) + 2AgCl(s) — 2H* [1M] +2CI" [1M] +2Ag(s) + 26~
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) A for the reaction and FINALLY W, !!! (p. 20)
(see Appendix A, Table 4.1 for data; additional decimal places from other tables)
26™ +H, (g, Tatm) + 2AgCI(s) — 2H* [1M] + 2CI [1M] + 2Ag(s) +2¢"
Apg~AGy (k) 0 -109.79 0 -131.23 0 Types of Work Variables Equation for Work Comventional Units
ARAG  =-(0)  -2(-109.79) +2(0) + 2(-131.23)+ 2 (0) = -42.88 kJ Volume cxpunsion  Presur (), vobume (¥ v PV ha’
|Au =for 2 moles e~ transferredl — Fovoa . k¢ wef T4 Now =
Blecwrical Eloctrical potential (), ekoctrical charge (C - ,‘< 0 Ve =1
™+ ¥ Hy (g, 1atm) + AgCl(s) — H* [1M] + CI [1M] + Ag(s) + &
Ap ~AG=-21.44 kJ per /2 mole Hy
|Au for 1 mole e™ transferred |
7 8
j j BUT
Wother (P 260)  P-260 f1vs i is overcomplicated  vumsy sign of ® and spontaneity
W, ricr = © AQ
electric potential  charge transfer Mlrp = Wogrer
Mgy < —nF O DY for wreversible
dQ = Feht ~— moles of e’s transferred - -
AMlpp =—nF Oy D p=Emf forreversible

from negative Fis Faraday constant

charge on e 96,458 coulomb (mole e)~
dwy o =— DFidn Alrp < 0 spontaneous = ® > 0 spontaneous
MW icat = —TUF @ (n electrons transferred)

(w=-n¥rs) E£=clectromotive UI‘(L'AI),W
E&R p260:=-n

UNITS: [w] =[Q] [®] 9 10
joule= coulomb x volt

Aupvs @ responsible for 3 redox reactions; here’s || (HW9, prob #60)
Au=MC+RTQ,, .\, =—nFD
M RT
P=-——-=— O pin
nF nF Hy (1 bar)
@ —
|- Ag(s)
[=AgCi(s)
. RT
O=1"- ;%,1'1 Oroaction 1= moles electrons tra
T — 208k |n| mol . q)o
- . fi=n x mol™ oxidation anode Hp(1bar) == 2H"[1M] + 2e° 0
0.02569 W
D= ————— D, iom (] = mittess reduction caffiadle  2AgCi(s) + 2e- —= 2Ag(s) +2CI [IM] 0.22233 V
i
26™ +Hy (g, 1bar) + 2AgCl(s) — 2H* [1M] +2CI" [1M] +2Ag(s) + 2¢~  0.22233 V
1 12
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example incorporating activities

26™ +H, (g, 1bar ) + 2AgCl(s) — 2H* [1M] + 2CI" [1M] + 2Ag(s) +26~

2 2 2
L 002569V | @pe G @
D=0 - — In Ll ch
Qpr, Qheas)
Tager = g =1

G = yh"[H.] o = ch'[a-]
can't independently meansure y_and y

Vo =Fer = e

Vs, P,

D= - 0.02569 V m|i.’:[H+]z[Cl-]zj|
I

example incorporating activities

< H, FH.

PO LA 174121 =12
Do 025693 m{ AETIr] }

0.22233 V 2e’s

O I S 2
D= 022233 v o LSOV [T [LA]
2 g, (Lbar)

unitless, have dropped
standand state corcs
and pressure from
dendrainators

example incorporating activities

. 4 2 2
D=022233- 0.02569 V in T[]
2 ‘g, (1 bar}

« Calculate y’s from observed ® (HW9, prob 60)

. Ify's =1
25650V

d=0225 v - LEE Vs vae

hu=-nfd
Ap==2mol 96,485 Cmal™ 110.22233 V)
Apr=—4.200x10° CF = —42.90 ]

Au°=-42.88 kJ for 2 moles e transferred [from Aug° earlier | |

14
intensive @ vs extensive Au  @=- (Au/nf)
Hy (g, 1 bar) — 2H* [1M] +2e~ P°=ov
2e™ + 2AgCl(s) — 2CI [1M] + 2Ag(s) $°= 022233V

26™ +H, (g, 1 bar) + 2AgCl(s) — 2H* [1M] + 2CI" [1M] + 2Ag(s) +2¢~
D °= 0.22233V

[Au = -42.88 kJ for 2 moles e transferred |

2 2 2
0.02569 \'l Ape Qg @
1

Py

(IJ“” 25— (I)«i - ]
2, Cagcr(s)

15
intensive @ vs extensive Ay @ =- (4u/n¥)
¥Hy (g, 1 bar) — H* [IM] +e~ °=0V
e~ +AgCl(s) — CI"[1M] + Ag(s) $°=0.22233 V

e” +3H, (g, 1 bar) + AgCl(s) — H* [1M] + CI" [1M] + Ag(s)|+e~
D= 022233V

| Ap =-21.44 kJ for 1 moles e~ transferred |

T
° intensive
Lo . same as for 2 mole e’s
0. JAY g o @ @ is oomph per electron
¢NJJ 1:= ¢nl _—l" /+
1 a’a
'AgCHe)
17

16
intensive @ vs extensive Ay ®=- (4u/nf)
—— | Ap = -42.88 kJ for 2 moles e~ transferred
2 2 2
002560V, | @ @ @
(= B o gy e T
By, =20, = @i Dugoics) |
twa times gr'eafei
Do 37 Peeus 10
same
Ap =-21.44 kJ for 1 moles e~ transferred |

1o 1]
002560V | G G @
Dp =P ln{ 2

1
1 @ Dpgensy

A ext - " @ intensive: independent of
u extensive: depends | _, Au= —11)F D «—— “how reaction is written’

on stoichiometry ooomph PER electron

18
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biological I hrome C iron ing enzyme (reaction I11)

CytC=cytochrome C
standard state pH=7, [H+]=10-"

o
| standard REDUCTION potentials | i prle-?'(l\/)
2e-+  2CytC(Fe® ) — 2CytC(Fe?*) 0.25
26+ %:0,(g) + 2H* (aq) — H,0 (¢) 0.816
on- Tt v
| reaction: the oxidation of CytC(Fe“™ ) | (V)
oxidation ZCy‘C(Fe2+ ) — 2Cle(Fe3+ )+ 26— .0.25
reduction  2e+ 1%0,(g) + 2H*(ag) — H,o0 (¢) 0816
%0,(g) + 2H* (aq) +2CytC(Fe?* ) — 2CytC(Fe3* ) + H0 (1) 7= P%can
19

standard state [H*]=1077

biological example (redox equation 111)

%0,(g) + 2H™ (ag) +2CytC(Fe?* ) — 2CyC(Fe®* ) + HyO (1)

@ and thermodynamic derivatives, etc. (HW9, prob #59)

Ait=-nFd
O=- ﬂ
n’F

b =-RThEK, = o ==—hK,
nr

(%) - ()2

ar ar nF
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relationships on final

Electrochemistry:

.A“reacﬁon =-ny q)cell

O =P - Ehl()
nr
. 002569V R
D=0 —————InQ@ @T=298K
n

23

. RT .. RT
D, =D, 7'1__;]"[Q]: D, 7;71“ S 7
| Tl (pmy e
107 ) 1bar |
~
standard state '
what’s ©°' ?
what's Q ?
what'sn ?
20
AC, from @
A= AT —TAS \
= = ey
AH = A+ TAS =—af @ +T nF | —
/ or s
{eAH (oD oD { &
| I =3CP=—n~»"|— +n‘}'|<_| +n‘F?’[ — - ‘
er |} ar Jp aT J/p ar
{ (-»Z(D
_\Cp =nFT T |
[
22
batteries and fuel cells
battery -
= nicely package electrochemical cell
= closed system
= runs irreversibly (® < £)
= may be recharged (storage battery)
fuel cell-
= electrochemical cell
= open system (reactants continuously flow in)
24
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efficiency of Wejecyricar VS Wp.y

compare:
Weectrical (on sur) from lead storage battery
AG=-377 kJ mol', AH =-228 kJ mol!
with
Wp.y (on sum) Of heat engine using qupper= -AHsiorage battery

heat engine: T,=600K, T =300K
€=(600-300)/600= 0.5
Wp.,=(0.5)*228 kJ mol' = 114 kJ mol!

battery: AG=-377 kJ mol""- T=300K
Weectrica=- AG = 377 kJ mol!

the winner:

v 377
Wotscaical _2 A

=331
Wo p 114

[

25

types of batteries

Lead storage
Pb(s) oxidized to Pb?* PbO, reduced to Pb?*

PbOy(s) + 4 H' (aq) + SO} (ag) + 2¢ — PBSO4(s) + 2H,0(1)

E = 1685V (1184

E 036V (1158

respectively, and the oversll react

PRO;(s) + Pbls) + 2H;SO,(aq) = 2P150,(s) + 2H;0() £ = 204V (11.56)

Alkaline storage (no liquids)
Zn(s) oxidized to Zn?* MnO, reduced to Mn,O

Zn (s) + 20H(ag) — ZnO (s) + H,0 (1) + 2~ +1.26V
2MnO, (5) * H,0 (1) + 26~ —Mn,0, (s) + 20H- (aq) 0.275
Zn (s) + 2MnO, (s) —2Zn0 (s) +Mn,0, (s)  +1.5V

26

types of batteries

NiMH- Nickel Metal Hydride
M=‘intermetallic compound’, .g. M=AB;,
Ais a rare earth mixture of lanthanum, cerium, neodymium, praseodymium
B is nickel, cobalt, manganese, and/or aluminum

Ni2* oxidized to Ni¥*  H* reduced to H-, “M” oxidized

H,0+M+e—-OH + MH
Ni(OH), + OH- - NiO(OH) + H,0 + &

/

High power Ni-MH battery of Toyota NHW20 Prius 27

Li-ion batteries

Li-ion batteries can pack more energy into
smaller and lighter weight units than other
types of batteries. Those attributes have
spurred enormous growth in their use for
cell phones, laptop computers, and other
portable electronic devices.

LiCo0; = Liy,Co0; + 2Li* + xe™

zLi* + ze” 4+ 6C

A downside of Li-ion cells, however, is that
they contain a flammable electrolyte
solution consisting of lithium salts in
organic solvents such as ethylene
carbonate and ethyl methyl carbonate. This
is not the case for other commercial battery
types.

28

battery property comparison

Zinc 15V | N first the and later an i i
alternative to Alkaline batteries. However, reductions in the price of
Alkalines have made both Zinc-Carbon and Zinc-Chloride batteries
all but obsolete.

Alkaline 1.5V Rechargeable—- Alkaline rechargeable batteries are lower capacity
(don't hold a charge as long) than the more popular NiMH
e f the Ikaline over the
NiMH or the NiCAD is that it loses its charge gradually,
Nickel-Metal 1.25v Li ight and the NiMH has a

higher capacity than the NiCAD plus you can throw it away since it
doesn’t contain toxic metals and it isn't classed as a hazardous waste
item.

Hydride (NiMH)

Lithium ion 3.6V | Rechargeable- Fora given voltage, a lithium ion battery is smaller in

size and lighter in weight than a nickel cadmium (NiCd) or nickel
metal hydride (NiMH) battery. In addition, lithium ion has virtually no
self-discharge. This allows a lithium ion battery to be stored for
months without losing charge. The battery chemistries can be
compared as follows:

_the_best_battery 29

fuel cells

PEM- proton exchange membrane

Electric Current

Fuelin € J  arn
[ap—— = t[ |
i ) H,0
H o |s
U
Hy =
Tl we| Lo
=
I |unused
(Excess ™ |'Gases
H,0| “out
=
<= -

ode Cathode
Electrolyte

H,>2H*+2e~ 0V
0, +2H*+2e~ - H,0 1.23V

Fuel cells come in a variety of sizes. Individual fuel cells
produce relatively small electrical potentials, about 0.7
volts, The energy efficiency of a fuel cell is generally
between 40-60%.

2 30
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End of Lecture

31

ﬂj the electrochemical potential

aG-aw,, =-SaT+VaP+ (an’)
I

| AG,

reacion '7,p

Woies :Sviwr“z(’) = Bl 1 S0
i
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G ==-$aT+VaP+Y fMan)

iy

| AG, :T‘VV);H\"JS“
1

eacdon ' i

=i P )
1y =7 @)
elec
f; assigus clectrical work to ench species

including electrons transferred

i
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