5g. Electrochemical Information

GORDON ATKINSON

University of Maryland

Editor's note. The symbols used in this section are essentially those recommended
by the International Union of Pure and Applied Chemistry (cf. Christiansen, 1960).

Conductance data and transference numbers are taken from Harned and Owen
(1958), Kortiim, and Robinson and Stokes (1959). Additional data can be found in
these books, in Conway (1952) and in Parsons (1955).

Much information concerning a wide variety of electrochemical phenomena including
conductance can be found in the general tables: “International Critical Tables,”
1926-1933; “International Annual Tables,” 1950——; and Landolt-Bérnstein 1950——.

Additional information may be derived from tables of polarographic data compiled
by Kolthoff and Lingane (1952) and by von Stackelberg (1950).

Standard electromotive forces of half cells were taken from Latimer (1952). Many
additional data are available in his tables. Note especially his table on page 345 for
alkaline solutions. Other values of E° may be calculated from the free-energy data of
Rossini et al. (1952).

Activity coefficients were selected from extensive tables in Harned and Owen (1958),
Kortiim and Bockris (1951), and Robinson and Stokes (1959). Additional data can
be found in these sources and in Robinson and Stokes (1949) and in Conway (1952).

Dissociation constants are from Harned and Owen (1958) and Hood, Redlich, and
Reilly (1954). Constants for many o*her equilibria can be found in Harned and Owen
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(1958), Redlich (1946), Bjerrum et al. (1957), Scudder (1914), and can be derived from
thermodynamic data of Rossini et al. (1952) and of Latimer (1952).

The molal heat content (enthalpy) data were taken from Harned and Owen (1958).

Standard entropies of ions were taken from Latimer (1952) and from Powell and
Latimer (1951). Additional values can be found in those sources and in Robinson
and Stokes (1959) and in Kortiim and Bockris (1951).

Electrochemical data of many other kinds have been tabulated by Robinson and
Stokes (1959), Harned and Owen (1958), and Kortim and Bockris (1951). Informa-
tion especially useful for the electrometric determination of pH has been assembicd
by Bates (1954). Polarographic data have been collected by Kolthoff and Linganc
(1952) and by von Stackelberg (1950).

Further data on the rates of fast equilibria can be found in Caldin (1963) and
Stuehr and Yeager (1965).

Notes on Abbreviations, Symbols, and Terminology Used in Table 6g-3 and in
the Discussion Which Follows. The letters (g), (1), (s), and (aq) denote gus, liquid,
solid, and aqueous solution, respectively. These symbols are often omitted for sub-
stances which are in their most familiar states.

Pt. Aany authors writing symbols for electrodes include the symbol “Pt” when-
ever no solid conducting element appears elsewhere in the formulation of the elec-
trode. Its purpose is to remind the reader that some connection (not necessarily
platinum) to the external portion of the circuit must be provided. The symbol is
not essential and has been omitted in Table 5g-3.

Cathode and Anode. The words cathode and anode are not essential for a discussion
of electrochemical cells. They are not used in the explanation which follows. Becauz=e
some writers use the words frequently, their meanings must be understood.- - =t -
the cathode reduction occurs; at the anode oxidation occurs. In the external portic::
of the circuit electrons flow from anode to cathode, whereas the ‘‘positive current” _:
said to flow in the external conductor from cathode to anode. Within the cell the
“positive current” flows from anode to cathode, thus completing the circuit. The
current within the cell consists of both positive ions moving {rom anode to cathode
and negative ions moving from cathode to anode. Note that in an electrochemical
cell operating spontaneously the anode is the negative pole and the cathode is the
positive pole. For a somewhat more detailed discussion of the words, see Daniels and
Alberty (1955).

E denotes the electromotive force (emf) of a cell or half cell.

E° denotes the standard emf defined below.

AG denotes the increase in Gibbs free energy for the reaction specified.

AGe denotes the standard increase in free energy. It is related to E° by an equation
similar to Eq. (5g-1).
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TasLE 5g-1. EQuivaLENT CONDUCTANCES AND CATION TRANSFERENCE
NUMBERS OF ELECTROLYTES IN AQUEOUS SOLUTIONS AT 25°C
(A in cm? ohm™! equivalent™!; N in equivalent liter—!)

N0 00100 0.02 0.05 0.1
HCI A 426,16 1 421.36 412.00 |407.24 |399.00 |391.32
B +| 0.8200] ... . 0.82511{  0.8266 |- 0.8202| 0.8314
LiCl A 11503 |112.40]107.32 |104.65 [100.11 | 95.86
£, 0.3364...... 0.3280| 0.3261| 0.3211| 0.3168
NaCl A|126.45 |123.74]118.51 |115.76 |111.06 |106.74
t.| 0.3963]...... 0.3018| 0.3902| 0.3876| 0.3854
KCl A |149.86 |146.95|141.27 |138.34 |133.37 |128.96
- t.| 0.4906]...... 0.4902| 0.4901| 0.4899| 0.4898
NH.Cl Al149.7 | ... 141.28 [138.33 [133.29 |128.75
t.| 0.4909|...... 0.4907 | 0.4906| 0.4905| 0.4907
KBr A(161.9  |...... 143.43 [140.48 |135.68 |131.39
.| 0.4849| ... ... 0.4833 | 0.4832| 0.4831| 0.4833
Nal A 126,94 [124.25|119.24 |116.70 |112.79 |108.78
KI A[150.38 |...... |142.18 |139.45 |134.97 |131.11
t.] 0.4892] ... | 0.488%| 0.4883| 0.4882| 0.4883
KNO, A 144,96 14184 132.82 [132.41 |126.31 |120.40
| t.] 0.5072] ..., | 0.5084| 0.5087| 0.5093| 0.5103
KHCO, A |[118.00 |115.31]110.08 |107.22
Na0.C.H, Al 91.0 88.5 | 83.76 | 81.24 | 76.92 | 72.80
ot 055070 ... 0.5537| 0.5550| 0.5573| 0.5594
Na0,C(CH:),CH;| A | 82.70 | 80.31| 75.76 | 73.30 | 69.32 | 65.27
NaOH A 247.8  |244.7 [238.0
AgNO, A |133.36 130.51|124.76 |121.41 |115.24 |109.14
t, 0.4643| ... ... 0.4648 | 0.4652| 0.4664| 0.4682
1MgCl, 4012040 |124.11]114.55 |110.04 |103.08 | 97.10
1CaCl, | A 1135.84 1130.36(120.36 |115.65 |108.47 |102.46
L1l 043800 ... 0.4264| 0.4220| 0.4140| 0.4060
1SrCl, | A|135.80 |130.33]120.29 |115.5¢ |108.25 |102.19
}BaCl, A {139.98 134.34/123.94 |119.09 |111.48 |105.19
1Na,S0, A 1209 1124.151112.44 |106.78 | 97.75 | 89.98
t.] 0.386 | ...... | 0.3848| 0.3836| 0.3820 0.3828
1CuSO0, A [133.6  (115.261 83.12 | 72.20 | 59.05 | 50.58
3ZnS0, A |132.8 [115.531 84.91 | 74.24 | 61.20 | 52.64
1LaCl, A |145.8  137.0 121.8 |115.3  [106.2 | 99.1
' te| 0.477 | | 0.4625| 0.4576| 0.4482| 0.4375
JKiFe(CN)s | A [174.5  |163.1 |
1K Fe(CN)e | A|184.5 1167.24 134.83 1122.82 1107.70 | 97.87
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TasLE 5g-2. LiMmitiNg EQuivaLENT CONDUCTANCES OF IoNs IN WATER IN
INFINITELY DILUTE SOLUTION

(cm? ohm™! equivalent™?)

Ion t°C Ao Ion t°C Ao
£ S 15 300.6 JOH-................ 25 197.6
25 | 349.8 ICIm................. 15 61.42
35 | 397.0 25 76.34
Li*te i, 25 38.69 35 92.21
Nat  eieeenannn. 15 39.75 IBr...cceieeiiinnnnn 15 63.3
25 50.11 25 78.3
35 61.53 35 94.2
KF i, 15 59.66 I .....coiirininnn. 25 76.8
25 73.50 [ NOs oovneiininin... 25 71.4
35 88.21 [ClOs..ciuuenen.... 25 68.0
08 & PP 25 73.4 |HCO; ....cocuonn... 25 44.5
A i 25 61.92 |CH,CO; ...l 25 40.9
T e 25 74.7 JCICHCOz ...t 25 39.8
TMgtto 25 53.06 |CH3;CHyCOs ........ 25 35.8
2Catt . 25 59.50 | CH3(CH3)CO:..... 25 32.6
Lert 25 59.46 {CeHs;COs . .....v. .. 25 32.3
FBatt 25 63.64 THCO4 .ooivnvi.nnn 25 40.2
$C0ut L 25 54 2C0& e 25 74.2
LZntto 25 53 280" 25 80
FLas . ... .o 25 69.5 |4 Fe(CN)g........ 25 101
£ Co(NHa)e* . ooutnt 25 102 T Fe(CN)e* vt 25 111
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N denotes the number of Faradays (F) of electricity. N may have any positive
value. For simplicity it is arbitrarily chosen as unity for all of Table 5g-3 and for
each example of its use.

Significance of Table bg-3 and Conventions. When current passes through a
reversible electrolytic cell, oxidation oceurs at one electrode and reduction at the other.
When the direction of the current is reversed, the chemical reaction is reversed and
oxidation and reduction exchange places. While no current is passing through the
cell, a reversible emf can be measured with a potentiometer. Electromotive forces of
cells are important thermodynamic data since

AG = —NFE (5g-1)

1t is eonventional to associate AG with the reaction which occurs when N Faradays,
ie., ca. N 96,500 coulombs, of positive electricity is passed through the cell from left
to right. Tt is conventional to write E as positive if this current flows spontaneously
from left to right through the cell, i.e., if electrons are caused by the cell reaction to
move in the external part of the circuit from left to right. According to this con-
vention E of the cell is positive if the right-hand electrode is positive with respect to
the left-hand electrcde. If the cell is rewritten in the reverse order, the algebraic

sign of its emf is changed. [The negative sign in Eq. (5g-1) is a consequence of these
two conventions.] Examples:

I

H., HCl(aq), Cls E° = 1.3595 volts at 23°C (5g-2)
Cl,, HCl(aq), H, Eo = —1.3395 volts at 25°C (5g-3)

In these equations the symbol ¢ (read “standard’) indicates that all the cell reactants
and products are in their standard states, i.e., each is at unit activity. Actually
there are no criteria for the decision that the activity of any single ion (a. of H* or
a. of Cl7, in this example) is unity. The emf of the cell is completely determined,
however, by a product of ion activities, in this example by

a.a_ = Q2 (5g-4)

The activity a. of the solute, e.g., HCI, can be measured and is known for many elec-
trolvtes as functions of their concentration.

The emf of a cell may be regarded as the net result of two opposing half-cell reactions,
one zt each electrode. Each of these two half reactions may be thought of as having
a tendency to liberate electrons, or each may be considered to pessess a tendency to
consume electrons. The half reacticn having the greater tendency to acquire elec-
trors forces the cther half reaction to surrender them, or according to the alternative
point of view, the half reacticn having the greater tendency to liberate electrons
forces the other to accept them. These two points of view are designated below as
plan A and plan B, respectively. FEither plan is quite correct and general. Example:
Consider the cell of Eq. (5g-2), Hs, HCl(aq), Cl,. At the left-hand electrode the half
reaction, for V = 1, may be considered to be either (a) or (b); thus

Plan A Plan B
+H,—» H* + 6 (a) 6 + H+*— 1H, () (5g-5a, 5b)

The opposing half-cell reaction (at the other electrode) is written
Cl-— 1Cl. +6 (o) 0 + 3Cl;— CI- () (5g-5¢, 5d)

Since E° of cell (2) is positive it is obvious that half reaction (c) has less tendency
to proceed than half reaction (a), and that (2) has more tendency to proceed than (b).
The difference in each case is 1.3595 volts.
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TaBLE 5g-4. THEORETICAL VOLTAGES FOR BATTERY REACTIONS AT 25° 1IN H,O

Recaction AG°, keal Eo, volts
MnO:(s) + Zn(s) + 4H* —» Mn** + Zn** 4 2H:0 —92.054 1.996
HgO(s) + Zn(s) — ZnO(s) + Heg® —62.100 1.346
Pb(s) + PbO:(s) + 2H:S0«— 2PbSO«(s) + 2H:0 —04.204 2.042
Pb(s) + PbO:(s) + 4H* — 2Pb** + 2H:0 —~73.084 1.584
Meg(s) + 2AgCI(s) — Mgt 4 2CI” —~119.246 2.585
Ph(s) + Ag:0(s) — PbO(s) + 2Ag(s) —42.230 0.916
2NiOOH(s) + Cd(s) + 2H:0 — 2Ni(OH)2(8) + Cd(OH)(s) —60.056 1.302
H.(g) + O:(g) + OH™ — HO:.” + H:0 —35.193 0.763
Zn(s) + Cla(g) — Zn** 4 2CI” —07.884 2.122
2Ag0(s) 4+ Zn(s) —» ZnO(s) + Ag:0(s) - -« —85.500 1.854
Zn(s) + 2AgCl(s) — Zn** + 2Ci~ + 2Ag(s) —45.396 0.984
2MnO.(s) + Zn(s) + 3H:0 + 20H~ — ZnO(s) + 2Mn(OH){ —52.531 1.139
Similarly the cell
Tl, TICl(aq), Cls(g) E° = 1.6958 volts (5g-6)

involves two opposing half reactions which are

Plan A Plan B
Tl— T+ + 0 (o) 6+Tl-—TlI (f) (5g-6e, 6f)
and Clr- 1Cl: +6 (o) 6 + 1ClL— ClI= (d) (5g-5¢, 5d)

Since E° of the cell is 1.6958 volts, the tendency of (e) is 1.6958 greater than that of (c)
and the tendency of (f) is 1.6958 volts less than that of (d). To simplify the tabula-
tion of relative half-cell emfs it has long been the custom to compare all reactions
with () in plan 4 or (b) in plan B. In the same sense that the altitude of sea level
is arbitrarily set equal to zero, the half-cell emfs of (a) and (b) are called zero and the
emfs of all other half cells are listed relatively to (a) or to (b) depending upon the
“plan” used by an author. Since the tendency of (¢) is 1.6958 volts greater than
that of (¢), which, in turn, is 1.3595 volts less than that of (a), the appropriate entries
for the table are, respectively,

Plan 4 Plan B
TI— TI* -6 E° = 0.3363 volt 0+ Tlt— Tl E° = —0.3363 volt (5g-6e, 6f)

It should be clearly understood that all the standard emfs of Table 5g-3 arc cqui-
librium values and are valid strictly only when no current is passing or when the cur-
rent passing is so small that resulting changes in the cell are negligible. The reversal
of such a current would not affect the magnitude and, of course, could not alter the
algebraic sign of the emf of a cell or half cell. The choice of plan A or plan B is an
arbitrary one and has nothing to do with the direction in which current is actually
passed through a given cell.

Only plan B emfs are listed here. Most electrochemists have preferred this
approach, and it has been overwhelmingly recommended by the international com-
missions concerned with such matters. It has also been adopted in many of the most
recent physical chemistry texts. In the past American physical chemists have pre-
ferred plan A4 and it was promoted by the extensive treatise of Professor W. B. Latimer.
To use his tables one must note that Latimer’s standard half-cell emfs are the nega-
tives of the respective “electrode potentials” and that his equations must be written
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TABLE 5g-6. MEAN-AcTIVITY COEFFICIENTS v, OF HCl 1N AQUEOUS SOLUTION
(m in mole kg~1)

m 0° 10° 20° 25° 40° 56° | 60°
0.0001 0.9890 0.9890 0.9892 0.9891 0.9885 0.9879 0.9879
0.0002 | 0.9848 | 0.9846 | 0.9844 | 0.9842 | 0.9833 | 0.9831 | 0.9831
0.0005 | 0.9756 | 0.9756 | 0.9759 | 0.9752 | 0.9741 | 0.9738 | 0.9734
0.001 | 0.9668 | 0.9666 | 0.9661 | 0.9656 | 0.9643 | 0.9639 | 0.9632
0.002 | 0.9541 | 0.9544 | 0.9527 | 0.9521 | 0.9505 | 0.9500 | 0.9491
0.005 | 0.9303 | 0.9200 | 0.9294 | 0.9285 | 0.9265 | 0.9250 | 0.9235
0.01 0.9065 | 0.9055 | 0.9052 | 0.9048 | 0.9016 | 0.9000 | 0.8987
0.02 0.8774 | 0.8773 | 0.8768 | 0.8755 | 0.8715 | 0.8690 | 0.8666

0.05 0.8346 | 0.8338 | 0.8317 | 0.8304 | 0.8246 | 0.8211 | 0.8168

0.1 0.8027 | 0.8016 | 0.7985 | 0.7964 | 0.7891 | 0.7850 | 0.7813
0.2 0.7756 | 0.7740 | 0.7694 | 0.7667 | 0.7569 | 0.7508 { 0.7437
0.5 0.7761 0.7694 | 0.7616 | 0.7571 0.7432 | 0.7344 | 0.7237
1.0 0.8419 | 0.8295 | 0.8162 | 0.8090 | 0.7865 | 0.7697 | 0.7541
2.0 1.078 1.053 1.024 1.009 0.9602 | 0.9327 | 0.9072"
4.0 2.006 1.911 1.812 1.762

in the reverse direction to fit plan B. It should also be noted that his equations are
written for integral values of N but not necessarily for N = 1.
The Use of Table 5g-3. To calculate E° of any cell, e.g.,

Tl, TICl(aq), AgCl(s), Ag (5g-7)
write the half-cell reaction and E° for the right-hand electrode
6 + AgCl— Ag + Cl— Eo = (.2223 volt
Subtract both the half-cell reaction of E° of the left-hand electrode

—[6 + TI* - T]] —Fo = —(0.3363 volt)
to give
Tl 4+ AgCl — Ag + TICl(aq) E°e = 0.5368 volt (5g-8)

or the completely equivalent form
Tl + AgCl — Ag + T+ + CI~ E° = 0.5568 volt

Since E° is positive, AGe is negative for the reaction. Equation (3g-8) is therefore the
equation for the reaction actually taking place in the cell when all activities are unity.
If the cell had been written Ag, AgCl, TICl(aq), Tl the indicated reaction would have

been
Ag + TICl(aq) — T1 + AgCl Eo = —0.5586 volt (5g-9)

The conclusions about the actual reaction and the absolute values of E° and AG® are
unchanged.
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TaBLE 5g-8. RATE CoNsTANTS FOR PrROTON TRaANSFER REAcTIONS IN H.O AT 23°

ks
Reaction: 4 + B T—kf C+ D ko M1 sec™! kp, sec™!
]
H* — OH- = H.0 1.4 X 100 2.5 % 107
Dt + 0D =D.0O 8.4 X 1010 2.5 X 1078
H* + SO, ~ = HS0+ 1 X 101 1 X 10¢
H* +- F- = HF 1.0 X 101 7 X 107
H* + HS" = H:S 7.5 X 1010 4.3 X 103
H* + HCOs~ = H.CO;4 4.7 X 1010 1 8 X 106
H* + HCOO™ = HCOOH 5% 1010 8.6 X 106
H* + CH;COO0™ = CH3;CO0OH 4.5 X 1010 7.8 X 108
OH™ 4+ NH., = NH;-#.0 3.4 X 1010 6 X 105
OH™ + C¢H:OH = H.0 + CgH;0~ 1.4 X 1010 1.3 X 108
"OH™ 4+ HCN = H:0 + CN~ 3.7 X 109 5.2 X 10+
OH™ 4+ HPOy ~ = H.O 4+ PO$~ 2 X 108 2 X 107

TasrLe 3g-9. Revarive  APPARENT MorAL Heat CoNTENT ¢L AND PARTIAL

Morar Heat CoNTENT L, oF SoLUTEs 1N DILUTE
AQUEOUSs SorLuTioNs AT 25°C
(cal mole™?)

m 0.0001 0.0004; 0.0016 ! 0.0064 | 0.0100 | 0.0400 @ 0.0900
NaCl oL| 4.5 | 8.5 i 17.0 | 33 | 40 67 83
L, 6.5 12.5 } 24.0 46 57 |- 92 104

NalO; | ¢L| 4.0 | 7.5.| 140 | 21 | 21 0

L, 5.8 11.0 . 19.8 24 20 —41

|

KCl oL 4.5 8.5 | 16.0 31 38 65 77
L, 6.5 12.5 | 24.0 46 55 82 91

KCIO, |oL| 4.3 8.0 13.0 16 14 | —o98

L, 6.2 11.3 16.6 13 4 —86
Li;SO, oL | 24 47 91 177 218 377 488
L, | 35 69 | 135 260 317 508 620

|

Cs,80, oL | 20 39 71 121 139 161 137
L, | 29 57 102 161 176 152 87
SrCl, oL | 23 46 86 161 195 332 | 420
L, | 34 66 125 232 277 443 528
SrBr, oL | 23 44 82 152 182 293 366
L, | 33 64 119 216 254 | 383 452
Ba(NO3g), | oL ] 19 36 59 72 66 — 40 —223
L, 27 51 75 68 37 -195 —528
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TaBLE 5g-10. STaxDarRD ENTROPIES OF MONATOMIC Tons

IN AquEeous SorLuTioNs AT 25°C
(Referred* to H; — 2H* + 26; AS® = 0; cal mole~! deg™?)

[ -]

Ion Se Ton Se Ton Se

r

Cs™ 31.8 Catt -13.2 Cr3+ —-73.5
TI+ 30.4 Cd+* —14.6 Als+ —74.9
Rb+ 29.7 Mntt —20 - Gadt —83
K+ 24.5 Cu*t —-23.6 U —78
Agt 17.67 Zn*+ —25.45 Pust —87
Nat 14 .4 Fett —27.1 I- 26.14
Li* 3.4 Mg+t —28.2 Br- 19.25
Pb++ 5.1 Ua+ —36
Batt 3.0 Pust -39 Cl- 13.17
Hg++ -5.4 Gd3+ —43 F- -2.3
Sn++ —5.9 In3+ —~62
Sr++ —9.4 Fest —-70.1 S= —6.4

* This is not equivalent to the setting of Se of H* equal to zero; cf. Klotz (1950).

TaBLE 5g-11. STANDARD ENTROPIES OF PoLyaTomIic Ions

IN AQUEOTS SoLuTIONs AT 25°C
(Referred* to Hy — 2H* + 26; AS® = 0; cal mole~ deg™)

Ton Se Ton Se Ion Se
OH- —2.5 HSO,~ 30.3 PO~ —52
Clo- 10.0 AsQ g3~ —34.6
HCO;~ 21.9 H2ASO4— 28 HF,~ v 0.5
ClO,~ 24.1 H,PO+ 21.3 BF,~ 40
NO,~ 20.9 HN.O, 34 SiFe~ —12
NO;~ 35.0 BeO,~ -27 CuCl,~ 49.2
ClOs~ 39.0 COs= -12.7 AuCl,~ 61
BrOs~ 38.5 SO;= -7 PdCls~ 36

105~ 28.0 SO~ 4.1 PtClm 42
ClOs~ 43.2 SeOQ,~ 5.7 PtCle= 52.6
MnO,~ 45 4 N.O,~ 6.6 I~ 41.5
HCOs™ 22.7 C.04~ 10.6 Ag(CN),~ 49
"HSO;~ 26 Cr,0:~ 51.1 Ni(CN).~ 33
SH- 14.9 HPO,~ —8.6 FeCl+* —22
HASOF’ 0.9

* This is not equivalent to the setting of S¢ of H* equal to zero; cf. Klotz (1850).

Effect of Concentration. For the case where the reactants are not at unit activity,
the Nernst equation is used:

E =E° — %log Ta (5g-10)

For the example above (N = 1, 25°C) this reduces to

E = 0.5586 — 0.059 log % (5g-11)
2
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The activities of pure solids and liquids are conventionally taken as unity so that

Gag = Gagol = am = 1
and E = 0.5586 — 0.05015 log amcy

In many cases the activities of the dissolved species (e.g., TICI above) are approxi-
mated by their molar concentrations.

References

1. Bates, R. G.: “Electrometric pH Determinations,” John Wiley & Sons, Inc., New York,
1954.
2. Bjerrum, J., G. Schwarzenbach, and L. G. Sillen: “Stability Constants of Metal-Ion
Complexes with Solubility Products of Inorganic Substances,” 2d ed., Chemical
Society, London, 1964, .
. Caldin, E. F.: “Fast Reactions in Solution,” Blackwell Scientific Publications, Ltd.,
Oxford, 1964.
. Christiansen, J. A.: J. Am. Chem. Soc. 82, 5517 (1960).
. Conway, B. E.: “Electrochemical Data,” Elsevier Publishing Company, Amsterdam,
1952,
6. Daniels, F., and R. A. Alberty: “Physical Chemistry,” 2d ed., John Wiley & Sons, Inc.,
New York, 1961,
7. Harned, H. 8.: in Electrochemical Constants, Natl. Bur. Standards (U.8.) Circ. 524,
1953.
8. Harned, H. 8., and B. B. Owen: ‘‘The Physical Chemistry of Electrolytic Solutions,”
3d ed., Reinhold Publishing Corporation, New York, 1958.
9. Hood, G. C., O. Redlich, and C. A. Reilly: J. Chem. Phys. 22, 2067 (1954).
10. “International Critical Tables of the Numerical Data of Physics, Chemistry and
Technology,” McGraw-Hill Book Company, New York, 1926-1933.
11. Klotz, I. M.: “Chemical Thermodynamics,” revised ed., W. A. Benjamin, Inc., New
York, 1964.
12. Kolthoff, I. M., and J. J. Lingane: “Polarography,” 2d ed., Interscience Publishers,
Ine., New York, 1952,
13. Kortiim, G.: “Treatise on Electrochemistry,” Elsevier Publishing Company, Amster-
dam, 1965.
14. Kortiim, G., and J. O’M. Bockris: ‘“Textbook of Electrochemistry,” vol. II, Elsevier
Publishing Company, Amsterdam, 1951.
15. Landolt-Bérnstein: ‘‘Physikalische-Chemische Tabellen,” 5th ed., Springer-Verlag
OHG, Berlin, 1927-1935; 6th ed., 1950-7.
16. Latimer, W. M.: “The Oxidation States of the Elemcnts and Their Potentials in
Aqueous Solution,” 2d ed., Prentice-Hall, Inc., Englewood Cliffs, N.J., 1952.
17. Parsons, R.: “Handbook of Electrochemical Constants,”” Butterworth Scientific Pub-
lishers, London, 1955.
18. Powell, R. F., and W. M. Latimer: J. Chem. Phys., 19, 1139 (1951).
19. Redlich, O.: Chem. Revs., 39, 333 (1946).
20. Robinson, R. A., and R. H. Stokes: Trans. Faraday Soc., 45, 612 (1949).
21. Robinson, R. A., and R. H. Stokes: ‘“Electrolyte Solutions,” 2d ed., Butterworth
Scientific Publications, London, 1959.

22, Rossini, ¥. D., D. D. Wagman, W. H. Evans, S. Levine, and I. Jaffe: Selected Values
of Chemical Thermodynamic Properties, Natl. Bur. Standards (U.8.) Circ. 500, 1952,

23. Scudder, H.: ““The Electrical Conductivity and Ionization Constants of Organic Com-
pounds,” D. Van Nostrand Company, Inc., Princeton, N.J., 1914.

24, Stuehr, J., and E. Yeager: Chap. 6 in ‘“‘Physical Acoustics,” vol. IIA, Academic Press,
Inc., New York, 1965.

25. van Stackelberg, M.: ““‘Polarographische Arbeitsmethoden,”” Walter De Gruyvter & Co.,
Berlin, 1950.

v W



