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Standard potentials of amalgam electrodes in aqueous solutions,
temperature coefficients, and activity coefficients of metals in
mercury

1. INTRODUCTION

The sparse, pioneering data on standard potentials and activity coefficients of amalgams a-
vailable before about 1970 (refs.1-10) have been supplemented, or redetermined, during the last
decade through systematic research on dilute amalgams of the alkali metals (refs.11-17), the
alkaline earth metals (refs.18-21), Group IIB metals (refs.22,23), and Group IIIA metals (refs.
24-26), based on reversible e.m.f. measurements on the general cell:

Pt

Meszgxl lMeClz , aqueous solut10n‘AgCllAg‘Pt (€8]

These measurements were frequently supplemented by reversible e.m.f. measurements on metal
concentration cells of the types:

Pt|Me MeClz , nonaqueous solution

Me, Hg, ' Pt , 2)
or

M
Pt’ oy B

MeCl1_, nonaqueous solution|Me Hg  |Pt s 3
2 x2 x!

1
where x; = 1-x1 , =4 >«§ and «f <] (subscripts ; and , will be used henceforth to de-
note the mercury and the metal Me in the amalgam, respectively).

For these amalgams the standard aqueous potentials, E , and the corresponding tem-

v §e2+/Me+Hg
perature coefficients, dEb?leZ‘“ e +Hg/d.’Z’ = were determined, usually over the range 283 to 343 K
(cf. Table 1). Standard thermodynamic functions for the amalgam species Me+Hg and for the am-
algamation reactions were calculated from these data (cf. Table 1). In addition, the standard
aqueous electrode potentials, Eﬁez+ /Me o WeTe redetermined for pure lithium (ref.12), sodium
(ref.14), potassium (ref.15), indium (ref.24), thallium (ref.26), and calcium (ref.23)(cf. Ta-
ble 2). The above comprehensive data made possible the present critical evaluation of

E§e2+ MesHg ? dED?lez"' /Me+H g/dT , and related thermodynamic functions. The appropriateness and
use of amalgam electrodes for determinations of electrolyte activity coefficients in aqueous,

and especially in nonaqueous solutions, has been examined by Bennetto and Willmott (ref.27).
2, DEFINITIONS AND STANDARD STATES

Since the chemical potential of the solute (Me=2) in the solvent (Hg=1) does not depend on
the standard state used, the following holds:

by = w3l + RTIn (z,f3) = u°0 + RT1n (x,f2) 4
where
gl = lim (u,- BT Inz,) ©)
Xo+l
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and
u, = lim (u, -RT1lnz,) (6)
x>0
Equations (5) and (6) define the standard chemical potentials and the activity coefficients
for two scales (refs.10,28,29): that with superscript ! has the pure metal Me as the:standard
state (fé =1 at 2y = 1), and that with superscript 0 has the infinitely dilute solution of
Me in Hg as the reference state, where fg = 1. The ratio of the activity coefficients on the

two scales is a temperature-dependent constant:
73/58 = explug® - u3h)/RTY = explar (2! - E*%)/RT} = K, @)

Here E®! (Z.e., E° is the standard potential of the Me electrode, w8l is the standard
’ P 2

Me?*+/Me
Gibbs energy of the metal (by convention zero at all temperatures where the metal is in its
standard state), E°® is the standard potential of the amalgam electrode (.e., E§e3+ Me +Hg)’
while u;° is the standard Gibbs energy of Me in amalgam and is equal to the standard Gibbs

energy change of the amalgamation reaction:
Me + gHg = {Me+qHg} (8)

where q = (1-=z5)/x, . The (E'°° -E°1) difference is simply the standard e.m.f. of the <cell
(2), which provides a precise and convenient experimental basis for the conversion factor
for determining values of le from f2° values, and vice versa, at any x,. Let us take the case
of cesium amalgams at 298 K (ref.17) to give an example of the different orders of magnitude
of le and fzo values. With the standard state defined by equation (5) and implying le -~ 1 as
z, = 1, the pure cesium has obviously unit activity, a rather familiar concept, whereas a
cesium amalgam of mole fraction 10™* would have an activity as low as 3.6 x10~2! which would
be somewhat difficult to visualize on account of the quasi-ideal behaviour shown by dilute
cesium amalgams (ref.17). Conversely, with the reference state implying fg =1 as xy >0
(cf. equation (6)), a cesium amalgam of mole fraction xz, = 10~% is practically ideal in beha-
viour (f3 = 1) and its activity is then ad = 107", which is quite reasonable to cohceive, but
pure cesium, z = 1, would have an activity @} = 2.8 %106 .

It was found that the logarithm of the activity coefficient referred to fg = 1 at infinite
dilution of Me in the amalgam varies linearly with the Me mole fraction, in dilute amalgams:

g f) = Qz, ®

where @ is a temperature-dependent constant which is specific to each Me (cf. Table 1). This
is a characteristic feature of all the amalgam systems cited in this section.

3. DESCRIPTION OF DATA

The data in Tables 1 and 2 are from the original referenced sources, with a few minor corre-
ctions for occasional misprints and conversion from calories to joules (1 cal = 8.18400 J).

1 0
Standard potentials B3+ /Me+H Heth

efficients dE&eer /Me+H g/d.’[’ (henceforth abbreviated to dE§e+Hg/dT) are given in terms of the

. (henceforth abbreviated to EO g) and their temperature co-

general scheme of Me amalgam electrode reaction:
Me** + gHg + ze~ = {Me + qHg} (10)

under the reference conditions of infinite dilution (molality scale) for the metal ion Me?*
and of infinite dilution (mole fraction scale) for the metal Me in the amalgam {Me+qHg}.
[ It is worthwhile noting that the temperature coefficients reported here correspond to tho-



COMMISSION ON ELECTROANALYTICAL CHEMISTRY

172

24T °d uo *pauoo I 27905

*+TI1 ST UOT Te3au 9Yy3 (OT) UOTIJLSL 9POIIIITS Y3 UL *,¢UT ST UOT Te3du ay3 (OT) UOTIORSL 9POLIDDTd 93 Ul

9T 24 Ll 9l sl €l L *SON 9dUsI9Fay
= - - - - - = 30001
££59°9- - AR 880°€l- YELE OL- 008°0- 00°€- q001
9L6° €€ - LSL* %0l 00L°9L ZZLL"19 0zL 8l 8v 8l e
€2°0761°FL  DL°0%80°€ | Lp-0%65°0v |pp 0%LT°LE 7" 0706° 62 10°0%€E* 9L 1"13s°6 Sl 86 ®
7
80°0798°9 - 7°0%7°8 7°0%8°8l 215001 p70%L°SL | 62°0%80°0L [SL°86T | Tow (X r/ oS
3
$000°07€L99" | - p 0¥ ¥L- | ¥ 02" 0S- €' 150" ¥S- p°076°SE- |  62°07S6°LL- |SL 867 | (_Tow Y £/ T P gy
ﬁw._”oE o/ 3
8000° 07020L"Z- - 7107€°9LL- | ¥°0FL°L0L- | 80°0¥59°LOL- | ¥S0°07625°€8~ | 8£0°0706h Le- | SL 86z | /(TCTITIE BiEyy = CHHOH,,
aw._”oE o/ 3
8000°07G66L°€- | €°17L°L~ | ¥0"0%S8°€6- | 0" 0%EL°26- |620°0¥¥8S L6~ | 620°03¥98°ZL- | 80°03€L 28~ |SL g6z | /(T r T ooy = CHHORyy
-
b* 032" PLEL- - €°071°0L6L- | €°07L°LLLL- | ¥°038°ZZ9l- | z'0%6°Zpll- | L 0sp°€0L- | SL°86T X AW/ (zp/ H D)
VL8979" I+ = 17929 1+ Z605E7 0+ V68LC6 T+ 00098° 0+ 0sglz o+ 71 AU/00001
£8195€ 2z~ - Z10v6"2- 5950£0°Z- 982195" - SLG59° - 52920 Z- X Au/g
10Z1°292 - 808°L1TL- LLE* €OV L- SGL*ESO0L- LL8° L¥S|- 22" 88LL- AUy
= = GG 0787 CE0Z- | 82° 07107 670Z— | 88 0765 8E0Z- | ¢S 078L" 8002- - Slcve
L1°0709°£€E- - 61°07LL°900Z- | ¥7°07LS" 2202~ | S5° 036270202 | ¥E*0755°Z66L— - 51 8z€ Sreon
91°0795" pLE- - Zh* 0722 6L6L— | L¥"0716°966L— | 99°0769°866L— | 7L 0FLZ°9L6L- | £°0¥2°S0zz- | SL°ELE AU/ Hg
60°07.0°€62- | ¥IELE- | PE"0%8L'0S6L- | 8Z° 0%¥6°696L- | L' 3LV SL6L- | £2°0%T6°8S6L- | £'0%L°S6LZ- | SL*86T
61°0760°ELZ- - E*0759°6L6L— | 82°0FLP CV6L— | OF"072E 0S6L~ | 95°0%L8"L¥6l— | £°0%L°p8lz- |SlL°€8C
o SH+TL % SH+UI 8H+sD 3H+qY SH+) SH+®N SH+TT /I
NE\+E SH+OH .wOLSHMLGQEOH [Le

e 0 = od 03} paJJadjad ade pajonb sanjea od 3yl LLY °9lqedtdde 4aAsuaym pajonb ade sariliuenb aroqe ay3 404

(SG°pG°S494) SUOJUD paepueyS 9AL3IAASAA BY| *ZI0 + I + B = @ s|eiwoul|od uoLje|odusjul 3y} 404 SIURYISUOD Y3} Y3LM

( swebpewe 33n[Lp uL W 40 Sf SIUBLOL}SB0D AJLALIOR JO UOLJRULWUDISP 3Y3 404)(6) uorienba uL suajsweded B ayz 40 Y

GL°862 1R San[eA SOH+al mw_own_m wef | ewe ay3 40} oS pue gF ‘ot pue mmw uoL3oead uoLjeweb|ewe 3yl 404 oSV PUB oAV oDV

SuoL3ouny JLweukpouliayl p4epue3s a3yl 40 Y G186z 3e sanjea Szp/°H*°Wmp sjualoigysod a4njedadusly omm 40 %' G1°862
Je sanjeA ¢ap s|ejaw jo By+sy swebjewe 404 I saanjedadwsal 40 sbued e udA0 (,I) + I8 + ¥ = H¥SW,

spewwouk|od uorje|oduasajul ayj 40} SJURISUOD YILM) wm+mum s|eLjuazod apouzoa|a snosanbe puaepuels paasasqo - T J19V1



173

Standard potentials of amalgam electrodes in aqueous solutions

€C [44 134 0T 6l 6l *SON 9DusIoFoy
- 62528° L 89009 12056° € 00766° 7 - 50001
666£80°0 £L9°60L- £6°LLy- 50" €82- LvE"Zre- - qo01
29€6£0°0 626°291 £9°L9L LYE" LTS 616°€19 - e
900°07062° 0 L1*0%00"2- 8°0%2"¥S 9°0%2° LY z°0%€°8E 8079z | si°sez ®
3
80°077E" 19 8°0%2" Sy yrey- b 079°€5- ¥°079°LZ- - S1°867 | -Tow (X £/ T Ag
3
520" 075956 80" 0%6€°€- p760L- | 70*0FOL°SOL- | ¥O*07L6°89- - sirgez | q_Tow (Y /0T P gy
Awaos ™/ 5
Z80°07LZV L~ | 80°0729°8 0°07¥E° 292~ | ¥0°0%¥8" L2z~ | ¥0°0786°981- - siegez | /(TR = THHy
HWﬁoE 0o/ 5
Zv0°0%9LZ ¥- | 80°07L9°L y°0%€762Z- | $0°030S°06L- | 90" 07¥p°99L- | 0°07€6'EL- | SLg6T | /(T L ooV = o)
3
L00°07966°0Z- | 20°07G6°8EL | 9°0%20°796- | 80°0709°6¥L- | 90°0FEE°ZES- - 51867 (X At/ (zp/ B Rap)
- ¥0729°2 870520°€ 2812852 LLTZE" L - 23X AU/D0001
LSS66020° 0~ YLSTY" L- ¥S859L"Z- £5€682° 2- 8LLLZE" L- - ) Au/g
L069" ELE- ££5°609- LLL"09LL- £10°87VL- 957" LZLL- - Au/Y
- - 90°07LZ €SLL- | 9€°0%2S 6261 | 6L°0%SE*¥20Z- - SLEvE
- - 9L°0%¥L L¥LL~ | LE"0%8L°LZ6L~ | SO"0%1Z°8L0Z- - s1°gz€
- Z1°0769°68L~ | 60°0718°8ZLL- | €E°0¥96°LL6L- | ¥0*0%9F"LL0Z- - SLUELE
20°0%€1"08E- - - - - - 51°80€ Suson
20°0%LZ°08€- | 0L°0765°008- - - - - S1°€0€ Aw / g
70°0%8L°6LE- | LO0F9E°L08- | LO"0FSL*LLLL- | LZ*0FWL°006L- | €2°078E°€00Z- | S°0¥L°086L- | SL°862
£0°0¥9°6LE~ | 90°0786°L08- - - - - SL €67
20°0%26° 6LE- - - - - - 51887
- L1°0798°208- | £1°0%22°00LL- | LZ°0FEE*688L- | ZL'0FZE°S66L- - GL°€87
SH+PD 3H+uz 3H+eq 8H+1S 3H+®D 3H+3W /I
34T °d woaf *pauoo [ 27qvJ




COMMISSION ON ELECTROANALYTICAL CHEMISTRY

174

,IL ST UOT Tejau ay3 (L1) uoT3O®BAI SPOIXIISTd 9yl Ul +gUI ST UOT Telaw oyl (LT) uoT1dBAIX 9POXIISTS dY3 U]
14 9z £CyT ST 2t 1 *SON 9DUSX9FY
¥0°0312°59- 80°0%8L°€€l €0°0702" ¥hL- - - 80°07LZ9L Gl g6z p_Tow [ _X c/+%%8s
0L0°070¥S°€L- | SZ0°0FLLY 8 62°07%1°001- - - S0°0%hL°6L2- | SL°86T |.Tow oY s
0L0°07665°LL~ | #10°0%¥295°LE- | 62°070€£°86~ | ¥0°0%¥55°Z8Z- | €€0°07981°29Z- |S0°0¥€S°€62- | SL°86T |(.TOW o/
S
600°0%LPS 0L~ L°0%8" L6EL— L°0%€" 1T - - 1°0%1°00S- | S1°86C =X A/ (Zp/ o0&P)
189%0°2 LS6%0Z" L - - 68596°C z-X AW / D000l
90162"° L- zoeoLL z- LLELZO0®0 - - 79892°2- - Aw /g
L9EL°661- G656° 761 886°GhE- - - LS" 6292~ AU /Y
- - 6°070° 6€€~ - - - Glegee
- - 0°L¥p 6EE- - - - SL°gle
- - - - G*07Z°6%0€- | SL°ELE
G0°0729°Z0%- G1°0%68°0VE- Z lFl6EE- - - - S1°80€
S0°07Z% " Z0%- S1°0%S0°FEE- - GL°€0€ Au /
G0°0%ZL*Z0%- SL0FhL°LZE- 0°l¥Z°6€€- | ©°07¥°8Z62- | ¥E'0FZE°LLLZ- | S°0FZ°ZH0OE- | S1°86C
S0°0%LL°LOV- S1°0F¥L°0zE- - - - - Sl €62
S0°07LZ" LOV- SL°0¥S0°€lE- 8°0%€°0bE- - - - 51°882
- - G* 072 HE0E- | SL°€82
PD 2 TIL * Ul bl BN 14! /8
A
.&v\ omv SJUILOL}JB0D aunjeuadwal syl ade os|e se *saunjedsdwsl (le e 0 = m\+om 0]

mm+m

Amm $G°S494) SUOUUD paepuelS dAL3odSaU 3yl

oK

pauJa4au aae pagonb mmmm 9yl |1y *aLqedt|dde JuaAsuaym pajuodas ade saLjLiuenb aaoge 3yl 404

¢ ,z9W UOL [e38W Snosnbe 8y3 404 oS pue oF
$9po4309(a webjewe sy} 404
PULWJSIIP ISOYM SIPOUFII|D

SuoL1ouN} O LWeuApowdaysy paepuels ayy 40 ¥ GL° me 3e san(ea
W7 [aLLeded 9Y3 0 2BYL YILM POUL| SI UOLIBULWUSLBPSA 4O UOL
9 LP28W BWOS JO ©saanjesadwsl 40 abued e 43A0

(220 + I8 + ¥ =
uotje|oduajut 3yy 404 SIURLSUOD YILM)

604 s|etjuajod snoanbe puaepuels paAU4dsqQ

3

W7 s ewwoul|od

¢ 3714Vl




Standard potentials of amalgam electrodes in aqueous solutions 175

se in De Bethune's extended compilation (ref.30) of E° 's and dE®/dT 's and called Zsothermal
temperature coefficients — that is, they are based on e.m.f.'s of Zsothermal cells — and are
not the same as thermal temperature coefficients — Z.e. based on e.m.f.'s of non-isothermal

cells 1 . Reaction (10) must be combined with the silver/silver-chloride electrode reaction
in order to obtain the overall reaction of the cell (1), which was customarily used to deter-

mine the Eﬁemg data in Table 1. This cell has a general e.m.f. expression of the type:

E=E) ) = By ~ 7K1E (Vamy, /m®) + (k/2) 1g (x,f3) (11)

where Eg gC1 is the standard potential of the silver/silver-chloride electrode (whose value
was redetermined by Bates and Bower (ref.31)), kx = (RTIn10)/F , m® = 1 mol kg™, z is the
charge on the metal ion Me?* , and r = (1+z)/z. From equations (11) and (9), together with

the Debye-Hiickel extended equation (ref.32) for the mean activity coefficients (molality sca-

le) vy, of the MeCl, electrolyte, one can define the extrapolation function:

®=F-E  +rkln (Vam/m®) ~ (1+2)kaVI/(1+ay BT) - vk 1n {1+(1+z)mM} =
Borng + (/2) gz *+Qwg) - rkbI (12)

where I is the ionic strength of the MeCl, electrolyte of molality m, M is the molar mass of
the solvent, 4 and B are the Debye-Hiickel constants, and ay and » are the ion-size and the
interaction parameter respectively. From equation (12), Eﬁemg can be obtained fromvalues of
E measured as a function of m and of x, by two linear extrapolations. The first is froma plot
of ¢ versus I giving (as intercept at I = 0) the quantity:

00 = “Eg o+ (k/3)(1ges + Gny) (13)

where ¢° still depends on z,. Rearranging terms in equation (13) to define the function v ,

one obtains:

= =30 = o
b=+ (k) lgop = By + (W/2)Gm, a4
It is clear that a plot of y versus x, yields Eﬁemg as intercept at x, = O (second extrapol-

ation). The slope gives the parameter @ in equation (9) for the calculation of the activity
coefficients f2° . The coefficients le can be calculated, if necessary, from the f2° values in
terms of equation (7).

The original E® . data, with standard errors (refs.54,55), are given in the Table 1 at the

Me+H
temperatures of experiments. The related dEb‘,’le +H g/d_T and @ data are reported only at 298.15 K.

For both Eb.de +Hg and @ the constants for the least-squares polynomials:
. = 2
Bfosng = At BT+ CT (15)
and:
Q=a+ bl +cr? (16)

are included for interpolation purposes. The values at 298.15 K of the related thermodynamic
functions AG°, A#®, and AS® for the amalgamation reaction (8) as well as GO, #°, and §® for
the amalgam species {Me+qHg} are also given.

Table 2 reports values of the standard potentials, El?,leer JMe? and related temperature coeffi-
cients dEb’leZ‘f /Me/d.T, of pure metal Me electrodes whose determination or redetermination was
linked with that of the related Me amalgam electrodes in Table 1. These standard potentials
and temperature coefficients, henceforth denoted respectively as Eﬁe and dE'lfl’I /dr for simpli-
fication, are for lithium (ref.12), sodium (ref.14), potassium (ref.15), indium (refs.24,33),
thallium (ref.26), and cadmium (ref.23) electrodes. They refer to the general Me electrode
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reaction scheme:
Me** + ze™ = Me an

under the reference conditions of infinite dilution for the metal ion MeZ*. Of course, the o-

perative cell involved is mainly (2) for which the e.m.f., expressed by the equation:
— _ _ 0
E = B}y = Boe = (&/2) 1g (2f2) (1s)

is measured at the same value of x, of, and added to the e.m.f. of cell (1), the e.m.f. of
which is given by equation (11). However, different cell schemes can also be used, as was do-
ne e.g. in the case of indium electrodes (refs.24,33). Analogously to the Eﬁemg data in Ta-
ble 1, in Table 2 are reported the available least-squares constants for the interpolation

polynomials:
EG, = A+ BT + Cr? (19)

The related standard thermodynamic functions G°, H°, and S° for the aqueous metal ion Me** a-
re also reported. In particular, to facilitate comparison with the literature, the Sﬁeer da-
ta are quoted relative to the convention S§ez+ = 0, which is, however, inconsistent (refs.34,
35) with the universally accepted convention (refs.35-43):

EI?I"'/HZ =0 at all temperatures (20)
Indeed, convention (20) would imply (refs.34,35,43) that, at 298.15 K :

S§+,aq = ;sgz = 65.287 J-K lemol™ (20a)
Thus, for practical consistency with (20) and (20a), the S§e3+ values quoted relative to
S]?ﬁ_ ag = 0 should be corrected by addition of the quantity 65.287 3+ J.K"l.mol!l.
E]
0

The activity coefficients fMe for the metal Me at mole fraction x, in amalgams can be easily

computed from equation (9) by using the appropriate values for Q.MeIt is recommended that @
values be interpolated using the polynomial (16) with the relevant least-squares constants re-
ported in Table 1. These @ values are only applicable within the %, range of linear extrapo-
lation of the function ¢ (equation (14)): at higher values of Lyre the flf,’le values are best

calculated from the original E data through equations (11) or (18), once the required values
of standard potentials have been determined by linear or even non-linear extrapolation. This
procedure was used by Salomon (ref.44) in studying dilute thallium amalgams by cell (2). Any
extension of the x,, range should, therefore, be considered with caution and with appropri-

Me
ate reference to phase diagrams for the Me+Hg systems.

4, COMPARISON OF DATA

A large number of the initial determinations and redeterminations of Eﬁemg of amalgam elec-
trodes was accomplished by one group of workers (refs.11-23,26) over a wide temperature ran-
(283 to 343 K). Final correlations for the Elf,’le +Hg values and the related thermodynamic func-
tions were made by a rigorous procedure of double extrapolation using the relevant function

(11) for the concentration dependence of the e.m.f. of the general reversible cell (1).Cells
of this type were made up according to an appropriate design (ref.45). The resulting E;’Iemg
and @ data are thus intrinsically more accurate and reliable than any corresponding previous
data (which were invariably obtained at one single temperature — 298.15 K — and often based

on a single concentration of non-electrolyte or electrolyte with assumed values of single-ion

activity coefficients, and even with inclusion of liquid junction potentials in the relevant
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Me+H,
ing data, typically within #1 mV. Only three cases deserve discussion: they concern the @ va-

cells). It is noteworthy that the redetermined E° - data substantiate most of the pioneer-

lues for the lithium and the strontium amalgams, and the Egr +Hg of the strontiumamalgam elec-
trode. For QLi +Hg at 298.15 K, Table 1 reports the value 9.5 , redetermined recently by Lon-
ghi, Rondinini, Ardizzone and Mussini (ref.11). Previous literature data are at variance:

14.6 was obtained by Cogley and Butler (ref.46), 7.6 by Spiegel and Ulich (ref.6), and 11.5
by Wagner (ref.8) — the latter value being from studies on ternary amalgams. However, it is
known that for both the alkali-metal and the alkaline-earth metal amalgams there exists a 1li-
near correlation (refs.11,16,17,19-21) between QMe +Hg
the metal Me concerned), the slope of the straight line for the alkaline-earth metal amalgams

2 . . .
and rhe (rMe being the atomic radius of

being twice the slope of that for the alkali-metal amalgams (ref.19). This is a sound basis
for selection of the above value, Q; +Hg = 9.5, reported in the Table 1, as the appropriate

one. The same rationale applies to Qg +Hg * for which Table 1 at 298.15 K reports the value

of 47.2, as obtained by Longhi, Mussini and Vaghi (ref.20) from both the cells (1) and (3),

in contrast to the value of 39 found by Khlystova and Korshunov (ref.47) from the e.m.f. of a
cell with liquid junction. The aforementioned QMe+Hg vs. Pl%l
value Qg +Hg " 47.2 . Egr +Hg of the strontium amalgam electrode was determined over the tem-
perature range from 283 to 343 X from the general cell (1) by Longhi, Mussini and Vaghi (ref.
20) using the procedure describe above. The value, E"S’r +Hg = -1.90074 V at 298.15 K, in Table
1, is in contrast to that, -1.893 V, obtained by Khlystova and Korshunov (ref.47) from the

cell:

. linear relationship confirms the

PtlerZngI’SrCIQ , aq. || sat'd Kc1|Hg2c12|Hg|Pt (21)
Ey
The latter value is, howyever, not comparable to the former,on account of the following points:
(i) the liquid junction potential E ; cannot be precisely evaluated or reduced to zero exactly;
(ii) the single-ion activity coefficient Ygp2+ is a thermodynamically undefinable quantity ,
making the claimed attainment (ref.47) of the experimental condition of ag 2+ = 1 unreliable.

No Eﬁe +Hg data are available for comparison at temperatures other than 298.15 K .

5. RECENT DATA

Recently, Udris and Korshunov (ref.48) reported the standard potential of the europium amal-

gam electrode at 298,15 K as Egu +Hg = -1.77%0.01 V (the metal ion in the relevant electrode

reaction (10) being Eu?*) and, correspondingly, @ = 40+5 , However, no e.m.f. measurements
or details of the cell were quoted, although it may be reasonably inferred that the cell used
was of type (21). It is important to note that the observed @ value satisfactorily fits the

the linear @ vs. rl%I

that the EEu +Hg value obtained is correct. The latter value was also confirmed by polarogra-

phic studies (see Sect. 7). However, the large uncertainty in the above @ value precludes its

o relationship obeyed by the alkaline-earth metal amalgams, which suggests

use for calculations of activity coefficients fgu through equation (9).

6. EXPRESSION OF THERMODYNAMIC QUANTITIES OF AMALGAMS
ON DIFFERENT CONCENTRATION SCALES

According to common practice, in the present report the mole fraction scale has been used for
the standard states for metal Me solutes (cf. definitional equations (5) and (6), respective-
ly). Concentration scales other than the mole fraction, e.g. the molality (m) and the amount-
-of-substance concentration (¢) (or, molarity), have been seldom used (refs.49,50). Intercon-
version formulae for standard potentials, activity coefficients and related thermodynamic
functions, are available in electrochemical textbooks (ref.51).
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7. KINETIC STUDIES DEALING WITH STANDARD POTENTIALS OF AMALGAM ELECTRODES
IN AQUEOUS SOLUTIONS

Kinetic investigations having relevancy to determinations of standard potentials of amalgam
electrodes in aqueous solutions are quite recent and concern the ammonium, magnesium, and eu-
ropium amalgam electrodes. Stromberg and Konkova (ref.52) have studied the dependence of the
radius of the drop of ammonium amalgam foam (which is generated at a stationary mercury drop
cathode in aqueous NH,Cl) on the electrolysis time at various electrolysis potentials, toge-
ther with polarisation curves and a correction for joint discharge of H' ions. They give
EI?IHQ g " -1.7 V for the standard potential of the ammonium amalgam electrode. This estima-
ted value should be viewed with extreme caution; in fact, considering the values of standard
potentials for the lithium, sodium, potassium, rubidium, and cesium amalgams (cf. Table 1) ,
there is the possibility that the above value be affected by some mixed potential condition.
Korshunov and Udris (ref.53), having ascertained that the polarographic reduction of Ca2*
Sr2* and Ba2* ions on dropping mercury cathodes to the respective amalgams proceeds fairly re-
versibly, carried out an analysis of the mechanism of the reduction of Mg?*. Taking into ac-
count theoretical evaluations based on amalgam models and on e.m.f. data of magnesium amal-

gams in ether, they concluded that Ej was "‘possibly close to -2.10 V "'. This provides qua-

litative confirmation of the value ofgtil{%QSOI +(0.,0005 V, redetermined for E»‘,’lg +Hg from equa-
tion (14) by Ardizzone et al. (ref.18), who worked with forty-nine cells of the type (1) co-
vering a large range of Ty in dilute amalgams. Finally, Udris and Korshunov (ref.48), from
the polarographic half-wave potential E, of Eu®* reduction to Eu+Hg at a dropping mercury ca-
thode, calculated the standard potential E’g

equation:

wtHg of the europium amalgam electrode using the

Ey = EQ e+ (&/2)1g (0 1/0) (22)

where Doy and Dpog are the diffusion coefficients of the oxidised and reduced form, respecti-

vely, which were apparently taken as identical. They found an Egumg value on the mole frac-

tion scale of -1.76 to -1.77 V confirming the value, Eg = -1.77£0.01 V, determined by

u+Hg
potentiometry (cf. Sect. 5).
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