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ADSORPTION AT ELECTRODES:
ISOTHERM PARAMETERS FOR ALKYL ALCOHOLS
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Frumkin-isotherm parameters are reported for 1-butanol, 1-pentanol, and cyclohexanol, in solu-
tions containing 0-05, 0-1, or 1M-concentrations of KF, KCI, NaClO,, or Na,SO,, over a range
of potentials. The nature and concentration of the electrolyte, as well as the potential, influence
the magnitudes of the interaction parameter and of the adsorption coefficient. These effects are
in qualitative accord with known facts about the adsorbabilities of the alcohols and electrolytes.
The Frumkin isotherm describes the data well, except in the presence of fairly strongly specifically
adsorbed anions.

The adsorption of uncharged surfactants (e.g., alcohols) at electrodes in the pre-
sence of electrolytes is a process that involves competition for the available surface
between the alcohol and the ions as well as the solvent. Yet, work to the present
time has been concerned almost entirely with the presumed adsorptive properties
of the surfactant, ignoring possible effects of the solvent and the electrolyte. In this
article, the influence of various electrolytes (KF, KCl, NaClO,, NaZSO4) on the
adsorptive behavior of several alcohols (1-butanol, 1-pentanol, cyclohexanol) is
examined.

Results were obtained by measurement of the capacity of the double layer under
a.c. conditions. Systematic measurements are reported for the potential region
in which adsorption of the alcohols prevails.

EXPERIMENTAL

Double-layer capacities were measured by a non-automatic technique described previously',
with the modification that phase-angle measurements (between cell voltage and current) were

* Present address: Forschungsabteilung Angewandte Elektrochemie KFA Julich, Postfach
365, 517 Julich I, Germany.
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made by means of an Ad-Yu Phase-Vector Voltmeter Type 248 A. A dropping mercury electrode
was used; measurements were made at the end of the naturally falling drop, and the results
recalculated to take into account the variation of the area of the drop under changing conditions
(potential, alcohol concentration).

In the region of prevailing adsorption, measured capacities were independent of the frequency
of the applied signal. This indicated that adsorption equilibrium was established under our
conditions. Further evidence in this direction came from the fact that measured surface coverages
were independent of drop time of the electrode down to the shortest drop-times used. As a result
of these findings, the majority of subsequent experiments were performed at a single frequency,
viz. 115 Hz,

All chemicals used in this study were analytical grade, obtained from commercial sources
and used without further purification. The purity of the alcohols was ascertained by gas chromato-
graphy.

Surface coverages from double-layer-capacity depressions were measured at potentials of
—0-45, —0-50, —0-55, —0-60, —0-65 and —0-70 V vs. S.C.E., i.e., within approximately 0-150 V
of the point of zero charge on both anodic and cathodic sides. All experiments were carried
out at 24 4 0-5°C.

RESULTS AND DISCUSSION

Isotherm Assignment

The fraction, @, of the electrode covered by alcohol was calculated from the often
used approximation that

Ca=(1—-0)C, + 0cC,, )
where Cgq, is the measured capacity and C,, C, are the capacities for @ = 0and @ =1
respectively.

The variation of @ with alcohol concentration, C, at a fixed electrode potential
gave, in almost all systems, an excellent fit to the Frumkin isotherm?

BC = [0)(1 ~ @)] exp (~ 2a0), )

where B is an adsorption coefficient and @ an interaction parameter (attraction
between adsorbed molecules).

Isotherms for the three alcohols used (l-butanol, 1-pentanol, cyclohexanol) were
obtained in solutions containing KF, KCl, NaClO,, or Na,SO,; in each system,
salt concentrations of 0-05, 0-1, and 1M were used. For each system, measurements
were made at 50 mV intervals in the potential range —045 to —~0-70V vs S.CEE.
Amongst the 216 isotherms obtained under these varying conditions, the fit to equa-
tion (2) was excellent in most cases: average deviation of individual points from the
curve no greater than 2—5% (for 0-05 < @ < 0-90). In approximately 30 cases,
the fit was not good. These cases were systems which showed one or more of the
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following features: potential far from the point of zero charge (i.e., at —0-45 or
—070 V vs 5.C.E); concentrated electrolyte (i.e., 1M rather than 0-05 or 0-1m);
specific adsorption of electrolyte (i.e., KCl rather than the other electrolytes used);
apparent value of the interaction constant, a, comparatively large (i.e., approaching
or greater than 2). Fig. la shows the fit of experimental points to the calculated
isotherm for a system typical of the ¢. 180 showing a “good fit” (average deviation
of experimental points, 3%); Fig. 1b shows one of the cases of a bad fit, illustrative
of c. 10 cases where a approaches the value of 2.

The “best fit” values of B and a were obtained by computer calculations of several
types: simultaneous solution of all possible pairs of equations from a given set of data;
conventional least-squares fit; progressive variation of @ and B to minimize the
average normal distance from the experimental points to the calculated curve.
For “bad” fits, computer-based plots of possible curves were compared with the data.
In the large majority of cases, all methods yielded essentially identical values for B
and a, even though the relative weighting given by the calculations to points for low
and high @ were not the same in the different calculations. We concluded that the
fit of points to the isotherm is no better, in general, in any one given range of @ values
than in any other range.

Another adsorption isotherm, intended to take into account competitive adsorp-
tion between solute and solvent, is the Flory-Huggins isotherm?

BC = [0]r(1 — @)] exp (— 2a0). (3
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Here, r is the number of solvent molecules (or “clusters”) displaced by each molecule
of adsorbed solute. We attempted to fit our experimental data to equation (3), using
a least-squares computer calculation. In about 25% of the systems, equation (3)
gave a better fit than equation (2); in the other cases, the fit was not sensibly different
(and, as one would then expect, r was close to unity).

Since equation (3) contains 3 adjustable parameters, and equation (2) only 2,
one would expect a better fit with equation (3), at least in those cases where equation
(2) appears to be an unsatisfactory description of the data. However, use of equation
(3) rather than equation (2) implies that the additional parameter (r) has some
physical significance. We could find no evidence for this in the values of r obtained;
in the majority of systems, r was close (+20%) to unity. The values showed no obvious
trends in terms of potential, electrolyte, or alcohol (Table I). Moreover, the average

TABLE [
Values of Parameter r of Equation (3)

E(s.C.e) KF Na,S0, NaClo, KCl
v

0-05M O:Im Im 0:05M OIM IM 005M OIM IM 005M OIM IM

1-Butanol

—045 1-24 105 095 089 084 085 108 119 220 085 073 068
—0-50 1-05 106 088 099 1-03 089 084 083 131 075 062 097
—0-55 112 113 091 097 1-11 088 086 08 107 085 073 086
—-060 103 I1-10 089 1-27 099 08 097 094 1-01 0:94~ 0:71 0-87
—0-65 111 112 1-00 107 094 09 107 090 099 100 105 083
—070 115 098 1-15 1-36 079 109 099 079 098 110 095 056

1-Pentanol

—045 135 115 1:01 1-26  1:33 117 1-59 139 116 097 2:72° 067
—0-50 122 089 091 110 131 100 097 1-04 1-02 088 0-85 093
—0-55 124 099 093 1-17 144 131 097 085 094 097 092 099
—060 117 092 1-13 1-17 1-61 1-80 0-88 091 090 108 095 090
—0-65 122 101 1-09 121 178 269 102 098 0-89 113 1-02 086
-070 135 091 149 118 048 841 071 114 095 1-30 092 078

Cyclohexanol

—045 100 106 084 089 08 08 106 118 1-53 074 0-68 0-61
—0-50 1-00 099 078 090 082 084 088 092 127 050 063 064
—0-55 087 0-88 077 084 083 098 078 083 110 073 058 072
—0:60 076 087 091 081 093 105 075 083 091L 080 069 074
-065 073 088 097 082 121 129 071 087 086 080 071 074
—070 075 101 098 087 166 182 074 101 087 068 074 076
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of all values of r is 1:033; or, neglecting the value of 8-41 (pentano! 1M-Na,SO,,
—-0-70 V), the average is 0-998. An obvious inference is that r, in these systems,
is randomly distributed about unity and has no physical significance. Therefore, we
decided to restrict interpretation of the data to examination of a and B values ob-
tained by fitting to the Frumkin isotherm, equation (2). It is worth noting, however,
for the single alcohol-electrolyte combination of cyclohexanol in potassium chloride,
the Frumkin isotherm gave an unsatisfactory fit in many cases (see Tables 11, III),
while the Flory-Huggins equation not only gave a better fit for this whole set of
systems (6 potentials, 3 electrolyte concentrations) but also the value of r was appre-

TasLe IT
Values of the Interaction Parameter, a

E(s.C.E.) KF Na,S0, NaClO, KCl
v

0-05m 0dm  Im 005 O-lM IM  005M OdM Im  005M O-IM IMm

1-Butanol

—045 143 139 159 1-38 137 164 168 160 1-60° 1-55 170 1-98
—0-50 141 1-38 151 128 135 149 151 145 1-56" 1-41 1-53 2:10"
—0-55 133 1:30 140 124 125 139 139 133 150 129 138 177
—060 124 120 132 120 119 128 1:29 125 1-40 123 124 152
—065 120 116 129 117 112 1-28 117 116 129 116 1-18 1-31
—070 120 116 1-39 115 120 134 114 115 125 1-14 118 1.20°

1-Pentanol

—045 1-50 149 1-52 146 146 1-62 1467 169 164 167 1.74% 2-05°
—0-50 145 147 147 145 142 150 154 156 1:61 156 162 2057
—0-55 144 141 136 139 130 1:38 144 1445 1:66 144 144 1-81°
—0-60 139 136 128 134 1-33 132 136 136 159 140 136 163
—0-65 135 132 127 127 124 137 132 127 152 130 127 1-36
—0-70 1-30 1-29 140 1-28 1-30 198" 123 129 149 132 1-33 134

Cyclohexanol

—045 1:66° 165 177 1:60 17t 1-84° 1-86° 1.90° 1-58° 1-76° 1-93% 2.79%
—0-50 169 170 172 166 166 1:67 1-76" 1-85% 1-68¢ 1-73% 1-87° 2-40°
—0-55 168 169 169 162 164 169 171 176" 1475 1-65 1817 2:20¢
—0-60 1-62 160 1-68 162 1-59 1-60 164 167 177 1-61 1.73% 1.97°
—065 157 1-58 159 1-57 1-52 152 1-56 1-58 165 1-52 163 1-82°
—070 156 1-57 169 155 1-60 154 158 1-59 1-61 149 155 1-68

@ Unsatisfactory fit to isotherm — average deviation of experimental points from best-fit curve
exceeds 5%.
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ciably different from unity and, if not constant, at least restricted to a reasonably
narrow range of values. Clearly, the possible applicability of an isotherm such as
equation (3), in systems of the type on which we report here, requires further study.

Salting Influence on Alcohol Activity

Comparison of B values amongst different systems must take into account the varia-
tion of the activity coefficient of the alcohol in the presence of the various electrolytes
at the various concentrations used (“salting-out” or “‘salting-in”’ etfect); otherwise,

TanLe IIT

Values of the Adsorption Coefficient B,

In units of litres mol™ 1; concentrations corrected for salting effects as in equation (4).

E(s.C.E) KF Na,S0, NaClO, KCl
v 0-05M O-Im Im 005M Ol 1M 005mM Olm Im 005 O1lM 1M
1-Butanol
—045 514 580 445 647 677 449 399 393 3:30° 527 466 195
—0-50 587 658 536 776 734 569 611 596 421 730 682 2:28°
—055 714 765 604 844 833 614 759 759 547 848 821 451
—060 814 840 607 873 853 624 827 828 669 876 911 632
—0-65 799 790 514 809 809 5-02 8:67 828 7-17 8-48 810 7-09
—~0-70 669 653 349 716 602 351 762 682 622 736, 647 6077
1-Pentanol
—0-45 305 318 280 338 327 251 249 238 168 29-4° 2517 11-1°
—0-50 360 321 327 372 366 301 348 328 225 374 339 134
—0-55 383 410 365 406 412 331  41-1 41-0 239 424 430, 22:1°
—0:60 412 417 346 416 377 298 448 437 265 417 439 278
—0-65 389 393 278 396 332 228 423 424 256 422 4177 337
—070 352 331 172* 323 248 12:3* 395 330 211 33-8 313 257
Cyclohexanol
—045 353% 365 321 42:0 358 32:4% 2627 229 266 36:3% 29-1¢ 5.3°
—0-50 379 386 374 423 412 390 354% 302* 301 41-0° 35-8° 14.1°
—0-55 42-1 41-4 386 456 429 364 41-3 37-6° 32:5 468 3847 20-6°
—0:60 454 451 346 448 421 363 442 419 323 462 3957 2797
—065 445 406 321 438 393 340 444 415 344 460 393 2837
—070 394 358 225 377 291 261 374 353 296 383 343 270

4 Unsatisfactory fit to isotherm-average deviation of experimental points from best-fit curve

exceeds 5%.
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as demonstrated previously®, the relative values of the adsorption coefficients are
anomalous. Consequently, all values of B reported here are based on the equation

B,C(So[S) = [0/(1 — ©)] exp (-~ 246), )

where S, S, are the solubilities of the relevant alcohol in the relevant electrolyte and
in water respectively. The term (S,/S) represents an activity coefficient that allows
for the salting effect. Values of this coefficient for the solutions of interest have been
reported elsewhere®.

Tables 1I and IIT show the values of @ and B,, respectively, obtained in this work.
Values marked by asterisks indicate systems where the fit to equation (4) was “not
good”, a subjective choice since there is obviously no particular place in the spectrum
of “goodness-of-fit” that divides “good” from “bad’; however, if only the systems
marked by asterisks had been examined, we would have concluded that the Frumkin
isotherm was inapplicable. Considering the whole range of systems studied, on the
other hand, it appears that this isotherm is applicable under a wide range of conditions,
including some where the electrolyte is effectively competing for available surface,
as evidenced by a decrease in the apparent adsorption coefficient of the alcohol as
compared to the value in absence of electrolyte.

In the following sections, qualitative interpretations of variations in values of a
and B, are made and discussed. In the development® of equation (2), B had the usual
connotation of an adsorption coefficient — a measure of excess concentration at the
surface as compared to the bulk solution; and a was regarded as reflecting mutual
interaction of adsorbed molecules, by analogy with the van der Waals’ equation
of state for gases. The present discussion will be based on this interpretation of the
Frumkin isotherm.

The Interaction Parameter

The results in Table II show a number of regularities and patterns. In all cases, a
decreases as the potential becomes more cathodic. In 0-05M electrolyte, the values
are probably not very different from those in total absence of electrolyte (cf. generally
small differences between 0-05 and 0-1M solutions, as found also for the values of B,
Table IIT; however, see later in this section) and therefore one needs to seek an inter-
pretation in terms of the properties of the alcohol itself, or of the competition between
alcohol and water at the surface. In support of the latter possibility, one might
note that the (perccntage) decrease in a values, in 0-05M electrolyte, over the potential
range is greater for butanol than for pentanol, and greater for the latter than for
cyclohexanol. This parallels the order of absolute magnitudes of a (as well as of B),
i.e., one might say that the more strongly adsorbed the alcohol, and the greater
the attraction between adsorbed molecules, the slighter become effects due to com-
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TABLE IV

Comparison of Values of Interaction Parameter for Different Alcohols

E(s.C.E) KF Na,S80, NaClO, KCi
v e echs e -
0-05m Ol 1M 0-05M O:IM IM 0054 Ot Im 005mM OIm 1M
Ratio a(pentanol)/a(butanol)

—045 105 107 096 106 1-:07 099 099 160 —¢ 1-08 -4 -
—050 103 107 097 113 105 101 102 1:08 —4 111 106 —
—0-55 108 109 097 112 [-04 099 104 109 111 112 1-04 -
—0-60 1-12 113 097 112 1-12  1-03 105 1-08 1-14 1-14  1-10 1:07
—065 1-12 114 098 109 111 107 113 1-10 1-18 112 1-08 1-04
—-0-70  1:80 1-11 —% 111 108 —4 108 112 119 116 113 —

Ratio a(cyclohexanol)/a(pentanol)
—045 —4 111 1117 1-10 1-17 —a -4 e e -4 -4 e
—050 117 116 117 114 117 111 -4 - —4 -4 e e
—0-55 117 120 1-24 1117 126 122 1-19 —* 106 1-15 - —
—060 117 118 1-31 121 120 1-21 121 1:23 111 1-15 e
—0-65 116 120 1-25 124 123 111 118 1-24 109 117 1-28 —1
—070  1-20 122 —* 121 123 —¢ 128 123 108 113 117 125

Average values for all salts
Ratio a(cyclohexanol)/a(butanol) -
0-05m 0-1m Im

—045 1-05 -+ 03 1-07 4 01 098 4- 02
—0-50 107 4+ 05 1-07 £ 01 0:99 £+ 02
—0-55 1-09 £ 03 1-07 - 03 1-02 £ 06
—0-60 1-11 403 1411 4 02 1-05 £+ 05
—0-65 1412 £ 01 111 £ 02 1-07 £ 06
—0-70 1-11 4- 03 1-11 £+ 02 1-19

Ratio a(cyclohexanol)/a(pentanol)
—045 1-10° 1-14 4 03° —
—0-50 1-16 4 02° 1-17 & 0I€ 1-14 4 03¢
—0-55 1-17 + 01 1:23 4 03¢ 1:17 + 08
—0:60 119 4-03 1-20 4 02 121 4 07
—065 1-19 4- 03 124 £ 02 115 £ 07
—0-70 1-21 4+ 04 1-21 4 02 1-17 4 09¢

4 Values uncertain because of poor isotherm fit, * only one value; € two values only.
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petitive adsorption of water. Such an interpretation would then imply that water
molecules are more effective in decreasing the attraction of adsorbed molecules
at cathodic than at anodic potentials; a possible physical model for such an effect
has not, however, occurred to us.

In the solutions of low electrolyte concentration, there is a consistent difference
between a values for the three alcohols at a given potential in a given electrolyte;
the relevant values are given in Table IV. These would again be consistent with an
interpretation in terms of intermolecular attraction, greater for cyclohexanol than
for pentanol, and markedly greater for both of these than for butanol.

Increase in the concentration of electrolyte leads to increased values of a (the hand-
ful of exceptions corresponds to systems where the fit to the isotherm is not good),

TABLE V

Effect of Electrolyte on Adsorption Coefficient
Average values of B, for all salts. Values from poor isotherm fits excluded.

E(s.c.E) 0-05m 0-1m M
1-Butanol
—0-45 522 4 12% 529 4 24% 363 4 31%
—0-50 676 + 11% 668 & 6% 5-53 4 3%
—0-55 791 4+ 7% 7-94 4 4% 5-54 4 10%
—0-60 8-48 + 3% 8:58 4 3% 633 + 3%
—0:65 831 £+ 3% 8:09 - 1% 6-11 4-17%
—0-70 728 + 3% 6-46 + 3% 441 4- 27%
1-Pentanol
~0-45 29-7 + 8% 294 1 13%; 23-3 4 18
—0-50 364 4+ 3% 3394 3% 28-4 4 13%
—0-55 40-6 & 3% 416 = 2% 312 4+ 15%
—0-60 423 & 3% 427+ 5% 297 4+ 8%
—0:65 40-8 4 4% 39-1 £+ 8% 275 £ 12%,
—0-70 352 4 6% 306 + 9% 23-4 4 10%
Cyclohexanol

—0-45 42:0° 3624+ 1% 321
~—0-50 40-1 + 5% . 388 4L1% 38-2 + 2%
—0-55 44:0 4 5% 42-2 + 2% 358 & 67
—0-60 452 4 2% 43-0 4 3% 34-3 4 4%
—065 44-7 £ 2% 40-2 & 2% 33-5 + 3%
—0-70 382 + 2% 33-6 + 7% 263 + 8%

% One value only.
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This could be interpreted as an increased intermolecular attraction resulting from
a greater concentration of ions at the surface, “‘sequestering” a greater portion
of the water there and thus “salting out’” the alcohol at or near the surface.

Despite the apparent invariance of a values with electrolyte concentration below
0-1M, the actual values are not the same in the different electrolytes: the magnitudes
are consistently greater in KXCl and NaClO, than in KF and Na,SO,. A possible
partial explanation lies in variations of the potential of zero charge amongst the
various solutions; the p.z.c. is more negative in the former solutions than in the latter,
and if the a values were compared at equivalent rational potentials (i.c., potential
vs. p‘z.c.), the noted differences would become smaller and might become insignificant.
However, this argument is based on p.z.c. values for pure electrolytes; the values
in presence of adsorbed films are not available, and are notoriously difficult of estima-
tion. In addition, the similarity in @ and B, values at electrolyte concentraticns of 0-05
and 0-1M may be illusory: one would like to have data for considerably more dilute
solutions. Measurements under those conditions involve large corrections for. the
solution resistance, and it remains to be seen whether satisfactory accuracy can be
achieved by the technique used in this work.

A second difficulty is that some effects are apparently peculiar to a given combina-
tion of electrolyte and alcohol. Thus, KCl appears to affect a values for cyclohexanol
to a greater extent than for pentanol. These features, however, are uncertain in view
of the comparatively poor fit of the isotherm in these cases.

TaBLE VI
Relative Adsorbabilities of Alcohols e

E(s.ce) 0-05M 0-1m M

Average B,(Pentanol)/Average B,(Butanol)

—0:45 5.7 56 64
—0'50 54 51 51
—055 51 52 56
—0-60 50 50 47
—0-65 49 4-8 45
—0-70 48 47 53

Average Ba(Cyclohexano])/Average B,(Pentanol)

—0-45 1-41 123 138
—0-50 111 1-14 1-34
—0-55 1-08 1-01 115
—0-60 1-07 1-01 1-16
—0-65 110 1-03 122
—0-70 1-09 1-10 112
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Adsorption Coefficient

In all systems, the apparent adsorption coefficient of the alcohol (Table 11I) showed
a maximum value near the p.z.c., and decreased at both anodic and cathodic polariza-
tions; this is the typical behavior for uncharged surfactants.

In most cases, the B, values did not differ by a great deal in electrolyte solutions
of 0-05 and 0-1M concentration. These values can then be taken to be indicative of the
“intrinsic” adsorption from pure aqueous solution, and would be expected to be
independent of the nature of the electrolyte (however, see above). This is approxim-
ately the case (see Table V); the variations can be ascribed to poor fit to the isotherm
and resultant “experimental’”” errors. In addition, as in the case of the a values, one
would expect varjations when comparisons are made at fixed potentials with respect
to the reference electrode rather than at given rational potentials. The latter, however,
are not estimable with satisfactory precision in the presence of adsorption, and this
also prevents comparison at fixed charge, rather than potential, of the electrode
since knowledge of the p.z.c. is necessary for both types of calculation. Within the
validity of the present data, the comparison at given potentials vs. s.C.E. is qualitatively
consistent with expectation, B, values for cyclohexanol being c. 10% greater than
for pentanol, and the latter approximately five times as great as for butanol (Table vI).

Increase in the concentration of supporting electrolyte decreases the apparent
adsorption coefficient of the alcohol. Table VII shows the percentage decrease in B,
as the electrolyte concentration is increased from 0-05 to 1M. These percentages are
approximately constant for a given electrolyte at a given potential; this could indicate
that the work of adsorption of the alcohol is changed by a given amount. In fact,
one would expect that this work could change by an amount that depends on the
charge displaced in 1M, as opposed to 0-05M electrolyte, when adsorption takes
place. Within the limits of the present data, this could lead to the approximate con-
stancy observed (Table VII).

Different electrolytes lead to different changes in B, as the electrolyte concentration
is varied. The results at —0-70 V are anomalous, but at other potentials these changes
are in keeping with expections based on the specific adsorbabilities of the ions involved;
increased amounts of KF decrease adsorption of alcohol to the smallest extent,
of KCl to the greatest extent; NaClO, and Na,SO, show intermediate changes.

Competitive Adsorption of Alcohols, Electrolytes and Solvent

As indicated in the previous sections, much of the data is explicable in terms of present
knowledge, albeit only in a qualitative way. For interpretation of adsorption coeffi-
cients, it is essential that salting effects in the bulk of the solution be taken into account
(use of equation (4) rather than equation (2)), as discussed more fully elsewhere®.

Then, variation of B, values with potential, nature of alcohol, concentration
of electrolyte, and nature of electrolyte, is in accord with qualitative expectation.
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Quantitative interpretation would require a detailed knowledge of the points of zero
charge in the various solutions which do not seem to be accessible with adequate
precision since the surface tension changes so little with changing potential in the

presence of adsorbed films.

Magnitudes of the “interaction constant’ can be partly explained in terms of inter-
molecular attraction, but problems remain as indicated earlier. Some indication
of the role of the solvent may be found from the variation of a with potential under
conditions where electrolyte is essentially absent.

TabLe VII

Electrolyte Effect on Adsorption of Alcohol

Percentage decreases in B, values as electrolyte concentration increases from 0-05 to 1m.

E(S‘\‘;'E') Butanol Pentanol Cyclohexanol Average
KF —0-45 13% 8% 9% 104 2
—0-50 9% 9% 1% 6+ 4
—0-55 15% 5% 8% 94+ 4
—060 25% 17% 24% 24+ 3
—0-65 36% 29% 28% 314+ 3
—0-70 50% 5194 43% 48 + 3
Na,S0, —0-45 31% 26% 23%° 274 3
—0-50 27% 19% 8% 184 7
—0'55 27% 18% 20% 24 4
—0-60 29% 28, 19% 254 4
—0-65 38% 2% 22% 344 8
—0-70 51% 62%° 31% 48 + 11
NaClO, —0-45 2490 32% b 284 47
—0:50 3197 35% —b 334 2
—0-55 28% 42% 21% 304+ 8
—0-60 19% 41% 27% 294+ 8
—0:65 17% 39% 23% 26+ 8
—0-70 18% 47% 21% 294 2
KCl  —045 63% 622" —b 634+ 1
—0-50 69% 64940 —b 674 3
—0-55 41% 48%° 56%° 50 4+ 4
—0-60 28% 33% 40%° 344 3
—0-65 16% 20%, 3897 254+ 9
—0-70 18% 24% 30% 24 + 4

% One B, value from poor isotherm fit, b both B, values from poor isotherm fits,
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A question remains concerning the physical significance of the isotherm parameters,
in particular if some systems (e.g., cyclohexanol in chloride solutions) show a better
fit to some other isotherm — e.g., the Flory-Huggins. The values of the interaction
parameter depend on which isotherm is used (Table VIIT). As stated earlier, we based
our discussions on the Frumkin model in view of the preponderant fit of data to that
equation and the apparent lack of physical significance of the values obtained for
the Flory-Huggins parameter r. However, the fact that data fit an equation does not
necessarily mean that the parameters have the physical significance assumed in the
derivation of the equation; thus, an alternative interpretation of a in the Frumkin
isotherm is possible”.

TaBLE VIII

“Interaction Parameter™ a and Isotherm Choice (Cyclohexanol, Potassium Chloride)
Values of a.

E(.CE) From Frumkin isotherm B From F‘”Y'f“ﬁ“}ff?}??{‘“ )
v 0-05M  0:1M M 0-05M 0-1m M
—0-45 1-76 1-93 279 1-37 1-43 146
—0-50 1-73 1-87 2-40 0-90 1-22 1-60
—0-55 1-65 1-81 2-20 1-27 1-04 1-70
—0-60 1-61 173 1-97 1-35 1-17 1-49
—0-65 1-52 1-63 1-82 1-29 1-14 1-34
-—-0-70 1-49 1-55 1-68 1-08 1-23 1-30

From the point of view of studying the details of the adsorption process, which
does involve displacement of ions and solvent by surfactant, data such as that report-
ed above is not particularly enlightening. Though the outlined interpretations could
perhaps be taken further and made more quantitative, the fact remains that changes
of electrolyte (nature and concentration) change the magnituder of the isotherm
parameters by amounts that are not sufficiently large as to offer, for instance, any
expectation that one might use such data to compare the specific adsorbabilities
of perchlorate and sulfate ions. The possibility of making such comparisons, as
a means of investigating the double layer at solid electrodes, was a primary aim
in the present investigation, in view of the fact that direct methods (surface-tension
or capacity measurements) have not been successfully applied to solid electrodes.
Consequently, other ways of obtaining this information are desirable.
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It turns out that the characteristics of the adsorption—desorption peaks are con-
siderably more sensitive to changes in the nature of the system than are the magnitudes
of the isotherm parameters. This is not surprising, since a.c. measurements at the
peaks are influenced by the kinetics of the adsorption process as well as by the energies
involved, whereas the isotherm parameters reflect only the latter. Further studies are
therefore being made of the capacity peaks, and of the harmonics of the alternating
signal produced® in the region of the peaks.

Acknowledgement is made to the donors of The Petroleum Research Fund, administered by the
American Chemical Society, for partial support of this research. The work is part of a study of

electrochemical processes being carried out under a Project Themis contract with the Department
of Defense (contract DAABO7 — 69 — C — 0366).

REFERENCES

. Bauer H. H., Britz D., Foo D. C. S.: J. Electroanal. Chem. 9, 481 (1965).

. Frumkin A. N., Damaskin B. B.: Modern Aspects of Electrochemistry (J. O’'M Bockris,
B. E. Conway, Eds), p. 149. Butterworths, London 1964,

.. Lawrence J., Parsons R.: J. Phys. Chem. 73, 3577 (1969).

. Bauver H. H., Campbell H. R., Shallal A. K.: J. Electroanal. Chem. 21, 45 (1969).

. Campbell H. R., Shallal A. K., Bauer H. H.: J, Chem. Eng. Data 75, 311 (1970).

. Frumkin A, N.: Z. Physik. Chem. 116, 466 (1925).

. Mohilner D. M.: Personal communication.

. Bauer H. H., Shallal A. K.: Nature 214, 381 (1967).

]

[ I - NV N )

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971)





