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The potential sweep method for measuring adsorbate coverages in liquid-solid systems has
been modified for use with base metals such as nickel. Advantages and limitations of this
method, as well as other techniques for determining liquid phase adsorption coverages, are
discussed. The pH and temperature variation of p-(+)-tartaric acid adsorption on nickel is
reported. The results are examined with relation to previous observations on the selectivity of
nickel catalysts modified with p-(4)-tartaric acid in the enantioselective hydrogenation of
B-keto esters. A simple model to describe the reported variation in hydrogenation optical yield

vs pH of eatalyst modification is presented.

INTRODUCTION

Until recently, investigations of enantio-
selective hydrogenations by modified metal
catalysts have been carried out in liquid
phase reacting systems (1-3). Modification
of the reduced or activated catalyst is
achieved in an aqueous solution of an
optically active modifying reagent. The
modified catalyst is then recovered, washed,
and immersed in an organic liquid phase
containing the reactant. Subsequent cata-
Iytic hydrogenation leads to partially selec-
tive production of one product enantiomer
form vs the nonselective racemic product
mixture obtained with the unmodified
catalyst. The most widely studied system
has been the hydrogenation of 8-keto esters
by nickel powders or Raney nickel modified
with the optically pure isomer of an amino
or hydroxy acid. Modification with p-(+)-
tartaric acid (TAR), in particular, gives
relatively high optical yields.

To remove the complicating effects of the

solvent, recent investigators have achieved
both modification and reaction from the
gas phase. Infrared studies of adsorbed
modifier and reactant complexes (4-7) and
kinetic data (8) have suggested structures
for the adsorbed modifier and reactant-
modifier complexes. While offering plausible
explanations for both the oceurrence and
direction of enantioselectivity, they do not
present quantitative results for the degree
of enantioselectivity, which strongly de-
pends on pH and temperature of modifica-
tion (1, 2) and temperature (9) and solvent
dielectric constant (10) in the reaction step.
Quantitative measurements of modifier and
reactant adsorption from the liquid phase
as a function of modifying and reaction
conditions, respectively, should provide
insight on this point. With these considera-
tions in mind, an electrochemical technique
has been used to measure p-(+)-TAR
adsorption onto nickel (Ni) from the
liquid phase.

353

Copyright © 1977 by Academic Press, Inc.
All rights of reproduction in any form reserved.

ISSN 0021-9517



354

Adsorption Measurements in Liquid-Solid
Systems

Nonelectrochemical. Adsorption coverages
in liquid-solid can be obtained with only a
few general procedures. Available data are
limited, and interpretation is complicated
by competitive solvent adsorption, solvent
impurities, and ionic strength of pH effects.

The most familiar technique uses labeled
adsorbates in a difference measurement be-
tween solution radioactivity levels before
and after adsorption. As a difference
method, the radiotracer technique suffers
the disadvantage of requiring low liquid
phase concentrations of adsorbate and/or
large adsorbing surface areas in order to
obtain measurable concentration changes.
If a thin foil of the metal can be used, a
direct adsorbate radioactivity measure-
ment from the unwetted side of the foil is
possible (11-14). In either a direct reading
or difference radiotracer procedure, high
background levels must be avoided.

Other difference techniques include
quantitative spectrophotometric or titri-
metric analyses of the solution before and
after adsorption. These procedures arc
usually less sensitive than radiotracer
detection.

Direct determinations have been made
with destructive chemical analysis. After
adsorption equilibrium is attained, the solid
phase is recovered and subjected to a re-
agent which dissolves the solid without
decomposing the adsorbate. Titrimetric or
colorimetric analysis of the resulting solu-
tion gives a direct measurement of the
amount adsorbed. Applied to a catalyst
system, this technique requires large
amounts of catalyst to obtain detectable
levels of adsorbate, and the catalyst is
destroyed at each measurement. Implicit
is the assumption that no desorption occurs
in the recovery step. The destructive
procedure has been used previously to
measure p-(4)-TAR adsorption on Ni (8).
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Electrochemical. A final group of direet
procedures involves programmed electro-
chemical oxidation of an adsorbate on an
electrode. The total charge, @, transferred
in the oxidation can be measured and is
proportional to the number of molecules
oxidized, N:

nF'N
Q = - » (1)
Ny

where F = Faraday’s constant and N,
= Avogadro’s number.

For the enantioselective catalytic reac-
tions of interest in this paper, the electrode
is Ni and the adsorbate is p-(+)-TAR in
aqueous solutions at various pH values and
temperatures. An inorganic electrolyte is
also present in solution to provide sufficient
conductivity.

After suitable electrochemical pretreat-
ment of the clectrode to produce a reduced
surface, adsorption is allowed to occur at
controlled current or potential. The time
to reach “‘equilibrium” is determined as the
minimum adsorption time for which the
measured charge of oxidation, @, is the
same as for any longer adsorption time.
When adsorption “equilibrium”’ is reached,
the electrode is subjected to a controlled
current step (galvanostatic method), volt-
age step (potentiostatic method), or tri-
angular voltage wave (potential sweep or
potentiodynamic method). The resulting
voltage (current) when current (voltage)
is changed is monitored as a function of
time. These traces are then analyzed to
determine the total charge, Q. Further
details are available in Refs. (14-24).

Adsorption of methanol (17, 18), formic
acid (19, 20), ethylene and acetylene (21,
22), and ethane (21, 23) on platinum has
been studied with one or more of these
electrochemical techniques. A report on
benzene adsorption on platinum has demon-
strated the usefulness of ecach electro-
chemical method compared to the others
and to radiotracer measurements (14).



Reecently the potential sweep method has
been applied to the determination of surface
areas of platinum blacks by H, and CO
adsorption and subsequent electrooxidation
(25, 26); the resultb compared favorably

with gas
ments.
There are two unique advantages of the
electrochemical techniques. Measurements
are direct and nondestructive, and current
levels corresponding to very low surface
concentrations are easily monitored. Thus,
low surface area electrodes can be studied,
and the same clectrode can be used for a
large number of experiments. There is also
the possibility, as yet not scriously exam-
ined, for measuring the simultancous cover-
agoes of several adsorbates yI‘O‘v’ide cach
oxidizes over a different potential range.
The extended application of clectro-
chemical techniques must surmount two
disadvantages. Experiments at low solute
coneentrations require caution to exclude
low levels of other oxidizable impurities.
Also. the methods must be adapted for

£aanty, vl CLAIOUs HIUsL VO allapv

with base metals. Such alterations are now
considered for the modifier-metal systems
of major interest in enantioselective
hydrogenations.
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EXPERIMENTAL METHODS
Nickel Electrodes
The major difficulties with the applica-

tion of eclectrochemical techniques to base
rather than noble metals result from
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surface oxide or hydroxide formation) of
such metals over a wide range of pH and
applied voltage where oxidation of an
organic adsorbate would typically occur.
These regions are conveniently depicted on
pH-voltage plots known as Pourbaix dia-
grams (27). A comparison of the nickel and
platinum diagrams in Fig. 1 clearly indi-
cates the much larger corrosion and passiva-
tion areas for the base metal in aqueous
solutions.
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For electrochemical measurement of sur-
face coverages, the Pourbaix diagrams sug-
orogt that than pee b,‘l

gest that than curr
controlled in order to strictly avoid regions
of dissolution. Of the two voltage control
procedures, the potential sweep method
offers a more readily interpreted result than
the potentiostatic technique. By con-
tinuously changing the applied voltage over
a particular range, the potential sweep
procedure allows the voltage-dependent
region of adsorbate oxidation to be dis-
tinguished from voltage-dependent regions
of surface oxide or hydroxide formation.
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Figure 2 illustrates this point with typical
sweep curves for Ni in a blank solution and
in 0.1 M TAR. In the potentiostatic
method, however, a step to a sufficiently
high voltage for complete oxidation of
adsorbate may lead to desorption rather
than oxidation of some adsorbate if the
passivation reaction is fast compared to
adsorbate oxidation, as might be expected
for base metals. Because the voltage is now
maintained constant, the two reactions
cannot be distinguished.

From the Pourbaix diagram for Ni and
some experimental observations, the follow-
ing experimental procedure was found to
give reasonable coverage measurements.

(i) The clectrode is maintained at a
reduction potential, V4, lying in the range
where adsorption is observed to be inde-
pendent of the voltage. This insures com-
plete surface reduction and eliminates the
interference of hydrogen evolution with
diffusion of adsorbate to the electrode (12).
In these studies, Via is —0.9 V vs RHE
and the reduction time, teq, is 1-3 min,
depending on solution temperature.

(ii) Adsorption is earried out at Vi or
open circuit until coverage becomes con-
stant. For p-(+)-TAR adsorption on Ni at
open circuit, an adsorption time, faqs, of 10
min is sufficient. This adsorption time com-
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pares well with an carlier observation that
optical yield in a hydrogenation reaction
catalyzed by p-(+)-TAR-modified Ranecy
nickel increased and then leveled out as
modifier adsorption time reached 10-15 min
(1). Obviously, the condition at open circuit
parallels the original catalytic system. It
can be argued, however, that adsorption at
Viwa insures a reduced surface for com-
parison with previous gas and liquid phase
studies. In the gas phase experiments the
supported nickel catalyst was heated for
16 h at 350-400°C in a flowing H, atmo-
sphere prior to modification (4—6). In most
liquid phase studies the catalyst modified
has been activated Raney nickel, which is
also thought to be a reduced surface due to
the presence of adsorbed hydrogen (28).
Because passivation is relatively rapid,
modifier adsorption must oceur from highly
concentrated solutions. High modifier con-
centrations then allow successful competi-
tion of adsorption with surface oxide
formation during open circuit adsorption
at room temperature. Thus, measurements
reflect the result of competitive reactions,
not an isotherm. In this study, bulk con-
centrations below ~0.05 M TAR produced
no measureable coverages; sweep results
simultaneously indicated a completely
passivated electrode. All values reported
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below refer to adsorption from 0.1 M
(1.59%) p-(+4)-TAR solutions.

This concentration limitation is con-
sistent with the observation of extremely
low optical yields in the hydrogenation
reaction if the p-(4)-TAR concentration
is below ~0.59%, in the preliminary modi-
fication of Raney nickel (29). Above this
level the optical yield increases sharply,
reaching an upper plateau at modifier
concentrations of 1.5-2.09, bp-(+)-TAR.
This implies a similar competition between
adsorption and passivation as observed in
the electrochemical system. Since open
circuit potentials for Ni and some other
base metals do fall in the passivation region,
the term ““‘adsorption isotherm” for liquid
phase adsorption is not particularly mean-
ingful for such metals.

(iii) Oxidation of the adsorbed species is
carried out by a voltage step from Vieq or
Veopen 10 Vinitial and immediate initiation of
a sweep. Vinicial 18 chosen to bypass the
corrosion region completely and to fall at
the leading edge of the adsorbate oxidation
peak. A lower choice of Viaigia1 can allow
some surface passivation accompanied by
desorption of the adsorbate. This is evident
for the p-(+)-TAR on Ni system from the
smaller total currents of the TAR oxidation
peak. A higher Vigitia1 may not permit com-
plete oxidation of adsorbate in the course
of the sweep. Correspondingly, in the
TAR-Ni studies, a smaller charge associ-
ated with the TAR oxidation peak is
measured. The best value of Viitia1 was
found to be +0.8 V vs RHE.

(iv) To determine the charge associated
with adsorbate oxidation, the current curve
is deconvoluted about the peak current
assuming (a) a symmetrical waveform and
(b) surface oxide formation occurring in the
same voltage range as observed for the
blank solution. The charge is obtained as
the integial with respect to time of the
deconvoluted current trace. Surface con-
centrations are calculated assuming com-
plete oxidation, as validated for benzene
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on platinum (14). Less than complete TAR
oxidation would increase the roughness
factor correspondingly. TAR is completely
oxidized in a 10-electron transfer half-
reaction regardless of the degree of ioniza-
tion of the adsorbed species.

C:H:Os + 2H,0 — 4CO; + 10H* 4 10e~
C4H505_ + 2H20 g 4CO2 + 9H+ + 10e—
C4H40s= + 2H2O — 4002 + SHT + 10e~

In the TAR-Ni system the peak TAR
oxidation current oceurs at 1.0-1.3 V vs
RHE, depending on temperature, while the
leading edge of the oxide formation current
falls in the same region, as seen in Fig. 2.
In most cases the charge associated with
oxide formation checks reasonably well
(~259%,) with that suggested by the
amount of surface “protected” by adsorbed
TAR at initiation of the sweep.

Apparatus

Experiments were carried out in a
standard three-compartment cell with the
working electrode accessed to the reference
electrode by a Luggin capillary. The work-
ing electrode was 99.9%, pure 20-gauge Ni,
Teflon-sheathed to expose 1.5 ecm to the
solution. A platinized platinum flag counter
electrode and RHE reference electrode were
separated from the working electrode com-
partment by stopcocks. Hydrogen to the
reference electrode compartment and nitro-
gen for deoxygenating the cell solutions
were passed through oxygen scrubbers and
presaturators before entering the cell. A
0.05 M NasS0, electrolyte was used. All
solutions were made with triple-distilled
water and reagent grade chemicals; they
were anodically and cathodically pre-
electrolyzed for 24 h before use. Solutions
were pH-adjusted with either dilute H,SO,
or NaOH. A heating tape and Therm-O-
Watch laboratory controller maintained
the cell solutions at the desired tempera-
tures above ambient.
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For cach run a blank current (without
adsorbate in solution) was determined
along with an adsorbate trace at the
desired pH and temperature. Before each
measurement the solution was deoxygen-
ated by bubbling N, through the cell for
30 min.

Potential control was maintained with a
Princeton Applied Research (PAR) 173
potentiostat. The dual-channel potentio-
static control of this instrument required
no special circuitry to achieve the potential
step t0 Vinitia1 deseribed in the previous
section. The potential sweep was controlled
with a PAR 175 voltage programmer
coupled to the potentiostat. All current vs
voltage traces were recorded on a Tektronix
D11 storage oscilloscope with Polaroid
photographs providing permanent records
of the result. A sweep rate of 0.5 V/sec
proved sufficient to avoid either bulk
liquid film diffusional effects or intrinsic
kinetic limitations of the oxidation reaction

(14).
RESULTS AND DISCUSSION

Surface Area Estimate

Figure 3a is the current trace obtained
when the Ni electrode in the blank solution

40

FIRST SWEEP a

[ o=-——-- SECOND AND SUCCESSIVE SWEEPS

32

N
rS

CURRENT , mamp
@

0.8|

o8 10 12 14 .6 1.8 20
ELECTRODE POTENTIAL,V vs RHE

FISH AND OLLIS

is stepped from Vi to Viniia and then
continuously subjected to multiple sweeps
between Vigigial and Viax, as illustrated in
Fig. 3b. The upper curve (solid) is obtained
on the first sweep, and the lower one
(broken) on the second and all subsequent
sweeps. Nearly the same set of curves is
obtained over the entire pH (3.0-7.0) and
temperature (25-80°C) ranges investigated.
The curves can be used to estimate surface
area if it is assumed that during the first
sweep all reduced surface atoms are oxi-
dized to a single surface oxide. Since all
subsequent peaks are identical, passivation
is complete during the first sweep. The
difference between the areas under the two
curves is then a measure of the charge
required for oxide formation. Assuming a
particular oxide stoichiometry and no
multilayer oxide formation gives an esti-
mate of the original reduced surface area.
Reproducibility of the bare surface sweeps
was typieally within 59, of the mean.

In basic solutions in the potential range
Vinitial 10 Vomax, the passivated layer is
generally characterized as the oxide-
hydroxide NiOOH (30). However, the
present studies were made in neutral to
acidic pH where NiO; is the thermo-
dynamically favored compound (27). It is
assumed here to be formed in the four-
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Fia. 3. (a) Current trace obtained when reduced nickel electrode was subjected to voltage
program in Fig. 3b. (b) Electrode potential as function of time for traces obtained in Fig. 3a.

Sweep rate = 0.5 V/sec.
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electron transfer half-reaction:
Ni + 2H.0 — NiO, + 4H* 4 4e—.

Depending on the crystal plane exposed,
the surface area of the clectrode can be
calculated. The results for the three low
index faces are presented in Table 1 based
on the entire surface being composed of one
face. The actual surface arca will probably
fall within the range of these values. For
convenience, all p-(4)-TAR surface con-
centrations reported are based on the (111)
surface area.

TAR Adsorption on Nt

Figures 5 and 8 present measured TAR
coverages as a function of solution pH and
temperature, respectively. The fractional
coverages are based on an assumed maxi-
mum surface coneentration of n-(+)-TAR
on Ni of 883 X 1071 mol/em? (5.3 X 1014
molecules/em?). This value results from the
assumption of carboxylate formation be-
tween a TAR anion and surface Ni atom
(Fig. 4) as suggested from infrared spectra
of p-(4+)-TAR adsorbed on silica-supported
Ni (7). By positioning three-dimensional
hard sphere models of TAR anions on a two-
dimensional scale model of each of the three
low index planes, it appears that an average
of 3-3.5 surface atoms are blocked per
TAR molecule adsorbed (Table 1). One is

TABLE 1
Surface Area Estimate of Nickel Electrode

Crystal Area/ Total  Rough- Surface
face metal area® ness atoms/
atom? (cm?) factorc  TAR
(A2) molecule
adsorbed
(111) 5.378 2.11 5.6 3.5
(100) 6.210 2.44 6.4 3.5
(110) 8.782 3.45 9.1 3

@ Based on Pauling radius for nickel = 1.246 &
(31).

b Q (surface oxidation) = 2.516 X 1073 C,

¢ Apparent surface area = 0.38 cm?.
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F1a. 4. Proposed interaction between adsorbed
D-(4)-tartaric acid and adsorbed methyl aceto-
acetate. [Graph from Ref. (6)7].

directly involved in the bonding, and the
others result from the partial or total
blockage of necighboring atoms by the
molecule extending out from the surface.
Association of one TAR molecule with 3.5
surface N1 atoms leads directly to the
stated value for maximum surface concen-
tration on the (111) plane.

Another estimate of maximum surface
coverage can be obtained by assuming that
TAR adsorption on Ni occurs with re-
arrangement of the surface Ni atoms to
produce a surface layer with properties of a
bulk nickel tartrate salt. Scveral possible
stoichiometries for these salts arc:
NiC4H4Oe, NiC4H4OG'.’l'H2O (.T = 3, 25, 1),
and Ni(C;H;O¢)2 (32). Lack of ecrystal
structure information prevents evaluation
of maximum surface concentration by this
approach.

All electrochemically measured fractional
coverages of p-(+)-TAR based on the
blockage of surface atoms correspond to a
monolayer or less, as expected if adsorption
involves carboxylate formation. A previous
study indicates that all TAR-modified
catalysts display some catalytie, but not
necessarily optically selective, activity for
the hydrogenation reaction (29). Thus
multilayer TAR adsorption is improbable
since there must always be reactant adsorp-
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Fie. 5. pH Dependence of TAR adsorption on
nickel, (O) This study: T = 25°C, Vaas = Vopen;
(X) Yasumori et al. (8): T = 0°C. (Data reprinted
with permission from Elsevier Scientific Publishing
Co.)

tion sites available. It therefore appears
unreasonable that both acid groups of an
adsorbed TAR molecule are bound to the
surface, as postulated elsewhere (7). By
reasoning as above, dicarboxylate forma-
tion would block about nine surface atoms
per molecule adsorbed. The corresponding
maximum surface concentration for the
(111) plane is 3.43 X 1071 mol/cm?
(2.07 X 10* molecules/cm?). Fractional
coverages referred to this value are greater
than one, hence dicarboxylate is doubtful.

In Figure 5 the electrochemically mea-
sured coverage dependence vs pH is com-
pared with an earlier result in which TAR
coverage was determined by destructive
assay (8). Both sets of data show that the
fractional coverage of TAR continuously
increases as the adsorption pH decreases.
The previous results imply multilayer
coverage below pH 5.0. This is unlikely
according to the arguments above.

Figure 6 shows the influence of pH of
the modification step on the optical yield
reported for the hydrogenation of methyl
acetoacetate with Ni catalysts modified by
p-(+)-TAR at 0°C. (The curves in Fig. 6
arc the least-squares fit of Eq. (9) below.)
The optical yield clearly exhibits a maxi-
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mum with pH corresponding to an inter-
mediate coverage of modifier (Fig. 5).

Klabunovskii (3) earlier suggested that
both optically selective and optically non-
selective reactant adsorption sites may exist
on the surface. Denoting these by S or 0S8
and NS, respectively, we now develop a
simple model which rationalizes the exist-
ence of the optical yield maximum. At NS
sites both product enantiomers (4, —)
are produced in equal amounts at a rate
proportional to the total number of avail-
able adsorption sites:

Ty, N§ =T_,NS

= %k(l - HM)yNsCHaCRb: (2)

where 4+ = predominant product stereo-
isomer; — = other enantiomer form; 8,
= fractional coverage of modifier; Cy
= hydrogen concentration; Cz = reactant
(e.g., methyl acetoacetate) concentration;
yns = number of TAR adsorption sites in
the reactant site, and a and b = reaction
orders at NS sites. At OS sites the “+7”
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pH OF MODIFICATION

F1a. 6. Dependence of optical yield on pH of
modification for the hydrogenation of methyl
acetoacetate with Raney nickel modified by p-(+)-
tartaric acid. Lines drawn through the data are the
predictions of the proposed model [Eq. (9)] with
the parameters in Table 2. [Data from Ref. (8) and
(29); reprinted with permission from Elsevier
Scientific Publishing Co. and The Chemical Society
of Japan, respectively.



ELECTROCHEMICAL OXIDATION OF TARTARIC ACID

isomer is presumed to be produced ex-
clusively and at a rate dependent on both
08 adsorption sites available to the re-
actant and the neighboring presence of the
modifier:

Ty, 08 = kily™(L — Ox)vosCucCré, (3)

where ¢ and d = reaction orders at OS sites,
x = number of modifier molecules in active
site, and yos is the corresponding analog
of YNS.

Reaction orders in both hydrogen and
B-keto ester are about the same for reaction
on modified and unmodified nickel catalysts
(8); ie, a=c and b =d. Letting p
= optical yield and S, = optical isomer
selectivity, the following relationships for
these variables are obtained :

Sp = C+/C_ (4)

=ry/r- (5)

=1+ 2(ki/k)0u"(1 — 6:)2y, (6)

where C, and C_ = concentrations of “+”’

and “—" enantiomers, respectively, and
Ay = Yos — Yns.

p = [aJo/[alp’ (M)

= (S, —1/(S, + 1) 8)

(s /k)0ac= (L — B30
_ /0 SN0
L+ (/B (L — )

where [« ]p = optical rotation of the prod-
uct. and [a]p® = optical rotation of pure
enantiomer. Equation (9) exhibits a maxi-
mum only for z, Ay <0 or z, Ay > 0.
Hydrogen bonding between reactant and
modifier molecules (6-8) implies > 0;
for the proposed one-to-one interaction
between reactant and modifier molecules

TABLE 2
Parameters Determined for Eq. (9)

Source of optical pH at 60y at pmax Ay ki/k
yield data Pmax (Fig. 5) = yos — Uvs

Izumi et al. (29) 3.0 0.45 1.2 1.57

Yasumori et al. (8) 6.0 0.26 2.85 2.81
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Fie. 7. Dependence of optical yield on tempera-
ture of modification for the hydrogenation of methyl
acetoacetate with Raney nickel modified by p-(+)-
tartaric acid (pH = 5.0). [Data from Ref. (1); re-
printed with permission from The Chemical Society
of Japan.]

(6) shown in Fig. 4, 2 = 1. A least-squares
fit of Eq. (9) (with z = 1.0) to the data in
Fig. 6 gives the results presented in Table 2.
Evaluation of the model with the data of
Yasumori et al. (8) (solid line in Fig. 6) is
difficult due to the relatively small number
of points, particularly in the vicinity of the
predicted maximum. On the other hand,
the results of Izumi et al. (29) are well
described by Eq. (9) (dashed line in Fig. 6).
The maximum in optical yield at a pH of
5.0 predicted for these data also corresponds
to the highest value reported by Yasumori
et al., although the latter results are best fit
with the maximum located at a pH of 6.0.

In both cases Ay = yos — yws 1s greater
than zero. Values of yos or yxs other than
1 arise if more or less surface area is required
for reactant vs modifier adsorption. The
requirement of yos > ynys for a maximum
in optical yield vs pH of modification (i.c.,
modifier coverage) suggests that a reactant
molecule adsorbed on an 08 site requires
more metal surface area than one adsorbed
at an NS site. In both cases, also, (k. /k) is
greater than 1, or the rate constant at OS
sites is greater than that at NS sites.

The model is consistent with previous
observations: namely that the optical yield
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Fie. 8. Temperature dependence of TAR adsorption on nickel. Vg, = Vopen.

1s zero on an unmodified catalyst (ros = 0
and S, = 1) and that it exhibits a maxi-
mum at intermediate modifier coverage.
The model further implies that with in-
creasing modifier coverage, the overall rate,
r = ros + rns, should decrease. This corre-
sponds to a statement made elsewhere, but
without supporting data (3), that as the
optical yield increased, the overall rate
decreased.!

The dependence of TAR coverage on
pH (Fig. 5) may be the result of competi-

! The simple model of this paper assumes that each
modifier molecule is independent of others. Alter-
natively, a more complicated model could be en-
visaged, as follows: (i) Adsorbing tartrate may form
islands by a cooperative interaction, analogous to
the surface anhydrides proposed for the simpler
carboxylic acids (formic or acetic) adsorbed from
the vapor phase on Ni(110) surfaces (Madix, R. J.,
et al., Surface Sci. 42, 329 (1974); 46, 473 (1974);
54, 6 (1976). (ii) In such close packed islands, the
optically selective sites would likely occur at the
perimeter of each island. (iii) If the number of such
islands per square centimeter is independent of
coverage, frar, then the ratio of perimeter (OS) to
uncovered surface (N.S) will exhibit a maximum as
Orar increases from O to unity. As many more
assumptions are implicit in this model, and as the
generality with which such islands form on other
nickel planes, and in liquid-solid systems, is un-
known, it is not further pursued here.

tion between TAR adsorption rate and
surface passivation rate. The half reaction
cited earlier which yields NiQO, also pro-
duces acid (H*); it is not unreasonable that
this passivation reaction might be more
rapid in neutral versus acid medium.
Qualitatively, the measured TAR coverage
would increase with more acidic pH, as
indicated in Fig. 5.

As the temperature of modification in-
creases from 0 to 100°C at constant modi-
fication pH of 5.0 for p-(4+)-TAR-modified
Raney Ni, the corresponding optical yield
obtained in the hydrogenation of methyl
acetoacetate has been observed to increase
from 20 to 459, (1), as shown in Fig. 7.
Electrochemical measurements of adsorp-
tion at Vaes = Viea Indicate a decrease in
TAR coverage as the temperature rises, as
seen in Fig. 8. Similar experiments at
Vads = Vopen show no detectable coverage
at temperatures above ambient probably
because the passivation rate at the electrode
becomes much greater than the TAR
adsorption or oxidation rate. Since measure-
ments were not made at Vpen, comparison
of these data with the previous result at
pH = 5.0 (Fig. 5) is not appropriate.

The temperature dependence of the mea-
sured TAR coverage may be dominated by
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the activation energy differences between
the surface passivation reaction and TAR
adsorption rate. While the reaction leading
to a nickel surface “carboxylate” is favor-
able, it is known that nickel reacts with
water to produce oxides with large heats of
formation (27). The affinity of water for
nickel can also rationalize the large drop in
optical yield (35 to 19) obtained in the
hydrogenation of methyl acetoacetate by
p-(4)-TAR-modified Raney Ni when H,0O
is present in the reaction vesscl (33).

In summary, the results of the potential
sweep method for measuring the surface
coverage of p-(4)-tartaric acid on nickel
appear very reasonable. Measured cover-
ages correspond to a monolayer or less, as
expected from independent observations of
catalytic activity of Raney nickel modified
with p-(4)-tartaric acid (29). The increase
in TAR adsorption with decreasing solution
pH observed in this and ecarlier studies
(1, 8) can be incorporated in a simple model
which agrees with the reported maximum in
optical yield for the hydrogenation reaction
as a function of modifying pH.
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