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Abstract: In this paper we report the results obtained in an ab initio study at an extended level of the effects of the oxy and 
thio substituents upon the stabilities of a-substituted carbanions. To rationalize this problem, we have decomposed the stabilization 
energies into the component terms associated with the a effects, the nonbonded interaction effects, the 3d orbitals effects, 
and the correlation energy effects. At all levels of computations used in this investigation it is found that the SH group stabilizes 
the anionic center more than the OH group and that this trend is determined by the a effects. The present analysis has shown 
also that the effect of the nonbonded interaction favors OH over SH and that the contribution of the sulfur 3d orbitals is very 
small. More significant appears to be the contribution associated with the correlation energy effects, which favors SH over 
OH. 

1. Introduction 

Carbanions are very reactive species and play an important role 
in the chemical syntheses1 as well as in physical organic chemistry.2 

One of the most important groups of carbanions is represented 
by carbanions of the type R2C-X formed in an a position to a 
heteroatom X. In these species it is known experimentally that 
second-row heteroatoms such as sulfur and chlorine stabilize the 
adjacent anionic center more than the corresponding first-row 
heteroatoms oxygen and fluorine.3 

Various types of effects have been proposed to explain these 
trends.4"12 These include effects associated with various types 
of nonbonded interactions (d orbital conjugation, lone pair-lone 
pair repulsions, hyperconjugative interactions), polarization effects, 
and or effects. However, the relative importance of these effects 
has never been estimated quantitatively. In this paper we report 
the results obtained in an ab initio SCF-MO study at an extended 
level, where we have analyzed the factors that influence the 
stabilization of a carbanionic center by adjacent OH and SH 
groups. The systems chosen for the discussion are the Y and W 
conformations of the two carbanions H2C-OH and H2C -SH (see 
Scheme I); these conformations are energy minima on the rota
tion-inversion surface of both carbanions.4,7 

2. Computational Results 
In all cases we have computed accurate stabilization energies. 

Then we have decomposed the stabilization energies into the 
component terms associated with the various types of effects that 
can be assumed to play a certain role in the stabilization process. 
These are the following: (i) a effects, (ii) nonbonded interaction 
effects, (iii) d orbital effects, and (iv) correlation energy effects. 
All the component terms associated with the various types of 
effects have been computed in terms of SCF-MO total energy 
values. The contributions associated with the a and the nonbonded 
interaction effects have been computed by using total energy values 
obtained in the absence of the interaction under examination (total 
energy approach),13a'b while those associated with the d orbital 
and correlation energy effects have been determined by using total 
energy values obtained with and without the d orbitals in the basis 
set or the correlation energy corrections. Detailed informations 
about the energy effects associated with the various orbital in
teractions have also been obtained by using a quantitative PMO 
analysis.13 

The stabilization energies (SE) associated with the two sub
stituents OH and SH have been computed on the basis of the 
following equation14 

SE = 
[£T(H3C-XH) + £T(CH3-)] - [£T(H2C-XH) -I- £T(CH4)] 

(D 
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where E7 represents the SCF-MO total energy value. Positive 
values of SE mean that a given substituent stabilizes the anionic 

(1) Stonell, J. C. Carbanions in Organic Synthesis; Wiley: New York, 
1979. 

(2) March, J. Advanced Organic Chemistry: Reactions, Mechanisms and 
Structure; McGraw-Hill: New York, 1977. 

(3) (a) Adolph, H. G.; Kamlet, M. J. J. Am. Chem. Soc. 1966, 88, 4761. 
(b) Slovetskii, V. I.; Okhobystina, L. V.; Fainzilberg, A. A.; Ivanov, A. I.; 
Birynkova, L. I.; Novikov, S. S. Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl. 
Transl.) 1965, 2032. (c) Hine, J.; Butterworth, R.; Langford, P. B. J. Am. 
Chem. Soc. 1958, 80, 819. (d) Streitwieser, A.; Mares, F. Ibid. 1968, 90, 
2444. Streitwieser, A.; Marchand, A. P.; Pudjaatmaka, H. Ibid. 1967, 89, 
693. (e) Daloze, D.; Viehe, H. G.; Chiuzdoglu, G. Tetrahedron Lett. 1969, 
3925. (f) Iraoka, K.; Yamdagni, R.; Kebarle, P. J. Am. Chem. Soc. 1973, 
95, 6833. (g) Bordwell, F. G.; Van der Puy, M.; Kanier, N. R. J. Org. Chem. 
1976, 41, 1885. (h) Oae, S.; Tagaki, W.; Ohno, A. Tetrahedron 1964, 20, 
417, 420. (i) Gilman, H.; Webb, F. J. J. Am. Chem. Soc. 1940, 62, 987. Q) 
Price, C. C; Oae, S. Sulfur Bonding; Ronald Press: New York, 1962. (1) 
Ingemann, S.; Nibbering, N. M. M. Can. J. Chem. 1984, 62, 2273. Ingemann, 
S.; Nibbering, N. M. M. J. Chem. Soc. Perkin Trans. 2 1985, 837. 

(4) Bernardi, F.; Csizmadia, I. G.; Mangini, A.; Schlegel, H. B.; Whangbo, 
M. H.; Wolfe, S. J. Am. Chem. Soc. 1975, 97, 2209. 

(5) (a) Streitwieser, A.; Williams, J. J. Am. Chem. Soc. 1975, 97, 191. (b) 
Streitwieser, A.; Ewing, S. P. J. Am. Chem. Soc. 1975, 97, 190. 

(6) Epiotis, N. D.; Yates, R. L.; Bernardi, F.; Wolfe, S. J. Am. Chem. Soc. 
1976, 98, 5435. 

(7) Lehn, J. M.; Wipff, G. J. Am. Chem. Soc. 1976, 98, 7498. 
(8) Borden, W. T.; Davidson, E. R.; Andersen, N. H.; Denniston, A. D.; 

Epiotis, N. D. J. Am. Chem. Soc. 1978, 100, 1604. 
(9) Pross, A.; De Frees, D. J.; Levi, B. A.; Pollack, S. K.; Radom, L.; 

Hehre, W. J. J. Org. Chem. 1981, 46, 1693. 
(10) Larson, J. R.; Epiotis, N. D. J. Am. Chem. Soc. 1981, 103, 410. 
(11) Wolfe, S.; Lajohn, L. A.; Bernardi, F.; Mangini, A.; Tonachini, G. 

Tetrahedron Lett. 1983, 24, 378. 
(12) Bernardi, F.; Mangini, A.; Tonachini, G.; Vivarelli, P. J. Chem. Soc. 

Perkin Trans. 2 1985, 111. 

0002-7863/86/1508-8171S01.50/0 © 1986 American Chemical Society 



8172 J. Am. Chem. Soc, Vol. 108, No. 26, 1986 Bernardi el al. 

ac 4 

V -
^ 

, EMPTY 

I I ORBITALS 

X) 

I EMPTY 

I j 0R6ITALS 

/° h 
4Tt 4~ 

H--y -7 

Figure 1. Fragment localized MO's obtained for (a) the H3C- fragment, 
(b) the -XH fragment with X = O, S, and (c) the H2C- fragment. 

center more than H, while negative values mean the reverse. 
For each molecular system we have used fully optimized ge

ometries, obtained with analytical gradient procedure.15 In 
particular for the neutral molecules we have used the 3-21G16a 

optimized geometries, while for the carbanions the 3-21+G17 (i.e., 
3-21G augmented with a set of diffuse functions) optimized ge
ometries. For the sulfur derivatives we have also used the ge
ometries optimized with the corresponding basis sets augmented 
with the sulfur 3d orbitals, i.e., the 3-21G*16b optimized geometry 
for H3C-SH and the 3-21+G*17 optimized geometry for H2C-SH. 
All these geometries have already been reported (see ref 18). 

In order to obtain more accurate energy values to be used in 
the comparative analysis of the effect of the two substituents OH 
and SH, we have performed single-point computations on the 
3-21G and 3-21+G optimized geometries at the 6-31+G17 level 
where we have inserted diffuse p functions on the carbanion center 
only. Similar single-point computations have also been performed 
with the 6-31+G* basis set17 on the 3-21G* and 3-21+G* op
timized geometries of H3C-SH and H2C-SH. Finally single-point 
computations at the MP2/6-31+G* level (i.e., with second-order 
Moller-Plesset correlation energy corrections") have been carried 
out on the 3-2IG and 3-21+G optimized geometries of H3C-OH 
and H2C-OH and on the 3-2IG* and 31-21+G* optimized ge
ometries of H3C-SH and H2C-SH, respectively. 

The total energy values in the absence of the nonbonded in
teractions as well as the PMO estimates of the energy effects 
associated with these interactions have been computed with the 
procedures described in ref 13. In these computations we have 
used a basis of fragment localized orbitals (computed with the 
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Table I. Stabilization Energies SE (Kcal/mol) of the a-Substituted 
Oxy- and Thio carbanions Computed at the 6-31+G, 6-31+G*, and 
MP2/6-31+G* Levels 

H2C-X 

6-31+G// 
3-21+G 

6-31+G*// 
3-21+G 

MP2/6-31+G*// 
3-21+G* 

OH 
SH 

OH 
SH 

-2.23 
18.81 

3.76 
19.75 

W Conformer 

18.63 

Y Conformer 

17.43 

0.24 
27.95 

5.30 
26.74 

Table II. Total Energies_(au) of Substituted Methanes (H3C-X) and 
Related Carbanions (H2C-X) Computed with (E7) and without 
(£T°) Nonbonded Interactions 

H3C-OH 
H3C-SH 

H2C-OH 

H2C-OH 

H2C-SH 

H2C-SH 

W-
W4 

Y" 
Y» 
W" 
W* 
Y" 
Yb 

6-31+G//3-21+G 

Ej 

-114.98964 
-437.64810 
-114.29190 
-114.29533 
-114.29213 
-114.30488 
-436.98232 
-436.98732 
-436.97673 
-436.98882 

£T° 

-115.27847 
-437.83626 
-114.64680 
-114.52864 
-114.65133 
-114.54048 
-437.27518 
-437.19649 
-437.24338 
-437.14200 

6-31+G*// 

Ej 

-437.68287 

-437.01626 
-437.02181 
-437.00729 
-437.01989 

'3-21+G* 

Ej" 

-437.93578 

-437.35153 
-437.33167 
-437.32718 
-437.30425 

" Geometry of the related substituted methane (frozen geometry, see 
Scheme IV). 'Optimized geometry. 

Scheme III 
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methods described in ref 13) with the various molecules dissected 
as shown in Scheme II. The resulting fragment localized orbitals 
are shown in Figure 1. 

The results reported in this paper have been obtained by using 
the GAUSSIAN 80 series of programs,20 implemented also with some 
additional computer codes to perform the quantitative PMO 
analysis and to evaluate the total energy E1" in the absence of 
nonbonded interactions. 

3. Results and Discussions 
The stabilization energy values SE computed at the various 

levels are summarized in Table I. The analysis of these results 
shows that at all levels of computation investigated here the SH 
group stabilizes the anionic center more than the OH group, and 

(20) Binkley, J. S.; Whiteside, R. A.; Krishnan, R.; Seeger, R.; Defrees, 
D. J.; Schlegel, H. B.; Topiol, S.; Kahn, L. R.; Pople, J. A. GAUSSIAN SO, 
QCPE, 1981, 13, 406. 
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Table III. OH and SH Stabilization Energies (SE) Computed at the 6-31+G and 6-31+G* Levels and Related Contributions Associated with 
the a (SE(<r)) and the Nonbonded Interactions (SE(NB)) Effects 

(C-X) 
SE 
SE(ff) 
SE(NB) 

(C-X) 
SE 
SE(ff) 
SE(NB) 

frozen 

1.440 
-4.39 
37.07 

-41.46 

1.440 
-4.24 
39.92 

-44.16 

X = OH 

optimized 

1.557 
-2.23 

-37.07 
34.83 

1.559 
3.76 

-29.64 
33.40 

frozen 

X = 

W Conformer 
1.894 

15.67 
81.37 

-65.70 

Y Conformer 
1.894 

12.16 
61.41 

-49.26 

SH a 

optimized 

2.017 
18.81 
31.99 

-13.18 

2.058 
19.75 
-2.20 
21.95 

frozen 

1.825 
15.15 
66.81 

-51.66 

1.825 
9.52 

51.53 
-42.01 

X = SH* 

optimized 

1.769 
18.63 
54.37 

-35.72 

1.804 
17.43 
37.15 

-19.72 

"Without d-orbitals on Sulfur (6-31+G). sWith d-orbitals on sulfur (6-31+G*). 

the inclusion of the sulfur 3d orbitals and of the energy correlation 
contributions has only minor effects. 

In order to understand the energy effects involved in the for
mation of a carbanion, we have decomposed the formation process 
in the following two steps (see Scheme III): (a) step 1, where 
we remove a proton from the methyl group of the methyl deriv
ative, obtaining a carbanion with the geometry of the related 
substituted methane (frozen carbanion); (b) step 2, where we relax 
the geometry, obtaining the carbanion in its optimized geometry 
(optimized carbanion). 

For each step we have computed the following: (i) the E1 values 
and related stabilization energies SE; (ii) the E1" values and 
related stabilization energies SE(<r) (see the following discussion); 
(iii) the E1 - E1

0 values. 
With the second-row substituent, these computations have been 

performed without and with sulfur 3d orbitals. The E1 and E1
0 

values are listed in Table II. 
These computations allow us to decompose the SE values in 

two components 
SE = SE(ff) + SE(NB) (2) 

where SE(u) is the contribution associated with the effects of the 
C-X bond (a effects) and is computed in terms of the E1" values 
according to eq 1, while SE(NB) is the contribution associated 
with the effects of the nonbonded interactions and is computed 
according to the following expression 

SE(NB) = (E7 - £ T
0 )H 3 CX - (^T - ^ T 0 V X (3) 

where (£T - £T0)H3CX and (E1 - £T°)H2CX denote the energy 
effects associated with the nonbonded interaction in the substituted 
methane and related carbanion, respectively. The SE(<r) and 
SE(NB) values computed for the "frozen" and "optimized" car-
banions at the 6-31+G and 61-31+G* levels are listed in Table 
III, while the (E1 - E1

0) values are listed in Table IV. The 
analysis of the SE values listed in Table III shows that the trend 
that the SH group stabilizes the anionic center more than the OH 
group is found not only at the level of the "optimized" carbanions 
but already at the level of the "frozen" carbanions. Furthermore, 
for both oxy- and thiocarbanions the stabilization energy SE is 
not significantly modified with the relaxation of the carbanion 
geometry, the variations being more pronounced in the Y than 
in the W conformer. 

We attempt now to understand in detail the role of the various 
factors. 

We consider first the results obtained at the 6-31+G level, i.e., 
without 3d orbitals on sulfur. The comparative analysis of the 
values of Table III shows that at the level of the "frozen carbanion" 
the SE(NB) contribution is destabilizing and favors OH over SH, 
while the SE(CT) contribution is stabilizing and favors SH over 
OH. The latter contribution dominates, and, therefore, at this 
level the thiocarbanion is more stabilized because of a larger a 
effect. 

The negative sign of the SE(NB) contribution indicates that 
the removal of a proton in these species is accompanied by an 
increase of the repulsive effects associated with the nonbonded 
interactions. To reduce these large destabilizing effects the ge-

Table IV. Energy Effects": (kcal/mol) Associated with the 
Nonbonded Interactions in the H3C-XH and Related H2C-XH 
Species (XH = OH, SH) 

E1 - E1
0 

2A£4 

XAE2 

E1 - E1
0 

SA£4 

XAE1 

2A£3d
2 

H3C-XH 

181.24 
42.65 

-12.89 

118.07 
34.97 
-7.08 
-4.36 

W(H2C-XH) 

frozen optimized 

XH = OH 
222.70 146.10 

65.36 49.89 
-18.52 -18.71 

XH = SH 
183.77 131.25 
52.09 40.49 

-11.63 -12.79 
-6.82 -7.33 

Y(H2C-XH) 

frozen 

225.40 
73.28 

-14.57 

167.33 
55.90 
-8.05 
-6.80 

optimized 

147.84 
52.12 

-14.93 

96.12 
38.12 

-11.10 
-7.10 

"The E1 - E1
0, AE4 and AE1 values have been computed at the 

6-31+G level, while AE3/ at the 6-31+G* level. 

ometry tends to change and in both types of carbanions the main 
variation is associated with a significant lengthening of the C-X 
bond length, as shown by the r(C-X) values listed in Table III. 
However, the lengthening of the C-X bond is also accompanied 
by a decrease of the stabilization of the C-X bond in the car
banions. The two effects, decrease of the nonbonded repulsions 
and decrease of the stabilization of the C-X bond, are of similar 
order of magnitude, so that the overall stabilization energy remains 
almost unchanged with the relaxation of the carbanion geometry. 
Therefore at the optimized geometry it is again SE(<r) that de
termines the trend of the stabilization energy, and, consequently, 
the thiocarbanion is more stabilized than the oxycarbanion because 
of the cr-effect. 

The inclusion of the 3d orbitals of sulfur modifies significantly 
the geometry of the thiocarbanion, as previously pointed out4cd 

but has almost no effect on the stabilization energy SE. In fact, 
the main geometrical change associated with the inclusion of the 
sulfur 3d orbitals is a significant shortening of the C-S bond 
length, which becomes slightly shorter than that in the related 
monosubstituted methane. But, as pointed out above, a variation 
of the C-S bond length has only a minor effect upon the stabi
lization energy SE, since the two component terms SE(o-) and 
SE(NB) vary in opposite directions and with similar order of 
magnitude. Therefore, also when the sulfur 3d orbitals are in
cluded, the thiocarbanion is found to be more stabilized because 
of a a effect. 

We now attempt to understand in detail the mechanism of the 
a effect on the basis of a one-electron MO(OEMO) model, where 
we consider the interactions of the hybrid orbitals which form the 
C-X bond in the anions and related monosubstituted methanes. 
The corresponding interactions diagram is shown in Figure 2. 
Here <r0 and as denote the two singly occupied obritals of the -OH 
and -SH fragments involved in the formation of the C-O and C-S 
bonds, respectively, while <rc

 a n d ffc- denote the singly occupied 
orbitals of carbon in the H3C- and H2C- fragment, respectively. 

The removal of a proton in the H3C- fragment has two effects: 
a destabilization of the carbon hybrid orbital, so that <rc- is located 
at a significantly higher energy than <rc, and a decrease of the 
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Figure 2. Diagram corresponding to the interaction between the singly 
occupied hybrid orbitals a0 and as and the singly occupied hybrid orbital 
<rc (monosubstituted methane) or ac- (anion) to form the <rc_x doubly 
occupied central bond. 

matrix element associated with the interaction of the two hybrid 
orbitals. Both effects concur to reduce the stabilization associated 
with the interaction of the two singly occupied orbitals in the anion 
compared to the related monosubstituted methane, with the 
variation of the matrix element playing the major role. 

The bond weakening associated with the removal of a proton 
in the H 3 C- fragment is more significant for X = OH than for 
X = SH, and this differential bond weakening effect is the source 
of the relative stability of the anions. In Figure 2 this effect is 
illustrated by the trend of the two quantities AEP and AEr, which 
represent, except for a constant, the substituent stabilization 
energies. 

The result of the quantitative PMO analysis parallels the total 
energy results and shows that AEP - AEr > O. The results of 
the PMO analysis show also that the factor responsible for this 
trend is the matrix element, which, in going from the monosub
stituted methane to the corresponding anion, is reduced more in 
the oxy than in the thio derivatives. A different rationalization 
of the IT effect has been recently suggested by Larson and Epiotis 
in terms of a LCFC approach.10 

Even if the nonbonded interactions do not play the dominant 
role, it can be of interest to analyze in detail their effects in order 
to clarify all aspects of the problem. The overall energy effects 
associated with the nonbonded interactions computed with the 
total energy approach and with the quantitative PMO analysis 
are listed in Table IV. The quantities E7 - Er° denote the overall 
effect associated with the nonbonded interactions computed in 
terms of total energies and including also the effects associated 
with the inner orbitals. The quantities £ A £ 4 denote the overall 
destabilizing contributions associated with the interactions between 
the doubly occupied fragment MO's, while Y.AE2 denotes the 
overall stabilizing contributions associated with the hyperconju-
gative interactions involving the doubly occupied MO's of one 
fragment and the vacant MO's of the other. Furthermore, J^A/s^2 

denotes the stabilizing contribution associated with the interactions 
between the doubly occupied MO's of the H2C fragment and the 
vacant sulfur 3d orbitals. 

The analysis of these results shows the following: (i) the overall 
effect of the nonbonded interactions is destabilizing in all cases 
and more destabilizing in the oxy than in the thio derivatives. 
However, as previously pointed out, the variation of this effect 
in going from the methyl derivative to the anion is larger in the 
thio than in the oxy derivatives, (ii) the trend of the 2"2AZs4 values 
parallels well that of the E1- - ET° values. In all cases the non-
bonded repulsions increase going from H3C-X to H2C-X in the 
"frozen" geometry and then decrease going to the anion in the 
optimized geometry, (iii) the absolute magnitude of the stabilizing 
contributions £ A £ 2 is larger in the oxy than in the thio derivatives, 

FROZEN OPTIMIZED 

W CONFORMER 

JE4(o0„-oOHl 11.84 JE4In00-O0,,) 16.03 

JE4(o0„-os„) 6.16 JE4In00-O61,) 16.57 

Y CONFORMER 

JE4(o0„-n0o) 

JE4Io0H-Ho5) 

8.39 

9.82 

JE In0 0 - n0 o ; 

JE4 In0 0 -n0 s ) 
5.39 

10.05 

15.19 

14.91 

Figure 3. Relevant destabilizing interactions occurring in the substituted 
methanes and related carbanions. 

contrary to previous results.6 (iv) the stabilizing contribution 
associated with the sulfur 3d orbitals is smaller than the hyper-
conjugative contribution and is larger in the anion than in the 
related methyl derivative. 

As previously pointed out, the removal of the proton is ac
companied by a significant increase of the destabilizing effect 
associated with the nonbonded interactions. In this process a bond 
orbital at a low-energy <rCH (e = -0.6964 au) is replaced by a lone 
pair at a significantly higher energy n„c (e = -0.1249). On the 
basis of the appropriate perturbation expression (see ref 13) it 
is easy to understand that this change in orbital energy determines 
a significantly larger A£4 term in the anion. The interactions 
mainly affected are those with the largest overlap, which corre
spond in all cases to the anti interactions and are reported in Figure 
3. 

Also the trend of the stabilizing interactions deserves a com
ment. In a previous paper6 it was assumed that the hypercon-
jugative interactions of the type nac-crXH* w e r e more stabilizing 
in H2C-SH than in H2C-OH because of a smaller energy gap 
between the two interacting orbitals in the thio-substituted anion. 
The present quantitative analysis shows that, in addition to the 
n^-o-xH* interactions, also the hyperconjugative interaction 
<TCH'-O-XH* can be significant. In particular, in the W conformer, 
the important interactions are nac-uXn* for X = O and OCH'-0XH* 
for X = S, with the former having the largest effect, while in the 
Y conformer the important interactions are CCH'_(JXH* f° r X = 
O and H„C-O-XH* f° r X = S, with the former having the largest 
effect. 

From the PMO results of Table IV it can be seen that the 
stabilizing effect associated with the sulfur 3d orbitals is small, 
so that the overall effect associated with the nonbonded interactions 
remains destabilizing also when the 3d orbitals are included. 
However, the 3d orbitals effect is sufficiently large to significantly 
modify the C-S stretching potential of the thiocarbanion, with 
the result that the minimum is shifted from values larger than 
2 A, computed in the absence of the 3d orbitals, to values of the 
order of 1.8 A (see Table III) when the 3d orbitals are included. 

More significant is the effect of the correlation energy cor
rections. The energy component of SE associated with this type 
of effect has been computed according to the following expression 

SE(CE) = SE(MP2/6-31+G*) - SE(6-31+G*) (4) 

where SE(MP2/6-31+G») and SE(6-31+G*) denote the stabi
lization energies computed at the MP2/6-31+G* and 6-31+G* 
levels, respectively. The SE(CE) values for X = OH are 2.47 
(W conformer) and 1.54 Kcal/mol (Y conformer), while for X 
= SH they are 9.32 (W conformer) and 9.31 Kcal/mol (Y con
former). 

This type of energy component can be considered as a polar
ization effect arising from the low lying excited states involving, 
in addition to the d orbitals, also other types of empty orbitals 



J. Am. Chem. Soc. 1986, 108, 8175-8182 8175 

such as ctQ-x* and aXH*> Since these empty orbitals are at lower 
energy when X = S, this effect favors the second-row substituent, 
as observed above. 

4. Conclusion 
In this paper we have attempted to rationalize the trends of 

the stabilization energies of the a-substituted oxy- and thio-
carbanions H2C-OH and H2C-SH. To this purpose we have 
decomposed the stabilization energies into the component terms 
associated with the <r-effects, the nonbonded interaction effects, 
the 3d-orbitals effects, and the correlation energy effects. 

The analysis has shown that at all levels of computations in
vestigated the SH group stabilizes the anionic center more than 
the OH group and that this trend is determined by the a effects. 

Redox polymer coated electrodes have been the object of active 
investigation during the past 10 years, motivated mainly by their 
applications to the catalysis of electrochemical reactions (for recent 
reviews see ref 2). The main reason for the interest they aroused 
in this respect is the expectation that they may combine the 
advantages of monolayer derivatized electrodes with those of 
homogeneous catalytic systems. With redox polymer coatings as 
with monolayer derivatized surfaces, high local concentrations 
of catalytic sites can be achieved even though the total amount 
of catalyst remains small. The two systems also share the ad
vantage of an easy separability of the reaction products from the 
catalyst. On the other hand, redox polymer coatings, as homo
geneous catalytic systems, offer a three-dimensional dispersion 
of the reacting centers as opposed to the two-dimensional ar
rangement prevailing at bare electrodes and at monolayer de
rivatized surfaces.3 It follows that catalytic efficiencies of redox 

(1) Present address: Swiss Federal Institute for Reactor Research, CH-
5303 Wuerenlingen, Switzerland. 

(2) (a) Albery, W. J.; Hillman, A. R. Annual Reports C. (1981); The 
Royal Society: London, 1983, pp 317-437. (b) Murray, R. W. Electroan-
alytical Chemistry; Bard, A. J., Ed.; Marcel Dekker, New York, 1984; Vol. 
13, pp 191-368. 

An OEMO rationalization of this effect has shown that the sta
bilization energy of the SH group is larger because the bond 
weakening associated with the removal of a proton in the H3C-
fragment is more significant for X = OH than for X = SH. In 
turn, this trend is determined by the matrix element, which, in 
going from the monosubstituted methane to the related anion, is 
reduced more in the oxy than in the thio derivatives. 

The analysis has shown also that the effect of the nonbonded 
interactions favors OH vs. SH and that the contribution of the 
sulfur 3d orbitals is very small. More significant appears to be 
the contribution associated with the correlation energy effects, 
which favors SH over OH. 

Registry No. "CH2OH, 55830-71-2; "CH2SH, 51422-57-2. 

polymer coatings are expected to increase with the amount of redox 
polymer deposited on the electrode surface.3 However, this po
tentiality may be counteracted by limitations imposed by the rates 
of substrate diffusion and charge propagation across the coatings. 
These may indeed be so severe that the catalytic reaction becomes 
a surface process occurring at either the coating-solution or the 
electrode-coating interfaces. Under such circumstances, mono
layer derivatized surfaces may prove more efficient than redox 

(3) (a) This is the reason why catalysis can be obtained with redox polymer 
coatings and homogeneous systems, but not with monolayer derivatized sur
faces, even in the cases where the catalyst simply exchanges electrons in an 
outer-sphere manner with the substrate.36'0 This "redox catalysis"" thus 
results from physical rather than chemical reasons. In the case of "chemical 
catalysis",311"8 where an essential step is the transient formation of an adduct 
between the catalyst and the substrate, catalysis occurs at monolayer deriv
atized surfaces as a consequence of their particular chemical properties. The 
potential advantage of redox polymer coatings is then the possible multipli
cation of the effect as the number of equivalent monolayers of catalyst in
creases.36 (b) Andrieux, C. P.; Saveant, J. M. J, Electroanal. Chem. 1978, 
93, 163. (c) Andrieux, C. P.; Dumas-Bouchiat, J. M.; Saveant, J. M. Ibid. 
1981,123, 171. (d) Andrieux, C. P.; Dumas-Bouchiat, J. M.; Saveant, J. M. 
Ibid. 1978, 87, 39. (e) Lexa, D.; Saveant, J. M.; Soufflet, J. P. Ibid. 1979, 
100, 159. (f) Anson, F. C; Ni, C. L.; Saveant, J. M. /. Am. Chem. Soc. 1985, 
107, 3442. (g) Lexa, D.; Saveant, J. M.; Wang, D. L. Organometallics 1986, 
S, 7428. 
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Abstract: The [Ru(bpy)2Cl-poly(4-vinylpyridine)] redox polymer catalyzes the oxidation of Fe(II) into Fe(III) in 1 M HCl 
in a quite efficient manner both in terms of current and potential. Quite substantial portions of the film thickness are active 
in the catalytic system, providing a good example of the interest of redox polymer coatings in the catalysis of electrochemical 
reactions as a result of the three-dimensional dispersion of the reacting centers. The polymer is also able to catalyze, although 
to a lesser extent, the reduction of Fe(III) to Fe(II) in the same medium in spite of the fact that the standard potential of 
the Ru(III)/Ru(II) couple is positive to that of the Fe(III)/Fe(II) couple. Analysis of the experimental data and the optimization 
of the catalytic efficiency by means of previously developed kinetic models demonstrate the validity of these models both in 
terms of the limiting currents and half-wave potentials featuring the catalytic process. 
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