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The homogeneous electrocatalytic reduction of 1,2-dihaloethanes by anions of larger fullesgr@s, énd

Cass, is presented, and structureeactivity correlations are derived by including our data reported earlier for
the G and Gy electrocatalytic process. Cyclic voltammetry measurements indicate that dianionsaofdC

Cys, as well as trianions of £, Crs, and Gy, electrochemically generated in 0.1 M (TBA)RH benzonitrile,
catalyze dehalogenation of 1,2-dihaloethanes. Values of the second-order rate dqristeht electrocatalytic
dehalogenation of 1,2-dihaloethanes by the fullerene anions were determined by using the rotating-disk electrode
voltammetry under pseudo-first-order conditions with respect to the 1,2-dihaloethanes. For each fullerene
anion, k increases in the order: Ct Br < | for the investigated 1,2-dihaloethanes. Also, lodinearly
increases in the order: g&< Czg < Cz6 < Cy0 < Cgo, as a function of respective redox potentials of the
fullerene, for each 1,2-dihaloethane. Unlike thg'Celectrocatalysis, reported by us earlier to be accompanied

by chemical reaction betweensdC and certain,w-diiodoalkanes yielding alkyl adducts of&no reaction
between the anions of larger fullerenes and 1,2-dihaloethanes was observed within the voltammetric time
scale. Because of the high stability with respect to adduct formation and more positive potentials of the
electrocatalyses, the larger fullerenes may be more useful tfas Catalysts, even though the corresponding
catalytic rate constants are smaller.

Introduction be relatively more stable with respect to derivatization and,

Most of the effort on fullerene research has been directed to therefore, serve as better electrocatalysts thaniiCthe present
Cso and Gyo because these compounds can be easily obtainedYVOfk- we address this issue by performing electrocatalytic study
in large quantitied.Although the importance of larger fullerenes ~ involving larger fullerenes, i.e., 4 Crs, and Gs, and 1,2-
(C76t0 Ci20:) has been recognized, for instance, for endohedral dihaloethanes as substrates, and report on the structure
metalationt? the literature on chemical and, particularly, on the reactivity aspects of the electrocatalytic processes.
electrochemical reactivity of these large carbon cage molecules ] )
is scarcé:2 This is because only minuscule amounts of larger EXperimental Section
fullerenes are available in the fullerene soot obtained from the  chemicals.Cy6 (+98% purity), isomeric mixture of £ (98%

arc-discharged graphite and, as a result, the isolation and theyity), and isomeric mixture of G (99% purity) were procured
purification of larger fullerenes is tedious and time consuming. from BuckyUSA (Bellaire, TX). All the 1,2-dihaloethanes, tetra-
Among the different reactivities of fullerenes reported to date, n_putylammonium hexafluorophosphate, (TBA}P©8% pu-
the electrocatalytic properties of fullerenes are important becauseyy) and anhydrous benzonitrileH99% purity, water content

several chemical reactions can be assisted selectively by the<'g 00596) were from Aldrich Chemical Co. (Milwaukee, WI).
electrode charge transfer to fullererfeSherefore, electroca-  Aj| chemicals were used without further purification.

talysis is to find its recognition for the fullerene science and | strumentation. The CV experiments were performed by
76 . . . .
technology? _ . using a model 263A potentiostat/galvanostat of EG&G Princeton
Recently, we reported on the electrocatalytic dehalog(_agatlon Applied Research (Princeton, NJ) and a typical three-electrode
of a,w-dihaloalkanes by the & and Gy fullerene anions. electrochemical cell. A 1.6 mm diameter disk platinum electrode

The a,w-diiodqalkang substrates do not produce as many . Bioanalytical Systems (West Lafayette, IN) was used as the
catalyst-disabling radicals as mono halogenated alkanes. In ourqking electrode while a platinum wire and sodium chloride
studies, we demonstrated that the fullerene mediated dehaloatrated Ag/AgCl electrode served as the auxiliary and

genation of o,w-diiodoalkanes results mainly in different oterence electrodes, respectively. The rotating disk electrode
alkanes, alkenes, and mono haloalkanes. In a competing reactlon(RDE) voltammetry experiments were carried out by using a
alkyl adducts of G are also formed in the presence of certain \1qqel AFCB1 bipotentiostat, MSRX Speed Control Unit, and
a,o-diiodoalkanes.® Advantageously, no alkyl adducts are  AppSRX Modulated Speed Rotator of Pine Instrument Co.
formed in case of the g electrocatalysis on the voltammetry (Grove City, PA). The diameter of the rotating platinum elec-
time scale This result suggests that the larger fullerenes may y144e was 4.6 mm. Bulk electrolyses of about 0.05 mM fullerene,
N in 0.1 M (TBA)PFs, in benzonitrile solutions containing 1,2-
Tmcﬁﬂggtg?;rﬁiﬁsgg‘ﬁg?e should be addressed. dihaloalkanes were carried out by using an EG&G Model 377A
*Polish Academy of Sciences. Coulometry cell. All potentials cited were measured against the
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Figure 2. Dependence of the limiting current of the RDE voltammetry,
normalized with respect to the fullerene concentratigR/Cox ON
rotation rate for (1) G, (2) Cro, (3) Crs, (4) Crg, @and (5) G4in 0.1 M
(TBA)PFs, in benzonitrile.
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Figure 1. Cyclic voltammograms for 0.02 mMgin 0.1 M (TBA)- more) against the fullerene, i.e., under pseudo-first-order condi-
PFG in benzonitrile and diﬁerent_ concentrations of 1,2-diio_doethane tions with respect to 1,2-diiodoethane, this rather poorly defined
indicated at each curve. Potential scan rate 0.I'V miset is the o rent step is potential scan-rate independent from 0.01 to 0.2
dependence of theg® ' (n =0 to 2) electroreduction current V s~L. This behavior indicates that reduction of 1,2-diiodoethane
step on the square root of the 1,2-diiodoethane concentration. . : ’ ’

is catalyzed by the &3~ couple. Noticeably, the peaks
g corresponding to the first two €&~ and G4 '2") electrore-
ductions linearly increase with the 1,2-diiodoethane concentra-
tion as well as the square root of the potential scan rate. This
indicates that they are controlled by diffusion. Additionally, two
new pairs of electro-oxidation and electroreduction peaks are
observed during subsequent cycling over the positive potential
range which followed the initial electroreduction cycling in the
presence of 1,2-diiodoethane in thg;&olution. Formal redox

Ag/AgCl reference electrode. All experiments were performe
at ambient temperature, 20 1 °C, in dark in order to avoid
decomposition of the 1,2-diiodoalkanes. Solutions were deaer-
ated by N purge prior to experiments.

The GC analysis of the bulk electrolyses products was
performed by using a Model 5890A gas chromatograph
equipped with a model 7673A automatic injector and a FID

detector of Hewlett-Packard on a SPB-5 nonpolar phase fused . .
silica capillary column (30 mx 0.53 mm) of Supelco (Bello- potentials of these peak pairs are located at about 0.19 and 0.64

fonte, PA). The GC-MS analysis was carried out by using a V. Apparently, iodide is released during initial electroreduction

Model Q-Mass 910 of Perkin Elmer Co. (Norwalk, CT) on a cycle and, hence, the former peak pair corresponds to the
DB-1 nonpolar phase fused silica capillary column (30xm irreversible /13~ couple and the latter to the quasi reversible

- 7 Simi i ior i i -
0.253 mm) operating in an electron ionization mode. The HPLC :j?’_b/lz one.h Similar vo(;t_ammetrlﬁ behawordls seen blf 1,2 d
analysis of the bulk electrolyses products, performed in order d!ﬁromoe'; ﬁne or 1,2-dic orloet an_lc_ahls use a;dq.su Ttrate I?n
to check if any alkyl adducts of larger fullerenes were formed, & erent fullerenes as catalysts. That is, additional peaxs
was carried out by using an isocratic chromatograph of Perkin- corresponding to oxidation of bromide or chloride released into
Elmer consisting of a model 250 binary pump and a LC-290 the solution are also observed during subsequent cycling over
UV —vis spectrophotometric detector set at 340 nm. Analytical the positive potential range that follows the initial electrore-

Cosmosil Buckyprep column (250 4.6 mm) of Nacalai Tesque duction potential scan. These results indicate that 1,2-dihalo-
(Kyoto, Japan) was used with toluéne as a mobile phase of theethanes are catalytically dehalogenated by fullerene anions under
flow ra’te of 1 mL mir. the voltammetric conditions.

Four well developed cathodic steps corresponding to the first
Results and Discussion four one-electron electroreductions are present in the RDE
The electrocatalytic activity of the fullerene anions toward voltammograms of the investigated fullerenes in 0.1 M
the 1,2-dihaloethane substrates in benzonitrile solutions was(TBA)PFs, in benzonitrile, for different rotation rates. Levich
qualitatively studied by using cyclic voltammetry (CV) and, plots of the limiting current, normalized with respect to the
quantitatively, by using the RDE voltammetry. fullerene concentrationi;im/Cox, against the square root of
The qualitative CV investigations indicated that di- and rotation ratef 2 are linear, as shown for the first electrore-
trianions of Gg and Gg as well as trianions of £ catalytically duction step of each fullerene in Figure 2. This Levich analysis
dehalogenate the 1,2-dihaloethanes. By way of example, Figureindicates that all processes are controlled by convective diffu-
1 illustrates such a behavior for 0.02 MM/ (n= 110 3) in sion. Values of the diffusion coefficienD, for neutral fuller-
the presence of 1,2-diiodoethane of different concentrations in enes’ determined from slopes of the lines in Figure 2, are
0.1 M (TBA)PFs, in benzonitrile. For the third redox couple, summarized in Table 1. Note that tievalues reported here
Cgs2 3, alimiting current step of electroreduction is developed for C;s and Gy are the average numbers for more than one
rather than a peak and the corresponding electrooxidation peakisomeric form of these fullerené3!2 Generally, the values of
is vanished. This step increases linearly with the square root of D are smaller the larger the fullerene. Surprisingly, Ehealue
the 1,2-diiodoethane concentration while the first two peaks, for Czs is smaller than those determined forsCGand Ga.
corresponding to the &2~ and G4 /2~ electroreductions, are  Presumably, this small value is due to appreciable aggregation
independent of the 1,2-diiodoethane concentration (Inset in of the G molecules in solution.
Figure 1). Moreover, it is also observed that the third step is  As an example of electrocatalytic activity of larger fullerenes
proportional to the g, concentration at constant 1,2-diiodo- toward 1,2-dihaloethanes, the RDE voltammograms are shown
ethane concentration. In excess of 1,2-diiodoethane (10 fold orin Figure 3 for a 0.1 M (TBA)PEbenzonitrile solution of g
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TABLE 1: Values of Diffusion Coefficient D for Fullerenes sob - T T T T T ]
in 0.1 M (TBA)PFg, in Benzonitrile, Determined by the RDE 1 a ]
0.9 | i
Voltammetry [ 1 (X10)
fullerene D, 10° x cnés?t ref 08| -
Ceo 3.1+ 0.2 10 0.7 | _
Cro 2.7+0.1 11 06l A
Cs 0.27+0.02 this work < L ]
Crd 1.0+0.1 this work 3 05F .
Ced 0.73+£0.03 this work = o4l 2 ]
[0
2The D values were also determined foggGand Go under the L asl ]
present solution conditions and were found to agree wii0% with F 3 7
the literature values (refs 10 and 12 Contains more than one isomer 02 r ]
(refs 12 and 13). 01} -
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Figure 3. Rotating disk electrode voltammetry curves for 0.01 mM

0.0 roni TSN A ST R S SR R
Cgs, 2.4 MM 1,2-diiodoethane, 0.1 M (TBA)RHKn benzonitrile for 000 005 0.10 015 0.20 025 0.30 035 040 045 050

different rotation rates indicated at each curve. Inset is the dependence CS1/2, M172
of the limiting currentj;m, on square root of rotation rate for the first ) ) )
three G,/ (n = 0—2) electroreductions. Figure 4. Dependence of the rotation rate independent RDE voltam-

metry catalytic currentiza, On square root of concentration of (1) 1,2-

i . _ diiodoethane, (2) 1,2-dibromoethane, and (3) 1,2-dichloroethane, for
and 1,2-diiodoethane. In agreement with the CV results pre the (a) second and (b) third electroreduction 6 (0.06 mM) in 0.1

sented above, catalytic currents, enhanced as compared to thg (Tga)pF,, in benzonitrile.

limiting currents for small rotation rates, are observed for the

third redox couple (Inset in Figure 3). Similar RDE voltammetric TABLE 2: Values of the Second-Order Rate Constantk,

behavior is observed for the;€and Gg catalysts except that Eor El%cz)tro?%ate;%/n(?:gReBauctloar; of 21'2'D3')h?‘|°§t1hi‘/|“‘(*_ls_BbX)g':
) A . " m = 60, 70, 76, 78, 84, anth = 2 or 3) in O. 6

both di- and trianions are catalytically active for these two in Benzonitrile, Determined by the RDE Voltammetry

fullerenes. Values of the second-order rate constaniyere

determined by using the RDE voltammetry, under pseudo-first-  fullerene  EyV vs kPM~ s
order conditions with respect to the 1,2-dihaloethane substrate.redox couple Ag/AGCl CI(CH;).Cl Br(CHz)Br 1(CHz)2l ref
Under these reaction conditiorisjs given by Coo> 2086  35x 10 16x 17 28x10F o
Crno > —0.82 2.2 33 10 1ix1¢® d
—i 2 2 Cre 2~ —0.63 2.1 25x 10 33x 10" e
k Icat /(nFAQDx) DCS (1) C78—/27 —0.47 0 10 98 1 e
Ces /%~ —0.42 0 0 0 e
whereCox is the concentration of the fullerene catalySt, is Coo®*~ -1.34 5.5x 10 32x 10 94x10° c
the concentration of the substrakejs the Faraday constant, Cre? > —-126 33 1310 51x10° d
is the number of electrons transferred, ahds the electrode g762,,3, :é'éi 8'2 g.éy 10 51'16(X ig 2
surface area. The values of catalytic curragiwere determined Coz- 078 0 17 1910 e

by extrapolating to zero abscissa curves of the limiting current . ) ) ]
versus square root of rotation rate (Inset in Figure 3). Then, Iiter;z?eE\igh\lelsu?rz fdz‘:;ea'm”ee)dF'grtt';]ee%ﬁzﬁg}e"‘glrzkzagrig \‘;"'\tlz the
thesacatvalues were plott_ed against the square root of the 1,.2— Ag/AgCl under the present solution conditioﬁs‘[h’e estimated error
dihaloethane concentration, both for the second and third of thek values is+15% (standard deviationy.From ref 4.9 From ref
fullerene redox couple (Figure 4). As predicted from eq 1, 5, epresent work.
straight lines were obtained. Thevalues calculated from slopes
of these lines are presented in Table 2. 1,2-dihaloethane substrates were observed for peaks correspond-
To check whether all the isomers ofdand those of g are ing to the individual isomers. These results indicate that all
involved in the electrocatalysis, control experiments were isomers of Gg and G4 are catalytically active. However, we
performed for 0.1 M (TBA)PEin pyridine. For this solvent, could not quantitate our results with respect to the different
the voltammograms show different peak potentials for different isomers primarily due to the close proximity of the voltammetric
isomerst®> Enhanced catalytic currents in the presence of the peaks and also to the variable isomer distributiot?.
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The rate constants presented in Table 2 may be somewhat s~ T 1
overestimated due to the dynamic nature of both the CV and [ 1

RDE voltammetry. That is, a concomitant comproportionation e ]

of C{™2~ (m= 76, 78, and 84, and = 0 or 1), generated at e ]

the electrode surface and,€ present in bulk solution, 5 2 2 e I% ]

according to eq 2, ~ A ]
o OF T S——— 53]
2 0

Cmnf + Cm(n+2)f P 2Cm(n+1)f (2)
could affect the electrocatalysis. As discussed editjethe
comproportionation could deplete the (T2~ catalyst in the
reaction layer which, in turn, might result in overestimation of 6L
the determined values. Noticeably, the rate of the compro-
portionation is twice as sensitive to the fullerene concentration
than that of the electrocatalysis because comproportionation is
the reaction of the second order while electrocatalysis is of the
first order against the fullerene. Therefore, apparent catalytic
rate constants for different fullerene concentrations had to be
determined in order to estimate the effect of the compropor-
tionation on electrocatalysis. Control experiments indicated that
the rate constants were larger by-115% for the concentration

of fullerenes larger by an order of magnitude. Importantly, the
CV catalytic currents in the presence of 1,2-dihaloethane are

virtually independent of the potential scan rate indicating that electroreduction. and (b) the third electroreduction of tse Cro, Cre,

CQ”S_’””?F’“_O_“ of the fullerene in the comproportion_ation reac_tion Crs, and Gq fullerenes for (1) 1,2-diiodoethane, (2) 1,2-dibromoethane,
2 is insignificant. Hence, the rate constants for dilute solutions and (3) 1,2-dichloroethane.

of the fullerene catalysts summarized in Table 2 are not
overestimated more than by 1Q05%.

For better understanding of conceivable electrocatalysis
routes, we determined, by both GC-MS and HPLC, the products
of bulk electrolyses performed at constant potentials in solutions
containing the fullerene and one of the 1,2-dihaloethane. That
is, in independent bulk electrolysis experiments, either the
dianion (in case of & and Gg) or trianion (in case of &, Crs,
and Gg) of the fullerene was electrochemically generated in a
0.1 M (TBA)PK; benzonitrile solution of the 1,2-dihaloethane.

ol
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ethene were the major electrolysis products. In the presence of
the 1,2-dibromoethane or 1,2-d|ChIoroeth§1ne sub_strate, or]lyFigure 6. Dependence of log versus number of carbon atoms of the
bromoethane or chloroethane was the major reaction product,fjierene cage for the fullerene (1) dianions and (2) trianions, in the
respectively. A HPLC chromatogram of the reaction product presence of 1,2-diiodoethane in 0.1 M (TBA}PH benzonitrile.
mixture obtained after bulk electrolysis revealed no new peaks
which would correspond to the formation of alkyl adducts of electrocatalytically dehalogenate 1,2-dihaloethanes and the
larger fullerenes. potential of this dehalogenation is governed by the values of
The present results indicate that the initial electron transfer the formal redox potentidE;/, of the fullerenes. Importantly,
to X(CHp)2X, assumed to be the rate determining $ep the larger the fullerene, the more positive the values of the
governed by an outersphere electron-transfer mechanism thatonsecutive electroreductidd{Table 2). Also, the larger the
was originally proposed for reduction of vicinal dibromoalkanes fullerene the more positive is thg&/, value for electrocatalytic
with aromatic anion radical$; 18 yields a 1-halogenated ethane reduction of 1,2-dihaloethanes. For instance, the gain in the
radical and liberates halide in the solution. On the basis of our overpotential is as large as nearly 500 mV fqiC/("1)- as
previous and presentresults of product analyses, we can compared to " /™1~ (n = 1 or 2). However, the rate
postulate a series of reactions that could follow the formation constants of electrocatalysis are smaller the larger the fullerene.
of this radical and result in formation of ethane (in the presence Figure 5 shows the Brgnsted type dependence oklegrsus
of trace amounts of water in the solvent), ethene, and/or monoE;;, of the fullerenes for electrocatalytic reduction of 1,2-
halogenated ethane as reaction products. Moreover, the radicatlihaloethanes. For each fullerene anidnincreases in the
might be added to the catalyst resulting in the fullerene alkyl order: Cl < Br < |, as predicted from Saemt's theory of
adducts. However, fullerene alkyl derivatives were not detected dissociative reductio#’.
by the HPLC analysis of the reaction product mixture. The  From Table 2, it also follows that thie values increase in
HPLC analysis suggests that these radical additions to thethe following order: G4 < Czg < Cys < Cyg < Cgp for each
fullerene cages are less favored than the radical reduction or,1,2-dihaloethane. Figure 6 shows this trend of thekagainst
less plausible, that the larger fullerene alkyl derivatives are less the number of carbon atoms on the fullerene cage. Apparently,
stable. the rate of electrocatalysis for di- and trianions is smaller the
Our earlief~® and present results show that all the di- and larger the fullerene. This rate decrease can be rationalized in
trianions of Go, C79, C76, and Gg as well as trianions of £ terms of thermodynamics. Most likely, the free energy difference

m, Number of carbon atoms on fullerene
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corresponding to the difference of formal redox potentials of Chemistry and Physics of Fullerenes and Related Materigglish, K.

_di ; M., Ruoff, R. S., Eds.; The Electrochemical Society Proceedings Series;
the_full_erene and the 1,2 dlha_lloethane Iargely contributes to theElectrochemical Society: Pennington, NJ, 1994 pp 127291, (d) Yang,
activation energy of reduction of 1,2-dihaloethanes by the v arias, F.; Echegoyen, L.; Chibante, L. P. F.; Flanagan, S.; Robertson,

fullerene anions. Noticeably, the larger fullerenes are more stableA.; Wilson, L. J. Am. Chem. So2995 117, 7801. (e) Ruoff, R. S.; Kadish,

than Go with respect to the alkyl adduct formation. That is, no g- tﬂ'-;\?oonuelgs’w?';Tc-hlgﬂbﬁ' g- "541; EQ?;%“E"“@%?SﬁféQ Egglag .
reaction between the anions of larger fullerenes and 1,2- Kadish, K. M. J. Phys. Chem1996 100 7573. (g) Gao, X.. Van

dihaloethanes yielding alkylated products was observed. Thus,caemelbecke, E.; Kadish, K. MElectrochem. Solid-State Let998 1,
anions of larger fullerenes are better catalysts for electrode- 222.

i ; ; ; ; (3) (a) Huang, Y.; Wayner, D. D. MJ. Am. Chem. Sod.993 115,
assisted chemical reactions in terms of the overpotential and367' (b) Niyazymbetov, M. E.. Evans, D. H. Eiectroanal, Chem995

catalyst stability, although the corresponding electrqcatalytic rate 142 2655. (c) Fuchigami, T.; Kasuga, M.; Konno, &.Electroanal. Chem.
constants are much smaller than those for thgaDions. 1996 411, 115. (d) Li, M. X;; Li, N. Q.; Gu, Z.-N.; Zhou, X.-H.; Sun,
In summary, the anions of larger fullereness,Crs, and Y.-L.; Wu, Y.-Q. Electroanalysisl 997, 9, 873. (e) Qian, H.; Ye, J.; Jin, L.

: : I Anal. Lett.1997 30, 367. (f) Li, M.-X,; Li, N.-Q.; Gu, Z.-N.; Zhou, X.-H.;
Caq electrocatalytically reduce 1,2-dihaloethanes. The dianions g, "y’ > wuy, .-Q.Anal. Chim. Actal997, 356, 225.

of Cz6 and Gs, as well as trianions of f5, Crs, and Gg, (4) D'Souza, F.; Choi, J.-p.; Hsieh, Y.-Y.; Shriever, K.; Kutner, 3.
electrochemically generated in 0.1 M (TBA)R# benzonitrile, Phys. Chem. 8998 102, 212.
catalyze dehalogenation of 1,2-dihaloethanes. The second-order (%) D'Souza, F.; Choi, J.-p.; Kutner, W. Phys. Chem. B99§ 102,
rate constant for the electrocatalytic dehalogenation of 1,2- ™ () (a) D'Souza, F.; Choi, J.-p.; Kutner, W. Recent Adances in the
dihaloethanes by the fullerene anions, determined by the RDE Chemistry and Physics of Fullerenes and Related Materiisdish, K.
voltammetry under pseudo-first-order conditions, increase in the gﬂééguggﬁnRthtSnEﬂ?; \'/"Qle GE|§Cltf207CGhe(fg‘)'C§|S%0C'aet){: Pgﬁg?%‘”gs SE-Z‘?,S’
i i i ; ) [ ) ) . 6, . uza, F.; i, J.-p.; ieh,

order Cl< Br <1 for the investigated 1'2'd|haloethane_s and in Y.-Y.; Shriever, K.; Kutner, W. IrElectronic properties of Neel Materials-
the order G4 < Czg < Cz < Cy9 < Cgp for each 1,2-dihalo- Progress in Molecular NonostructurealP Conference Proceedings 442,
ethane. No chemical reaction between the anions of IargerAm?rl;lan Institute of Physics: Collelge Parrl? MD, Ipp 2414, 1998.

i ey i ; 7) Mann, C. K.; Barnes, K. KElectrochemical Reactions in Non-
fullerenes and 1,2 d|h_aloethanes resulting in formatl_on of all_q_/l aqueous Systemblarcel Dekker: New York, 1970: Chapter 7.
adducts of fullerenes is observed. Because of the high stability "™ (g) | evich, V. G. Physicochemical Hydrodynamic®rentice Hall:
with respect to the adduct formation and more posite Englewood Cliffs, NJ, 1962.
values of the electrocatalyses, the larger fullerenes may be more  (9) The diffusion coefficients for € and Go are taken from refs 10

; ; and 11, respectively.
useful than G as catalysts, even though their corresponding 10) (@) Igubois,)lll; Moninot, G.: Kutner, W.: Jones, M. T.: Kadish, K.
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