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The Mechanism of Hydrogen Atom Abstraction from Phenols involved in 
Hydrogen Bonding with Ester Carbonyl Groups 

By Julianna Kardos, Ilona Fitos, Ilona KovBcs, J h o s  Szammer, and Mikl6s Simonyi,' Central Research 
Institute for Chemistry of the Hungarian Academy of Sciences, H-1525 Budapest Pf. 17, Hungary 

Rate constants have been determined in different solvents for hydrogen atom abstraction from alkyl-substituted 
phenols and deuteriated analogues by polyvinyl acetate radical (R'). The following solvents were used : ethyl 
acetate, ethyl r2H3] acetate, ethyl pivalate, ethyl trifluoroacetate, acetone, [2H6] acetone, dimethyl sulphoxide. 
The reactivity of the phenols and the primary kinetic deuterium isotope effect (p.k.i.e.) demonstrate a strong solvent 
dependence exhibiting the highest values in ethyl trifluoroacetate (p.k.i.e. 57 f 23 for 2,4,6-trimethylphenoI a t  
50 "C). Incorporation of CH314COOCH,CH3 and (CH,),Cl4COOCHzCH3 into polyvinyl acetate increases in the 
presence of phenols. These facts conclusively prove that hydrogen atom abstraction proceeds within the hydrogen 
bond to the radical formed by addition of R' to the ester carbonyl hydrogen bonded to phenol. 

IT has been proved that hydrogen atom abstraction 
from the hydroxy-group of phenols in media containing 
polar molecules [e.g. vinyl acetate (VA)] proceeds along 
two simultaneous pathways starting from free and 
hydrogen bonded species1 For 2,6-dialkylphenols a t  
50 "C, the hydrogen bonded species is more reactive than 
the free form, thus indicating the role of the solvent 
(VA) molecule attached to the phenol in increasing 
reactivity. At the same time the primary kinetic 
deuterium effect (p.k.i.e.) for these phenols is >10 (i.e. 
greater than the largest p.k.i.e. value which could be 
accounted for by the total loss of zero-point energy 
differences of all three vibrational modes of the phenolic 
OH and OD bonds), thus indicating tunnelling2 In 
order to  rationalise these facts we have supposed that 
hydrogen atom abstraction proceeds within the hydrogen 
bond.2b This paper reports evidence for the mechanism. 

1 ( a )  M. Simonyi, J. Kardos, I. Fitos, I. KovAcs, and J. Pos- 
piSil, J.C.S. Chem. Comm., 1975, 15; (b)  M. Simonyi, J. Kardos, 
I. Fitos, I .  Kovacs, and J .  PospiSil, J.C.S. Perkin 11, 1976, 1913. 

2 (a)  M. Simonyi, I. Fitos, J. Kardos, I. Lukovits, and J.  
PospiSil, J.C.S. Chem. Comm., 1975, 252; ( b )  M. Simonyi, I .  
Fitos, J. Kardos,.I. KovAcs, 1. Lukovits, and J. Pospisil, J.C.S. 
Faraday I ,  1977, 1286. 

3 F. C. Whitmore and D. E. Badertscher, J .  Amer. Chem. SOC., 
1933, 55, 1559. 

EXPERIMENTAL 

Materials and 7&hniqzces.-Commercially available 
(Merck, Uvasol) solvents, ethyl acetate (EA), acetone (A), 
[2H,]acetone ( [2H6]Af, and dimethyl sulphoxide (DMSO) 
were used. Synthetic grade (Merck) ethyl pivalate (EP) 
was used after distillation according to ref. 3. Synthetic 
grade (Fluka) ethyl trifluoroacetate (EFA) was purified 
according t o  ref. 4. Ethyl [2H,]acetate ([2H,]EA) was 
prepared by direct esterification of CD,COOD formed by 
heating deuteriated malonic acid. The isotopic purity was 
found to be 95% by mass spectrometry. CH314COOCH2CH, 
(3.5 pCi g-l) was prepared from CH,14COOK with triethyl 
phosphate; the labelled potassium acetate was formed by 
carbonyl exchange with 14C02. (CH,),C14COOCH2CH3 
(20 pCi g-1) was prepared from the acid via (CH,),C14COC1, 
treating the latter with ethanol. 

The techniques for purification of purum grade (Fluka) 
VA and azobisisobutyronitrile (AIBN) have been described 
elsewhere.' Oleic and trifluoroacetic acid (Fluka, synthetic 

4 H. Gilman and R. G. Jones, J .  Amer. Chem. SOC., 1943, 65, 

5 A.  Szabolcs, J .  Szammer, and L. Noszk6, Tetrahedron, 1974, 

6 A. Murray, I11 and D. L. Williams in Organic Syntheses 

7 T. Foldes-Berezhnykh and F. Tudos, Vysokomol. Soedinenii, 

1458. 

30, 3647. 

with Isotopes,' Interscience, New York, 1958, Part 1, p. 96. 

1964, 8, 1523. 
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grade) used in control experiments were used after distil- 
lation. Commercially available (Fluka) 2,4,6-trimethyl- 
phenol (TMP) of analytical grade was used after sublim- 
ation. The purity of bisphenols : 2,2-bis-#-hydroxy- 
phenylpropane (BHPP) and its tetra-o-alkyl derivatives, 
and the tetra-o-methyl derivative of 6,6’-dihydroxy- 
1,1 ,  l’, l’-tetramethyl-3,3’-spirobisindane (5,5’,7,7’-Me,- 
HSBI) was checked by t.1.c. and high resolution gel chro- 
matography.8 Deuteriation of phenols was carried out 
using D,O (99.5% by n.m.r.) in previously dried sample 
tubes (TMP) or by repeated deuteriation in D,O-A mixtures 
based upon the fast exchange of phenolic OH with OD.9a 
To eliminate exchange with traces of moisture 9b9c the 
inner surface of the evacuated glass apparatus was dried 
with P,O, and the dried VA-solvent was saturated with 
D,O. 

Polyvinyl acetate samples were prepared from polymer 
solutions polymerised to equal conversion. The solvent 
mixtures (VA-radioactive E A  and VA-radioactive EP) 
were removed in Z I ~ C U O  at  room temperature. To remove 
BHPP, TMP, and AIBN from the samples10 the impure 
polymer was dissolved in benzene ( 1 yo polymer solution) 
and precipitated six times in hexane (hexane-benzene 
20 : 1 v/v). Each precipitation was followed by centri- 
fugation a t  3 000 r.p.m. After washing with hexane, the 
polymer samples were dried in vacuo for a day. 

The determination of the equilibrium constant of 
hydrogen bonding between phenols and solvents in CC1, 
was carried out according to ref. 11 by i.r. measurements. 
Radioactive samples were counted with a Packard Tri- 
Carb model 574 scintillation spectrometer and a type 
OE 973 carbon-tritium automatic gas-phase analyser 
(Chinoin Co.). 

Kinetics.-The method of inhibiting radical polymeris- 
ation of VA with phenols l2 has been modified by using EA, 
EP, EFA, A, and DMSO as diluents. The diluting tech- 
nique is described in ref. l b .  

The rate of polymerisation in different VA-solvent 
mixtures was found to be proportional to the concen- 
tration of VA monomer as well as that of the initiator 
(AIBN). Thus the kinetic requirements for radical 
polymerisation are satisfied. The overall rate constants of 
polymerisation were found to be constant over the whole 
dilution range for the above solvents. (Other solvents 
examined, e .g .  acetonitrile, dioxan, ethyl acetoacetate, do 
not fulfil the above requirements and were not applied in 
dilution experiments.) 

Because of chain transfer, 13 radicals formed from the 
solvent (S’) and which might attack inhibitor molecules must 
be taken into account. Using oleic acid, an inhibitor with 
reaction centres other than hydroxy-groups,14 the effect of 
S’ radicals on the reactivity could be checked.lb Experi- 
ments proved that the inhibition effect of oleic acid does not 
depend (within experimental error) on the presence of EA, 

8 ( a )  J .  Coupek, J .  Kahovec, M. KrivAkovA, and J .  PospiSil, 
Angew. MukromoZ. Chem., 1971, 15, 137; (b )  J.  Coupek, S. Po- 
korny, J .  Protivod, J. Holcik, M. Karvas, and J. PospiSil, J .  
Chromatography, 1972, 65, 279. 

( a )  J. R. Shelton, E. T. McDonel, and J .  C. Crano, J .  Polymer 
Sci., 1960,42, 289; (b )  J .  A. Howard and K. IT. Ingold, Canad. J .  
Chem., 1962, 40, 1851; ( c )  M. Simonyi, F. Tudos, S. Holly, and J. 
PospiSil, Eur. Polymer J . ,  1967, 3, 559. 

10 T. Alfrey and M. Berdick, J .  Polymer Sci., 1948, 3, 899. 
l1 M. Simonyi, I.  KovAcs, J .  Kardos, and S. Holly, Spectro- 

chim. Acta, 1976, 32A. 1387. 
l2 M. Simonyi, F. Tudos, and J. PospiSil, Eur. Polymer J . ,  

1967, 3, 101. 

EP, EFA, A, and DMSO. Results are summarised in 
Table 1.  

TABLE 1 
Kinetic orders (Y), overall rate constants (k , )  and the re- 

activity of oleic acid (&) for different VA-solvent 
mixtures a t  50 “C 

v(VA) v(AIBN) ljZ 104k, a k,, Roa/kosV* 

VA-EA 1.00 1.00 4.92 78.6 1.05 
VA-EP 1-01 1.01 8.06 72.0 0.96 
VA-EFA 1.00 1.00 5.17 81.2 1.08 
VA-A 1.00 1.00 4.84 67.2 0.89 
VA-DMSO 1.00 1.00 7.16 73.6 0.98 

f 107;. 
a k ,  in dm3P mol-l/z s-1. b k,, In dm3 mol-l s-l, error limit 

c According to ref. 14 koaV* is 75.2. 

Rate constants for the reaction of R’ and phenols were 
calculated from the inhibited rate of polymerisation 12916 

using the elementary rate constants l6 for the polymerisation 
of VA. The presence of D,O (0.1 yo) does not influence the 
rate of polymerisation. Minute amounts of CF,COOH 
present in CF3COOCH2CH, do not change the reactivity of 
TMP and oleic acid. 

RESULTS AND DISCUSSION 

The point of diluting VA by another polar solvent is 
to have a distribution of phenol molecules among 
different bonded states. A number of studies have 
indicated 1 : 1 stoicheiometry to be characteristic of 
hydrogen bond formation between phenols and polar 
 solvent^.^^*^^ Hence, it may be assumed that one 
solvent can only affect the association of phenol with 
another solvent if the polar solvents themselves interact 
with each other. However, the density of VA-EA, 
VA-EP, VA-EFA, and VA-A mixtures depends linearly 
on the composition which indicates a lack of specific 
interaction between the two components. (The only 
exception is VA-DMSO in which a slight volume con- 
traction was observed.) Consequently, the concen- 
trations of hydrogen bonded and free phenol in the 
above mixtures may be obtained from equilibrium 
constants for hydrogen bonding between the phenol and 
each solvent separately. 

One can thus examine how the reactivity of phenols 
changes when a certain portion of the VA-hydrogen 
bonds are replaced by hydrogen bonds formed with the 
diluent . The experimentally determined rate constant 
can then be divided into three different contributions of 
the free and the two bonded states, as given by equation 
(1) where [VA] and [S] are in mol dm-3. kfree and k V A  

la J. T. Clarke, R. 0. Howard, and W. H. Stockmayer, 

l4 M. Simonyi and I. Fitos, Magyar Kkm. Folybirat, 1976, 82, 

l6 A. D. Jenkins, Trans. Faruday Sot . ,  1958, 54, 1885. 
F. Tudos, T. Berezhnykh-Foldes, and M. Simonyi, Vysoko- 

mol. Soedinenii, 1967, 9, 2284. 
17 (a)  E. M. Arnett, L. Joris, E. Mitchell, T. S. S. R. Murty, 

T. M. Gorrie, and P. von R. Schleyer, J .  Amer. Chem. Soc., 1970. 
92, 2365; (b )  Th. K. Sakano, S. L. Rock, and R. M. Hammaker, 
S9ectrochim. Acta, 1969, 25A, 1195; (c) M. HorAk, J .  PolAkovA, 
M. JakoubkovA, J. Moravec, and J.  Pliva, CoZZ. Czech. Chem. 
Comm., 1966, 31, 622. (d) Ya. I. Korenman, Zhur. Fiz. Khim., 
1972, 46, 77. 

Makromol. Chem., 1961, 44-46, 427. 

314. 
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values are in ref. l b ,  while KVA. values are available from 
ref. 11. Applying these together with relevant Ks data 

determined by i.r. spectroscopy, one can calculate As, 
i .e .  the reactivity of the phenol hydrogen bonded to the 
polar solvent, 

The solvents have been selected in order to elucidate 

No 
1 
2 
3 
4 
5 
6 

No 
1 
2 
3 
4 
5 
6 

Phenol 

equal within experimental error. (ii) EFA increases, 
A and DMSO decrease the reactivity. (This is the first 
observation of the reactivity increasing due to hydrogen 
bonding with a phenol having free ortho-positions.l) 
(iii) The reactivity of isotopically normal phenols varies 
to a far greater extent than that of deuteriated phenols 
(in agreement with ref. 18), and consequently the 
p. k.i.e. shows significant solvent dependence (see for 
example nos. 4 and 6 in Table 3). (iv) The solvent 

TABLE 2 

RS and Ks b values determined for different solvents C 

CH,COOCH=CH, CH,COOCH,CH, (CH,)3CCOOCHzCH, 

kVA K V A  k E A  KEA klaH.lEA k m  KEP 
,-L------, r--.-.--~-7 CD3COOCHzCHS ,-h------, 

- _- 
BHPP 66 2.37 676 6.34 37 d 78 6.07 
2.2’-Me,-BHPP 200 1.92 250 4.30 124 266 4.03 
TMP 420 0.72 42 1 1.32 
5,5’, 7,7’-Me,-HSBI 1 250 1126h 
2,2’-Me,-6,6’-But2-BHPP 520 0.83 438 d 2.01 321 d 690 1.62 
2,2’, 6,6’-But,-BHPP 88 0.33 92 0.31 64 

Phenol 

CF,COOCH,CH, CH,COCH, 
,-*--, f--~-, CD,COCD, CH,SOCH, 
~ E F A  KEFA k~ K A  k[ax.~-~ k f  

BHPP 6060 0.68 31 7.25 30.0 8.8 
3,2’-Me,-BHPP 
TMP 2 219 0.32 234 1.89 40.3 
5,5’,7,7’-Me,-HSBI 
2,2’-Me,-6,6’-But2-RHPP 
2,2’, 6,6’-But,-BHPP 

a k s  Values a t  50 “C are in dm3 mol-1 s-l, probable error within f 20%. KS values a t  45 OC in dm3 mol-1, error limit f 10%. 
Because of the unfavourable ratio of the equilibrium constants, 

f The applic- 
Hence, the ex- 

Experimental value relating to  80% 

c Abbreviations are given in the Experimental section. 
K V A / K E F A  for BHPP, the error of extrapolation increases. 
ation of equation (1) for VA-DMSO mixtures is subject t o  error due to  the slight interaction of the two solvents. 
perimental rate constants are given. 
EA-bonded 5,5’,7,7’-1Lle,-HSBI. 

Ref. 2b. 
Thus the estimated error limit for this value is f400(,. 

Overall rate constant determined zb in pure VA. 

which part of the solvent molecule participates in 
hydrogen atom abstraction. Rate constants are col- 
lected in Table 2. Table 3 summarises rate constants 
for deuteriated phenols and p.k.i.e. values. 

TABLE 3 
The k,a ks ,  and p.k.i.e.b values determined for different 

solvents a t  50 “C 
[‘HZ]-5,5’,7,7’- 

[2H,]BHPP [,H]TMP Me,-HSRI 
No. Solvent k P.k.i.e. ksC P.k.i.e. k P.k.i.e. 
1 VA 10.08 6.6 32.0 13.1 92.06 13.6 
2 EA 10.5 6.4 85.5 13.2 
3 EP 11.4 6.9 35.5 11.9 
4 EFA 39.1 56.8s 
5 A  8.9 3.5 28.8 8.1 
6 DMSO 2.5 3.5 6.3 6.4 
7 [,H,]EA 5.9 6.3 61.6 

The values have been determined in 
the presence of ca. 80% solvent bonded species. The only 
exception is EP. In  this case the EP-bonded fraction was 64%. 
Because the k values in EP and VA do not differ significantly 
the error in p.k.i.e. covers the error of extrapolation. Neither 
set of values is corrected for 0.5% light isotope impurity. See 
footnote a in Table 2. The kfree and ~ V A  values and the assump- 
tion of K s H  = K s D  for [2H] TMP are taken from ref. 18. 
8 Ref. 2a; see footnote g in Table 2. 6 Ref. 2b; see footnote g 
in Table 2. f The experimental p.k.i.e. value, measured in 
the presence of 47% EFA-bonded species, is 30.7 (uncorrected 
for isotopically normal phenol impurity). 

a k In dm3 mol-1 s-l. 

From data given in Tables 2 and 3 the following 
(i) kvA, k E A ,  and kEp are conclusions can be drawn. 

dependences (i)-(iii) do not show a substantial sub- 
stituent effect, i.e. the effects which increase or decrease 
reactivity are of the same order of magnitude for different 
types of alkyl-substituted phenols. (v) Solvent kinetic 
isotope effects (s.k.i.e.) emerge in the case of [2H3]EA 
(on average 1.6 per molecule) but are absent for [2Hs]A. 

The findings summarised in (i)-(v) show that the 
solvent involved in hydrogen bonding has a marked 
influence on hydrogen atom abstraction. For the esters 
a mechanism operates which increases the reactivity and 
p.k.i.e. The s.k.i.e. for [2H,]EA may be interpreted as 
being either a primary or a secondary l9 kinetic isotope 
effect depending on the mechanism by which R’ reacts 
with EA hydrogen-bonded to phenol. The effect is 
primary if the reaction involves hydrogen atom ab- 
stractions from the acetyl group. If methyl is replaced 
by t-butyl, however, there is no opportunity for such a 
pathway. Because the reactivity does not decrease in 
EP, it can be concluded that the s.k.i.e. cannot be a 
primary effect. 

As shown, increased p.k.i.e. and reactivity are ob- 
served in EFA where the carbon atom of the carbonyl 
group is electron deficient compared with the other 

18 M. Simonyi, J. Kardos, I. Fitos, I. KovAcs, S. Holly, and 

l8 E. A. Arnett, T. Cohen, A. A. Bothner-By, R. D. Bushick, 
J. PospiSil, Tetrahedron Letters, 1975, 565. 

and G. Sowinsky, Chem. and Ind. ,  1961, 473. 
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esters. It seems to be a general trend that increased 
electron donation in the substrate favours hydrogen 
atom abstraction, while in the case of electron deficiency, 
alkyl radicals may prefer an addition pathway.20 In  
agreement, it has been found that electron-attracting 
groups (CF,, halogen, G O )  attached to the carbonyl 
group of ketones,21 quinones,22 and esters 23 facilitates 
radical addition to the C=O double bond. For benzoyl 
radical addition to benzaldehyde, a positive Hammett 
p value was reported.24 

In conclusion the mechanism in the Scheme is pro- 
posed. The acetal-type radical formed in the forward 
step (kf) may react further along two different paths. I t  
may either decompose (kb)  and thus return ' kinetically 
into the initial state without necessarily reversing 21d*26 

exactly the forward step. Alternatively, the acetal-type 
radical may abstract the hydrogen atom of phenol in the 
second step implying a significant tunnel contribution 
( k J .  In the steady state, the overall rate constant for 
hydrogen atom abstraction from phenols, hydrogen 

1 
0 
I k r  

SCHEME 

I 
0 

I 
0 
I I 

I 1 
A r O H * - * O = C  i- R' ' 'I ArOH-* . *O-C - R  k t  * ArO' + HO-C-R I k b  

We suppose the first step of hydrogen atom abstraction 
from phenol hydrogen-bonded to ester to be the addition 
of R' to the carbon atom of the carbonyl linkage. A 
further consequence of polyvinyl acetate radical attack 
on carbonyl is the incorporation of solvent into the 
polymer. The alteration of electron density brought 
about by hydrogen bond formation with a carbonyl 
group was observed by de Jeu; 25 as a consequence of 
hydrogen bonding the electron density increases on 
oxygen while decreasing on the carbon of the carbonyl 
group. It may therefore be suggested that hydrogen 
bonding between phenols and esters should increase the 
ability of radicals to add to carbonyl groups, and hence 

TABLE 4 

radioactivity of polyvinyl acetate prepared from 
Incorporation of solvent into polyvinyl acetate. Relative 

VA-CH3l4COOCH2CHS VA-(CH3)3C14COOCH&Hs 
No Phenol 1 1 
BHPP 1.8 4.0 
TMP 1.4 2.5 

would enhance the incorporation of solvents into the 
polymer. It is shown by the data in Table 4 that the 
presence of phenol increase the incorporation of the 
solvent examined. 

2o M. Simonyi and F. Tiidos, Adv. Phys. Org. Chem., 1971, 9, 
127. 

21  (a)  E. G. Howard, P. B. Sargeant, and C. G. Krespan, J .  
Amer. Chem. SOG., 1967, 89, 1422; (b) W. H. Urry, A. Nishihara, 
and J. H. Y. Nin, J .  Org. Chem., 1967, 32, 347; (c) R. D. Giles 
and E. Whitle, Trans. Faraday SOC., 1967, 63, 2489; (d) K. J. 
Hole and M. F. R. Mulcahy, J .  Phys. Chern., 1969, 73, 177; (e) J. 
Drysdale and D. D. Coffman, J .  Awev. Chem. SOC., 1960,82, 5111; 
(f) W. H. Urry, M. H. Pai, and C. Y. Chen, ibid., 1964, 86, 5342; 
(g) E. Hedaya and L. M. Kyle, J .  Org. Chem., 1967, 32, 197; (h)  
G. I. Nikishin, E. K. Starostin, and S. I. Moryasheva, Izvest. 
Akad. Nauk S.S.S.R., Ser. Khim., 1976, 2630. 

22 (a)  A. F. Bickeland W. A. Waters, J .  Chew. SOC., 1950, 1764; 
(b )  F. J. L. Aparicio and W. A. Waters, ibid., 1952, 4666; ( c )  P. D. 
Bartlett, G. S. Hammond, and H. Kwart. Discuss. Faraday SOC., 
1947, 2, 342; ( d )  J. L. Kice, J .  Amer. Chem. SOC., 1954, 76, 6274; 
(e) J. W. Breitenbach and A. J. Renner, Canad. J .  Res. (B) ,  1950, 
28, 507. 

bonded to esters (k2) is given by equation (2), allowing 
for the large p.k.i.e. observed. 

The appearance of k+, on the right-hand side of 
equation (2) offers an explanation for the solvent 
dependence of p.k.i.e. The replacement of the hydrogen 
acceptor molecule by another may strongly influence the 
probability of tunnelling within the hydrogen bond. 
This would be much more reflected by the reactivity of 
isotopically normal phenols than that of the heavy 
isotopes. The mechanism proposed also explains the 
reactivity increasing effect of hydrogen bonding to esters 
which could not be observed in other s o l ~ e n t s . l * ~ ~ ~ ~ ~ 7  

The extremely large p.k.i.e. for TMF in EFA (Table 3) 
is higher than any other published value at  50 "C. 
Another extremely high value has been reported2s for 
intramolecular hydrogen atom abstraction in 2-hydroxy- 
phenoxyl radical at 25 "C (kH/kD 21 104). These high 
p.k.i.e. values correspond to such a narrow barrier 28*29 

that they can be realised only within a hydrogen bond.30 
This is further evidence for the proposed mechanism. 
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23 J. Cooper, A. Hudson, and R. A. Jackson, J.C.S. Perkin 11, 

24 E. J. Walsh, jun., and H. G. Kuivila, J .  Amer. Chem. Soc., 

25 W. H. de Jeu, J .  Phys. Chem., 1970, 74, 822. 
26 L. Batt, J .  Chem. Phys., 1967, 47, 3674. 
27 ( a )  J.  A. Howard and K. U. Ingold, Canad. J .  Chem., 1964, 

42, 1044; (b) D. Griller and K. U. Ingold, J .  Amer. Chem. Soc., 
1974, 96, 630; (c) L. M. Andronov, G. E. Zaikov, Z. K. Maizus, 
and N. H. Emanuel, Zhur. Fiz. Khim., 1967, 41, 2002; ( d )  T. I. 
Sapacheva, E. A. Dzhavadjan, and A. L. Aleksandrov, Zhur. Fiz. 
Khim., 1975, 49, 331. 

28 K. Loth, F. Graf, and H. H. Giinthard, Chem. Phys., 1976, 
13, 95. 

2Q M. Simonyi and I. Mayer, J.C.S.  Chem. Comm., 1975, 695. 
30 G. Bicz6, J. Ladik, and J .  Gergely, Acta Phys. Acad. Sci. 

Hung., 1966, 20, 11. 

1973, 1933. 

1966, 38, 576. 




