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Propylene and isobutylene oxides have been hydrolyzed in 018-labeled water under acidic, basic and neutral conditions. 
The detailed paths of the hydrolysis have been established by a mass spectrometric analysis of the resulting glycols. The 
base-catalyzed reaction occurs predominantly at the primary carbon for propylene oxide and exclusively so for isobutylene 
oxide. In contrast the acid-catalyzed reaction occurs exclusively at the branched carbon for isobutylene oxide and pre
dominantly so for propylene oxide. It is concluded that the basic reaction goes by an SN2 mechanism and that the acid-
catalyzed reaction involves a carbonium ion mechanism. Data are also given for the kinetics of the hydrolysis of isobutylene 
oxide at 25° in the pH range of from 3 to 14. 

I t is well known tha t there are a t least three ki-
netically distinguishable pa ths for the hydrolysis of 
ethylene oxide in aqueous solution.2 - 7 There is an 
acid-catalyzed hydrolysis, a base-catalyzed hydroly
sis and a pK independent, "water" reaction. I t 
will be shown in the next paper of this series8 t ha t 
in solutions of perchloric acid the acid-catalyzed 
hydrolysis of ethylene oxide and of several substi
tuted oxides follows the Hammet t acidity function, 
H0- In accord with similar hydrolysis s tudies 9 - 1 1 

this result indicates tha t a water molecule is not in
volved in the rate-determining step and suggests 
tha t the mechanism involves a carbonium ion as 
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To establish any mechanism it is desirable to ob
tain other evidence than t ha t available from kinetic 
studies. For the hydrolysis of unsymmetrically 
substituted ethylene oxides one valuable piece of 
supplementary evidence is the detailed course of the 
hydrolysis as shown by reaction with 018-labeled 
water. The two alternates 
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are possible for each of the three kinetically distin
guishable hydrolysis paths. 

In order to determine which of the above pa ths is 
actually involved it is necessary to hydrolyze the 
oxide in H2O18 and then to measure the 01 8-content 
in each of the hydroxyl groups of the resulting gly
col. In favorable cases this can be done by a direct 
mass spectrometric analysis of the glycols them
selves. The general procedure is similar to t ha t em
ployed by Long and Friedman in their s tudy of the 
hydrolysis of lactones.12 

(12) F. A. Long and L. Friedman, THIS JOURNAL, 72, 3692 (1950). 
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The M a s s Spectra.—Table I gives the mass 
spectra of propylene and isobutylene glycols and 
indicates the chemical nature of the various frag
ment ions. I t is clear tha t the decomposition 
paths in the mass spectrometer are very similar for 
the two molecules. In neither case is there much 

Mass 
26 
27 
28 
29 
30 

31 
32 

33 

39 
40 
41 

42 
43 
44 

45 
46 

47 

55 
56 

57 
58 
59 
60 

61 
62 

63 

73 
74 

75 
76 

77 
78 

TABLE I 

M A S S SPECTRA 

Propylene glycol 
In

tensity* 
1.3 

10.0 
4 . 4 

9 . 1 
0 . 7 

10.3 
0 . 6 
1.32 

0 . 8 
0 . 1 
2 . 2 

1.7 
13.7 

6 . 7 
100 

2 . 3 
0.28 

0 . 5 
0 . 1 
2 . 2 

0 . 5 
0 . 6 
0 . 1 
4 . 4 

0.01 
0.018 

0 . 2 

Fragment 

CH2OH + 

CHiOHi+ , CH2O' 

C H J C H O H + 

C H I C H O 1 8 H + 

CHOHCHjOH + 

CHOHCHO18H + 

1.0 (parent) 
0 . 1 
0 . 1 

OF 

H + 

1,2-GLY :OLS 
Isobutylene glycol 

In 
tensity* 

1.2 
8 . 1 
3 . 9 

34.3 
2 . 8 

64.6 
22.2 

0.40 

5 . 1 
0 . 5 

14.8 
2 . 8 

14.5 
0 . 8 
4 . 1 

0 . 1 
0 . 2 

4 . 4 

0 . 3 
24.5 

1.6 

100 
3 . 5 
0.25 

2 . 1 
0 . 4 

13.9 
0 . 5 

0.08 

Fragment 

CH2OH + 

CH1OH2
+, 

CH2O18H + 

(CHs)2COH + 

(CHi)2COiSH + 

C H I C O H C H 2 O H + 

C H J C O H C H 2 O H H 

" Normalized to intensity 100 for most abundant peak. 

intensity from"the parent glycol ions. For both mole
cules the major peak results from a split between 
the hydroxylated or "glycol" carbons to give the 
heavier ion, C H 3 R C O H + (mass 45 from propylene 
glycol; mass 59 from isobutylene glycol). As Fig. 1 
shows, these fragments contain the branched alco
hol group. Both molecules give a sizable peak for 
the loss of one methyl group (mass 61 for propylene 
glycol; mass 75 for isobutylene glycol). Both mole
cules also give sizable peaks at mass 31. 

OH OH 
I I 

I—C CH2
 + 

Mass 75 or 
61 

Loss of 

CH8 

OH 

R - C 

CH, 
i 
i 

i 

Mass 31 
CH2OH + 

OH 

-CH2 

Loss of 

CH2OH 

OH 
I 

R—C + 

CH3 

Mass 59 
or 45 

Fig. 1.—Origin of principal mass spectrometer peaks from 
isobutylene glycol (R = CH3) and propylene glycol (R = H). 

Analysis for 01 8-content can best be done by uti
lizing the ions resulting from loss of a methyl group 
along with those from the "glycol" split. The natu
ral 0 1 8 / 0 1 6 ratio is 0.002 and the enriched water has 

a ratio of 0.015.13 Since two oxygen atoms are 
present in the ions of masses 61 and 75 from pro
pylene and isobutylene glycol, respectively, the 
predicted values of the 63/61 and 77/75 ratios 
from the mass spectra of these two glycols are 0.004 
if none of the oxygen is enriched above the natural 
level, 0.017 if one oxygen is enriched and 0.030 if 
both oxygens are enriched. The intensity ratios 
47/45 and 61/59, for propylene and isobutylene 
glycol, respectively, give the 0 1 8 / 0 1 6 ratio for the 
branched alcohol fragments derived from the "gly
col" split (see Fig. 1). Since these fragments con
tain only one oxygen atom, these intensity ratios 
should vary only between 0.002 and 0.015, the val
ues for natural samples and those of maximum en
richment, respectively. From a knowledge of the 
degree of enrichment of both oxygen atoms to
gether and of the oxygen of the branched alcohol 
group alone, the 01 8-content of the primary alcohol 
group is easily calculated. 

There appears formally to be a third intensity 
ratio of interest since the glycol structures suggest 
tha t a direct split of the "glycol" carbon atoms 
could lead to the ion C H 2 O H + of mass 31. Both 
spectra show large intensity at this mass, but for 
two reasons the 33/31 intensity ratio is not useful 
for 018-analysis. Firstly, the natural glycols both 
exhibit an abnormally high 33/31 ratio (0.12 for pro
pylene glycol and 0.006 for isobutylene glycol) 
The conclusion is tha t ions other than CH2O18H + 

contribute to the intensity a t mass 33. Secondly, 
fragments of mass 31 can result from decomposition 
of the heavier fragments from each glycol, masses 45 
and 59, which contain the branched alcohol group 
(see Fig. 1). In fact, the mass spectra of secondary 
and tert iary butyl alcohols show tha t this type of 
decomposition is a likely process.14 Fortunately, 
the ratios 47/45 and 63/61 for propylene glycol and 
61/59 and 77/75 for isobutylene glycol are uncom
plicated in the sense tha t the origins of the peaks 
are unambiguous and tha t the values of the ratios 
for the natural glycols are close to those predicted 
from the natural O18ZO16 ratio of 0.002. Hence 
these ratios appear entirely suitable for analysis. 

Kinetic Study of the Hydrolysis of Isobutylene 
Oxide and Propylene Oxide.—In order to deter
mine the most desirable conditions for the H2O18 

hydrolysis experiments, a kinetic s tudy of the hy
drolysis of isobutylene oxide was carried out a t 
25° over the pH range 3 to 14. This was supple
mented by a similar s tudy of propylene oxide in 
the acid-catalyzed region. The results for iso
butylene oxide are shown in Fig. 2 and indicate 
clearly a rapid acid-catalyzed reaction, a well de
fined base-catalyzed reaction a t pK values greater 
than 12, and a p~H independent "water" reaction in 
the pH range 7 to 11. Table I I gives the second-
order rate coefficients for these reactions, together 
with estimated data on ethylene oxide and propyl
ene oxide. As might be expected, the rates of the 
base-catalyzed and "water" reactions are much 

(13) The H2O'8 was obtained from the Stuart Oxygen Company, by 
agreement of the Atomic Energy Commission. The isotopic ratio, 
O1VO1', was found to be 0.0154. 

(14) Spectra no. 287 and 289, Catalogue of Mass Spectral Data, 
Amer. Pet. lost., Research Project No. 44, Carnegie Institute of 
Technology. 



June 20, 1956 HYDROLYSIS OF SUBSTITUTED ETHYLENE OXIDES IN WATER SOLUTIONS 2665 

less sensitive to change of structure than are those 
for the acid-catalyzed reactions. 

TABLE II 

SECOND-ORDER R A T E COEFFICIENTS" FOR THE HYDROLYSIS 

Oxide 

Isobutylene 
Propylene 
Ethylene 

OF OXIDES 

Based 
catalyzed 

8.7 X IO"6 

ca. 10-4i> 

1.1 X 1 0 - 4 3 

AT 25° 
Water 

reaction 

2.0 X 10~8 

ca. 10 -»b 

1.0 X 10- 8 3 

Acid 
catalyzed 

6.8 
6 X 10-2C 

9 X 10-3< 

+ 

lo
g 

" Units: 1. mole - 1 sec . - 1 . b Interpolated values. " Es
timated from results at 0° from ref. 8. 

Hydrolysis in H2O18 .-Tables III and IV give 
conditions for the H2O

18 hydrolysis of propylene and 
isobutylene oxides together with preliminary ex
change tests on the glycols. The reaction times 
and concentrations of catalysts were chosen to en
sure almost complete reaction. After the hy-
drolyses, samples of the product glycols were re
covered and analyzed in the mass spectrometer. 

TABLE I I I 

HYDROLYSIS OF 1.3 MOLAR PROPYLENE OXIDE IN H2O18 

SOLUTION 

Expt. 
no. 

1 
2 
3 
4 
5 

Solute 

Glycol 
Glycol 
Oxide 
Oxide 
Oxide 
Oxide 
Oxide 
Oxide 

Catalyst 
concn. 

0.2 M NaOH 
0.12 JWHClO4 

0.25 ATHClO4 

1.1 M NaOH 
0.2 M NaOH 
10 ~6 M NaOH 
1 0 " 5 M NaOH 

Reac
tion 
time 
(hr.) 

16 
15 
5 
6 

38 
80 

Reac
tion 

temp. 
(0C.) 

100 
25 
25 
45 

100 
100 
100 

Intensity 
ratios X 10» 

63/61 47/45 

0.20 
0.30 

0.38 
0.37 

1.20 
1.12 
0.55 

.49 

.77 

.70 

.70 
1.75 

.73 
70 

.71 

HYDROLYSIS OF 

Expt. 
no. Solute 

9 Glycol 
10 Glycol 
11 Glycol 

Oxide 
Oxide 

14 Oxide 
15 Oxide 
16 Oxide 
17 Oxide 

TABLE IV 

1.0 M ISOBUTYLENE 

SOLUTION 

OXIDE IN H2O
11 

Catalyst 
concn. 

12 
13 

0.1 JWHClO4 

0.2 JWNaOH 
0.12 M H C l O 4 

0.1 AfHClO4 

0.2 JIf NaOH 
0.2 AfNaOH 
10 -* Af NaOH 
1 0 - 4 A f N a O H 

Reac
tion 
time 
(hr.) 

1A 
6 

1A 
1A 

80 

Reac
tion 

temp, 
(0C.) 

25 
100 
25 
25 
100 
100 
100 
100 

Intensity 
ratios X 10> 
61/39 

0.25 
.24 
.27 

1.58 
1.55 
0.35 
0.38 
1.44 
1.29 

77/75 

0.58 
.52 
.56 
.77 
,65 

76 
95 
77 

Tables III and IV also give the observed values 
of the intensity ratios which are needed to deter
mine the paths of hydrolysis. Experiments 1 and 
9 show that the observed ratios for the natural gly
col samples are close to those expected for the nor
mal 01 8/01 6 ratio of 0.002. Experiments 2, 10 and 
11 show that there is no significant exchange of oxy
gen between the hydroxyl groups of the glycols and 
the solvent water, under the conditions of the hy-
drolyses. We conclude that the results for the ox
ides can legitimately be interpreted as reflecting 
the hydrolysis paths. 

The only correction which is necessary for calcu-

0 4 8 12 14 
— log CH + . 

Fig. 2.—Observed first-order rate coefficient, ki (sec.""1), 
for hydrolysis of isobutylene oxide at 25° plotted against 
—log C H + . 

lation of the 018/016 ratio from the data of Tables 
III and IV is a small subtraction to take account of 
the fact that the ratios for the natural glycols are 
slightly higher than expected. Specifically the 
corrections are: propylene glycol, —0.06 for the 
47/45 ratio; no correction for the 63/61 ratio; iso
butylene glycol, -0 .05 for the 61/59 ratio, -0 .16 
for the 77/75 ratio. The "per cent, reaction" fig
ures of Table V are calculated from these corrected 
ratios. 

TABLE V 

DIRECTION OF REACTION OF OXIDES WITH H2O18 

% of entering oxygen 
At At 

primary branched 
carbon 

Expt. 
no. 

3 
4 
5 
6 

12 
13 
14 
15 
16 
17 

Oxide 

Propylene 
Propylene 
Propylene 
Propylene 
Propylene 
Propylene 
Isobutylene 
Isobutylene 
Isobutylene 
Isobutylene 
Isobutylene 
Isobutylene 

Hydrolysis 
condition 

Acid 
Acid 

Basic 
Basic 

Neutral 
Neutral 

Acid 
Acid 

Basic 
Basic 

Neutral" 
Neutral" 

carbon 

26 
34 
78 
82 
61 
67 

0 
1 

92 
90 

9 
20 

74 
66 
22 
18 
39 
33 

100 

10 
91 
80 

0 Actually found to involve considerable acid contribution; 
see text. 

Discussion of the Results 
With propylene oxide, the acid-catalyzed hy

drolysis leads predominantly to entry of the O18 on 
the secondary carbon atom. In contrast, hydrox
ide ion clearly attacks the propylene oxide molecule 
predominantly at the primary position in the epox
ide ring. For isobutylene oxide, this change in 
path is even more marked in that the acid- and base-
catalyzed reactions go almost entirely at the tertiary 
and primary carbons, respectively. 

The normal expectation is that the base-cata
lyzed hydrolysis would involve nucleophilic attack 
by the hydroxide ion. For steric reasons this would 
be expected to occur predominantly at the primary 
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carbon atom of the epoxide ring.1516 In addition 
the electron releasing properties of the methyl 
groups of propylene and isobutylene oxides would 
favor nucleophilic reaction at the primary carbon, 
leading to the mechanism below17 

Me 

Me 

o-

O 

-CH2 + OH-
Mex 

Me' . / 
C - C H , SIo 

OH 

M e x ; Me-
>C—CH2 + H2O —•> 

M e / I Me 
OH 

OH 

C - C H 2 + O H - Fast 

OH 

Quite evidently, our results with isobutylene glycol 
are consistent with this proposal in that, within 
experimental error, the base-catalyzed reaction 
leads only to entrance of 01S at the primary posi
tion. For propylene oxide, the same reaction pre
dominates but a significant amount of attack at the 
secondary position is indicated. 

A similar mixture of primary and secondary sub
stitution was obtained by Bartlett and Ross18 in 
their studies of the base-catalyzed reaction of 
methanol with butadiene monoxide. For this 
case, the investigators reached the conclusion that, 
at both carbon atoms, the reaction involved nu
cleophilic attack. The fact (Table V) that with 
propylene oxide the amount of reaction at the sec
ondary carbon is independent of the hydroxide ion 
concentration again suggests a bimolecular nucleo
philic attack at both of the carbon atoms. This is 
consistent with the finding19 that for nucleophilic 
attack of chloride ion labeled with Cl36 on 2,3-di-
chloropropane-1-ol a significant amount (24%) of 
attack takes place at the secondary position al
though the predominant attack is at the terminal 
(3) carbon atom. Apparently nucleophilic attack 
on propane structures is not entirely limited steri-
cally to the primary position. 

Studies of the "water" reaction were deliberately 
made with unbuffered solutions since it is known 
that normal buffer components frequently react 
with oxides2'6 and hence can complicate the hy
drolysis. The experiments were started at pH values 
as high as were possible without producing a con
tribution from the base-catalyzed reaction. Even 
so it was found that during the 80-hour reaction pe
riod the pYL drifted down to a value of about four, 
probably due to reaction of hydroxide ion with the 
glass. This ^H change should not complicate the 
"water" reaction of propylene oxide since the acid 
catalyzed reaction is comparatively slow, cf. Table 
II. Hence the data of Table V can be interpreted 
as showing that about 65% of the nucleophilic 
attack by water occurs at the primary carbon of the 
propylene oxide ring. This value is consistent with 
the weaker nucleophilic character of water com
pared to hydroxide ion. With isobutylene oxide, 

(15) O. R. Boyd and E. R. Marie, J. Chem. Soc, 93, 838 (1908); 
108, 2117 (1914). 

(16) H. C. Chitwood and B. T. Freure, T H I S JOURNAL, 68, 680 
(1946). 

(17) Cf. reference 7. 
(18) P. D. Bartlett and S. D. Ross, This Journal, 70, 926 (1948). 
(19) P. B. D. de la Mare and J. G. Pritchard, / . Chem. Soc, 1644 

(1954), 

it is very probable that the observed pH drift re
sulted in a large fraction of the hydrolysis being due 
to the acid catalyzed reaction. As Fig. 2 shows, 
at pH values of from 6 to 4 the acid-catalyzed re
action is distinctly faster than the "water" reaction. 
Because of this it is unsafe to reach any conclusions 
from the results of Experiments 16 and 17. 

Turning now to the acid-catalyzed reaction, if it 
occurs through an A-2 mechanism as shown below, 
i.e., one involving rate-determining nucleophilic 
attack by water, one would again expect substitu
tion to occur at the primary carbon atom 

O 
/ \ 

>C CH2 + H + I 

OH + 

C CH2 + H2O 

M e x 

M e y 

Me-

Me 

OH 
M e x 

>C—CH, 
M e / 

OH2
4 

Me-

Me' 

OH + 

/ \ 
C CH2 Equilibrium 

O H 
Me. 

,J C - C H , ,Slow 
M e 

OH2
 + 

OH 
M e x ; 

>C—CH2 + H - Equilibrium 
M e / 

OH 

However, for the A-I, carbonium ion mechanism 
suggested earlier, the expectation would be for sub
stitution to occur at the branched carbon atom, 
since, quite generally, secondary and tertiary 
carbonium ions are more stable than primary ones. 
The fact that, for the acid-catalyzed hydrolysis, the 
substitution is predominantly at the branched car
bon atom for propylene oxide and is entirely so for 
isobutylene is then a strong argument for the carbo
nium ion mechanism. Several other types of evi
dence are in accord with this conclusion; they will 
be discussed in the subsequent paper. 

Experimental 
Reagent grade epoxides were purified by distillation, giv

ing propylene oxide of b .p . 35°, «2tD 1.3638, and isobutylene 
oxide of b .p . 52°, M26D 1.3700. Isobutylene glycol isolated 
from an acid-catalyzed hydrolysis of the oxide had b .p . 79° 
(10 mm.) , M27D 1.4307. This material and reagent grade 
propylene glycol were used for the mass spectra studies and 
for experiments 1 and 2 of Table I I I , and 9, 10 and 11 of 
Table IV. The rate studies of Fig. 2 were done at 25° using 
a straightforward dilatometric procedure.10 Initial con
centration of oxide was approximately 0.1 molar. First-
order rate coefficients were calculated by the Guggenheim 
procedure. 

The hydrolvses in H2O
18 were all carried out with 10 cc. of 

H2O18 (O1VO1"6 = 0.0154) and 1 cc. of oxide. The sodium 
hydroxide solutions were made up by reaction of the appro
priate weight of sodium metal with the H2O18 under toluene. 
The perchloric acid solutions were made up by adding the 
required amount of 70% acid to the H2O18. Since the con
centrated acid contains natural water this procedure causes 
a slight decrease in the 018-content of the final solution. 
However, the change is so small that it has been ignored in 
making the calculations of Table V. After hydrolysis the 
resulting solutions of glycol were neutralized with a concen
trated solution of acid or base, the excess water was distilled 
off and the salt formed was filtered from the glycol. The 
observed mass spectra served as a direct check on the iden
tity and purity of the glycols. In all cases the only signifi
cant contaminant was water, which of course does not inter
fere with the 018-analysis. 

Mass spectra of the glycols were run in a Consolidated 
Model 21-401 machine using 75 volt bombarding electrons, 
The rather large leak rate of this machine resulted in high 
intensities for the principal ions even though at room tern-
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perature the vapor pressure of the glycols is very low. 
Analysis for O18 was made by scanning several times through 
the peak regions of interest and averaging the observed 
"isotopic" intensity ratios. Typical observed values for 
natural isobutylene glycol were 61/59 = 32.0/12500 and 

The hydrolysis of ethylene oxides in dilute aque
ous solution of acids is known from the studies of 
Bronsted, Kilpatrick and Kilpatrick2 to lead to the 
1-2 glycols and to follow the rate law 

"*' = &lCoxide (1) 

where the first-order rate coefficient, k\, is directly 
proportional to the hydrogen ion concentration. As 
noted in the previous paper of this series,3 there are 
two likely mechanisms for this reaction, both of 
which would agree with the dilute solution kinet
ics.4 One is an A-2 mechanism in which the con
jugate acid of the oxide undergoes nucleophilic at
tack by a water molecule. The other is an A-I 
mechanism for which the rate-determining step is 
unimolecular reaction of the conjugate acid of the 
oxide to give a carbonium ion. 

A procedure which can be used to obtain evi
dence for these mechanisms is to study the hydroly
sis in concentrated solutions of strong acids and see 
whether the rate is proportional to the Hammett 
acidity function, Ho.6~10 This paper reports ki
netic studies of the acid-catalyzed hydrolysis in aque
ous solutions of perchloric acid at concentrations up 
to 3.5 molar. Still another type of evidence which 
bears on the mechanism is the effect of substitu-
ents on the rates, and to obtain data for this we 
have studied the hydrolysis of ten different epoxides. 

Experimental 
Hydrolysis rates were measured dilatometrically at 0° 

in a water-methanol bath whose temperature could be held 
constant to ± 0 . 0 1 ° . Since the volume change for hydroly-

(1) Work supported by a grant from the Atomic Energy Commis
sion. 

(2) J. N. Bronsted, M. Kilpatrick and M. Kilpatrick, T H I S JOUR
NAL, Bl, 428 (1929). 

(3) F. A. Long and J. G. Pritchard, ibid., 78, 2663 (1956). 
(4) C. K. Ingold, "Structure and Mechanism in Organic Chemis

try," Cornell University Press, Ithaca, N. Y., 1953, p. 341. 
(5) L. P. Hammett, "Physical Organic Chemistry," McGraw-Hill 

Book Co., New York, N. Y., 1940, p. 273-277. 
(6) F. A. Long and M. Purchase, T H I S JOURNAL, 72, 3267 (1950). 
(7) F. A. Long, W. F. McDevit and F. Dunkle, J. Phys. Chem., 65, 

813, 829 (1951). 
(8) R. W. Taft, Jr., THIS JOURNAL, 74, 5372 (1952). 
(9) D. Mclntyre and F. A. Long, ibid., 76, 3240 (1954). 
(10) V. Gold and J. Hilton, J. Chem. Soc, 843 (1955). 

77/75 = 8.2/1728. The combination of high intensities 
and good reproducibility leads us to believe that the final 
percentage reaction figures of Table V are correct to about 
± 5 % . 
ITHACA, N E W YORK 

sis of epoxides is relatively large, adequate accuracy was 
obtained by the use of 50-ml. dilatometers of simple design. 
Epoxide concentrations varied from 0.05 to 0.2 molar. For 
all experiments pre-cooled epoxide was added to a pre-
cooled and degassed solution of perchloric acid present in an 
upper chamber of the dilatometer, and the mixture was 
rapidly stirred and then transferred into the working 
chamber of the dilatometer by compressed air. Rate co
efficients were calculated graphically using the Guggenheim 
procedure; Fig. 1 is a plot of typical data. Units of k\ are 
sec . - 1 in all cases. 

0.9 

^ 

* 0.8 

0.7 

0 100 200 
Time in sec. 

Fig. 1.—Guggenheim plot for reaction of 0.1 M ethylene 
oxide in 1.86 M aqueous perchloric acid at 0°. 

At the end of each dilatometer run, the perchloric acid 
concentration of the reaction mixture was determined by 
titration of an aliquot with standardized sodium carbonate. 
Values of Ho (at 25°) corresponding to the stoichiometric 
concentration of acid were taken from smoothed plots of the 
data of Hammett and Deyrup,11 as corrected by Hammett 
and Paul.12 

I t is known that epoxides may undergo hydrolysis by a 
pH independent, "wa te r " reaction. However, from the 
available data3 '6 it can be safely concluded that the contri
bution to the hydrolysis from the "wa te r " reaction is neg
ligible for all the experiments of the present study. 

Solutions of perchloric acid were made up from reagent 
grade acid and redistilled water. The more common epox
ides were reagent grade materials and were distilled before 
use. We are indebted to the Shell Development Company 
for samples of /3-methylepichlorohydrin and ^-methyl glyci-
dol and to the Carbide and Carbon Chemical Company for 

(11) L. P. Hammett and A. J. Deyrup, T H I S JOURNAL, 54, 2721 
(1932). 

(12) L. P. Hammett and M. Paul, ibid., 56, 827 (1934). 
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The kinetics of the acid-catalyzed hydrolysis of ten simple epoxides have been studied at 0°, by a dilatometric procedure, 
in aqueous perchloric acid with acid concentrations ranging up to 3.5 molar. The rates vary widely with substituent; 
at constant acid concentration the rate for isobutylene oxide is faster than that for epibromohydrin by about 104. For the 
seven oxides whose rates could be studied in concentrated solutions of acid, log ki was found to increase linearly with — H0. 
On this basis it is concluded that the hydrolysis goes by an A-I mechanism involving a carbonium ion intermediate. This 
conclusion is supported by evidence from several other sources. 


