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Detailed kinetic and equilibrium studies of the
acid-catalyzed hydrolysis of y-butyrolactone have
been reported at only one temperature, 25°.2
In connection with a broader study of this reaction?
we have investigated rates and equilibria in dilute
acid solutions at three temperatures, and from
these data have calculated the heat of reaction and
energies of activation. A search for an uncatalyzed
hydrolysis of this lactone was also made. Evidence
for such a reaction of the vy-lactones is incon-
clusive’*although it occurs readily with 3-lactones.’

The rates and equilibrium were determined by
titration of the hydroxy acid formed. Hydro-
chloric acid was the only catalyst used since earlier
studies? showed the rate to be independent of the
particular strong acid employed. Temperatures
were constant to +0.005°,

Since the hydrolysis reaction is reversible, the
first-order rate constant for the forward reaction
is given by

ki o= 1 In 1
1+ K¢ 1—=(1+ZK)Cas/CL

where (i, is initial lactone concentration, Cga is
concentration of hydroxy acid formed and K is the
concentration equilibrium constant, <.e., X = k&{/
ki = Cr(eqy/CHA(eq. From the values of K and
ki, the rate constant, k{, for the reverse reaction
may be determined; the second-order rate con-
stants &, and A& for the forward and reverse reac-
tions with hydrogen ion may be calculated from the
relations &, = kn/Cu+and by = ki /Cy-.

Table I gives detailed data on kf, ks and K at
39°, and the average values of K and &y at 25 and
50°. The agreement between the present results
at 25° and those of earlier workers? is excellent.
From the equilibrium constants of Table I, AH
for the hydrolysis reaction is calculated to be —710
calories.

The observed constancy of kn at each tempera-
ture indicates that the reaction is accurately first-
order in the concentration of hydrogen ion. On the
basis of studies with added electrolytes,® a salt
effect might be expected for both rates and equi-
libria, but the electrolyte concentrations are so
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TaBLE I
Acip HYDROLYSIS OF v-BUTYROLACTONE
5, Cla, Crt, 104s, 10%n,
°C. mole/l. mole/1. K min, 1 1. mole~! min, ™!
39.00
0.1023 0.01008 2.74 4.90 4.86
.1025 01008 2.78 4.88 4.84
L0934  .0427 2.72 19.29 4.79
.0835 .04025 2.87 18.15 4.51
.3148  .06037 2.77 29.52 4.89
.3618  .06040 2.79 28.87 4.78
.0982 .08083 2.87 36.86 4,56
.0999 .09090 2.88 40.81 4.49
Av. 2.80 Av. 4,72 X 10"?
25.00 Av. 2.67 Av. 1.32 X10?
50.00 Av. 2.93 Av. 11,9 X 10"?

low in the present experiments that the effect
is negligibly small. -

Plots of log kn and log k against 1/T give ex-
cellent straight lines showing that the Arrhenius
equation is obeyed. Table II gives the resulting
values of energies of activation and frequency
factors as well as comparison values for other
esters and lactones. The several values of energy
of activation are nearly identical but the frequency
factors vary considerably.

TABLE 11

ARRHENIUS CONSTANTS FOR REACTIONS WITH HYDROGEN
IoN For % IN L. MoLE™! Sgc.™!

Compound E, cal. logi A
~-Butyrolactone
Hydrolysis 16810 8.67
Lactone formation 17540 9.63
v-Valerolactone
Hydrolysis® 16690 7.85
Lactone formation? 16630 9.66
Methyl acetate” 16920 8.59
Ethyl acetate? 16830 8.22

The Water Reaction.—If one makes the assump-
tion that a spontaneous water reaction contributes
to the lactone hydrolysis, then the total rate of
hydrolysis in dilute aqueous solution would be
given by

dCra/dt = [ka 4 EnCa* + ECon-] CrL — kiCaaCa* — k5 Caa

From the previous rate data at 50° for the acid
hydrolysis and from rate data on the hydroxide ion
reaction obtained by extrapolating the results of
Hegan and Wolfenden® to this same temperature
(which gives &, = 296 at 50°), the optimum pH
for detection of the water reaction may be cal-
culated by minimizing the above equation with
respect to Cu+. The pH value so determined (for
19, hydrolysis) is 4.9 at 50°.

Several experiments were made on the initial
rate of hydrolysis of the lactone at 50° and at pH
values close to 5 using acetic acid-sodium acetate
buffers. To calculate &y, a differential form of the
above equation was used

(8) H. S. Taylor and H. W, Close, J. Phys. Chem., 29, 1085 (1925).

(7) E. A. Moelwyn-Hughes, ‘“The Kinetics of Reactions in Solu-

tions,” 2nd ed., Clarendon Press, Oxford, 1947, p. 321.
(8) D. 8. Hegan and J. H, Wolfenden, /., Chem, Soc., 508 (1998),



3768

ko = (ACrs/AtCr,) — [°nCrt + kuCon-] +

[(ky 4+ &)Cur + k,Cou1(Cua/Cry)

= (AR/AL = Q + PR

where R is Cya/Ci, and Q and P are the two
bracketed expressions above. AR is the change in
R for a time change Af. The term (kw + k)R has
been omitted from the above equation since only
initial hydrolysis rates were measured. Actually
the term PR is also almost negligible. Since all
experiments gave very similar results, the data for
only one are given in Table III. Values of the
lonization constants of acetic acid and water at
30° were obtained from the work of Harned and
Ehlers® and Walpole,'® respectivelv.

TanrLe 111
SEARCH FOR WATER HYDROLYSIS AT H0°

Initial conditions:
Cr, = 0.1438 3, Cuoac = 0.0133 A7; Cxsoac = 0.032 A1

Cagr = 7.2 X 10783 Cou- = 7.7 X 10°¢ 17
Q@ = kExCu* + k&,Con~ = 3.1 X 108 min. ™}
P = (ki + k) Car + £ Cou- = 5.6 X 107 min. !

Rate 108AR S 3¢, 08 () — PRY. 100 kv,

data; Af, min. min. <t 10°R min. * min. 7!
1435 4.2 .61 3.1 1
1177 +.5 1.13 3.1 1.4
3174 4.3 248 3.0 1.3
1465 3.8 303 3.0 0.5

The value of the hydrolysis rate to be expected
from the known acid-catalyzed and basic reactions,

— PR, is subject to a fairly large error both
from the long extrapolation required to obtain &
at 50° and from errors in measuring the initial
hydrolysis rate. Hence there would be convincing
evidence for a water reaction only if the calculated
ks were large compared to (Q — PR). Actually
the calculated k. value is only about a third of
(Q — PR) and it may be concluded that no good
evidence exists for a direct reaction of this lactone
with water.
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The chloroiodides of silicon, tin and germanium
have a tetrahedral structure and show the following
types of Raman spectra: AX; four frequencies and
one polarized; AX;Y six frequencies and three
polarized; AX:Y,; nine frequencies and four polar-
1zed.

Earlier work with the chlorobromides of carbon,!
silicon,? titanium,* germanium? and tin® led to the
present study of the Raman spectra for chloro-
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iodides. In the case of the chlorobromides of
carbon and silicon three chlorobromides can be
isolated whereas for titanium, germanium and tin
similar compounds cannot be isolated.

The manner in which the Raman spectra vary
was studied®? for the two series: CCly, CCl3Br,
CCIQBI‘Q, CCIBT:}, CBI‘4 and S1C14, oy SiBI‘4 (Tables
I and II}). The two spectral patterns have exactly
the same shape. Frequency v, which is the
strongest and the most completely polarized, is of
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