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IHTROTUCTION

The mechanlsm of & resctlion, that 1s the menner in
which the molecules interact, mav be studled by observing
the rate of reszction a2nd how this resction rate changes as
the reszction proceeds. Guldverg and Wesge, when they form-
ulated the law of mass sciicn in 1867, were sble to explaln
the rate of reaction as e functlon of concentrastion. Van't
Hoff, generally credited with the law of mess sction, was
the first to bring the subject under comprehensive trect-
nent. This lsw states that the rete with which 8 given
razction tekes plsce 13 proportionsl to the cencentreations
of the rescting substences 1f the temperature and pressure
remein constant.

If, for exemple, & single compound A reacts To form

two new =ubstences, B and C,

the velocity with which A decomposes will depend upon the
instantanecus concentrsation of A, #nd the resctlon ls

celled unimolecular. Since £ 1s consumed a8s time progresses,
the rate graduslly decresses. If x represents the amount of
A whlch decompcses In time t and a 1s the Initliel concen-
tration of A, then the samount present at time t willl be

g - x3; and the rete of deccrmpesitlon of A will be proportion-

2l to a - x. Frpressing this methemstically,
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where k 18 z constant, known os the wvelocity cconstent of the
reactlon, k may be calculated from the integration of the

sbove ecuation, which becomes,

k =

2.3026 a
B Los a - Xg

A glven resctlion may be bircleculsr 1f
A+ — C+D;

end the rete of decomposition 1s propertionsl to the con-
centration of both A and of E or

%.k{a-x)(b«x)

3

where a end b represent the inltlal concentratlions of A and

e

B. Tpon integration this becomes

- 2.3()26 {a -
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Yost inorgonic reactions proceed st e very rapld rate, slmost
instentenecously; snd, therefore, the rete may not convenlent-
ly be studiled. Orgenic reactions, on the other hand, ere
slower =nd lend themselves very well to a study of thelr
velocitles. In 188&, Reicher (1) studied the velocity of

saponificetion of ethyl acetate Ly sodium hydroxide,

CHzCOOCoH # NeOlT CHLCO0e ¢ CoHsOH ,



and found the reaction to be bimcoleculsr. He also cobserved
the effect of different bsses on the rote of saponificstion.
Harder (2) in 1881 and Arrhenius (3) in 1887 =slan studled
the szponificaticn rate c¢f .22 molar setavl acetate in .02
molar a2lkall snd found the rerctliorn to be himoleculer, The
asponificaetion of methvl acetate ir o sodiwm hvdroxlde
solntion wes examlned by Gooch and Terry (4) 1n 192%. They
cbteined very accurate results by using refined methods
includine an ingenious method of nipettinz. They calculsted
the veloclty constant of the resction and found it to be
bimcolecular.

In 1983, Ostwald (8) first studied the wvelocltr ol the
nvdrolyals of metinyl acetate in a water solutlion by titreting,

with sodium hvdroxide, the sacetic acid formed,

C‘HSCOOCTT5 + HQO;:CHECOOH * GYSOH.

This reaction, it cen be seen, should be bimolecunlsr. How-

ever, since the methyl acstate was dissclved in 2 large amount
of water, the concentration of water changed only infipnitesi-
211v and could be considered constant. Thus in the eguation

for the bimclecular reaction,

A% = %k (=2 - x) (b - x),

A

[

(b - =) was constant and the scguation then becsme

dx o 3! (a = x),

dt

.

which is the monoroleculsr form. Ostwald (loc.clt.) lconored



Ehe veverss regction whicn was ancll during Hthe neriod In

i ch he mede his weszsuresents, Tn 1922, Tarand o4 Plenstiel

(€) eclenleted the volcoclty constant for the hydrelzsls of

uethyl scetedte irn aguecus zeluticn in vhilch they
nelther thce reverss reeciian nor the slicht clongs in the
coercentraliicn oI wetsy during the reacticn. Esrned and

, drn 1000, “hern: studied the avdrolysis ol eshyl

o L%
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o valing varying aszounva of ovgarnle slliebz {in

no instance did tre concentratlion of crgoric zoiveint exceed

=

.32 mols per 1000 zrams of zolutlond. They Found et ihe

velocity constents ealeculated from the wonomoleculsr formule

3

were the sgeme g Lbose caelcoulsted from the Dimoleocounler feormuls.

ot
e

Meorn.ile tnd Hinshelwosd (7)) in 1932 alae slwd’ 2ad the hvdrolvsis

of wericus szters whwon acetcene wes sdded Lo the rescilion 23 &
colvant.  They used 400 co of coetene per 17tir ol solution

end foand the velocity annsitants for ths hydrelwsis o bhonzyl
acotato, phenyl acstate, and ethyl and methyl benzoates, nitro-
benzoates and para-sminobenzoates ard found the reactions to

be bimoleculasr. Poethke (9) in 1935 was able to debect =
slight hydrolysls of ethyl acetatse 1n aqueous sclution using

no catalyst; but, when ethyl acetate was made 0.5 normal in

water, no hydrolysis weas detscted aftsr 34 days.



PURPOSE

Tt was the purpose of our iavesbtirstions to find the
velocity constant of 1la hBwdrolysls of methyl acetate when
the concentrstion of water was reduced until it changed
materially during the course of the reaction. This was

accomplished by using acetone as a solvent instsad of water.

PREPARATTON OF IATERIALS

Sulfurie Acld: Conecentrated C.P. sulfuric ccid was

diluted with recently bolled distilled water to approxi-
metely 1O normel, This acid was standardized by welchine o
portion from 8 weizght burette and titrating it with standard-
1zed sodium hydroxide solution, using methyl red sz indicator.
Also the welght of one cc of sulfuric acld wes detsrmined by
welghing, In a weight duretts, 2 knewn number of cec. TFrom
these data, thne weight of hvdrozen sulfate, and the weight of
water per & cc of the acld were fcund, The normality, also,
was detsrmined from these deata. The acid was 9.421 normal
end contained 2.3099 grams of hydrogen sulfetse and 4.0135
grems of water per 5 cc of acld sclution,

Sodium Hydroxide: The sodium hydroxide sclution used fo




standerdize the sulfuric acid wes made by dissclving C.P.
sodlum hydroxlde in recently bolled distilled weter end
standardizing with potassium ecid phtihealate from the T. S.
mireau of Steandards, using phenolphthelein as indlestor.
The sodium hydroxide used to stendardize the sulfuric scld
was 0.1728 normal.

The sodium hydroxide used in titrating the acetic aclid
formed in the resction wes made approximately .05 normal end
standardized every dasy 1n the same manner as mentloned.

Waters All water used wes recently bolled distilled
watar,

Acetones The scetone wes prepared from s commercial
grade of acetone by reflexing i1t for twe hours over marnesium
end then distilling it. The fractlon used had & bholling point
range of 55.35° - 55.40° at a pressure of 743 mm. of mercury.
Trom the Internetionsl Criticel Tables, acetone has a bolling
point of 56.10° C at 760 mm. pressure. Using the Clapeyron
equetion,

e

LA bl

where A6 is the heet of veporization, p 1s the pressure,
T is the temperature of the bolling polnt on the Felvin scele,
and R 1s the gas constent in the seme unliis asagiH. From the

Internationsl Crltical Tsasbles,
AH = 521 joules per mm = 7232 czl / mol for acetcne.

By substitution,



Therefore the correct beoiling point at 743 mm pressure ls

86,10 ~ .67 = £E,43%C.

The observed renge was DEH.SE - 5C.40.

Methyl Acetete: The methyl scetste used wes C.P. grade

wlth a bolling point range of 55,20 - £6.,40°C et 743 mm of
pressure. From the Internstional Criticel Tables, the boiling
point at 760 mm of pressurc is 57.1°C. The hest of vapcriz=
ation et £7.1% from the Internetionsl Critical Tsbles 1s 410.8
joules / rm or 7287 csl / mol. Using the €lspeyron eguation
again ,

m w (17)(1.9885) (330.2)%
o (7607 7267 0.67 .

Therefere the btoiling polint et 743 mm pressure is

57.1 - J7 = E6.4%C .

The c¢bserved range was 5L,80 - 56.400C.



PROCEDURE

The procedure was to weich a quantity of methyl acatate
into & glass stoppered 100 ce volumetrle £lagk, add 5 cc of
9.421 normal Hp30, and dilute to 100 cc witl anhydrous scetone.
A & occ portion was plpetted from the sample, immediately
after mixine and at definite time intervals thereafter, into
g besker containing 50 cc of recently distllled water and a
meagured quentlty of stendardized sodium hydroxide--almost
enourh to nsutralize the acld in the sample. This was then
titrated to the end point of phenolphthealein with the stan-
dardized sodlum hydroxide. Care had to be talen %o obtain
the correct end polnt because of the reappearance of the
color of phenolphthalein in the sample on standing for a
short time. The 100 cec volumetric flask containing the
semple wes irmersed 1n a constant temperature bath at
28° ¢ 019C. during the entlire run.

Te insure that exactly & cc of acid were added to ssob
sample, 100 cc of the sulfuric acid were diluted with anhyd-
rons acetone to 500 cc in a 500 cc volumetric flask end 25 cco
of this sclubion asdded to the sample from a buretts,

7o obtain the eguilibrium constant X, 2 5 cc gsample was
taken from the hydrolysis two days after the hydrolysis was
started. It wes found, however, that, after two days, the
concentration of watsr used hed diminished, due to the hydrol-

vels untll the catalytic actlon of the sulfuric szecid



was inhiblted by decresse in ionization (10), (11). There-
fore, it was not practical to obtea’n the equllibrium point
by this method. The equilibrium constant, then, was obtained
by preparing the samples as before except thet a guantity of
water was weighed into the volumetric flesk with the methyl
scetete. With the excess of water, the reaction proceeded

to equilibrium, after two days, and the equllibriws constant

wes found.
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UBETHOD OF CALCULAYIONS

To calculete K, the equilibrium consteant, the concen-
trations of the reszctents at equilibrium in the ssmples

containing the excess of water were substituted in the

A e e

gquation ,

NTaogy

-
x“
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-where a is the coriginal concentration of metihyl acetete in
mels per liter, b is the orlginal concentratlon of weter in

mols per liter and x is the ccncentratlon of acetic acid

present at eguilibrium.

From the amount of sodium hydroxlde recuired to titrate
at different times, from the originsl smount of methyl scetete
pregent, from the original amount of wzter present, snd from
the equllibrium cconstant, the veloclty constants were calcu-
lated. Assuming the reesction to be bilmeleculer snd including
the velocity of the reverse reasctlon, the equstion of the

rate would be

gﬁ =k {a - x)(b - %) -'ﬁLKE )

where & and b are the same as defined for K, x is the concen-




11

tration of acetle acld formed In time t in mols per liter,
X 1s the velocity constent for the hydrolysis,and k' the
velocity constant for the reverse resction. Dividing the

above eguation by k,

X _ = (a

[
x){b - x} - K ,2
dt & A ) K

But

x!
k

3
K

where E’ 18 the reciprocal of the equilibrium constent. By

substitution,

2

X - (a - x)(b - x) - K'x%.

at «

Upon integration this ecuation becomes

__2:3 02 - 2 UK IXF ot b +yb_-‘;2,)xﬂr‘_i, <ol
k * Va- 8 +4 Kab 20 KTK ~& - o4 Vo BT |

*tx.er—PPTLwﬁdkfdftgég:
+ ot t VB T4 Kab | [

Assuming the reaction to be bimoleculer but lgnoring the
veloelty of the reverse renction the eguatiocn of the rate ls,

as was gshown beforse,

%% e X (o - x) (b -x).

Upon integration this becomes
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2,3026 (e = z)(b)

k =
T (s - 07 18 pTETET -

Assuming the resction to be monomclecular, that 1s,

independent of the concentrstion of water, the equstion is

' L)
%% =k (& - x) - K'x",

which upon Integretion becomes

/&; zkx+|+v TFR= [~I1+ VT o
1V£f+ﬁa» VIO VT Tf ke |+ 1+ Forig f%K
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DATA AID EESULTS

Table lc. 1
To (olculete K

8
1.,2504

1.2:88

@oncentration of wcetic acid in mols / liter,

Eouilibrium constant of the hydrolysis,

b K

13.3187 . 1238

8,5807 L1244

K (correet toc & figures) & .124

w* 1
s - 7

Y

“Calculsticon of k as bimolecular

= 1 -
=7

8.06

Table Yo. 2

velocity of the reverse resctlon.

K* = 9,06,

Samgle a
1 1.684

2 2.271

t{in hrs.)

H o 0 e

[av)

b = 2.2272 mol / liter

x{mols / liter)

.1049
.2132
2960
2504
L1178

2401

Original concentration of methyl acetate In mols / liter.

cririnel concentration of water in mols per liter,

and corsidering the

L2580
JORT6
L0279
L0276
0248
27T

L0279



Samgle

£

o]
[ ]

N
W
8]

]
-

~1
<
n

<n

t(in hrs.)

x(mels / 1liter

I RN

n

™) bt W A [T T [ v A = Ha

(x

Ha

k
0266
.0266
L0271
.0274
.0267
0262
. 0264
0276
.0262
L0279
0271
.0270
0265
.0254
.0285
.0285
L0276
.0278
0282
0274
L0257
L0266
L0271
0275

L0268
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Sample

10

1l

14

24780

Z.008

5.1185

&.167

5]
-

tge]
>
faw]

t{in hrs.)

[ % o

b B, T

8] [l fI= o]

[Ise

Y I O I SR

law}

(W}

»{rols / liter)

1024
2063
24036
L4602
L1713
20T 6
4074
ABTS
1821
L2562

#4342

$1723
e 2231

4307

k

L0260
L0287
LCZeR
L0272
02777
L0275
0269
L0270
0285
L0281
L0281
L0277
L0268

SOZTT

0260
0259
L0269
L0271
0260
L0284
L0278
L0274

L0270

15



Sample 8 t{in hrs.) x{mols / 1liter) k
15 5. 300 1 L2017 L0204

2 RGISIGT L0288

3 4643 LO283

4 £314 . CRES

1é 5,457 1 . 1745 0247

P L5421 L0271

3 450 LOR70

4 LSRRG L0202

i7 Z.551 1 . 1837 LORER

2 L35R3 L0271

3 «AT90 L0E61

4 P 5430 L0263

IR S.538 1 WL1EL 0290

2 2TET L0280

3 AG24 0285

4 «55GE L0287

18 5.824 1 L2104 L0271

3 o172 L0290

4 »£016 . 0281

20 3,898 1 L2197 L0280
*' 2 « 5980 0287
1 3 L5247 .0290
4 o556 L0287

21 4,70 1 2449 L0260

5 6031 L0291

4 +6617 L2864

——— v
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Sample a t({in hrs.) x{mols / liter) x
22 £.311 1 « 3252 0263
3 7254 L0278
4 7713 .0240
23 T 483 1 « 2642 L0282
2 8787 0204
3 « 7938 0298
4 «8260 0218
Table No. 3
Calculation of k as bimolecular ignoring veloclity of
reveras resction. 1 ignor-
ing reverss s
Sample 2  %(in hrs.) x resction) (from Table 2)
8 2.766 1 L1521 L0258 0266
2 2024 L0287 L0271
3 . 3063 L0245 .027%
4 L4550 G227 L0268
Table No. 4
Celeculation of X 2s ronomolecular,
¥ (from
Sample 8 t{in hres.) x k {monemocleculer) Table 2 )
. 12 5167 1 L1741 QLgle 0259
’ 2 » SR 36 LE04E 0269
3 4300 Q6237 L0271
4 2047 06382 L0260
2E
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AHALYSTS OF DATA

Tt i3 seen that the velcclty constent, calculested from
the bimolscular form, is Tairly constent in spite of the
eramgeration of errors made by the eousticn. The lower
velve for the first hour may be caused by & slignht error in
determining the amount of water originelly present, b whiech
error is exaggersted in the first hour becsuse the number
whose logerithm is obteined is clcse Yo ons.

The fact of lowering of icnlzstion of the sulfuric
zeld when the water concentratlorn 1s decressed beyond a
certaln value is sub;tantiated by the decresse in the velocity
constant in Table 2, samples 22 snd 23, during the fourth
hour. These samples had the largest criginal concentration of
mathvl acetste and therefore, after four hours, had the lesst
woter present. Anv slight decreese in lonizstion of the

unlfuric scid in the other cases wss compensated by the form-
etion of the scetic =ncid.

The differences in k in some samples mey be due to a

n

s1ight difference in the orisginal gulfuric secld concentraztion,

[¢

A lerge gusntity of sulfuric scid in ascetone solution could
net be prepared becsuse of the chorring effect on standing,
of the sulfuric scid upon the escetcne,

k, cezlculated from the eguetion isnmoring the reverse
reaction exhibited ss the rescticn proceeded, = zrester
difference from the I caleculated when tne reverse reaction

wes not icnored.
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Caleulisted from the monomcleculer egustion, k
exhibited 2 constant increase In the velues s the resctlon

proceeded, Thus tie rescticn proved to be = bimolecular cne.




The eclassicel celenletions of the veloeity constent
in the hydrolysis of methyl acetsabte havs boen rade upon
tia zgsunption of a monomolecular resctlone. This wss due
to the dusl role pleved by the weter present, & rcle of
beth solvent and resctant. 7Tt has besn assumed thset, if
the reactlon were casrrled cut wlth a solvent other than
wzter, the rescstion would be bimoclecular; but heretofore
it hss never heen actually demonstretsed. By using acetone
as a solvent and havine nresent only enough watsr to raovet
visr she meth -l acetate, we were oble to demonatrots the

Himolaeculsr conrce of the resction under these conditions.

20
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