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THE DIELECTRIC CONSTANT EFFECT UPON
THE ALK ALINE HYDROLYSIS OF METHYL PROPIONATE

By
John E. Quirlan und Edward S. Amis

ABSTRACT

The kiretics of the busic hydrolysis of methyl
proplionate in ucetcne-water medi: hug been studied at
_25.00o nd :55.0.3c Ce. The effect of the dielectric
constant of the medium on rewction rate has been
interpreted ncccecrdirg to '.n equation developed by
&mis. The erergles cf activ:.tior :nrnd logarithms
of the Arrhenius frequency faotor for the v.ricus re-

action medis huve berrn czlcul:ted 'nd discussed.

4 study of the ratcs of acld und base catsalyzed
ester hydrolysis us a function of the dielectric
constant .nd icric strength cf the medium h:.: been
undertuken. A4 study of the acid hydrolysis of methyl

propion:ste has been reported (1).

(1) Hockersmith, J. L., =nd amias, E. 5., érzl. Ghim.
Actz, 9, 101 (1953).

4 ctudy of the buse cutulyzed hydrolysis of the sume
ester under similyur ccnditicns of teipersture, concen-
tr:.tiorn, +nd medi: hus now been initi:ted.

It i8 thcught thut : study of the reuction of
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methyl propion:te with both &« crticn :rd :n anton micht
be of interest ir cirsider:.ticn of present theoreticsl

approaches to ion-d:pole rexctions,

EXPERIMENT AL

Kiretic »uns were c-.rried out 1n mechanic:lly
agitated, insul:ted wster buths with mercury >r toluene-
mercury thermostats for temper:ture regul-ticn., It was
possible to maint.in control within 2 0.020 C of the
desired temper:sture. Whenrn recess.ry, ice w.ter was
passed through coils ir the buths to miint-in tempera-—
ture. Alil thcermcometer: used were c:libr:ited ug . inst
& Nutiorul Buresu of Stundards thermometer ruled with
O.1 degree divicions. All vclumetric uppsaratus was
cu.librated :nd weights used were c:.libr.ted sg.inst
N.B.S. welghts.

Comimercially avuil:ble methyl prcpionute wrns dried
for 24 hours over Drierite .nd fr:ction:.ted in = pre-

cisior fraicticnztiorn ussembly (2).

(2) Todd, Floyd, J. én:.l, Chem., 17, 175, (1945).

The fre.ctilor used dirtilled betweer 79.5° wnd 79.6 C
:nd had a refructive index of 1.3881 &t 250 C »rd a
dersity of .9081 -t the sume temper:.ture.

Reugent gr.de ucetone w-.8 tre:.ted with sclid
pect:gstum p rmung.n.te for 48 hcours und distilled.
After dryirg for 24 hcurs over snhyd-cus potussium

curbon:.te, the muterl:l wae friction.ted :.nrd the
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portion distilling betwecn 55.7° und 55.8o C was collected.
The refrictive index «nd deneity of this fr.ction were
1.3562 :-.nd .7838, respectively, at 25o C.

Frechly b:lled distilled water w.s used to prepare
nll aqueous solutions, which were rubsequently protected
f-om c.rbcn dioxide with Ascurite. Curbon-te free
sodium hydrcxide sclutions were preps—ed by dilution
of 50% rcluticns, frcm which sodium c:-.rb:n:te hnd been
removed by flltr:.tion «fter 24 hzurs ¢f st:.nding,
Hydrochloric :cid solutions were prep-red by dilution of
C. P. concentr:.ted rcid.

The r:.te of hydr:1lysils of methyl propiocn:te h-.s
been studled rt 25.00° and 35.03° C. The dtelectric
const:nt of the re-ction medium was uLltered by :dding
vurious percent.ges ¢f ucetcre to the renction
solution. By sdditiern of the 'equil-ed volume of &
st ndzrd solutiorn :f the b.sc, the re:cticn sclution wus
mzde 0.0200 M in NuOH. The desired :mcunt of ucetone
wus8 pipetted ‘nto the recctiorn flusk, which was then
filled :1lmost to the mark with wieter and wllowed to come
to temper:.ture equllibrium irn the b.th. Wster solutlions
of methyl propionate werce prepured vilumetr'c-1lly so
that ten milliliters ylelded :.n e¢ster concentr:tion of
0.0100 M ir the re:ction scluticn. Ke:ctiorn wus irnitlated
by zddirg this ceter sclution .t the proper temperature.
The reuction nolutiorn was thern br_.ught to the murk
(five hundred milliliters), .nd sumples were withdrawn

from time tc time during the ccurse of the re:.ction.
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These fifty millilitcr s mplces were pipetted dnto a

mewsured excess of HCl, and the excess determined by
titration tc the emeruld green end point cf bromthymol
lue withh dtlute, st:rndurd NuOH. After s.mpling, e:ch
renction solution was :llowed to et nd ovornicht, ufter
which the fin.l concentr:tion w:s determined by cversging
the titres of several s:mples.

The raetc constinta were determined from the equaticen

1 = 22303 b (u-x)
- (a-sj t log & (b-x5
where a is the intti-1 NaOH concentr:.tion

b 18 the initi1:l mcthyl propiorn.te concentration

X 18 the concertraticr of cither re-gent reacted
at the time ¢

k' is tho specific rite constant.

The equation was put ir the fcrm

gt = 2:308 Cs 2.303 "o
=T, t log Cp - C.- C.t log Co 6
where Ct 18 the concentrutior of NaOH st time ¢t

C.o 18 the concentr:tion of N.OH st the
completion of the rcr.ction

Co 18 the concerntr.ticr of NaCH .t irnitiation
of re:ction.

4 plot of log Ct/Ct-C voreus t wus mude und k' determined

-t
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the slopc of the resultving straight line.
o= 2.303 m
Coo
where m 1s thce slope of the line.

A11 rure were mcde in duplicute nnd the average k' value
ut1lized. Tuable I uznd Figure I sheow the data and

culculation of k' for : typical run.
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TABLE I
€ AVPLE KINETIC RUN

Temper:.ture! 25.000 C Solvent: 20% Acctcre Icric Strerngth: 0.0200

(by volume)
Ester Cornece = 40100 M N:OH Conc. = .0200 M
Time Ct . Ct
(sec.) Mls. .02510 N N:uOH* 627?71; log 5;":‘§;
151 11.32 2.648 .4229
249 14.04 3.114 . 4933
369 16.34 ~ 3.779 .5774
548 18. 63 5.044 .7028
760 20. 39 7.220 .8585
1050 21.74 11.59 1.0641
1425 22.68 21.76 1.3377
e 23. 66
Slope of plot log % _ vereus v = 7.125 x 10~
- e -= B
Ct~Co
i = (2.303) (7.125 x 10°%) - 161

.01022

From the kncwr vclumes of .cctore :nd tot:l volume of
the reactior mixtur~c, -.rd igrnorinrng the error of mixing, which
was regligibly small, the welght perccontogos of acetone in
the sev.r:1 reuctiorn mixturcs were culculateds The dielectric

consturnts of the mixtures were fournd by interpoliution of the

dat:. of a&kerlof (3) for ccetone—~wsnter mixtures. Toble II

rlcf, G., ¢. Am. Chem. Scc., 54, 4125 {(1928).

gives the dlelect~ic cornstirts, experimental rate constei:te,
ard precisions cf the rate constunt determinsntions for the
seversl acetcre-werter mixtures. The 1lonic strength was

held conatant at C.02C0 for =11 runs.

*¥1, of 0.U2810 B NuCH to titr:te the unneutr:llz
19,89 ml, of C.05526 K H Cl w..s added tc 806 ml. morilions
of the kKirnetic run.
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TA4BLE II

DEPENDENCE OF RATE CONSTANTS ON
THE DIELECTRIC CONSTANT OF THE MEDIUM

Temper:ture ¢ 25.00° C. Iortc Strength: 0.0200
Wt. % Acctore Diclectric k! Aver:ge
Censtunt % precleion
0.00 78.54 0.185 0.9
8.03 74.1g 17z 0.3
16.42 69.2g «1567 1.7
25.20 63.9g .136 0.4
34.39 58.1g Sl 0.4
44.00 52.0g .093 0.3
54.08 45. 54 .078 0.0
64.70 3916, . 068 0.7
Temper:ture: 35.03° C. Toric Strength: 0.020C
Wt. % 4cotone Diclect:ic k! dversge
Censt . nt % precision
0.00 74.81 0. 342 0.%
7.94 70474 + 305 .8
16.26 65.95 e 279 2.5
24.97 60.92 236 1.3
34.11 55.58 «198 1.3
43,71 49.7g 171 1.2
83.81 43.49 144 i.9

64443 37.78 <125 1.2



s
Figure IT shows the plot of log k! versus 1/D for
det: at 25.00 .nd 35.03° C. The plots yicld atreight
l4¢ncs in the reglion of high dielectric corst:nt. The
slopes of the lines ure ir ccnscrurce with the prediction
of the amic-Ju.ffe equstion for :. re.ctiorn betwecn a

reg:tive 1or :rd - dipol  » melecule (4). From the

(4) 4mis, E. S., "Kirctics of Chemicsal Change in
Solutior®", Thc M:cmill=zn Cc., New York, 1949, p.

equaticn

_ T € M

(5) 4mis, E. S., J. Chem. Ed., 30, 351 (1953).

where k(D-D) 1s the velocity cecnctunt for diclectric
cornst.nt D
k'tp=,) 18 the velccity censtint ut reforence
diclectric Infinity
A 18 tho Aipeic mement of the molecule
Z 18 the v:1loerneo of the ion
€ 1s the cloectreric chhrge
k s th: Boltzm:.r ccret nt
r ia the distirce cf - ppror.ch reccss:»y for re-ction
of thce iorn ~nd the mzlccule.
the diest-nce r c'n be ¢ lculted. According to theory,
» corresporis roughly to the rudius zf the trntermedi-te
czsmplex ir tho re.cticr, 'nd, herce, sh.uld be of the

mugritude _f : molccul:r dimersior. Thc slope uf the
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plot of log k! versus 1/D is
2 ¢ _
2,303 k T r°

-nd

12 €M
r=l2 303 sk

N

T:kirg the mcment fcr methyl proplionite tc be 1.8 Debye
o} o}
urite (6), r was fcurd to be 0.92 A &t 25.00° .nd 0.88 A

(6) Hockersmith, J.

L. Lnd Amif'-, E. So, Anr'.lo Chimo
Acta, 9, 106 (1953).

o}
.t 35.03 + Similur obedience t: thi: equ:.tion has been

fzund for the acid hydrcljnis of ethyl scetate (7) -nd

(?) N:3r, P. M., znd Auts, E. S., Arzl. Chim. A4ct:, 9,
111 (1953).

methyl propicrn:.te (6, wnd forr the ~e.cticn of thio-

sulf: te icr with ethyl b cmem:.len:.te (8).

(8) Bvarch, W, J., znd Amis, E. S., :ccepted for
public:=tior ir J. Chem. Phys.

The erergiles of uctivution :nd log:»ithms of the
Arrhenius frequency f:rctor for thi's re.cticn .re given
An T:ble III. The enrergles were c:lculuted from the

integrieted form of the Arrhenius equ-tion stated us

AaE (T T
log kb/k) = 52563'?'?1‘?21 :

f-llows:
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TAaBLE III
ENERGIES OF ACTIVATION & ARRHENIUS FREQUENCY FACTORS

Joric 8trength: 0.0200

Average E Log B

Wt, £ Acetore Interval 25,00 - .35.03o C. Irnterval 25.00 - 35.0300
(e:lories)

0.0 11,200 ?.46

8.0 10,400 6.85
16.3 10,500 6.87
25.1 10,000 6.47

34.2 10,100 6.48

43.9 11,100 7.10

54.0 11,200 7.06
64.6 11,100 6.97

The logur:.thms cf the frequency f:ctor wcre ¢ lculsted from the

equztion:

T2 log ké - Ty log k)

log 2 = 1

TZ-TI
The v luee cbt:.ined fcr both AE wnd log Z correspond to

thcse commonrly fcurnd for b:a8ic ester hydrolysis.
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