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ABSTRACT

The rate of hydrolysis of methyl, n-prooyl, n-butyl ead n-amyl
porate a3 well as the equilibrium constent for the reaction involved
were determined. An analyticel procedure wes used whereby the concenw
tration of wnhydrolysed ester st eny definite time interval could be
measured. It was found that the methyl borats wap completely hydro-
lysed in less than one minute, The n-propyl compound was hydrolysed
completely in sbout 80 minutes, whereas sboul twoe hours were nesded for

the n~butyl and n-amyl borates.,

The foilowing evuilibrium constants were found: methyl borate,

15.81; n-propyl borate, 2.695; n-butyl borate, 2,034 and n-zmyl borate,
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PREFACE
Previous work on organic berév‘tes wsE pore or legs confined to re-

fined methods of preparation and determination of thelr siructure,

Here and there mention was made of their rapid faact;lcn with water based

on qualitative observation. The hects of formation for s few borztes

were calculsted using the hest of hydrolysis.

The work done in this research project will be devoted to guanti-
tatively determining the rate of hydroiysis as well as the squilibrium
congtant for the resction for methyl, n-propyl, n-~butyl and n-amyl boye
ates, It won)_.d oot have been possible to successfully carry out the
project without the assistence and inspiration of my advisor, Professor

Jo+ A, Bradley of the Depariment of Chemical Engineering.

Grateful acknowledgement must also be made here for the cooneration
and help of Profeasors T. J. Tully; J, A. Bighop and G. L. Ram, all of
the Department of Chemistry,
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ClAPTER 1

Rzlatively little work has been doae on the org.alc esiers of Lor-

ic ~ecid. irice Arcuet 1 ohoerved the loss of boric weid oa stend ding
in ethyl and nethiyl alecohwls due to the formation of sster and its e~

vaporstion, sad thut the voloelty of ovterificzticn wag rapids L2 note
jced Hhat 882 o° & numtity of borie acid was iost overnizht in a sol-
ution of 93.5% methyl aleokol solution aad =lso o loss of 30% of the
acid in absoclube ethyl alcchol. He igolated the trimeliyl ester and
Tound it to boil at 569C, and that it was readily affucted even by the

melsture in the ajire The czsterification took rlasce st room temoerature

without the addition of mineral secids,.

4 cenerl nethod for sreperiny sliyl esters of bordic seld is clted
by ¥u Je Banni ster.? The aslcohol is trested with boric acic axd tre re=
seltin - water formed is removed »y vocuum distillation, The resction
nzy be revresented ss followse

2 RO £ TigB0s == 310 £ (R0) 3
1t zmas found wost dirficult 10 -repeare te trinethwl snd triethyl bhor-
stes by this cenersl meiliod, due to tie raxid rste of hydrolysis of the
bvo sorates in the woter formed dardnu the course of the resciion,

Specisl methods of presoring thesze borates sre uged.

An ides 25 to .. stracturs of e ecters wos found throw: the
calcoulsbion of tue 2 wie Lomests of the a-vrooyl, isobutrl snd zee-

butyl horstes in benzens at 259C, from the dielectris constant sud

3'3111).t 200. Chinm. 5 » ,, -Li,d.ﬂ"‘:, (1:},:‘}4

. Johason ond £. We Tomckins, Wrpenie Svatheses¥ 10, 16 (1933),



density®. The sanll varistion of .olaris.tion with conceatrction

howed the inbteruclecular zctlium to be very smsll ia the three esters
stucied, which was atiributed to tie effective screeui:  of the discles
from one zaother by the hydreesrbow yrouss. In cases of larze inter-
molugular acticon tuere was present an imnerfectly screened gemipolar
houc. Enustions were derived for tie coleulation of the resultant mo-
ments of the trialikyl boraotes on thie assumption of esual probabilities
of ¢11 ths positions of reiution esround tow B-DU bondse. Strong sterie
repulsion hetwsen ithe a2lkyl grouns in the borates lowered thelr moments
to less than one half of the values calculated on tiie basis of free
rotation 23 well =3 on tosb of tie B-U bonds gtiffesed by double bond
chsracters Later work % on the measurenent of the surashors of several

trinikyl borates confirmed their lasar structure,

Comgrencusive inlormetion om the physicel constents anl analyse

-

of trisliyl borstes mey be found ia & peper by A. Scattergood, V. He

iilier and J. Gammoa, Jr.0 In thet piece of wors, twenty-one sleohols
were zllowed to recct with boric czid sccording to the zenerszl method
of Smunister. Eisirteen borstes wers secured, sixtees of wuich had
never before been obtained by tuis methods Ten of t.& borstes were
new and three were crystelline, faysicol constants of ths new borates
aud migsing constents and analyses of previcusly known boratea were

determined. A gualitative sthemst wos made o determice The rate of

Ge Lo Lowis and C. P. Smyth, ¢. An. Chem. Sos, 62, 1529-32 (1942).
2o ; N st om oo oo
SZ. A. Arbuzov ond V., 5. Vinozrodove, Comt. reud., toode sele UsHeSeSs

55, 41113 (l?A?}(Jn srencn)

37, k. Clem. Soce 67, 2150-2 (1945).



nydrolysis of the trialkyl borstes. This wes done by shokiay one mil-

lilitre of such cster with three to five dross of water at room tem ere
sture. The time necded for mhordie scid to cerystallise wos noted. An-
other cualitative observation eof the rate of hyirdlyeir wes also mode
during the smalysis for boron. On tie bagis of ihe results found, the
followin.. zeners iszticns were madet te n-slkyl borates wers ra:idly
yorolysed and the branched chasin rimary aliyl boretes hwirolyosd =t

o

rates varying frow thicse of the neailyl borates to the ususunlly alow
rated found for toe tri-neopentyl horatej the secondary alkyl rorstes
were more slowly hydrolysed than the n-alkyl borates, hraschis. of tue

3

ehadn savin; the same effecst sz wiin the orimsry &lkyl borates. OF the
norstes studied, the 0sl resligtasl to hydrolvsis wes found to ne trig-
(diisoprozyliosrbinyl) borate, which defied 11 sttenpbs at hydrolveis

even in on slikaline solution at 1009C.

The pacer nlso offered & possi™le exilenntion ss to the derendence
of the rate of hydrolysis uson the braaching of the slkyl _rous by as-
suning the rate-determiniag step to be the sddition of & aolecule of
woter. Using tue structurs (4) of ‘tae borate a3 surs ested by the work

of Lewis sad Suyth (ref. 3), the bydrolveis wac pictured sz followst

2 e e
2’2“‘"‘*)\_ E“"‘U -/0":: M _{5) .!\'
/B\ J-HQO — >B R ' or 7 .. oy
20” OB 0" X R N
COO—R Ut

e o o S Voo et

(4) {1} (11)
since the bopros etom is hwre sletored gs lying ob bne centre of

equlinter-1l trisacie with the oxy en stoms =t the three suoices, larre

somszoet allindl groups would be expected to ninder the wooroach of the



witer molecules te tue boron stom, thus resultings in & slow rete of

E

hydrolyeic with such borstes.

The fuct thet the n-alkyl borutes were hydrolysed ra idly even

in 4 [I01 ceemed to discount the _osszibility that the sddition of OF™
wee the first sten in the hvdrolysis by water, sisce ihe rate of such
w1 cddition would resumsbly be decreszsed by an incresse in hidrogen
ion concentrztion. The loss of a molecule of zlcohol from the borate-
gater sd-uct was sugsested &s proceeding by either mecheanisms (1) or
(11)¢ 1In mechanisa (I1), the C-0 bond ic desicted as breskin., where-
as in formulation (1) tre bond vemsins intuct, Since Vhitmore had
snown that wien o bond between s neosentyl radicul cnu the rest of the
molecule wns broken, reurran eneat of the neodentyl radicel resulied,
tiris criterion wrs uszsed to deternine which of the two mechaniams was
true., Heopentyl horste wus oregared and subjected to hydrolyzis,.
Heopentyl alconol wis recovered unchenged, siowinz that the C~0 bond
a5 uabroke: and thus estoblishing mechemnism (I) s the one by which
the hydrolysis nroceeded. DBy contrast, tho esters of sulfurie zecid

are kaown t0 hydrolyse by necianisa (11).

Heation is o2ige made of tic hydrolysis of trislicrl borates in
connectics with the determination of tle hects of formstion of methyl,
ethyrl, as-srocyl aad n-buty,'bcrates.é In this work, *he hesai of hy-
drolysie for the four borates wis neasured, With this inforastion ang
alse o knowledye of the hests of formetion for water, boric seid =nd

he four gorrscponding slevhols, it wes possible te culculate tae heats

- s o - s
“Chiwrnley, Skinuer aand Smith, J. Am. Chem. Soc. T4, 285-31 (1952)
] ¥ 2



of formation of the esters.

aster

mebhyl
ethyl
n=-gropyl

n-butyl

heat of hydral{sis

=015 £ 0,05
~5.350 £ 0.06
~4s600 £ 0.06
~4.660 £ 0,06

Tre following results were founds

hent of formation
w2240 £ 0.8
~272.7 £ 1.4
“25‘;14? é 1'5



UhAPTOR 1D

fond Wiin BOTHONE UsED Foi

it will be fhe pursose 3f tni» work to deternine tiie rute of hye
grolysis of methyl, ne.rusyl, a=buiyl asd g-aoyl horate., The reaction
Involved iz ¥ ot beitween th.e esiter and waler to form borie acid and
the eorres cadiny slicokol, sg folliowst

(R0)3 B £ 3 H,0 —> li3 B0y # 5 B

The fellowiny wethods for thwe sgolubtion of the Hroblen were sugyes-

ted: (1) deteraine the change in volume uroduced, if auy, by using a

dilatometre; (2) messure the rate of chaanze of boric szid concentration

s g funetion of the decrsuse of ¥ (3) rewove 21l substanees with the

vxee bion of boric seid by low-tomperstors vecuum sublimation; (4) de-
ternine the anouwnt of unhydrolysed ester after definite time interveals
by titrating sgainst stendard slueli,

Uetnod (3) was corried cut as followa: a welghed swminle of e

1
borate wars adied to o weiglhed 200 ml. bomb tyue flask =ud the vess

m 4%evmusw

with conitents slloved to come 0 coastant tex ersture (30°C.). 2
kanown smount of water wes ituen added to trhe flask, and after a mes-

sured time interval tne flack wes slunged into an acetone-dry-ice nig-
ture {es. 60-:09C, below zere). Thecraticelly the hydrolysis would
be com:letely gtopred at tinds low ienpersture, As soon azs fhe flasgk
was in contoet with 4we freszine zixturs, all of the contents sclidi-
fied and the vessel was imcedistely conuectsd to & 200d vaguum pumd
eud evacusted for 12-z4 nours. 1t wee belicved thet by this treot-
pent, everyihing in tne flask would be remcved by sublimation with the

excetion of toe horic gedd formed during the hydroliyoisz,. iach ciffi-

&
o]
&
v
pes
e
h
!’3
u..

culty wes encountered in keesing the freczius nixtur

/,M—W

N
‘ Lx-..’ L Hesa

Tt



dry ice over the lon seriods of iime necded to subline even small ge
movnts of liguids A manifold was constructed which could re used to
svacuate twelve flusks ot & time, bul wifortunately ane wood ressure-

neseuring zauvge was gveilovle for testin. the efficiency of the cums

end lzek of dime rovented further work on tivis msthod.

#etood () was corried oub =s follows: A 230°%C, coastant tenner-

a

atuore bath was set ap a2d molal solutions of toe gster in ccetone and

geter i acetone were srepareds These soiutions were sllowed to come

to congtant besperature snd then mixed st & regorded time g:d
alloved to come 1o cousiunt tempercture ia the both., After defiaite
time dntervals 2 ssmnle of tne mdxture wes pineticd into o meagured

volume of bongene uOMﬁelﬂed in a 600 ml. besker. Theoreticully the

-

vanzene would serve to sicy the Lydroiysis by Jisselviag pfffthe -
Lydrolysed ester and the alechol forme’ during toe hydrolysis. The
borie seid formed and sy oxeesg woter would not Le miscivie with the

benzene tad would therefore apiear as & dispersed white clouwd, 1t

tiien becane necessary 10 senarate the cloud from the rest of the benzene

solution., Thisz wes done by adding soue filter-cell,/otirring, sllowing %f
T
to setile and filterding off the celzy/wﬁie% resunasly had shsorbed the U

boric scid. & clesr filtrate resulted. An alicuot of tie clenr fil-
trote wus pipetted into an brlenceyer flosk, ocxeess water adced, some
nasnitel and a few drows of phenol hthaledn indienior slso adied and
toe nixbure Wirsted rraiust stondordised sodium hydroxide to o .erma-
rent sink end-point. £ sizole enlewdstlon esuld be node to determine

the gmount of unhydrolysed ester ot this point. Souilibrium could be

assuned alter 3 or 4 consecutive rendinrys on the bursite were the sume



o7 VEery usaviy av. woen e debts woag Jlotted

trstion of unhydrolysed ester in = definite volume), ihe noritions of

;...v.

the gurve where eguilibrium wus vezlized were linesr. By cversginz

]

the linenr sortiong of the curves that fell close fo.ether It wis poOse
gible to caleulate toe ¢ruilibrium coustunt for tie reaction i

vle exleilat

Az the work osrozeeded ithe foliowin. ie-
i

!'(g

incments were ‘ound pecessiry, (1) siace toe orates hydrolysed at
too rapid & rate at 30%C., t e rescticn was slowed down © v mazin. tie
deternmi aticns at 09.; (2) it was casier to sretare molar solutions

of the oster end weter in zcetone ingtead of xclal solutions; {3) the
,l l*.a ‘-"—": -‘1:‘ /"'f '”Y{) hOYd ‘S

gifferences din woluce of standard alkallﬂ
were so small thset & very ucourate wmicroburette had to be used; (4) the
cloud that formed vhen the hydrelysed semple woas drosed into benzene
could be removed by ordinasry sravity filtraticn without tue neod for
usiny filter~cell; {5) laurze changes in concentration of the hyurolysed
oster-renzene uirture ocoured due o evuorztion losses in the onen
besker, so suboe uestly tie nmixturs weos keot in e tizntly rubber-stope
-ered Briepmeyer flosk, Tie final seccedure tialbl wos used will be do-

zsordibed in detadl dn the next portion of the tiesis,



The alkvl Dorstes thrt were uced were the nethvl, n- ropyl, a- Q;yy4
butyl aud a-anyl compounds. Sclutions were prepured cogtzining one Dp\ P
L o

it:undr@ht;ﬂ of 1 mole of the ester .er on2 hundred =ilillitres of scotone
solution :nd thres m.uxdre&{.’:..w z mole of weter per one hundred nilli-
litreg of acetone solution in & 100 mi. volumetric flusk. Tae two
seluticns were placed in en ice buth aad allowed to come to §7C, At

o definite time the solutions were mixed tocetner in s 250 ml. voluw
metric flasi which wus &alse kept ia san ice bath., After revirded time
intervels & 25 wl. sample wes dravn off with a sipette and dropued into
160 ml. of anbydrous Lenzene. T bonzene wes centsived in a tigally
stoossered 250 ml. EBrlennmeyer fiask aad tie reaction {iazk was itsell

covered with porafilm 1o srevent evegoration. 4 cloud was formed »b

teds podnt dve to the insoicbility in beusene of tiie boric seoid formed
during the hydroiysias and the umrsscted weater. After allowing the
cloud 1o stend for a =lidle, it wns rewoved by orainary -ravity filtrg-

tion, lswwvin~ & clesr filtrste. A 25 @l. 21 uot of the filtrate was
taen pipetted iate amother 250 ml. brienusyer flask, weler wne sdded
s:as some vhenolohtusledn i.diecctor sad mzaaitol. Using o microburstte,
the mizxturs wos titroted with standerd sodium hydroxide selution to a
nermsnent slie end-sodnt. The wvolume of alksli used was recorded, this

beiny 2 nessure of ths guouni of wahwdrol:sed ezter =t tue observed time,

426‘ Ot.cJ Luf f’ r(“/t“"‘s ?Qﬁd\a‘
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io

lioles of Unhydrolysed
dl. 4 Jika OF Acetons

i

Egter

fo

1 3/15/54

44040
44028
412
3.841
3755
3,813
3,925

«381
4467
4723
44210
4.154

44210

4,666
42609
heli4
hedB4
44494,
Lol

4ol 38
LebI8
4381
4435

4e268
4o 268
4268

4097
dea 2

40210
PN 1)
44154
44210
4230

4135
4a135
4135
44335
40138
4e135

2 3/15/54

83888L+- 28Ebwnw

3 3/26/54

88858E

4 3/22/34,

5 3/22/54

& 3/31/54

BLBunr SBEBEwnr SEBEumw
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1 3/25/54
2 - 3/26/54
3 3/21/54
4 3/29/54
5 4/1/54
6 s

45

50

70
80
90

120
150

138
150

M

13

oles of Unhydrolysed Sster

*
#3 4.2 B

74396
6,969

8,478
74226
T 055
6,6

6543

74652
64543
5,632
5,576
5.632
5.661

64430
5.576
5405
5.376
54376

6,311
54720
Se343
5.316
5,316
54343

64040

54693

5.611

54558

54585

5.585 -4
5.585 10
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1 4/5/54
2 4/6/54
3 4/8/54
A 4/9/54
5 4/10/54
6 4/ 2454

5

105

135
150

120
150
180
230

120
150
180

Moles of Unigrdroly

*

LSAS

5.853
5.828
5.853
5.833
5746
5720
5.720

9.802
8.486
84459

94397
84700
8,269
74330
60498
5.853
5.828

94963
9315
8,486
74949
7.679
7,303
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2 4/ L4/ 5k
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CHAPTER 1V
The rates of hydrolysis of four sliyl borates were determined, It
wap found that methyl borate was compledely hydrolysed in less then one
minute, The nwpropyl compound came to squilibrium in sbout eighty mine
utes, whereasg spproximstely two hoursg were obseérved for the nebutyl and
a~amyl borates, A fifth borete was svallable, the n-lauryl compound,
but attempie o determine lts rate of hydrolysis were unguccsasful due

to the fact that it frosze out of solution at the working temperature of
o,

Using s simple calculation (see sppendix) it was possible to cal-
culate the equilibrium constent for each of the borates, The average
equilibriovm aoncentration of unhydrolysed ester in 25 ml. of acetons
solution wagz picked off from ithe linear portion of the curve ghowing
‘the relationship beiween concentration and time of hydrolyeis, (figs.l,
2, 3 8nd 4)» The following values for the average equilibrium comcene
tration of wnhydrolysed sster {mole per 25 ml. acetons solution) and
the correspending value of ml. of 0,1138H HaOH wore foundt methyl
vorate, 4,175 x 1074, 0.7336; n-propyl borate, 5.8l x 10™%, 0,9634;
nwbutyl borate, 5,697 x 1074, 1,001; nesmyl borate, 5.791 x 107™%,
1,018 ml.

Uging these values, the following a@uilibrium congtantes were cale
oulateds methyl borate, 15.81; nepropyl berate, 2.695; n-butyl borate
2,034 and n-amyl borste, 1.8035.

A plot of equilibrium constant vermus number of csrbon gtoms in
the ester (fig. 5) seems to indicate s linear relsiionship between the
4w,



The sucecesaful culmination of this research project was dependent
on the method of snalysls used, Although every preceution wse taken in
preventing concentration changes due to evaporation of the solvent and
8 good sicroburette used, the correlstion between the warious runs was
not very good., If time permitted the taking of more rums, the curves
produced for the n-butyl and n-amyl borates could have been nore sym~
metrical (figa. 3 and 4). It is fom; however, that the relative wele
ocity of resction as s funotion of incressing moleculsr weight is in
conformance with results previocusly predictled,

It would have been Iinteresting to attack the problem using changes
in volume as messured by a good dilatometre, This probably would have
been the simplest of the four methods suggesbted (see pege 6, Ghapt. II),
The method of @hs&ving the drop in @l as & function of incraaaﬁng a~
mounte of borie acld formed during the hydrolysis would probably have
been guite difficult to perforam. A set of standards would have to be
pade up containiag known amouats a:‘ boric seid in definite amounts of
soetone and their pH measured. The unknoms could then be compared
with the standards.

The method of low-temperature vacuum sublircation could no doubt
have been used to solve the problem, but lack of time end the diffi.
culties encountered in physicelly setting it up and msintaining it

through the lomg periods of evacustion prevented its adoption,

There is 1little doubt in the suthtrs mind that the relationahip

batween K, end number of carbon atoms in the ester is linear, If a



few more borates had been available this relationship could heve dew
finitely been proven. The relationship referred te here involwves only
sireight chaln normsl borates.

Az further work the following suggestions may be msdes (1) Ob-
gorve the rate of hydrolysis of branched chaln alkyl borstes as &
function of molecular weight and ealculate the Ky for the reaction.
(2) Carry out the reaction at constant temperatures other thsn 0°C,



Calenlation of the concentration of wnhydrolysed ester after a
definite time intervalt Rum 6, (4/2/54), nwpropyl borste, afier
150 min. hydrolyeis. A volume of 1.040 ml. NsOH {0.10748) was re-

Q\ﬁl‘@dt

(3‘%2') (1,040 wl,Ha08) [0,

Calowlation of equilibrium econstants For n-propyl borate, the
average ecuilibrium concentretion of unhydrolysed ester was found using
the curves for runs 3, 4, 5 sud & {from the portions of the ourves that
were straight lines). This value for a 25 ml sanple was 5.481 x 10™4
mole. (5.481 x 1074) » 0.021924 mole/litre. The initisl concentrations

would be,

o1 10060
Ca -xy3/ = 0.05 male/’litra of egter.

0405 (3) = 0,15 mole/litre of water.
The resctlon involved ls the followings

(8,0)3 B £ H0 T H3H034 3C 808
a~x Be~-3x x 3x

$§,:FE§§£q%iEZEéLE. s CX}, (3x)3
H0] 2 [(69800) BT (ax) (3a-32)3

s Py ”(gg-)“




25

x % smount of epter used © amount of 33803 formed at
" egquilibrium,

a~x = 0,021924 mole ezter at eguilibrium,
x 20,05 - 0.021924 ] 0,02808 mole 33503 et &}ﬁlibﬂmo
Xe (&m)é
0.,02192

® 2.695
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