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be

ABSTRACT

A solvent extraction method was developed to determine
the equilibria in the asterifiéaxian of boric acid, In
this method boric acid was rescted with various alcohols,
After equilibrium was reached, the ester was isolated
from the resction mixture by meens of & solvent and the
amount of eater determined quantitatively., The equilibrium
constants were then caloulated for the reaction of borie

acid with several alcohols,
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INTRODUCT XION

‘Althaugh there are many references to the esterifi.
cation of borie scid (1), & search of the literature
revealed little information concerned with asetusl equilib-
rium data in the reaction of boric acid with various

glcohols,

Hpet of the references cite yields of various esters
using different slcohels, The ylelds of ester obtained
with a gpecifie ale¢ohol varied widely sccording to the
conditions under which esterification was carried out,
Thus the yield does not necessarily reflest the equilib-
rium condition in the remction

3 ROH + HzBOz == RzBOx -+ 3 Hg0

Also, it is evident that the determination of the
equilibrium constant cannot be based on the yield of free
ester if in the eour#e ef‘ebtsining the free ester the
above reaction is dri?en furihar towafd qomﬁlation. An
example of this might be the case where an excess of
alcohol is added to the boriec scid and, after asllowing
sufficient time for the reaction to reach equilibrium,
separation is accomplished by azeotropically removing
water with a suiteble oarrier such as benzene (2, 3, 4).
More ester is formed as rapidly as water is removed
because of the excess of aleohol and because the esteri-

Tication of borie smeid proceeds at s very rapid rate,



The equilibrium oonstant calculated from such a run would
of course be inaccurate,

In the work deaoribed‘in this paper an effort was
made to determine the true equilibria in the esterifieation
of boric aeid using & solvent technigque, The degree of
success which was obtained will be discuesed in the sestion

deseribing the results of experiments,



7.\ uipment:

The apperatus used in this work was not special in
any way, Almost certainly, sll of the appsratus would be
found in &ny industrial or gollege lsboratory, In brief,
the apparstus required wae a constant tempersture bath
nmereury thermoregulator, and electriesl heating element,
An electronie relay between the thermoregulator and the
heating element helped to eliminate lag and gave sensitive
gontrol over the bath temperature, Erlenmeyer flasks,
pipettes, snd burettes, as well as glassware for distilla-

tion were reguired,

By Chemicals:

Benzene was used a8 golvent in most instances, The
benzene was originally of gooed grade, maseting ACS specifi-
gations, All benzene was distilled to azeotropieally

remove the last traces of meisture,

Petroleum Ether: Baker peiroleum ether {meets ACS

specifications) was used ag solvent in some cases,

N-Pentane: Reilley n-pentane (99 mol per cent

n-pgntane} was used as solvent in one instance,

Borig Acid: Baker 99,5% borie acid which had been



hested to sbove 100 °C, to remove the last traces of

moisture was used in all experiments,

Mapnitol: A goed grade of msnnitol was used in

#11l cases,

Aleohols: Alcchols used were CP grade or equivalent,
¥ethanol wes distilled over magnesium to remove traces of
moisture and analyzed 0,05% moisture using the Karl Fischer

resgent,

Ethyl Aleohol: Absolute ethyl alcoohol was used, The
moisture content was 0,07% as determined by using the

Karl Plscher resgent,

Tertiary Butyl Alcohol: Eastman #820, melting point

24-25,5 °C, was used,

1;3~Di¢hlgrﬁ~2wﬁrogggals Bastmen #657 wes used,

The propyl, butyl, aﬁ&'#myl élaahola were all CP
grade &nd were furnished through the eourtesy of Mr, John
Roeder of the Newark College of Engineering,

C, Development of the Method:
In undertaking the determination of equilibria in

the esterifieation of boric acid, it was decided the use
of a solvent offered the best means of isolating the

reaction products,



This method required dissolving the boric acid in
thé sloochol and, after equilibrium was reached, adding a
solvent to remove the ester, The ester could then be
hydrolyzed to boric acid by the addition of water, The
boric acid could then be titrated with standard sodium
bydroxide solutioen,

Actually, boric acid is such & wegk monobsgic scid
(Kg = 5.8 x 10°10) that it cannot be titrated mccurately
with 0,1 N stsnderd slkali, However, by the addition of
certain orgsnic polyhydroxy compounds, such as glycerol,
mannitol, dextrose, or invert sugar, boric ecid is trans.

formed into & relatively strong monobasic acid (5),

Through the use of mannitol, then, borie acid could
be titrated and the moles of base used would indicate
the moles of ester formed, EKnowing ihe weight of acid
and aleohol at the atart, snd knowing the amount of ester
formed (from the results of the £1tration), all the data
noecsagry far éaleulaticn of the equilibrium constant would

then be at hand,

A solvent was required whieh would dissolve the ester
but not the boriec acid or the water, It sesmed that these

requirements could be met by many organic solvents,

The mole~fraotion of water soluble in benzene st

20 °C, is 19,0 x 10~% (6), To check the solubility of



boric acid in benzene, a saturated solution of boriec acid
in agetone was made, Then small amounts of this solution
were added to previously distilled, water-free benzene,

The benzene took on & hazy bluish, turbid appearance almost
immediately, indicating & very fine precipitate, However,
more of the acetone solution was added to sssure the forma-
tion of & precipitate, A total of 1,4 ml of the acetone
solution was added to 100 ml of benzene,

After allowing the precipitate to settle, twenty-five
ml aliquots of the benszene were taken and added to water
containing mannitol, The mixtures were shaken and then
titrated with 0,0996 ¥ sodium hydroxide solution, Each
aliquot required 0.1l ml of base, The solubility of boric

acid in benzene was 00,0274 grams per liter,

From this préliminaxy work it agpéared that solvents
such as benxene, xylene, ¢arbon tetrachloride, and petroleun
ether would be suiteble, since the ester snd alechol would

dissolve in the solvent but the acid and water would not,

The following general method was followed: The first
step required the determination of the approximate solu-
bility of boric acid in the alechol, This was accomplished
by placing a small weight of the borie acid in a flask
and adding the alcohol in smsll incorements and noting
the amount of slcohol required to completely dissolve the

acid, This was not the true solubility since some esterifi-



cation took place, However, the weight of aleohol used
represented the minimum amount of alechol that was necessary

to get = homogeneous solution,

When methyl alcohol was uséa, the boric acid
dissolved in relatively small smounts of sloohol at
room temperature, However, when alcohols such as isopropyl
or butyl were used the boric acid was only sparingly soluble
at room temperature, Mixtures of the scid sand the alechols
were shaken intermittently for aevarél days at & time
without effecting solution, It was nedesaary to heat the
acid~-aleohol mixture to obtain complete solution of the
acid in small amounts of alcochol, XEven with hesating the
amount of amleohol required was several fold greater than

the required smount of methyl aleohol,

If heating was used to dissolve the secid, then the
resulting solution was éllowed to atan& at room t&mperature
for twenty-four heﬁra to be sure th@t no precipitation of
acid ocourred on cooling, Theh the temperature of the
solution was dbrought to the desired temperature by
placing the flask in the bath, The solution was kept
at the desired temperature, usually 30 °C,, for a period
of time long enough to s&ssure the reaction resching
equilibrium, Although the reaction is very rapid, as a
matter of caution at leagt ninety minutes wss allowed

for equilibrium to be reached,



After sufficient time had elapsed for equilibrium
to be rezched, the desired smount of solvent was added,
The resulting mixture was shaken for twe to three minutes

end then replaced on the bath for at least two hours,

In the early experiments because the mixture was
very turbid and required about a day of settling to give
two clesr liquid phases, centrifuging was used to speed
the experiment, The mixture was centrifuged at 1700 rpm
for thirty minutes to give two clear liquids, The
centrifuge flask was then carefully replaced in the
constant temperature bath and allowed to remain at this
tenperature for two hours, This last step was taken
te avoid any error due to a shift in equilibrium csused
by heving the temperature of the flask at s lower tempera-~

ture during centrifuging,

In later experiments the volume of solvent became
go large that eentrifﬁgiﬁg cduld not be used, Instead
of centrifuging afﬁsr addition df the éél#ént, thé flaska
were simply allowed to remmin in the bath for about a
day until the two liquid phases begame clear, The results
of each method were equal when egual smounts of solvent
were used, The effeet of incressed solvent will be

discussed later,

Once two clear liquid phases were obtained, aliquotse



were taken of the solvent layer and added to Erlenmeyer
flasks which contained water and dissolved mannitol, 1In
some previous experiments the correct amount of msnnitol
needed for permanent end points was determined, The
Erlenmeyer flasks containing the benzene-water mixtures

were placed on & shaker for two hours,

It wes found that the use of Erlenmeyer flasks with
ground glass joints eand ground glsss stoppers prevented
leakage during shaking, The ordinary Erlenmeyer flasks
with eork stoppef were not aatisfaetery. Rubber stoppers,
although somewhat more satisfactory insofar as leakage
is concerned, were unsatisfactory becsuse the solvent

extracted chemicale from the rubber,

After hydrolygzing the ester, the mixture was then
titrated with standard sodium hydroxide solution using
phenolphthalein as 1n&1aétor. Onse an end point was
reached, the flask was uioppared énd shaken to make sure
that the end point was permanent, 1In some instsnces,
especially where an ester of the longer chain slochols
wag used, the end point disappesred on shaking snd a small
smeunt of additional base was necessary to attain a
permanent end point, A blank was then run on a sample
of & mixture of distilled water , mannitol, end bengzene,
The difference in quantity of base between that used for

the sample and that for the control was used to caleulate
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the degree of esterifieation,

The early runs indicated that about 90 per cent of
thé borie acid was converted to ester, This seemed unduly
high and created doudbt as to whether or not the precipita~
tion was complete, To check the effect of more solvent
a run was made in which the amount of selvent was varied
widely from approximately 190 ml of bengzene per gram of

acid to 2100 ml of benzene per gram of acid,

The effect of solvent was immediately spparent, For
the lower ratic of benzene to acid only a liquid settled
out, As the ratio wes increassed & white precipitate
formed, It w&s evident that the precipitate was boric
acid since methyl alcohol and trimethyl borate are both
liquids at room temperature, After this experiment all
runs were made with the high benzene to mcid ratios, The
effect of solvent will be trested in greater detail in

the Discussion aeetion.

D, Description of a Representative Run:

The method itself will be made clearer by describing
an actual experiment and carrying out the necessary
caleulations: 1In Runm No, 6C, 00,2390 grems of boriec acid
was weighed out on an snalytieal balance, The borie
acid was then added to a 250 ml Erlenmeyer flask, Using
& weighing bottle and an analytical balance, 1,2456 grams
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of water-free methanol was added to the Erlenmeyer flask

sand the flask stoppered,

The flask was shaken until all the boric acid was
dissolved, Care was taken to make sure that no erystals
of boric ascid were clinging to the well of the flask,
undissolved, The solution wae allowed to stand for 24
hours at room tempersture after which time the temperature
of the solution was brought to 3¢ %C, for 90 minutes
by placing the flask in the constant temperature bath,
Then 200 ml of previously distilled benzene was added to
the flask, The flask wes removed from the bath and sheken
thoroughly for two to three minutes and then replaced in
the bath at 30 9C, After two hours at 30 °C,, the benzene
wag not c¢lear and the bath was turned off and the flask

left in the bath at room temperature,

After 24 houre the benzene was clesr and e ptacipitate
wes visible in the flask, The temperature of the flask
was raised to 30 °C, for two hours end then two 50 ml
aliquots were taken from the benzene phase, ZXach aliquot
wag added to a 200 ml Erlenmeyer flask containing 50 wml
of distilled water and 4 grams of dissolved mannitol, The
flaske were stoppered and pleced on a shaker for two hours,
After shaking, the mixtures were titrated with standardiged
0,0995 Normal sedium hydroxide solution using phenol-

phthalein as indicator, When the end point wae reached,
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the flasks were stoppered asnd shaken for two minutes, The

end points were permanent,

A total of 5,96 ml of base was required for one
gliquot and 5,86 ml for the other, A blank wss run on
a mixture of 50 ml of benzene added to 50 ml of weter
containing 4 grams of dissolved msennitol, One drop of

the standard base turned the water phase a deep red,

E, Sample Calculatjons:

The data from the above run will be used to determine
the equilibrium constant:
61,84 » molecular weight of boric acid
32.04 = molecular weight of methyl alcohol

g,23904 e« 35,86 millimoles of boric acid charged
¢,0618 o

1,2456 = 38,9 millimoles of methyl alcohol charged

0.03204

0,792 2 density of methyl sleohol

1,246 = 1,6 ml of methyl slcohol
0.792

Assuming that the volume of the benzene phase
formed on adding benzene to the resetion solution is equal
to the volume of benzene and aleohols

200 + 1,6 = 201,6 ml in the benzene phase

5,96 + 5,86 = 5,91 ml base, average
2

{5.91)(0.0995)(201,6) = 2,37 millimoles of ester at
: 50 equilibrium
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{3)(2,37) = 7,11 millimoles of water at equilibrium
386 w= 2,37 = 1,49 millimoles of scid at equilibrium

28,9 == 7.1 = 31,8 millimoles of alechol at
equilibrium

From the law of mass action, for any reaction
sA+ bB == 4D + e, the equilibrium constant, Ko, &t any
definjite temperature esn be caloulated from the following

relationship: cff x c§
| Ke ~

& b
where C iz the equilibrium concentration of the constituents

in moles per liter,

For the reaction 3ROH + HzBO; == RzB03z + 3 Hp0, the

equilibrium coneentration would be: Ky = (RaB Hs0)3,
%_333}3‘50253}{?“0&2{%5

The volume of the resction mixture would eaneel out and from

the above ¢alculated data: K, = 37) 47,11 5
1.49)(51.8)°

= 1,77 x 1072,
The per cent of boric acid reacted is:

(100)(2,37) = 61,47

The benzene to acid ratio is:

200 & 837 milliliters of benzene per gram
9.8559 of acid,



DISCUSSION

The experimental data for all runs are listed in
Table X, Table II lists the values taken for the molecular
weights and densities of the alcohola, From the deta of
these tsbles the equilibrium constants and percentages
of reacted boric acid were caslculated by the methods
described on pages 12 snd 13, The results of the experi-
ments veried somewhat with esch aleohol so each aleoochol

will be discusased in turn,

Vethyl gohol:?
Most of the experiuents were run using methyl aleohol,
In the Tirst experiments it was noted that the amount of

benzene used drastically affected the results,

If only small amounts of benzene were added to the
equilibrium mixture, a solution was formed snd no eepsration
of solid or liquid oceurred, If the amount of solvent was
increased, two liguid phases were produced, When the benzene
layer was analyzed, the results showed that apparently
the resotion had gone almost to completion, However, if
greater quantities of solvent were used, a solid precipi-
tate was formed, Now, when the solvent layer was analyzed,
the results showed the reazction to have been about 60 per

gent complete,

It was decided to check the effeet of still greater
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0.0995

0.0995

10,0995

0.0995

0.0995

1.02 | 2.09
0.55 | 2.23

0.893 | 3.68

0.51L 2412
0.539 | 2.19

0.179 0.371

0.667  2.76
0.631 | 2.56

j

0.792 | 3.27

(%}

:Aleohol

(p-H)

6.2
6u69

1.0

6436
65T

1.1

8.28

7468

9.81

1.82
.71

0422

151

1.03 |

i
2.26 |

csem |

179
166 |

0.60

' 53.8
Sk

5748

60.9

70.8

577
51.3

48.5

6oz |

LT
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wO. 1111~  Mili-|  VERT | Plue | QWT O/H " For~ | MJioles Ester| water| Acid [Al
Mle Hlo F | M. M.  waliy (Ix K (Ixj (M) (B8 (D

6.1 40O | L0b.1 i 100 ' L.06 767.915 0.995‘5 0.688 2.79 3.37 1.0

178 | 0.2348| 3.80 |4.93 | 55.9

#In these experiments, water was added to the solvenieester solution to hydrolyse the
oster. The water was then separated from the solvent and diluted to 50 ml. Then
the 20 ml aliguots were taken and titrated.
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MOLECULAR WEIGHTS AND DENSITIES

Methyl Ale¢ohol

Ethyl Aleohol

N-Propyl Alochol
Isopropyl Alecohol
¥-Butyl Alcohol
Secondary Butyl Alcohol
Tertiary Butyl Aleohol
N-Amyl Alcohol

Primary Isoamyl Aleohol

Borie Acid

TABLE II

Molecular
_Veight

32,04
46,07
60,09
60,09
74.12
74,12
74,12
88,15
88,15

61,84

Density

0.782
0,789
0.804
0,789
0.810
0,808
0,779
0,810
0.813

1.4356
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smounts of sclvent, iﬁﬁgrdingly, in Run Yo, 6 the amount
of solvent was varied, about 400 to approximately 2100
milliliters of bensene per gram of borie scid, The
results of Run No, 6 showed that the spparent degree of
completion of the reaotion was high with low ratios of
benzene to seid, Then as the ratio wae increased the
per cent of boric¢ acid reacted dropped to & minimum,

But, with still higher benzene to acid ratios the per

gent of reacted borie acid inereassd,

- Table III lists the milliliters of bengene per gram
of boric scid in various runs as well as the percentage
of reacted borisc aclid and the equilibrium constant, all
saleulated from the data of Teble I in the manner shown
on pages 12 and 13, Figure I shows the minimum which
ocours when the perdentage of rescted boric acid is

plotted versus the ratio of benzene to borie =ecid,

The minimum which ogeurs and the trend toward s
more complete reaction with incremssing smounts of solvent
is more apparent when the curve for & single series of

rung is shown as in FPigure 1I.

It might be thought that the incresse in per cent
of reacted boric aeid whieh ococurred with higher ratios
was due only to a sclvent effect of the benzene on the

boric acid, From the data of Teble IYI for Runs 6D and



TABLE IIY - REQUILIBRIUM CONSTANTS OF METHYL ALCCHOL

RUN
EOQ,

1A
1B
2A
2B
SA
3B
4A
4B
4C
5A
5B
6A
6B
6C
6D
6E
TA
7B
7C
8A
8B
8C
9A

{94 run at 5 °C,

GRAMS

0.5013
0.5008
0.4949
0.5108
0.2593
0.2609
0.2584
0.2551
0.2505
0.2513
0.2521
0.2415
0.2436
02590
0.2410
0.2401
0.2485

0.,1283

0,1258
0.2418
0,1221
0,1257

0.2438

86
25

- 100

100

1lo0

200
100
200
300
200
400
120
180
200
400
500
200
200
250
200
200
250

BZ/AQIE % REACTED
Lmuxl (ML/GRAM) BORIC ACID
190 91,6
190 91,7
202 92,6
196 90,7
286 90.5
767 92,4
387 91,6
784 59,6
1200 70.1
796 64.8
1590 66,4
414 67.5
616 88,5
837 61,4
1660 63,1
2080 83,2
805 57,7
1600 58,1
1990 70,0
828 64,7
1640 71.6
1990 76,8
1640 62,7

400

All others at 30 °¢,)

EQUILIBRIUH
CONSTANT

5,26 x 10+

5.33 x 10~

5.02
3,89
1,52
1,02

- 2.34
1,22

1.64

3.24
8,34
1.77
1.76
5,73
1,568
1,28
2,59
1,98
2,06
3,78
1,38

x

X

M M M M M

M

‘{‘gg 25 x

10~
10-1

w0~

10-1
10”1t
1072
10°2
1022
10™2
107°
102
10~2
10-2
10-2
102
10~%
10-2
10-2
10~2
10-2
10~2
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6E, sn increase in benzene of sbout 420 milliliters of
benzene per gram of scid inereased the per cent of boric
scid rescted 20,1 per cent whiech is equal to 0,201 graums,
However, the solubility of borie acid in benzene &s
determined by the method described on page 6 was only
0.,0274 grams per liter or 00,0115 grams per 420 millie
liters, The 0,0115 grams is 5,7 per cent of the the
0,202 grems, Thus, the incresse in the smount of borie
soid which reagted with inecreasing amounts of benzene
must be largely due to something else besides a simple
solvent effect of benzene on borie-acid, However, no
axperimenta wefa made to determine the exact cause for

this inerease,

Ethyl Alcohols
The esterificetion of ethyl alechel was sccomplished

in one of the early runs, It was necesssary to use large
smounts of this alechol to dissolve the acid becsause
heating was not used, Also, only relatively small amounts
of solvent were used, In this case n-pentane was used
beeaung benzene did not give separstion, This combination
of large amounte of alcohol and small amounts of solvent
gave 8 high wvalue for the per cent of boric acid reacted
{97.3%), The velue for the equilibrium constant was also
high (2,57 x 10~1),

This early run was nmade before the effect of solvent
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was known, The use of heat to dissolve the acid so thsat
lower amounts of alcohol could be used plus increased

asmounts of solvents would probably give better results,

Normal Propyl Alcchol:
The slcohol wes heated to get complete solution of

the acid with small amounts of alechol, Refluxing would
have been diffiocult because of the very smsll smounts of
aloohol used so heating was zocomplished by tightly
stoppering the flask which oontained the salcohol and
acid, Then the lower pert of the flask was immersed in
hot water and shaken until the acid completely dissolved,
Care was taken to keep the flask tightly stoppered se

that alecohel could ﬁat egcRpe,

Some preliminary experiments showed that petroleum
ether gave better precipitation than bengene, Although
gbout 800 milliliters of petroleum ether per gram of
acid was used, it wes calculmted that 98,7 per centvof
the scid reacted, Consaquently, the equilibrium conatant
was high, Probably & series of runs would have to be

made to determine the minimum equilibrium constant,

Isopropyl Alcohol:
Heating was used to dissolve the acid, The equilib~

rium constant was much lower than for the normel propyl

aleohol as would be expected, When the amount of solvent
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was increased the equilibrium constant increased in the

same manner &s for methyl aleohol,

Normel Butyl Alechol:
It was nedessary to heat the acid~alcohol mixture

in order to get complete solution in relatively small
amounts of aleochol, Like normal propyl alcchol, normal
butyl alechol showed s high percentage of reacted acid
although 800 milliliters of benzene per gram of acid

was used,

}gggaggagx Butyl Aleohol:
Heating was employed to dissolve the acid, The

behavior of this aleohol was as expected, The squilib
rium constent wss lower than the primery aleohol, When
the smount of solvent was inoreased from 800 te 1600

milliliters of benszene per gram of acid, the amount of

reacted boric acid inoreased from 54.2 to 56,9 per cent,

Tertiary Butyl Alecohol:

Heating was used to dissolve the aecid, As would be
predicted the equilibrium constant was very low, the
lowest of all alcchols temted,

Normal Amyl Alcohol:

It was necessary to heat the aleohol-scid mixture
in order to obtain complete molution with low amounts

of alcohol, The reaults showed 67,0 per cent reacted
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boric acid whioh was lower than the value for n-butyl
aleohol and higher than the wvalue for secondary butyl
aleohel, It would be expected that the primary aleohol
with the longer chain would not ga‘as far toward completion
as the shorter chain alechel, but would be more reactive

in esterification than a shorter chain secondary algohol,

Primary Isoamyl Alcochol:
The equilibrium c¢onstant was higher than that for

n-gmyl alcohol but lower than the value for n-butyl
alcohol, This is as expected since the branched hydro-
earbon chain would be expected to give properties

intermediate between n-butyl and n-amyl alcohols,

143-Diehloro-2-propanol:

\ Heating waes used to dissolve 00,1136 grams of acid in
8,87 grems of the aleochol, The standard procedure of
extracting with benzene after equilibrium wes resched and
then hydrolyzing with water wes followed, When the
hydrolyzed sample was titrated, & permanent end point
could not be attained until after adding many times
the theoretical amount of base which would be required

if the boric acid was completely reacted,

Next & sample of the aleohol wes added to distilled
water and phenolphthelein added, When base was added
the mixture turned pink, but with continued shaking the
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the color faded, lore base was added and shaking

continued until finslly a permanent end point was obtained,

Because of the reaction of the alcohol with base,

the equilibrium constant could not be determined,

Calculetions:

The squilibrium constants and the peruentages of
reected borie acid for all runs (e¢alculated from the
data in Table I) are listed in Tebles III and IV,



RUN

104

10B

11A

124
128

13A

144
14B

154

16A
168

17A
178

TABLE IV

EQUILIBRIUK CONSTANTS FOR VARIOUS ALCOHOLS

ALCOHOL

Ethyl
Ethyl

¥-Propyl

Isopropyl
Isopropyl

N-Butyl

Secondary Butyl
Secondary Butyl

Tertiary Butyl

NeAmyl
N-Amyl

Primary lIsoamyl

Primary Isocamyl

BZ/ACID
(ML/GRAM)

199
391

871

826
1640

814

827
1680

1720

853
1690

835
1700

% REACTED
BORIC ACID

98,9
97,3

98,7

53,5
56,6

92,7

54,2
56,9

19,7

72.8
67.0

84,5
13,4

EQUILIBRIUM
CONSTANT

5,81 x 10™%

2,57 x 107t

-1

7.11 x 10

1,81 x 10™3

2,42 x 10=°

8,75 x 10-%

10-3
o=9

1.3 x
l.41 x 1

9,48 x 10-8

-3

9,93 x 10

6.82 x 10™°

4,52 x 1072

1,51 x 10™2



CONCLUSIONS

The equilibrium constants for the alcohols studied
can be determined by the solvent technique desoribed in
this peper, The equilibrium is affected by the amount
of solvent used, For a specific alcohol, a meries of
runs should be made to determine at what ratio of benzene
to acid the equilibrium constant is &t & minimum, This
ratio probably represents the point at which precipitation
of unreacted acid is greatest and the point &t whieh
the reaction is not driven further toward completion by

an excess of solvent,
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