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ABSTRACT

An enzymatic method for the detectlon of esters has
been developed. The use of various esterases as an analyti-
cal tool has been examined. It has been found that lipase
can be used for the detection of esters under specified
conditions.

Ton exchange resins have been utillzed for the
quantitative determination of esters in milcrogram quanti-
tles. The method glves satisfactory results In the analy-
81s ¢f dilute solutions.

It has been found possible to titrate solutions of
molybdate and tungstate as dilute ag 0.00025M by the use

of high frequency titrations employling solutlons of lead
salts as the titrant.
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PART I

DEVELOPMENT OF A GENERAL CLASS TEST FOR ESTERS




Chapter I

A Review of the Different Methods
for the Detection of Esters

A. Introduction

Esters form one of the most important classes of
organic compounds. They occur widely in nature and are
intimately associated with innumerable modern industries.
They find wldespread use as flavoring zgents, as solvents
and in perfumes. Despite their importance, very few
methods for the detection of esters, as a class, are known.

In the widest sense, an ester 1ls defined as a com-
pound derived from an acid--defined in the Arrhenlus sense
--by replacing its active hydrogen atoms8 by organic radi-
cals. These organic radlcals may be aliphatic, aromatic,
alicyclie or heterocyclic in nature., TIn & limlted sense,
the word ester 1s applied to the derivatives of organic

aclds only.

0 Q

CH3-==~(J)'-—C——O-—-H ~=—p CHgz~-C~-0--CoHg
Here the reactive hydrogen atom of the acid marked by an
asterisk has been replaced by a relatively inert ethyl
group. The functional group of esters is & resonance
0
stabilized —»E—~O &2 ~—C=0 group in which the car-

bonyl group has lost muech of its reactive properties.



In order to appreclate fully the difficulties
involved in the detectlon of esters, let us concentrate our
attention on four classes of organic compounds represented
by formulae (1-4).

0 ' ) 0
| | i g
CH3~tC~-H CHs C—»CH3 CHg Q——OH| CH3 —OR

L G {

(1) - (2) (3) (%)

In the class of organic compounds represented by formula (1),
the reactivity of the carbonyl group l1ls enhanced by the
presence of a reactive hydrogen atom and by the absence of
resonance. Such compounds enter into a number of chemical
reactlions and are very easy to detect. In compounds of
class (2) the hydrogen atom is no longer present but the
absence of resonance maintains the reactive character of
the carbonyl group. In class (3) compounds, the presence of
perfect resonance suppresses the reactivity of the carbonyl
group but at the same time helps in the ionizatlion of a
proton which offers a ready means of detection. When we
congider the compounds represented by (4), we notilce two
important things. The characteristic éroup in this class
1s stabllized owing to rescnance between the carbon atom of
the carbonyl group and the two oxygen atoms, and we no
longer have the easlly lonizable hydrogen atom. It is,
therefore, not surprising that the detectlon of esters
forms one of the more difficult tasks in qualltative



organic analysis. The difficulties in detectlon are further
increased by the existence of other closely related sub-
stances such as acld hallides and anhydrides gilven by the
formulae (5) and (6).

i i
CH3—-—L—-01 CH3--—C\o
CH3— -
!
(5) (6)

From what has been sald it 1s clear that there are
two general courses open for the detectlion of esters.
Either we may hydrolyze the ester into the acid and the
alcohol and regard the hydrolysis as a test for the pres-
ence of an ester, or we méy choose such condltions and
reagents that the carbonyl group only of the ester 1s
affected. The latter course 1s the more difficult owing
to the reasons set forth above. It l1ls, therefore, no
wonder that the classical method of detection has depended
upon hydrolysis and that new approaches have been extremely

rare,

B. Various Methods for the Detectlon of Esters

For speclal purposes, special methods have been

devised for the detection of esters. It 18 neither



necessary nor practicable to enumerate all the methods used.
A selectlon of such methods will be given to help in under-
standing the different possible approaches. Lanthanum has
been used as a specific reagent for the detection of acetate
(50, 59). Formates can be converted to formic acid which

on reduction gives formaldehyde. The methods for formalde-
hyde are then applicable (31, 39, 40, 62). The esters of
aromatlic aclds can be saponified and the acids then detected
by testing for functional groups other than the carboxylic
group. If such a group is not already present, it can be
introduced into the molecule. Thus benzolc acid ig nitrated,
reduced, dlazotized and coupled with N-(l-naphthyl)
ethylenediamine hydrochloride (27). In a mixture of hydro-
carbons, esters of glycerol may be defected by the acrolein
test for glycerine (29). Esters of dicarboxyllc acids are
detected by melting with resorcinol (34). Infrared spectra
have also been used for the qualitatlve detection of organic

compounds (6, 10).

Methods Based on llydrolysis

The hydrolysis of esters is catalyzed by acids as
well as by alkalies. The alkaline hydrolysis is preferred
because then the reaction goes to completion. For the
successful application of this method it is necessary that
the classificatlon tests are applied in proper sequence,

otherwlse the conclusions may be erroneous. To take an



example, benzaldehyde and benzylbenzoate would glve the

same end products on treatment with NaOH.

CgH5CHO / 2NaOH ——> CgH5COONa / CgHsCHoOH
0635011200006}15 # NaOH —3 CHzCOONa # CHy CHy0H

Not all esters hydrolyze easlily and modifications have been

introduced te remedy this defect (77). In some cases an

acid is preferable for the hydrolysls of the ester,
Sometimes the alcohol produced by hydrolysis is

oxldized and the product of oxidation 1s detected. The

linmit of detectlon of the ester then depends upon the

limit of detection of the aldehydes so formed.

The Hydroxamic Acid Test

The lntroduction of the hydroxamlc acild test has
been of great practical utility in the detection of esters.
The method was first developed by Feigl in 1934 (30, 35).
The general adoptlon of the test was facilltated by
Davidson's article in the Journal of Chemlcal Education
(21). The test was carefully evaluated and three useful
modifications of the test were introduced by Buckles and
Thelen (16). Recently a method has been developed for the
detection of esters on Florisil utilizing this test (73).

The test 1s based on the well known reaction of

hydroxylamine with derivatives of carboxylic acid.



H
|
RCOOR' / NHoOH ~——3 Rmﬁ—-—N-—OH # R'OH
0

H
RCOC1 # NHpOH —> R-—-»i-—-lll-uOH 7 HCl

H
(RCO),0 # NH,0H —> R—-«-ﬁ-—nll--OH # RCOOH

Hydroxamic acid produced by these reactions can be
detected by adding acldified ferric chloride. A deep
magenta color 1ls produced as a result of this reactlon.

The rection may be formulated as follows:

Q
3R-—LL:--~~NH0H / FeCly —> [2_:\;:% Fe / 3w/ 4 3c17
- B

In the following two tables are summarized the
scope and limitations of the hydroxamic acid test and its
three modifications A, B and C.



TABLE I

Limitations and Scope

of the Hydroxamic Acid Test

Compounds Test A Test B Test C

Most Esters and Lactones Yellow Deep Magenta Yellow
Hydrogenated cottonseed oil,

glyptal resin, polymethyl methyl

acrylate Yellow Medium magenta Yellow
Isobutyl acid phthalate and

sec. octyl acid phthalate Yellow Weak tests Yellow
Oxalates or methyl acetate with Require more

oxalic acid Yellow FeCl3 Yellow
Et.CO3, Et. carbamate, Et. chloro- )

formate, Me-p-toluene-sulfonate, Negative

1e804, EtpS04, EtNO3, BusPQ, Not mentioned tests Not mentioned

CC13CHO, benzotrichloride
Compds. with CC1i3C(0H)- as
CC13COH(CH3) 5 give false tests¥

Not mentioned Deep magenta

Not mentioned

CHCl3, CHBr3, CBry, CBr.Cls,
CC13CO0H

Not mentioned Medium magenta Not mentioned

Acetic, succinic, maleic,
phthalic and 3-nitrophthalic
anhydride

Not mentioned Deep magenta

Deep magenta

* David Davidson, J. Chem. Ed., 17, 81 (1940).



Compounds

Test A

Test B

Test C

CHCl,, CHBrg, CBr,, CBrCls,
CC13COO0H

Not mentioned

Medium magenta

Not mentioned

Acetic, succinic, maleic,
phthalic and 3-nitrophthalic
anhydrides

Not mentioned

Deep magenta

Deep magenta

Benzoyl and p-phenyl-
benzoyl chlorides

Not mentioned

Deep magenta

Deep magenta

Formic and phthalic acids

Not mentioned

Deep magenta

Deep magenta

Lectic acid

Negative

Deep magenta

Negative

HCHO, p~-hydroxybenzal -

ICHO, @CHO, hyd b 1
dehyde, m-nitrobenzaldehyde,
venillin, anisaldehyde

Not clear

Weakly
positive tests

Not clear

Formamide

Not mentioned

Deep magenta - -

Not mentioned

Acetamide, formanilide, benza-
mide, diacetylhydrazine,
phthalhydrazide

Not mentioned

Medium magenta

Not mentioned

Diacetamide, succinimide
phthalimide, nitrophthalimide

Not mentioned

Deep magenta

Not mentioned

Acetonitrile and propionitrile

Not mentioned

Medium magenta

Not mentioned

Isocyanates

Not mentioned

Weak or negative

Medium magenta

2-Nitropropane,
2-Nitro-

Nitromethane,
2-nitro-1/butanol,
l- chlorobutane

Gave deep red solu-
tion even without
hydroxylamine




TABLE II
Modifications A, B and C

of the Hydroxamic Acid Test

Test

A

Dissolve a drop or a few crystals of the compound to be tested in one ml. of 95%
alcohol and add one ml. of one N hydrochloric acid. Note the color produced when

one drop of 10% ferric chloride is added to the solution.

Mix one drop or several crystals of the compound to be tested with one ml. of .5 M
hydroxylamine hydrochloride in 95% ethyl alcohol. Add .2 ml. of 6 N aqueous sodium
hydroxide, heat the mixture to boiling, and after the solution has cooled slightly,
add 2 ml. of one N HCl. If the solutionm is cloudy, add 2 ml. of 95% ethyl alcohol.
Observe the color produced when one ml. of 10% ferric chloride solution has been
added. If the color formed by the drop of ferric chloride solution does not remain
when it is mixed into the test solution, keep adding the reagent dropwise until the
observed color pervades the entire test solut@on. Usually only one drop of the
reagent solution is necessary. Compare the color produced By Test A. A positive
test will be a distinct burgundy or magenta color as compared with the yellow

observed when the original compound is tested with ferric chloride in the presence

=
o



Test

B of acid. It is best to observe the color of the test solution within 5 minutes
(con't) . : . .
after adding the ferric chloride solution.
C If Test B is positive, repeat it without adding sodium hydroxide and with only one

ml. of the hydrochloric acid for acidification.

11
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A positive test for esters 1s obtalned when we
obtain a deep magenta color in Test B and do not get this
color in Test C. Thus, two tests have to be run. The test
1s given only with esters of carboxylic acids. A positive
test 1s also given by most aldehydes and such common sub-
stances as chloroform and chloral hydrate. Common nitrogen
compounds such as acetamide and benzamide also glve positive
tests. It wlll thus be apparent that though the test 1s
useful 1ts utllity 1ls severely restricted by the many
limitations imposed upon it. However, it is often useful
as a means of avolding lengthy saponification tests. The
hydroxamic test has been dealt wlth at length partly
because it is the best qualitative test for esters (19)
and partly because many standard text books omlt any men-
tion of this test (65, 69, 88, 89).

Esters have long been used for the qualitative and
quantitative determination of the actlvitles of esterases.
For this purpose, phenyl esters (112), nitrophenyl esters
(2) and esters of salicylic acid have been widely used.
Phenol is determined colorimetrically after diazotization
while salicylic acid is detected and determined with ferric
chloride (64) or by spectrophotometric methods (49). A
beautiful spot test has been described by Sastrli and
Sreenivasya (83): A drop of the substrate and a drop of
the test liquld are mixed on a strip of fat-free filter

paper. The paper is left (together with necessary controls)
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for 30 to 60 minutes in a moist atmosphere under a bell jar.
Methyl red is used as the indicator. A red color indicates
the presence of the enzyme. A cup plate method has also
beenldescribed for the detection of the activity of various
enzymes (18).

In view of the considerations set out above, it
was considered desirable to develop another class test
for esters, which may not be as long and tedious as the
saponification test and may not suffer the same limitations
as the hydroxamic acid test. Since enzymes are kmown to be
more or less specific in their actions and since no effort
has been recorded to use the enzymes for the analytlical
detection of esters, it was consldered frultful to look
into this approach. The present work was undertaken to
find the scope and limitations of the utilization of
enzymes as an analytical tool for the detection of car-

boxylic esters as a class.
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Chapter 1II

Enzymatlc Detection of Esters

A. Enzymes and Thelr Properties

Enzymes are blologlcal catalysts whilich speed up
chemical reactions. They are much more effective than
inorganic catalysts and their activity i1s proportional to
the concentration of the enzyme. Most enzyme catalyzed
reactions do not occur at an appreciable rate in the
absence of the enzyme so that a plot of rate versus
enzyme concentration is a straight line passing through
the origin.

Enzymes are largely protein in nature although
some of the enzymes have a non-protein part also. The
structural unit of a protein is a long chaln arising from
the condensation of a number of amino acid residues. The
simplest amino acid 1s glycine NHoCHp:COOH. A protein
formed from glycine wlll have the structure
—NH" CHp - CO—NH- CHp - CO—NH- CHp - CO—.

The —NH:CO— linkage characteristic of proteins is known
as the peptide linkage. The natﬁrally occurring proteins
largely conslst of such chains made up of o(~amino acids

which are derivatives of glyéine of the general formula

!
NH,,— CH—COOH.
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There are usually a number of different amino acids within
a single protein molecule. Not much is known about the
order in which the aclds are arranged 1n such moleculées nor
1s the configuration taken up by the chain known.

Many of the characteristic properties of proteins
and therefore of enzymes arise from the very large sizes
of the molecules. Other characteristic properties of
enzymes are due to thelr electrical nature. Proteins bear
a number of positive and negative charges which arise from
the presence of carboxyl (—COOH), amino (—NHp) and'oﬁher
groups in the molecule. In falrly neutral solutions, these
groups are in the ionlzed state so that a protein molecule
may contain a number of positlve and negative charges.
These charges tend to bind the ions that are added to a
solution of the protein, and enzymatlc action is frequently
related to such binding of ions. In acldic solutlons, the
ionizétion of the —COOH group is suppressed while the
amino group 18 in the form of ——NHB/. The protein is
therefore posiltlvely charged.

Similarly, in basle solutions the proteins wlll be
negatively charged owlng to the formation of —CO0~ groups.
At some intermediate pH--knownlas the isoelectric point
characteristic of each protein--the number of positive and
negative charges on the molecule wlll be equal and the

molecule will have no net charge.
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When an enzyme 1s made up of a protein and a non-
protein part, these two parts are known respectively as
apoenzyme and prosthetic groups. When the prosthetic group
is readlly separated from the apoenzyme, 1t 1s known as
coenzyme. In some cases 1t 1s found that certain ions are
attached to a protein. If these ilons are removed, the
enzyme loses its activity. Such lons are called activators.

Enzymes are also characterized by the specificlty
which they exhiblt towards thelr substrates. When an
enzyme willl catalyze the reaction with only one compound,
we speak of absolute specificity. A group specificity is
shown by the enzyme when it acts on a number of compounds
having a particular requlred grouping. Stereochemical
specificlty results when the enzyme acts upon only one
stereochemical form. The lowest degree of specificity is
shown when the enzyme acts upon a certain type of linkage
lrrespective of the environments of thg linkage. For
1nsténce, lipases hydrolyze any type of carboxylic ester
irrespective of the acld or the alcohol involved. The
rates of reaction, however, differ with different types of
esters.

A rate may be expressed elther 1n terms of a
decrease in the concentration of the reactant or an increase
in the concentration of the product. The important factors

on which the rate of enzyme reactions depends are:
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The pH of the solution.
. The substrate concentration.

The temperature.

=~ w P +~

. The concentrations of any inhlbltors present.

Influence of pH

In the majority of cases the rate 1ls found to pass

through a maximum as the pH

1s varled and a curve of the

type shown in Figure 1 T //*Qn_OPtéﬁum

results. If the solutlon Rate /

1s taken too far towards the /// \\\\

basic or acidic side away /// .

from the optimum pH, the 44/

enzyme loses its activity. pPH —>

However, within a falrly Figure 1
Denaturation

narrow optlimum the pH can
be changed back and forth and no permanent effects are
obtained. One of the explanations for the type of pH
curve shown in Figure 1 may be that the actlve enzyme has
the form NHB/‘vf“COO“. The result of addition of acid or
base to this active enzyme may then be deplcted as follows:
OH™ _
g —C00™ = NHg e C00" = NHy/~— —COOH
H

more basic more acldilce
Inactive Actlve Inactive
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This 1ldea that the active form of the enzyme is an acid-
base palr in the protein has been useful in understanding
other aspects of enzyme mechanlsm also as we shall see a

little later.

Influence of Substrate Concentration

The most common relationship which exists between
the substrate concentration and rate of enzyme reaction 1is

glven in Figure 2. At

very low substrate con-
centrations the rate T o

Rate
increases linearly wlth
substrate concentration, Figure 2
i.e., the kinetics are
first order. At high

0

substrate concentratlons Concentration (Substrate) —>
the rate becomes inde-

pendent of substrate concentration, the reactlon being of
zero order. When this type of behavior is observed, the

curve can usually be fitted to an equation of the form

_ als

V= i‘?‘hll?sj

where a and h are constants. [S] represents the concentra-
tion of the substrate in moles per liter and v is the rate.

This type of behavior was first interpreted theoretically
by Michaelis and Menten (28). The essence of their theory
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is that the enzyme reaction proceeds in two stages:
EZS = X (1)

The first stage repregsents the formation of a complex

between enzyme and substrate.
X &= P/E (2)

The second stage 1s the decomposition of the complex to
give the enzyme and the products. When the substrate
concentration is very low the concentration of the complex
is directly proportional to the concentration of the sub-
strate. However, when all the enzyme i1s tled up wilth the
substrate to form a complex, then any increase in the con-
centration of the substrate wlll not affect the rate of
enzyme reaction.

The Michaells-Menten law can be derlived rather
simply. The equilibrium equation for reaction (1) is

[ SX . 7= K (2)

Total concentration of enzyme [Eg = [E] / [X] where [E]
represents the concentration of the free enzyme. Equatlon

(2) then becomes
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T—m“K or [X] = X (8] [Eq - k {x] [d]
or [X] A% [X] [s] =x (5] (E]
or [X] (1 /K [8)) = k [s] [E]
X = K [8] [Eq]

or

However, the rate of formation of products is proportional
to [X] ; Ll.e.,

v= K [X]

_ Kp k 8] (B - ([s%

The Effect of Inhibltors and of Temperature

A word may also be said about the effect of inhibi-
tors. Inhibitors are of two types: competitive and non-
competlitive. Competitive inhibitors are allied to the
substrate in structure. They, therefore, compete with the
substrate for the active slites on the enzymes. Therefore
the degree of inhibition brought out by a certain concentra-
tion of the inhibitor decreases with an increase in the
concentration of the substrate. In the case of non-
competitive inhibitor the degree of inhibition is not con-
centration dependent. |

As in the case of pH, the rate versus temperature
curve also shows an optlmum value. However, the study of

temperature effect is complicated by the fact that at
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higher temperatures inactl- A =
‘ }
vation starts coming into //! i \\\\\\
Rate I
play. If proper account is
taken of inactivation and :
the reaction 1s studied / |
' |
within a small range of (
temperature, thi{famous Temperature —
law of Arrhenius hasg been
. Figure 3
found to apply almest : Effect of Temperature
on Activity
invariably '
K A-e” /AT

where K 18 the rate constant and R 18 the gas constant.

B. Esterases and Thelr Characteristics

As 1s apparent from the name, the esterases hydro-
lyze esters in general. They hydrolyze fats, common esters
and esters of sulfuric and phosphoric¢ aclds. We shall,
however, be concerned more wlth the enzymes which hydrolyze
the esters of carboxylic aclds. It 1is possible to classify
the esterases elther according to the source of their origin
or according to the esters which they hydrolyze. A useful

clagsification from our standpoint is glven here,
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Estﬁfases
Vegetable An 1
i v | £
Acylase Wheat germ Castor Liver Pancreas
hydrolyzes 1lipase bean lipase lipase
the esters hydrolyzes 1lipase hydrolyzes hydrolyzes
of acetilc common hydrolyzes common fats.
acld only. esters. fats. esters.

Lipaseg
The term lipase is used to include those esterases

whlch hydrolyze fats better than the common esters. They
are enzymes of low specificlty in the sense that they hydro-
lyze to a significant extent the esters of acids which are
not true fatty acids and alcohols other than glycerol.

Such esters we have included under the name 'common esters."

Lipases are generally found im pancreas and in plants.

Esterases Proper or Aliesterases

These enzymes hydrolyze the common esters much
better than the fats. It does not mean that they hydro-
lyze every common ester; but in general they would hydro-
lyze methyl butyrate, for instance, much better than
glyceryl stearate. It was found that one gram pancreas
powder corresponds to the activity of 10,600 grams liver
powder in the hydrolysis of olive oll, to the activity of
100 grams liver powder in hydrolysis of tribubtyrin and to
the acﬁiﬁity of 4 grams in the hydrolysis of methyl
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butyrate. Richter and Croft proposed the name Allesterases
for these esterases which hydrolyze simple allphatic esters
and glycerides. Some of the more common esterases are the
followlng: 1. steapsin, 2. wheat germ lipase, 3. 1liver
lipase, 4. glandular lipase. We shall discuss the first
three in some detall. |
1. Steapsin

Steapslin, the commercial name given to pancreas
lipase, hydrolyzes fats much faster than other esters.
Many of the studies made on this lipase have been done on
oils and fats. Since the enzyme is commercially avallable,
detalls will not be given concerning its preparation. It
may be prepared by the method of Willstatter and coworkers
(9, 106, 107, 113). It is purified by adsorption on
aluminum hydroxide (105) or Kaolin (1ik4).

a. Optimum conditions

The pH optima of the esterases lie between 5 and 9
(59). 1In the case of pancreatic lipase it is about 8. The
optimum conditions of temperature and pH depend on the sub-
strate, state of purity of enzyme, buffers, methods of
assay, etc. 1In the case of pancreatic lipase, the optimum
temperature for most substrates is about 37°.

The optimum pH for the hydrolysis of lower tri-~
glycerides is around pH — 7. For the higher triglycerides
1t 1s shifted to pH= 8.8. However, for the hydrolysis

of acld esters of diearboxylic aclds, such as succinic and
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malonic esters, hydrolysis takes place only in acidic medla
around pH = 5. The optima for lipases of other animal
tissues are listed by Ammon (3).

b. Actilvators

Albumin and calcium lons actlvate the action of
lipase (104). The activating influence of CaClp was
investigated by Schonheyder snd Volquartz (84).

Calcium salts inecrease the activity of the enzyme
in homogeneous as well as in heterogeneous systems on both
sides of the optimum pH. Whereby on the acid side, the
range of the hydrolytic activity was found to be broadened
by one pH unit {(84), This effect can be ascribed in part
to the precipitation of calcium salts of inhibiting higher
fatty acids, but the same mechanism cannot account for the
activation of the hydrolysis of lower fatty aclds. It
appears more probable tThat this i1s a case of speciflic action
of calcium ions on the enzyme itself similar to the now
well established mechanism in the case of trypsim (13).

Salts of bille acids alsc activate the action of
lipase. The findings of Wills {(103) strongly suggest that
the sole function of bile salts is confined to substrate
emulsification and 1s not involved in an activation mecha-
nism. According to Fodor (32), the rcle of bile salts in
activating the hydrolysis of esters by pancereatic llpase
is not a specific one but, rather, involves changes in

surface tenslon at the ester-water interface subsequent
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to ester hydrolysis. BEmlsification of the ester by blle
salts may result in increased or decreased ester hydrolysis.

The activation of the lirvase effect of the pancre-
atic enzyme by smino scids is & striking phenomenon (25,
104a). The L form of Leucylglyeylglycine exerts the great-
est influence on pancreatic lipase (36). It was shown by
Dawson (115) that amino acids accelerate the hydrolysis in
alkaline or neutral media but not in scidic solutions of
ethyl butyrate and clive il by pancrestic lipase. The
effect of temperature on lipase actlvity has been determined
by Schwartz (86) and Sizer (93).

Yamamoto studied the effect of a number of amino
aclids on the action of lipase. Be found that dl- and
tricarboxylic acids such &8 succinic, malic and cltric
acids also show activating effects similar to some amino
aclds. He favors the view that these acbivators act by
regenerating active lipase from inactivated enzyme rather
than by affording protection sgainst alkaline inactliva-
tion (108).

¢, JSpecificity

It has been established thzt the hydrolyzability
of glycerides by lipase increases with the number of fatty
acld residues on the glyceride and with the chain length
of the fatty acid. Unsaturated fatty acids of greater
chain length increase the hydrolyzability of the glyce-
ride (85). Balls and Matlack (5) investigated the
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hydrolysls of stearic acild esters by pancrestic llpase; the
various alcohols caused sppreciable differences in the
hydrolysis. Figure 4 summsrizes the results of thelr experi-
ments. ILactic acid esterz and mandelic acld esters are among

the hydroxy acids which are hydrclyzed well.
o

/ . Benzyl
T Allyl
/ /, . Butyl
iy o Methyl
Tristearin
Iscamyl, ethyl
Propyl
Cetyl
o Neopentyl
e See, Butyl
, D .. See., Propyl
SO Tert. Amyl
e Tert. Butyl

%
Hydrolysis

16 470

Figure 4
Hydrolysis of Stearic Acld Esters by Pancreatic Llpase

Only one zlochol residue ils gensrally hydrolyzed
off from the esters of dibazic acids. Thus the monoesgters
of oxalic, suceinic, phthalic and fumaric acids are not
considered hydrolyzable {H2). Amomg the higher members of
the gseries, the diesters as well as the monoesters are
saponified. At pH values of 5.0 or lower, the monoesters
of succiniec and malonic acids can also be hydrolyzed (53).

Mattson and Beck (64) have shown conclusively that

under their conditions hydrolysis proceeds stepwise from
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triglyceride to 1,2-diglyceride and then to 2-monoglycerilde,
and then the action of pancreatic lipase ceases. According
to Baaman and Rendlen (6) the reason swbstrates like suc-
cinic acld monoester are so very slowly hydrolyzed by
esterase may be sought for in the presence of the electrl-
cally charged carboxylate groups in the molecule.

It has been shown thiat esterases do not hydrolyze
the lactones (7, 96). If a lactone 18 added to an ester
then the hydrolysis of the ester is inhibited, showling
thereby that the lactones combine with the enzyme as such.
Coumarin and santonin behave likewlse., The behavlor of
lactides and other ester-like anhydrides is irregular
(96). TUrethans which m2y be considered as esters of
carbamic acid are not hydroliyzed by esterases (95).

2. Wheat Germ Lipsse

Wheat germ lipase has ncot been studied as thor-
oughly as pancreatic lipase. Singer has given a method
for the preparation of this lipase (90). Singer and
Hofstee tried the esters, methyl, ethyl, propyl, butyl
acetates and ethyl formate. They found that calcium
chloride did not affect the activity of the enzyme (91).
Zero order reactions with simple esters as methyl, ethyl
and propyl acetates and ethylene glycol diacetates were
observed. At 38°C. the pH of the optimum stability of
the enzyme was 6.8 and the apparent pH optimum was at 7.4
(92). @Gauron, et at., (352) have studled the effect of
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substituents on the hydrolysis of phenyl acetate by wheat
germ lipase. The result obtained with substituents of vary-
ing electronegativity is not in disagreement wlth thelr ldea
that the Induced variation in the electrophllic character
of the carbonyl carbon of the substrate can ilnfluence the
strength of the enzyme-substrate complex and the rate of
hydrolysis. They have presented a slmple exposition of
what 1s commonly regarded as a reasonable mechanlsm.
3. Liver Esterase

ILiver esterase 1s 1in the strict sense not a lipase
but an esterase proper. It 1s present in most livers. It
may be isolated rapidly and quantitatively from fresh llver
by allowing the minced brei to autolyze for several days in
an alkaline medium (8). Safwa’t Mohamed (81) claims to have
crystallized it from horse liver. A good method for the
preparation of this esterase has been glven recently (20)
although the method is not applicable to beef liver which
has a much lower esterase activity than horse liver (51).
The optimum pH is 8.0 and can be established using a
borate buffer. The action of liver esterase from sheep
is inhibited by an excess of the ester (66, Tl). Alcohols
alsc inhibit the actlon of the liver lipase (55). It is
not appreciably affected by ascorbic acid (68).
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C. Experimental

The following sectlon outlines the experimental
approach used and the general conclusions obtained during

the studies of the enzymatlic detectlon of esters.

Preparation of Reagents

l. Lipase Solution
Pancreatic lipase (steapsin) 1s welghed and the
necesggary amount of distllled water 1s added to make a
10 per cent solution. Th¢ contents are thoroughly stirred
wlth a glass rod until a homogeneous emulsion is formed.
A drop of toluene 1s added and the emmulsion 18 &again
thoroughly shaken. The lipase solution lasts for 24 hours
even 1f 1t 1s kept at the ordinary temperatures (approxi-
mately 26°C.).
2. Methyl Red
Methyl red 1s prepared according to the method
given in Kolthoff and Sandell (55a).
3. Ammonlum Hydroxide
The ammonium hydroxide solutions need not be accu-
rate. They are prepared by calculating the noermality on
the basis of the data given on the bottle of ammonium
hydroxide. Ry successive dilutions the various dilute

solutions are made.



Method

Three drops of the lipase solution are added to 3
drops of the neutral substance to be tested. A drop of
methyl red is added. If the solution becomes pink, it is
made yellow agailn by the addition of the least possible
quantity of ammonium hydroxide, The appropriate amount
can be found by proceeding systematically from ammonium
hydroxlde of higher concentration to that of lower concen-
tration. The intensity of the pink color also gives a
clue in this case.

If more than 3 drops of N/LO NH,OH are required to
make the original substance (3 drops) neutral to methyl
red, then the substance 1s either not an ester or it has
been highly hydrolyzed. It 1s most probably an acid, an
anhydrlde or an acld halide.

After neutralization has been done the contents are
shaken with hand vigorously for 3 mlnutes. A change of
color from yellow to light orange or pink indicates the
presence of an ester. Another drop of indicator 1s added
if the change in color i1s not clearly visible. It is not
always necessary but 1t 1s sometimes preferable owing to
the fact that the indicator 1s preferentially soluble in
the organic phase. However, it is always better to check

by adding another drop of indicator.



Interferences

1. Aclds, Anhydrides, Acid Halides
As has already been indicated, the aclds, anhydrides
and acid halldes also give this test. However, their preg-
ence 18 easlly recognized by the fact that they need more
than 3 drops of N/10 NHyOH for neutralization and by the
fact that the pink color appears very fast. A little prac-
tice with known substances helps very much in understanding
the difference in the behavior. = Another important distinc-
tion is that they will glve a pink color with methyl red
even without the use of lipase.
2. Nltro and Bromo Compounds
Nitroethane, nitrobenzene and bromobenzene also
glve this test. 1In such a case 1t is useful to take 20%
emulsion of the unknown in water and to repeat the test with
lipase. A posltive test is obtained in the case of an ester
whlle all the three above mentloned compounds glve a nega-
tive test.
3. Benzaldehyde
Benzaldehyde owlng to rapild autoxildation also glves
a positive test.
4., Esters of Secondary and Tertiary Alcohols
As the branching of the alcoholic part of the ester
increases, the hydrolysis of the ester decreases and the
tesat becomes less sensitive. However, simple esters of

secondary alcohols as isopropyl acetate and the esters of




dibasic acids of secondary alcohols as isopropyl phthalate
give a positive test with lipase.

5. Benzyl Benzoate, Ethyl Cinnamate and Ethyl
Sallcylate

Among the common esters, these three esters did
not glve a positive test with lipase. Methyl and ethyl
benzoates are easily hydrolyzed but not benzyl benzoate,
while cinmnamates and salicylates do noet appear to respond

to this test.

D. Detectlon of Esters in Pure Form

The experiments described in the following sectlions
were carried out to evaluate the scope and limitatlions of
the enzymatic method for the detection of esters. 1In the
selection of substances for the study of Iinterferences;
two points were kept in view: (1) preference was shown to
substances which are more commonly encountered in qualiltea-
tive organic analysis and (2) as far as possible representa-
tives of all the common types of orgsnic substances were
Included.

Nitrobenzene--owing to its common occurrence and
its especially troublesome nature--was more thoroughly
studied. The technigue developed in this case was also use-
ful iIn dealing with other interferences. Unless otherwise
stated, the procedure used in these two sections 1s the

one desecrlibed in Section C, Chapter II. The substances



used were either commercial samples or the more highly purl-

fied substances available in the market. Unless otherwlse

stated, no effort was made to purify them further.

The following abbreviations have been frequently

used.
E for
L for
D.W. for
I for

Ethyl acetate {(pure)

10% solution of steapsin in distilled
waser

Distilled water

Methyl red. If the amount of the
indicator used 1s not specified,
then "I" refers to one drop of the
indicator.

Any other abbreviations used are mentioned in the experl-

ments concerned. Thus if the letter "B" appears after

benzene in the form "Benzene (B)," it means that "B" has

been used in that experiment as a symbol for benzene.



Experiment No. 1
The Ester Test With Pure Acetone, Ethyl Alcohol,

Ethyl Acetate and Acetic Acid

Ethyl Acetone Ethyl Lipase Acetic
Alcohol Acetate Solution Acid
Initial
Color Yellow Yellow Yellow Yellow Yellow
After 3
Minutes Yellow Yellow Orange Yellow Yellow
Method

The pure substances were first made neutral to methyl red. Then to 3 drops
of the neutral substance, 3 drops of 10% lipase were added. A drop of methyl red was

then added; and if on shaking an orange or pink color developed, it was changed to

yellow by the addition of the least amount of most dilute ammonium hydroxide necessary.

Conclusions
Acetnne, ethyl alcohol and acetic acid do not give a positive ester test.

Y€




Experiment No. 2

Test for Esters in Dilute Solutions

3 Drops of L # 3 Drops of L £ 3 Drops of L #
3 Drops of - Dw. 3 Drops of 10% 3 Drops of 10%
F1 E F#1 Alcohol £ I
Initial
Color Yellow ’ Yellow Yellow
Color After
12 Minutes Yellow Orange Yellow
Color After Reddish .
30 Minutes Yellow Orange , Yellow
Color After
One Hour Yellow Red Yellow

Method
The slightly acidic (methyl red) lipase solution was mixed with the other

substances together with the indicator and ammonium hydroxide was added drop by drop

until .each solution turned yellow and did not change color upon thorough shaking.

Conclusions
A 107 solution of ester requires about 12 minutes to develop a positive test.

A 10% alcohol solution does not give a positive test.

ce



The Ester Test With Acetaldehyde

Experiment No. 3

(A) and Acetone

5 Drops of 5 Drops of 5 Drops of 5 Drops of
10% E, D. W., 107 A, 107 Acetone,
'S Brops of 5 Drops of 5 Drops of 5 Drops of
L#{1I LI LI LI
Initial, _
Color Yellow Yellow Yellow Yellow
Color After
30 Minutes Orange Yellow Yellow Yellow
Gslor After Reddish
One Hour Orange Yellow Yellow Yellow

Preparation of Acetaldehyde Solution

One ml, of acetaldehyde was dissolved in distilled water and the solution made up
to 10 ml. A drop of methyl red was added and ammonium hydroxide drop by drop until a yellow
coler was obtained.

Conclusions

Tgn perceat acetaldehyde and 10% acetone after neutralization do not give the ester

test. gi



| :
The Ester Test With Acetamide, Ether and Glycerine (G)

Experiment No. 4

5 Drops 5 Drops 5 Drops 5 Drops 5 Props Temp .

of 107 E ‘of 10% of D. W. # of Ether ¢ of 10% L

# 5 Drops Acetamide 5 Drops 5 Drops # 5 Drops

of L /1 f 5 Drops of L {1 of L #1 of 10% G #

Drop of I of L £1 Drop of I Drop of I 1 Drop of I

Drop of 1 ‘

Initial o
Color Yellow Yellow Yellow Yellow Yellow 25°C.
Color After IR
45 Minutes Orange Yellow Yellow Yellow Yellow 259C.
Color After o
11 Hours Red Yellow Yellow Yellow Yellow 257C.

Conclus ions

" Acetamide, ether and glycerine do not give a positive test with the lipase solution.

A



Experiment No. 5

Ester Test With Toluene (T), Chloroform, Bromobenzene

and Carbon Tetrachloride

3 Drops E 3 Drops T 3 Drops CHCljg 3 Drops @Br 3 Drops CCl,
3 Drops D.W. 3 Drops D.W. 3 Drops D.W. 3 Drops D.W. 3 Drops D.W.
3 Drops L 3 Drops L 3 Drops L 3 Drops L 3 Drops L
1 Drop I 1 Drop I 1l Drop 1 1 Drop I 1Drop I
Initial .
Color Yellow Yellow Yellow Yellow Yellow
Color After Light
10 Minutes Orange Yellow Yellow Yellow Yellow
Color After Yellow ring Upper layer
30 Minutes Orange - & light almost color- Yellow Yellow
yellow soln. less
Conclusions

Toluene, chloroform, bromobenzene and carbon tetrachloride do not give a positive

test with lipase under the conditions of the experiment.
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Experiment Ro. 6

The Ester Test With Acetophenone, Benzyl

Alcohol, Hitrobengzene, Nitroethane

3 Drops D.W. 3 Drops D.W. 3 Drops D.W. 3 Drops D.W. 3 Drops D.W.
3 Drops 3 Drops 3 Drops 3 Drops 3 Drops Ester
Benzyl Alcohol Acetophenone Nitrobenzene Nitroethane 3 Drops L
3 Drops L 3 Drops L 3 Drops L 3 Drops L lDbrop I
1 Drop I 1 Drop I: 1Drop I 1 Drop I
Inital 4
Color Yellow Yellow Yellow Yellow Yellow
"~ Color After Slightly Light
10 Minutes Yellow Yellow Yellow Orange Orange
- Color After Slightly Reddish
3 Hours Yellow Yellow Yellow Orange Orange
Conclusions

Nitroethane gives a positive test while benzyl alcohol, acetophenone and nitrobenzene

give a negative -test.
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Experiment No. 7

Ester Test With Urea, Acetanilide, Aniline,

Ethylamine and B-Naphthol

5 Drops Urea 5 Drops 5 Drops Aniline 5 Drops 5 Drops B-Nap.
5 Drops L Acetanilide 5 Drops L Ethylamine 5 Drops L
2 Drops I 5 Drops L 2 Drops I 5 Drops L 2 Drops I
2 Drops I 2 Drops 1
After adding Acetanilide No positive No positive A pink color

1 drop of N/10
NH,OH, the
solution turns
yellow and
stays yellow.

and lipase
gives a pink
coloxr with the
indicator but
on adding 1
drop of N/10
NH, OH the
so&ution turns
yellow.

test.

test.

develops. On
adding 2 drops
of N/10 NH,OH
the color
vanishes and
stays as such
even on keep-
ing.

Urea = 10% in water

Acetanilide = 10% in Alcohol

Conclusions

Aniline (C.P.) = Used without

Distillation

Ethylamine 100% : Used without

Distillation

Urea, acetanilide, aniline, ethylamine and B-naphthol do not interfere in the

ester test..

o%



Test for Esters in the Presence of Other Compounds

Experiment No. 8

To Detect the Ester in the Presence of Ether

(L (2) (3) D)
3 Drops E 3 Drops E 3 Drops L 3 Drops L
3 Drops L 3 Drops L 3 Drops Ether 6 Drops D.W
3 Drops D.W. 3 Drops Ether 3 Drops D.W. 1 Drop I
1 Drop I 1 Drop 1 1 Drop I
Initial Color Yellow Yellow Yellow Yelliow
Color on shaking Dark Light
after 5 minutes Orange Orange Yellow Yellow
After 30 minutes
add 1 drop of indica-
tor and some D.W. to Dark Orange
test tube (2) Pink Notice lower layer Yellow Yellow

Eemarks

When the second drop of indicator is added after 10

minutes of shaking, a

beautiful red ring is formed at the bottom of the second test tube only.

Conclusions

It is possible to detect an ester in the presence of an equal amount of ether

in 5 minutes.

%




Experiment No. 9

To Detect Ester in the Presence of Ether

5 Drops of 10% E 5 Drops of Ether 5 Drops of D.W. 5 Drops of 107 E
5 Drops of L 5 Drops of L 5 Drops of L 5 Drops of Ether
1 Drop of I 1 Drop of I 1 Drop M.R. 5 Drops of L
1 Drop 1
Initial
Color Yellow Yellow Yellow Yellow
Add a few drops of
, - distilled water;
After 40 the layer bacomes
minutes Orange Yellow Yellow pink.
Conclusions

It is possible to detect the ester in 10 times of ether in 40 minutes. The ester is

taken in the form of 10% solution in distilled water.

(A4




Experiment No. 10

To detect the ester in the presence of benzene (B)

6 Drops D.W.

3 Drops E 3 Drops E 3 Drops D.W.
3 Drops B 3 Drops D.W. 3 Drops B 3 Drops L
3 Drops L 3 Drops L 3 Drops L 1 Drop I
1 Drop I 1 Drop I 1 Drop I

Initial -

color Yellow Yellow Yellow Yellow
Upper layer Opper layer

Coloxr after Orange Yellow

shaking 10 Lower layer Lower layer

minutes Orange Orange Yellow Yellow

Conclusions

(i) Ester can be tested in the presence of an equal amount of benzene in 10 minutes.

(ii) It is much easier to notice the orange or pink color of the lower layer after

sﬁ%king for 10 minutes only. However, if it is allowed to stand longer, the upper layer

also becomes distinctly different.
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Experiment No. il
To Study the Effect of Benzene (B) on the Hydrolysis of the Ester if

the Hydrolysis is allowed to Proceed for a Long Time

5 Drops B 5 brbops D.W. 10 Drops 5 Drops ~5 Drops 5 Drops

5 Drops 5 Drops D.W. Benzene 10Z Ester D.W.

107 Ester Ester 5 Drops 5 Drops L 5 Drops L 5 Drops L

5 Drops L 5 Drops L Egter 1 Drop X 1l Drop I 1 Drop 1

1 Drop I 1l Drop 1 1 Drop I
Initial
color Yellow Yellow Yellow Yellow Yellow Yellow
After 12 A pink ring Color- Color- A yelowish A pink ring Color-
hours at the top less less orange ring at the top less

at the tO‘P e e e
Conculsion
(1) The solution has become colorless because lipase has been spoiled. It might be

a good test for lipase. If the lipase is good, a drop of methyl red is not decolorized. How-
ever, if lipase is not good, the color of methyl orange is destroyed in a minute.
(2) Benzene does not retard the action of the lipase on the ester.

(3) The presence of benzene helps in prolonging the life of lipase.

9




Experiment No. 12

Getection of Lster in ths Fresence of zn KEqual amount of Acetamide (A)

3 Drops E 3 brops ° 6 Drops D.W. 3 Drops D.W.
3 Drops I, 3 Drops L 3 Drops L 3 Drops L
3 Dropz D.VW. 1 Drop % 1 Drop I 1 Drop I
1 Drop % .15 gms. & .15 gms. A
Initial
color Yellow Yelilow Yellow Yellow
Color after -
5 min. shaking Orange Srange Yelicw Yellow
After 10 min. Reddish
shaking Orange rink Yellow Yellow

Conclusions

{:; It is possible to detec: a: ester in the presence of an equal amount of acetamide.
{2) The color in the presence of acetamide is more reddish than in its absence. This

is in harmony with the fact that acetamide acts as an activator of pancreatic lipase.

6%




Experiment No. 13

Detection of Esters in the Presence of Glycerine

3 Drops E 3 Drops E 3 Drops L 3 Drops L
3 Drops 3 Drops L 3 Drops 6 Drops D.W.
Glycerine 3 Drops D.W. Glycerine 1 Dbrop I
3 Drops L 1 Drop I 3 Drops D.W.
1 Drop 1 4 1 Drop I
Initial
color Yellow Yellow Yellow Yellow
After shaking 'Orange Darker Orange Yellow Yellow
for 5 minutes than with pure
ester
After ome Pink Darker Pink Yellow Yellow
hour : than with pure
: egster
Conclusions

(1) It is possible to detect the ester in the presence of an equal amount of glycerine.

(2) Glycerine appears to activate the hydrolysis of ethyl acetate.

9%




Experiment No. 14

Detection of Ethyl Acetate in the Presence of Glycerine (G)

(1) (2) (3) (4)
5 Drops 10% G 5 Drops L 5 Drops 10%Z E 5 Drops L
5 Drops 15% E 5 Drops 107 G 5 Drops L 10 Drops D.W.
5 Drops 10% L 1 Prop I 1 Drop I 1 Drop I
1 Drop 1 :
Initial ]
color Yellow Yellow Yellow Yellow
After 40 Orange Darker Yellow Orange Yellow
minutes than in Col. 3
After 6 Dark Orange Yellow Dark Orange Yellow
hours Darker than in
Col. 3
Conclusions
(1) It is possible to detect 15% ethyl acetate in the presénce of 10% glycerine in
40 minutes.

(2) Glycerine appears to activate the hydrolysis of ethyl acetate.

Ly



Experiment No. 15

To Detect the Ester in the Presence of Sucrose (S)

ops E .15 gms. S 3 Drops L

3 Drops E 3 br

.15 gms. S 3 Drops Lipase 3 Drops L 6 Drops D.V.

3 Drops L 3 Drops D.W. 3 Drops D.W. 1 Drop 1

1 Drop I 1 Drop I 1 Drop I
Initial
color Yellow Yellow Yellow Yellow
Color after Orange Orange Yellow Yellow
shaking for 5
minutes
Conclusion

It is possible to detect the ester in the presence of an equal amount of sucrose in

5 minutes.
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Experiment No. ¥

To Test for Ester in the Presence of Dextrose (D)

3 Drops E 3 Drops E 3 Drops L 3 Drops L
3 Drops L 3 Drops L .15 mgs. D 6 Drops D.VW.
.15 gms. 3 Drops D.W. 3 Drops D.W.
1 Drop I 1 Drop I
Initial
color Yellow Yellow Yellow Yellow
Color after Orange Orange Yellow Yellow
shaking for 5
minutes
Conclusion

It is possible to detect 3 drops of an ester (.15 ml. approximately) when mixed

with .15 gn. qf dextrose.

6%




Experiment No. 17

To Test for Ester in the Presence of Propionaldehyde (P)

3 Drops E 3 Drops E 3 Drops L 3 Drops L
3 Drops L 3 Drops L 3 Drops P 6 Drops D.W.
3 Drops D.W. 3 Drops P 3 Drops D.W, 1 Drop I
1 Drop I 1 Drop I 1 Drop I
Initial .
color Yellow Yellow Yellow Yellow
Color after Orange Light Orange Yellow Yellow
shaking 5 min.
After 10 min. Orange Light Orange Yellow Yellow
After 30 min. Reddish Orange QOrange Very Light Orange Yellow
Conclusions

(1) It is possible to detect the ester mixed with an equal amount of aldehyde.
(2) After about half an hour the solution containing only lipase and propionaldehyde
starts acquiring slight orange color. Hence it is preferable to look for change in color

within 15 mimites of shaking.
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Experiment No. 18

Detection of Ester in the Presence of Acetaldehyde (A)

(1) (2) (3) (4) (5) (6)
3 Drops E 3 Drops E 3 Drops E 3 Drops E 3 Drops L 1 Drop 507%
5 Drops A 5 Drops A 5 Drops A 6 Drops D.W. 9 Drops D.W. NaHSO3
1 Drop 50% 1 Drop 10% 1 Drop D.W. 3 Drops L 1 Drop 1 5 Drops A
NaHS03 NaHS503 3 Drops L 1 Drop 1 3 Drops D.W.
3 Drops L 3 Drops L 1 Drop I 1 Drop I
1 Drop I 1 Drop I
Initial
color Yellow Yellow Yellow Yellow Yellow Yeiiow
After
5 min. Orange Orange Orange Darker Yellow Yellow
orange than
others
After No difference in color of these three.
1 hour Orange Orange Orange Red Colorless Yellow
After The orange color diminishes from (1) to (4).
18 hrs. (1) is the darkest. Red Colorless Yellow
Conclusions

(1) It is possible to detect the ester in the presence of about 20% acetaldehyde

in 5 minutes.

L
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(2) Under the conditions of experiment, no difference could be detected between
the colors of tests (D, (2), (3), and (4) during the first one hour of hydrolysis. Hence
there does not appear to be any advantage in adding sodium bisulphite. |

(3) The effect of acetaldehyde is visible in the fact that the intensity of the
color in (5) is higher than in the first four.

(4) Sodium bisulphite does not significantly become acidic after it has been
neutralized.

(5) The most appropriate amount of scdium bisulphite is almost 2qual to (h2
amount of acetaldehyde present because the color in Column (1) is darkest.

(6) The beneficial effect of sodium bisulphite is felt after hydrolysis has

proceeded.
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Experiment No. 19

To Detect the Presence of Ethyl Acetate in the Presence of Propionaldehyde (A)

(1) (2) (3 (4) (5) (6) (7) (8
3 Drops 3 Drops 3 Drops 3 Drops 3 Drops 3 Drops 3 Drops 3 Drops
E E E E b.W. D.W, D.W. E
5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 5 Drops
L L L L L L L L
5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 5 Drops 7 Drops
10Z A 19% A 10% A 10% A 10% A 10% A 10% A D.W.
1 Drop 2 Drops 3 Drops 1 brop I 1 Drop 2 Drops 3 Drops 1l Drop I
50% S 50% S 50% S 50Z S 50% S 50% S
1 DropI 1DropI 1Dropl 1 DropI 1DropI 1 Drop 1
Initial
color Yellow Yellow Yellow Yellow Yallow Yellow Yellow Yellow
More
reddish
After Light Light : Color- Color- orange
10 min. Orange orange orange Orange Yellow less less than (1)
After Light Light Color- Color-
% hour. Orange orange orange Orange Yellow less less Red
After Color- Color- Color- Color-
45 min. Orange less less Orange Yellow less less Red
After Color- Color- ; Color- Color-
24 hrs. Red less less Orange Yellow less less Red
S = Sodium bisulfite o
[(#%)




Conclusions

This experiment appears to confirm the results of the previous experiment, i.e.

(1) The presence of aldehyde does decrease the intensity of the color in Columms
(4) and (8).
H (2) The addition of sodium bisulfite equivalent to the amount of aldehyde present
does not affect the color of the indicator. (1) and (4) are of the same intensity.

(3) After 24 hours the color of the solution containing sodium bisulfite becomes
red. Hence the effect of sodium bisulfite is not felt in ome or 2 hours but later.

(4) Even after 24 hours the solution in Columm (5) remaiu§ yellow. Therefore
it follows that the solution containing aldehyde and sodium bisulfite in eduivalent amounts
does not become acidic even on keeping for 24 houre if it has been made neutral at the start
of the experiment.

(5) The optimum amount of sodium bisulfite is equal to the amount which is equivalent
to the aldehyde present. If more sodium bisulfite is added it reacts with thelindicator

and destroys its color.




Experiment No. 20
To Investigate the Action of Sodium Bisulfite on Methyl Red in the

Presence and Absence of Aldehydes

5 Drops L S Drops L 5 Drops L 5 Drops D.W. 5 Drops D.W.
1 Drop 50% S 1 Drop 50% S 1 Drop D.W. 1 Drop 50% S 1 Drop 50% S
5 Drops 107 P 5 Drops D.W. 5 Drops 10% P 5 Drops 10% P 1 Drop 1
1 Drop I 1 Drop I 1 Drop I 1 Prop I
Initial
color Yellow Yellow Yellow Yellow Yellow
After
5 min. Yellow Yellow Yellow Yellow Pink
After
% hour. Yellow Colorless Yellow Yellow Colorless
S = Sodium bisulfite P = Propionaldehyde
Conclusion

In the absence of aldehyde sodium bisulfite reacts with the indicator and makes it

colorless.
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Experiment No. 21

To Test for the Ester in the Presence of Ethyl Alcohol (E.A.)

3 Drops E 3 Drops E 3 Drops D.W. 6 Drops D.W.

3 Drops L 3 Drops L 3 Drops L 3 Drops L

3 Drops D.W. 3 Drops E.A. 3 Drops E.A, 1 Drop I

l Drop 1 1 Drop 1 1 Drop I
Initial
color Yellow Yellow Yellow Yellow
After 5 min. Orange Orange Yeilow Yellow
Conclusions

It is possible to detect ethyl acetate in the presence of an equal amount of ethyl

alcohol.

NOTE: Methyl alcohol gives the same results as ethyl alcohol.



Experiment No. 22

To Test for Ester in the Presence of Benzyl Alcohol (B.A.)

3 Dtops E 3 Drops E 3 Drops B.A. 6 Drops D.W.
3 Drops B.A. 3 Drops D.W. 3 Drops D.W. 3 Drops L
3 Drops L 3 Drops L 3 Drops L 1 Drop I
1 Drop I 1 Drop 1 1 Drop 1
Initial color Yellow Yellow Yellow Yellow
Color after White Orange White Yellow
shaking for 5 turbidity turbidity
minutes with pink with pink
droplets droplets

Conclugions

(1) It is not possible to detect ethyl acetate in the presence of an equal amount of
ordinary benzyl alcohol which is not freshly distilled.

(2) The interference may be due to the fact that benzyl alcohol contains small amounts
of bgnzaldehyde which on autoxidation gives benzoic acid.

(3) The presence of benzyl alcohol may be suspected in a preliminary test since even
without lipase it gives pink droplets whereas the ester after reacting witn lipase for 5 minutes

gives only an orange color.

L
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To Detect the Presence of Ethyl Acetate in the Presence of Toluene (T)

Experiment No. 23

3 Drops E 3 Drops D 3 Drops D.W. 6 Drops D.W.
3 Drops T 3 Drops D.W. 3 Drops T 3 Drops L
3 Drops L 3 Drops L 3 Drops L L Drop I
1 Drop I 1 Drop I 1l Drop 1 S
Initial color Yellow Yellow Yellow Yellow
Color after 5 Light orange Orange Yellow Yellow
min. after add- Notice the color
ing one drop of I  of the lower
' ‘ aqueous layer
Color after 10 Orange Notice the Reddish crange Yellow Yellow

min. after adding
1 drop of I

color the lower
aqueous layer

Conclusions

It is possible to detect the

minutes.

presence of ester in an equal amount of toluene in 10

8¢




Experiment No. 24

Detection of Ester in Different Amounts of Toluene (T)

(1) (2) (3) (4) (3)

3 Drops E 3 Drops E 3 Drops E 3 Drops E 3 Drops D.W.

3 Drops T 2 Drops T 1l Drop T 3 Drops D.W. 3 Drops T

3 Drops L 3 Drops L 3 Drops L 3 Drops L 3 Drops L

1l Drop I l Drop I 1 Drop 1 1 Drop I 1 Drop I
Initial ,
color Yellow Yellow Yellow Yellow Yellow

Orange ring Orange ring Orange ring Yellow ring
After Light orange Light orange Light orange Light yvellow
%X hr. solution solution sclutior Orange solution

Lowest layer Lowest layer Lowest aqueous

After Lowest aqueocus more pink more pink layer is
22 hrs. layer is pink than (1) than {(2) Pink yellowish
Conclusions

(1) Toluene does inhibit the action of lipase on the ester. As the concentration of

toluene increases the hydrolytic action of the lipase decreases. The orange color is in the
order of 4, 3, 2, 1, 5. (4) is pink and (5) is yellow:

(2) It is best to observe the lower<aqueohs layer.

(3) As found earlier it is possible to detect the ester in the presence of an equal

amount of toluene. G




Experiment No. 25

Detection of Ester in the Presesce of Chlorofcrm (C)

(1) (2) (3) (&) (5)

3 Drops E 3 Drops E 3 Drops E 3 Drops D.W. 3 Drops C

3 Drops C 2 Drops C 1 Drop C 3 Drops E 3 Drops L

3 Drops L 1l Drop L 3 Drops L 3 Drops L 3 Drops D.W.

1l Drop 1 1l Drop 1 1 Drop I 1 Drop 1 1 Drop I
Initial
color Yellow Yellow Yellow Yellow Yellow
Color Upper layer Upper layer Upper layer
after 8 Upper layer more orange more orange More orange very light
minutes light orange than {1} than (2) than (3) yellow
Color Upper layer Upper layer
after 8 Upper layer more pink more pink Upper layer
hours light pink than (1) than (2) Red is yellow
Conclusions

(1) It is possible to detect the ester in the presence of an equal amount oi chloro-

form in 8 minutes.

(2) It is best to look at the color of the upper layer.
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Experiment No. 26

Detection of Esters in the Presence of Bromobenzene (B)

(3)

(1) (2) (4) (3)

3 Drops E 3 Drops E 3 Drops E 3 Drops E 3 Drops D.W.

3 Drops B 2 Drops B 1 Drop B 3 Drops D.W. 3 Drops B

3 Drops L 3 Drops L 3 Drops L 3 Drops L 3 Drops L

1 Drop 1 1 Drop I 1l Drop I 1 Drop I 1 Drop I
Initial
coloxr Yellow Yellow Yellow Yellow Yellow
Color Upper layer Upper layer
after Upper layer ie more orange is more orange More orange Slightly orange
10 min. light orange. than (1) than (2) than (3) /less than (1)’
Conclusions -

(1) It is possible to detect ester in the presence of bromobenzene even if the ester

is present in an equal quantity.

(2) Bromobenzene cffers slight interference in the detection of pure compounds.

For this, it i€ pecessary to -compare with pure bromobenzene.

19



Experiment No. 27

To Detect the Esters in the Presence of Carbon Tetrachloride (C)

(1) (2) (3) (4) (5)

3 Drops E 3 Drops E 3 Drops E 3 Drops E 3 Drops D.W.

3 Drops C 2 Drops C 1 Drop C 3 Drops D.W. 3 Drops C

3 Drops L 3 Drops L 3 Drops L 3 Drops L 3 Drops L

1 Drop I 1 Drop I 1 Drop 1 1 Drop 1 1 brop T -~ -
Initial
color Yellow Yellow Yellow - Yellow Yellow
Color after Upper Upper layer Upper. layer
shaking for layer is : is more orange is more orange More orange
10 minutes : light orange than (1) than (2) than (3) Yellow
After Keep-
ing for 12 Upper layer Upper layer Upper layer
“hours is pink is pink is pink Pink Yellow

Condllugions

(1) It is possible to detect the ester in the presence of an equal amount of carbon
tetrachloride.

{2) There is no interferences from carbon tetrachloti&e.
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Experiment No. 28

Detectiofi of Esters in the Presence of Purified Acetophenone. (A.P.) and Benzyl

Alcohol (B) (Acetophenone was Purified by Shaking With Sodium Carbonate

and Then Distilling it.

Benzyl Alcohol was Purified by Redistilling it.)

1) (2) 3) (4) (5) (6)
3 Drops E 3 Drops E 3 Drops 3 Drops E 3 Drops E 3 Drops
3 Drops 1 Drop AP, 3 Drops B 1 Drop B D.V..
A.P. A.P, 3 Drops L 3 Drops L 3 Drogs L. 3 Drops B
3 Drops L 3 Drops L 3 Drops 1 Drop I. 1 Drop I 3 Drops L
1 Drop I - 1l Drop 1 D.W. 1l Drop I
1l Drop I
Initial
color Yellow Yellow Yellow Yellow Yellow Yellow
Color after
shaking for Upper Upper
10 min., and Upper layer Upper layer
allowing to layer is is more No upper layer is more
stand for slightly orange layer is is light orange Yellow
3 min. orange than (1) formed orange than (4) solution
Procedure

Shake thoroughly, add lipase,; and N[25 ammonium hydroxide until the solutiors

be¢ome yellow. Now shake for another 10 minutes. Allow to settle for 3 minutes.
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and notice the color of the upper layers. Absence of upper layers denotes the absence of ethyl
acetate. In the case of benzyl alcohol I could arrange them in the order of increaging amounts
of benzyl alcohol without locking at the labels.

Conclusions

(1) When acetophenone and benzyl alcohol-are freshly distilled they do not interfere

in the detection of ethyl acetate.

(2) It is possible to detect the ester very easily when benzyl alcohol or acetophenone

are 33% of the ester present.
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Experiment No. 29

Detection of Ethyl Acetate in the Presence of an Equal Amount of Benzyl Alcohel (B.A.)

5 Drops 10% B.A. 5 Drops 10% B.A,

5 Drops L S Drops L

S Drops 10% E. 5 Dreps D.W.

1 Drop I 1 Drop 1.
Initial ecolor Yellow Yellow
Color after 1% hrs. Pink Yellow

Conclusions

It is possible to detect the presence of ethyl acetate in an egqual amouni
of benzyl alcohol, if 10% emulsions in distilled water are used. But ian this case

the time taken is 90 minutes,
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Experiment No.30

Detection of Ethyl Acetate in the Presence of Nitrobenzene (N.B.)
(L) (2) (3) (4)

3 Drops N.B. 2 Drops N.B. 1 Drop N.B. 3 Drops N.B.

3 Drops E. 3 Drops E. 3 Drops E. 3 Drops L

3 Drops L 3 Drops L 3 Drops L 1 Drop I

l Drop 1 1 Drop I 1 Drop 1 3 Drops D.W.
Initial color Yellow Yellow Yellow Yellow
Shake for Upper layer Upper layer less Upper layer Upper layer
10 minutes almost colorless orange than in (3) light orange colorless
Now add another
drop of I and a
drop of N/10 Upper layer Upper layer Upper layer Upper layer
NH;,OH orange orange orange colorless

Conclugions

(1) Under the ordinary conditions of experiment it is possible to detect the presence of
ethyl acetate in the presence of 337 of nitrobenzene.
(2) It is possible to modify the experiment so that ethyl acetate can be detected in

the presence of an equal amount of nitrobengene.

(=)
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Experiment No. 31

Detection of Ethyl Acetate in the Presence of Nitrobenzene (N.B.)

4 Drops N.B. 5 Drops N.B. 6 Drops N.B. 6 Drops N.B.
3 Drops E. 3 Drops E. 3 Drops E. 3 Drops D.W.
3 Drops L 3 Drops L 3 Drops L 3 Drops L
1 Drop 1 1 Drop 1 1l Drop 1 1l Drop 1
2 Drops D.W. 1 Drop D.W.
Add a drop of N/10
NH,OH after mixing
together Yellow Yellow Yellow Yellow
Shake for 10 min.
Add 1 drop of Upper layer Upper layer Upper layer Upper layer
indicator light orange light orange light orange yellow

Conclusions

It is possible to detect ethyl acetate in the presence of twice the amount of nitro-

benzene.
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Experiment No. 32

Detection of Ethyl Acetate in the Presence of Nitrobenzene (N.B.)

(D (2) (3) (4)

7 Drops N.B. 8 Drops N.B. 9 Drops N.B. 9 Drops N.B.

3 Drops E. 3 Drops E 3 Drops E 3 Drops L

3 Drops L 3 Drops L 3 Drops L 1 Drop I

l Drop I 1 Drop 1 1l Drop I
Initial Upper layer Upper layer Upper layer Upper layer
color yellow yellow yellow yellow
After shaking for
10 minutes add 1 Upper layer Upper layer Upper layer Upper laycr
drop of indicator light orange light orange , light orange yellow

Conclusions

(1) It is possible to detect ethyl acetate in the presence of thrice the amount of
nitrobenzene.
(2) It is not desirable to equalize the volumes in Columns (1) through (4) by adding

distilled water. The experiment performed in this way did not succeed.
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Experiment NHo. 33

Detection of Ethyl Acetate in the Presence of Nitrobenzene (N,B.)

at a Higher Temperature.

3 Drops N.B. 2 Drops N.B. 1 Drop W.B. 3 Drops N.B. Temp .
3 Drops E. 3 Drops E. 3 Drops E. 3 Drops D.W. 50°cC.
3 Drops L 3 Drops L 3 Drops L 3 Drops L +1°c.
1 Drop I 1 Drop I 1 Drop I : 1Drop I
1 Drop D.W. 2 Drops D.W.
Initial color Yellow Yellow Yellow Yellow "
After shaking
for 5 min. add Upper layer Upper layer Upper layer Upper layer ‘
1l drop of I light orange light orange light orange yellow "
Upper layer Upper layer Upper layer Upper layer
After % hrs. light orange light orange light orange yellow "
Conclusions .

It i8 possible to decrease the time of shaking to 5 minutes

formed at 50°C.

if the experiment is per-
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To Find the Limit of Detection of Ethyl Acetate in the Presence

Experiment No. 34

of Nitrobenzene (N.B.)

3 Drops 3 Drops 3 Drops N.B. Temp.
E. 10%Z in N.B. E. 20% in N.B. 3 Drops L
3 Drops L 3 Drops L 1 Drop I
1l Drop I 1 Drop 1
Initial color Yellow Yellow Yellow 25°¢.
Shake for 10 min. Upper layer Upper layer Upper layer
Add 1 drop of I yellow light orange yellow 25°¢.
Color after Upper layer Upper layer Upper layer
3 hrs. orange orange yellow 25°C.
Prodecure

After shaking for 3 minutes, another drop of indicator and another drop of N/25 NH,OH

was added. This gave the initial yellow color.

Conclusions

(1) It is possible to detect 20% ethyl acetate in nitrobenzene.

(2) If the proportion is less than 207% the minimum time necessary for detection is

3 hours.
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F. The Ester Test with Different Esters

The experiments described herein were undertaken tc zxtent the enzymatic

method of detecticn of different types of esters., Esterases cocther than lipase have
also been studied with this peint in view, The preocedursg used is the sazme as des-
cribed in section C of this chapter. Any modifications in the procedure have been
indicated in the text.
Experiment No., 35
The Ester Test with Different Esters
Phenyl Tthyl Ethyi
benzocate Benzyl Axyl Ethyl aceto- Ethyl & -Bromo-
in 10% alcohol acetate butyrate cinnamate acetate oxalate iscbutyrate

Initial
color Yellow Yellow Yellow Yellow Yellow Yellow Yellow
Color
after
10 min.
at roon
temp. Deep Bufi Deep
25°¢C, yellow color Orange Yellow Crange Pink yeliow
Conclusions

(1) Phenyl benzcate, ethyl cinpamate and ethyl & -Bromoisobutyrste give a

negative test,

L



(2)
(33
sis appear to

Amyl acetate.

Performing the hydrolysis at a higher temperature is not useful.
According tc the intemsity of the color developed the rates of hydroly-

be in this crder: Ethyl ocxalate )} Acetoscetic ester® Benzyl acetaté}
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Experiment No. 36

Ester Test with Different Esters

Initial Further change
Lster color Color after 2 minutes shaking in color

Light orange

Allyl acetate Yellow Yellow after 16 min.

Light orange

Liay: acetate Yellow Yellcw after 11 min.

Light orange

Methyl acetate Yellow Yellow after 30 min.
Beunzyl acetate Yellow Light orange in 1 min, Color as before
Vinyl acetate Yellow Orange in 1 min. Color as before
Ethyl acetcacetate Yellow Light orange in 1 & pink in 3 Color as before
Ethyl bromocacetate Yellow Light orange Color as before
Etkyl propionate Yellow Light orange Color as before
Ethyl oxalate Yellow Light orange Color as before
Ethyl malonate Yellow Orange Color as before

Upper layer is milky white

Methyl benzoate Yellow Lower layer is orange Color as before
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Methyl salicylate

Ethyl phthalate
Amyl butyrate
N-Aryl succinate
Ethyl anisate
Ejhyl adipate

Ethyl fumarate

Yellow

Yellow
Yeliow
Yellow
Yellow
Yellow

Yellow

Lower layer is orange
Upper layer is yellowish white

Upper layer is yellowish white
Lower layer is orange

Light pink
Light pink
Yellow
Light orange

Light orange

Color

Color

Color

Color

Color
Color

Color

as.

as

as

as

as

as

as

‘before

before
before
before
before
before

before

Conclusions

(1) Ethyl anisate does not respond to the ester test,

(2) It is better to take 3 drops of the ester rather than one drop of the

ester,

(3) Methyl benzoate, methyl salicylate and methyl phthalate give very light

orange colors.

VL



Experiment No. 37

To Study the Effect of Horse Serum on a Number of Esters

Initial Color after Color after shaking
Ester color 30 minutes overnight Conclusion
White turbidity in
Benzyl benzoate Yellow Yellow upper aqueous layer. -
White turhidity in
Ethyl anisate Yellow Orange upper agueous laver. i
Ethyl propionate Yellow Orenge Light pin
Phenyl benzoate Yellow Light orange Very sink 2
Benzyl acetate Yellow Orange Light orange furbidity #
Ethyl cinnamate Yellow Yellow Very slight turbidity -
Ethyl acetate Yellow Orange Light pink £
Methyl salicylate Yellow Yellow Almost white turbidity -
Light orange turbidity
Methyl benzoate Yellow Light orange Some precipitation £
Methyl acetate Yellow Orange Pink £
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Conclusions

(1) Horse serum appears to hydrolyze low molecular weight esters better than high

molecular weight esters.

(2) Benzyl benzoate, ethyl cinnamate and methyl salicylate are not hydrolyzed by

horse serum.
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Experiment No. 38

Experiments with a Mixture of Horse Serum and 10% Steapsin in Equal Proportions

Initial
Ester color Color after 10 minutes Conclusion
Amyl butyrate Yellow Light pink e
Ethyl phthalate Yellow Upper layer white -
Benzyl benzoate Yellow Upper layer colorlesgs -
Ethyl anisate Yellow Light pink 7
Ethyl propionate Yellow Light orange #
Phenyl benzolate Yellow Pink #
Benzyl acetate Yellow Pink F
Ethyl cinnamate Yellow Upper layer white -
Ethyl acetate Yellow Light orange £
Methyl salicylate Yellow . Upper layer white -
Methyl benzoate Yéllow : Light orange £
Methyl acetate Yellow Pink #
3




Conclusions

(1) The results are the same as with horse serum alone.
(2) Ethyl phthalate, benzyl benzoate, ethyl cinhamate and methyl salicylate give

negative results.
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Experiment No. 39

Experiments on Wheat Germ Lipase with Different Esters

Initial Color after 50 min. Color after 50 min.

Ester color Color after 20 min. {(Blank) (Ester)
Ethyl acetate Yellow Pink ppt. Yellow Pink
Methyl benzoate Yellow Yellow Yellow Upper layer light pink
Methyl salicylate Yellow Yellow Yellow Upper laver light pink
Benzyl acetate Yellow White ppt. Yellow god
Phenyl benzoate Yellow Pink ppt. Yellow Light orange
Ethyl cinnamate Yellow Yellow Yellow Yellow
Methyl acetate Yellow Orange ppt. Light orange solution Pink ppt.
Ethyl propionate Yellow Orange ring Yellow Pink ppt.
Ethyl anisate Yellow Yellow Yellow Light pink
Benzyl benzoate Yellow Yellow Yellow Light pink
Ethyl phthalate Yellow Yellow Yellow Light pink
Amyl butyrate Yellow Upper layer yellow Yellow Yellow

>




Conclusions

(1) Hydrolysis under the conditions of the experiment appears to increase with
decrease in molecular weight. Methyl acetate is the most hydrolyzed ester and amyl
butyrate is the least hydrolyzed.

(2) Benzyl acetate and phenyl benzoate are also signifiecantly hydrolyzed.

B
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Experiment No. 40

The Hydrolysis of Esters by Wheat Germ Lipase

Shake for 3 min. & add Add 4 drops of distilled
Ester 1 drop of indicator water before shaking
Methyl benzoate Pink Pink
Methyl salicylate Yellow Yellow
Nitrobenzene Pink Telliow

Conclusions

(1) Methyl benzoate is hydrolyzed by wheat germ lipase but not methyl salicylate.
(2) Nitrobenzene interferes but if 207 emulsion in distilled water is used there is no

interference from nitrobenzene.
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Experiment No. 41

Action of Lipase on Esters of Branched Chain Alcohols

Initial Color after Color after Color after
Ester color 16 min. 1 br. 15 brs.
Ethyl acetate Yellow Light orange Red Red
Isopropyl benzoate Yellow Yellow Yellow Pink
Iscamyl salicylate Yellow Yeilow Yellow Yallicw
Isobutyl acetate Yellow Light orange Orange Rasd
Isopropyl propionate Yeliow Yellow Light orange Pink
Isobutyl formate lYellow Light orange Orange Red

Conclusions

(1) Salicylate is very difficult to hydrolyze and does not give satisfactory results.
(2) It is not true to say that lipase is specific for the primary alcoholic group only.

It hydrolyzes esters of secondary alcohols also.
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Experiment No. 42

Experiments of the Hydrolysis of Esters of Dibasic and Tribasic Acids

Ester Original color Color after 1 min. Cclor after 3 min.
Ethyl citrate Yellow Light orange Pink
n-Butyl citrate Yellow Light orange Pink
Dimethyl phthalate Yellow Light orange Pink

——a rammn ot ol A i T v

Conclusions

The esters of dibasic and tribasic acids hydrolyze very quickly.
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Experiment No. 43

The Ester Test with Sterically Hindered and Substituted Esters

Steapsin

Glandular lipase

After
After

3 min. negative test.
12 hrs. dark orange

After 3 min. negative test.
After 12 hrs. dark orange.

CHj ﬁ H
CHg —cl: --c—o---g:—-cn3
CH3 CHj
H O

iy —C—C—0—CgH,7

!
iPr

After
After

3 min. negative test.
12 hrs. light orange.

After 3 min. negative test.
After 12 hrs. light orange.

L
iPr-—C-—C-O-—CH3

iPr

Af ter

After

3 min. negative test.
12 hrs. negative test.

After 3 min. negative test.
After 12 hrs. negative test.

CH3 O
3 "

cus-—t’:—c —0—CHj

CHq

After
After

3 min. negative test.
12 hrs. dark orange.

After 3 min. negative test.
After 12 hrs. dark orange.

l,,

s}
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CN-CHp -COOEt Hydrolysis within a min. Hydrolysis within a2 min.

Sec-octyl trimethyl After 3 min. negative test. After 3 _min. negative test.
acetate After 12 hrs. light orange After 12 hrs. light orange.
Conclusions

(1) Branching does hinder the hydrolysis.
(2) For the purpose of the test all the esters except No. 5 gave negative results.

(3) The cyanide group increases hydrolysis very much.
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G. Comparison Between Various Esterases:
Effect of Esterases on Different Esters from an Analytical Point of View.

Preparation of Different Solutions

(1} Pancreatic lipase 5%. N/10 NH,0H was added until the pH changed from
6.00 to 6.20.

(2) Wheat germ lipase 5%. N/10 NH4OH was added until its pH changed from
6,00 to 6.20.

{3) Horse sexrum. NS10 HCl was added drop by drep until the pH fell from
7.50 to 6.20.

{4) Distillied water. Its pH was 7.50 but it was not necessary te oarry
out an adjustment because distilled water itself lacks the capacity to establish the
pH of a system.

Experiment No. 44

Comparison Between Pancreatic, Wheat Germ & Horse Serum Lipases.

Pancreatic Wheat Germ Horse Serum
Lipase (P.L.) Lipase (W.G.) (H.S.) Remarks
Methyl
acetate Pink coler Light orange Light orange P.L}iw,_G‘:}H,S,
Results &Confirmed

on repetition.
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Ethyl
acetate

Vinyl
acetate

Bornyl
acetate

Benzyl
acetate

Ethyl bro-
moacetate

Ethyl
propionate

Ethyl
butyrate

Amyl
butyrate

Methyl
benzoate

Methyl
salicylate

Ethyl
phthalate

Light

Light
After
light

Light

Light

crange

orange
12 hrs.
orange

orange

orange

Orange

Orange

Light pink

Light

orange

3 min,

3 min,

Light orange

Pink

After 12 hrs.

pink

Light orange

Pink

Light orangse

Orange

Light orange

Light orange

3 min.

3 min.

Light orange

Light crange

After 12 hrs.
light crange

Hydrolysis

negligible
Orange

Light orange
Orange

Light orange

Light orange

Order of color
after 4 hrs,
p.L,)W.G.?H.s,

¥.G.pH.S .}p.L.

W,G;>H.S. P.L.

P.L}H,s.}w,e_

Aft_ 36 min.
P.L?H.S}W,G,

P.L,)VW.G.DH.S.

P.L;H.s:) ?.I,G;}D.w.

P.Ly H.5=V.G.
Negative test

P.L.YH.S.)¥.G.
Negative test
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Ethyl P.L)H.SZ‘ W.G.

cinnamate Light pink Light orange Light orange Positive test
with P.L.

Benzyl P.L{)H.Sr‘W.G.

benzoate 12 brs., 12 hrs. 12 hrs. Negative test

Phenyl

benzoate 1 br. 1 hr. Pink i 3 hr. H.S,)P.LT¥.G.

Ethyl P,LOW,GH.S.

anisate ———— ———— ——— Negative test

Ethyl Quick Quick Quick

oxalate hydrolysis hydrelysis hydrolysis PIL~W.GH.S.

Ethyl aceto—

acetate Orange Orange Orange P.LQ)Haséywnﬁ,

Ethyl

malonate Light orange Light orange Pink H.S;>P.L;>W.G.

Ethylene

diacetate Pink Pink Pink H.SHW.GHPLL.

Isopropyl Quick Quick Quick

phthalate hydrolysis hydrolysis hydrolysis

Note (i) Where no time is mentionsd the color refers io 3 minutes.

(ii) 3 dropz of vinyl acetate {3tabilized, of Eastman Kodak) needsd 1 drop

of N/5 NH,OH and 1 drop of N/7.5 ME,OH,
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.. Procedure

Experiment Nd. 45

To Compare Lipase of Pancreas Glands with Steapsin

The lipase solutions used were 107 in distilled water. Three drops of ester were

~added to 3 drops of lipase.

- NH4,OH to make the solution yellow.

A drop of methyl red was then added, followed by a drop of N/25

Steapsin Gland lipase
after aiter
Ester 10 min. 10 min. Remarks
Ethyl acetate Light orange Light orange Both work equally well.
" Methyl benzoate Light pink Light orange Steapsin works better than gland lipase.
Benzyl acetate Pink Pink Beth work equally well.
,Phényl benzoate Yellow Pink Gland lipase gives a positive test while

staapsin gives a negative test.
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H, Effect of Inhibitors and Activators

The Effect of Inbibitors & Activatcocrs on Hydrolysis of Esters

The following experiments were underiaken to supplement the conclusicns

reached from qualitative work on the effect of zcetaldehyde on hydrolysis and to

explore the utility of the use of calcium chleride.

D.W, - Distilled water.

Experiment No. 46

In this section L = Lipase;

To Study the Effect of Acetaldshyde (A} on the Hydrolysis cof Amvl Acetate (B} ie

the

Absence of z Buffer in 72 hrs. at 25°C /£20C,

E A L 10% D.Y. N/10 ECH N/10 XOH
2 ml, ml, 2 ml. 16 ml. 2 ml, 2 mi.
2 ml. ml, X 12 ml. 1.0 ml, 5.60 ml.
2 ml. x 2 mil. 11 ml. 1.50 ml. 1.50 ml.
2 ml. p:4 x i3 ml. 0.15 ml. 0.15 ml.
b mi, 2 ml, 12 ml. 1.20 ml 1.20 ml.
X ml. X i4 ml.

1.05 ml.

1.00 ml.
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Experiment No. 46 (Part 2)

E A L D.W. Time N/10 KOH N/10 KOH N/10 KOH Mean
2ml. 1ml. 2 ml. 10 ml. 72 hrs. 2.30 2.00 2.10 2.10
2 ml, 1 ml. x 12 ml. 72 brs. 2.00 2.30 1.70 2.00
2 ml. X 2 ml. 11 ml. 72 ars, 1.70 1.80 1.50 1.66
2 ml, x x 13 ml. 72 hrs. 0.15 0.05 0.05 0.08

x 1 ml. 2 ml. 12 ml. 72 hrs. 1.25 1.25 1.80 1.25

x 1 ml. X 14 ml. 72 brs. 1.10 1.90 1.65 05
Method

The ethyl acetate, acetaldehyde and lipase were kept in glass stoppered
Erlenmeyer flasks with occasional shaking. Acetaldehyde was transferred by cooling
the acetaldehyde solution and the fransferring pipete to 0°c.

Discussion

The purpose of this experiment was to study the effect of acetaldehyde on
the hydrolysis of amyl acetate in the absence of z buffer system and at ordinary tem-

perature.

16



The experiments show that there is a definite inhibition on the hydrolysis of amyl acetate by the
presence of aldehyde. This inhibition may be due to the decrease of pH by the air oxidation of
acetaldehyde. This has to be studied further in the presence of a buffer system.

Hydrolysis of amyl acetate in the presence of acetaldehyde = 2.1 ml. of N/10 KOH.

Hydrolysis of amyl acetate in the absence of acetaldehyde = 1.66 ml.

During the same time oxidation_of acetaldehyde in the presence of lipase = 1.25 ml.

Therefore, inhibition = 1.66 # 1.25 — 2.1

2.91 = 2.1 = .81 ml.

it
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Experiment No. 47

To Study the Effect of Acetaldehyde on the Hydrolysis of Amyl Acetate

in the Presence of Buffered System (B)

A in E in B in 1% L D.W. N/10 KOH used

ml. ml. ml. in ml. in ml. in ml.
(l? 1 2 2 2 10 11.4,11.4,11.3
(2) X 2 2 2 11 10.2,10.3,10.0
(3) 1 2 2 X 12 10.3,* 9.7,9.5
(4) 1 2 2 2 14 9.7,9.7,9.7
(5) 1 X 2 2 12 10.1,10.1,10.3
(6) X 2 2 X 13 9.3,9.2,9.2
Reaction time =~ 36 hrs. Room temperature - 259C. # 2° * Rejected

Method

Acetaldehyde, amyl acetate, the buffer and lipase were kept in glass stop-

pered Erlenmeyer £lasks.

buffer of pH ~ 8.8.

The buffer used was ammonium chloride ammonium hydroxide

£6




The flasks were kept at room temperature with occasional shakings. The titration was done with
alcoholic KOH using bromothymol blue as the indicator.

Discussion

Hydrolysis in the presence of aldehyde = (1)-(5) = 11.36-—10.16 = 1.20 ml.
Hydrolysis in the absence of aldehyde = (2)-(6) 10.16—9.23 = .93 ml.
It therefore follows that the presence of acetaldehyde does not inhibit the hydrolysis of amyl

acetate in a buffer system.
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Experiment No. 48

To Study the Effect of Calcium Chloride (C) on the Hydrolysis
of Amyl Acetate in the Absence of Buffer

E 5% L 2% C N/10 KOH used Average Temp. Time
(L) 2 ml. 2 ml. 2 ml. 4.3,4.3,4.35 4.35 30°cC. 4 hrs.
(2) X 2 ml. 2 ml, 3.05,3.05,2.55 2.88 30°c¢. 4 hrs.
(3) 2 ml. 2 ml. X 5.1,5.5,5.1 5.23 30°C. 4 hrs.
(4) X 2 mi, 2 ml, .1,.2,.2 0.17 30°¢. 4 hrs.
(5) 2 ml. X X .1,.1,.1 0.10 30°¢c. 4 hrs.
(6) X 2 ml, X 2.3,2.6,2.7 2.53 30°¢C. 4 hrs.
(7 X X 2 ml. o1l,01,01 0.10 30°c. 4 hrs.
Method

Amyl acetate, lipase, calcium chloride were all kept in glass stoppered

Erlenmeyer flasks in a thermostat. They were occasionally shaken. After 4 hrs., 20

cc. of isopropyl alcoholi were added amd tire amount of faity acids was determined by

titration with .1 N KOH, bromcthymol blue being used as the indicator.

Since
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all the digestion mixtures in a comparative gseg of experiments could not be titrated at the
same time, it was necessary in order to stop the enzyme action to keep the flasks immersed in
crushed ice during the interval between removal from bath and titration.

Discussion

The data show that the presence of calcium chloride in an unbuffered sfstem inhibits
the hydrolysis of amyl acetate. It also brimgs about the following points:

(1) Comparison of (2} and (6) shows that lipase reacts with calcium chloride with
the liberation of hydrogen ions.

(2) Actual hydrolysis in the presence of calcium chloride = (1)—(2) = 4.35—2.88 =
1.47 ml. of KOH

(3) Actual hydrolysis in the absence of calcium chloride - 5.23—2.53—.1 = 2.60 ml.

of KOH

(4) Actual hydrolysis of ester in the absence of lipase = .1 ml. of KOH

-
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Experiment No. 48 (Part 2)

The method used and the results obtained were similar to the first set.

E 5% L 2% C Vol. of N/10 KOH used Average Temp . Time
2 ml. 2 =1, 2 ml. 5.45,5.85,5.2 5.50 30°c, hrs.

x 2 ml 2 ml, 4.05,3.75,3.5 3.76 30°¢. hrs.
2 ml. 2 ml. D.W.{2 ml.) 6.20,6.25,6.25 6.23 309¢. hrs.
2 ml. D.W.{2 ml.) 2 ml. .22,.28,.15 0.22 30°cC. hrs.
2 ml. D.W.{2 ml.) D.W.(2 ml.) .15,.15,.15 0.15 300¢. hrs.

X 2 ml. D.W.{(2 ml.) 4.00,3.95,4.1 4.02 30°C. hrs.

X D.W.(2 ml.) 2 ml, «15,.1,.15 0.12 30°¢, hrs.
Indicator

Thymolphthalein

Discussion
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Experiment No. 48 (Part 3)

Amyl Acetate Lipase CaCl, Vol. of N/10 KOH used Average Temp. Time
2 ml. 2 mi. 2 ml. 4.63,4.75,4.50 4.62 30°c. 3 hrs.
b4 2 ml. 2 ml. 3.38,3.4,3.35 3.37
2 ml. 2 ml. x 5.6,5.4,5.6 5.53
b 2 ml. 2 ml. water 3.30,3.30,3.5 3.36
Indicator
Phenolphthalein
Method

As in 1st set.

Discussion

In all the three sets we have got consistent results showing that the presence of calcium

chloride inhibits the hydrolysis of amyl acetate in an unbuffered system.
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Experiment No. 49

To Study the Effect of Time on pH of Different Solutions

Time 10 ml. of 5% L 10 ml. of 2% CaCl, ‘ 36 mi. of 5% L
in min, 10 ml. of 27 € 10 ml. of D.W. 20 ml. of D.W. oot of DOW.
0 5.20 7.00 9.30 6.00
30 4.90 8.15 9.60 6.20
65 4.90 8.00 8.30 6.10
90 4,95 7.90 8.10 6.10
105 4.95 7.60 8.10 6.10
150 5.00 7.50 8.00 6.05
180 4.90 7.50 8.00 £.05

Discussion

With D.W. the increase of pH may be due to dissolution of glass and decrease
in pH due to the absorption of carbon dioxide from the atmosphere. The increase in pH
of lipase solution is not significant due to its buffering action. Decrease in pH due

to interaction between L and CaCl, overcomes the effect of dissolution. See Graph #1.
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Experiment No. 50

To Find the Effect of Calcium Chloride Alone and With Albumin on the

Hydrolysis of Amyl Acetate by Steapsin in a Buffered System

NH,,C1~NH, OH

2% G 5% L E buffer D.W. N/10 KOH Albumin
2 ml. 2 ml. 2 ml. 2 ml. 2 ml. 19.0,18.5 X

X 2 ml. 2 ml. 2 ml. 4 ml, 16.1,16.3 X
2 ml. 2 ml. X 2 ml, 4 ml, 15.80,15.80
2 ml. 2 ml. 2 ml, 2 ml. X 19.4,19.3 2 ml.
2 ml, X X X X 5.2,5.2 X
Temperature - 30°C. pH - 8.8 Digestion period - 4 hrs.

Method

The method used in this case was that of Willstatter, Waldschmidt-=Leitz,

Ber., 54, 2988 (1921). To the contents of the glass stoppered Erlenmeyer flasks were

added 100 ml. of absolute alecohol and 25 ml. of ether. The titration was then done

with alcoholic RKOH using thymolphthalein as the indicator.
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Discussion

It appears from the comparison of (1) and (2) as if calciu@ chloride helps in the
hydrolysis of amyl acetate. But when (5) also is taken into comsideratiom it follows that
calcium chloride inhibits the hydrolysis of amyl acetate. This inhibition may result from
the fact that there is a lowering of pH when calcium chloride reacts with lipase. Comparison

of (1) and (4) shows that albumin helps in the hydrolysis of amyl acetate.
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Chapter III

Scope and ILimltations of the Enzymatic Method
Results Of Runn.ng UNKNOWNS

The enzymatlc method for the detection of esters is
simple and in most cases rapid. Interferences from most
classes of organic compounds are negligible. The principal
interferences arise from specific compounds such as nltro-
benzene, nltroethane, benzaldehyde, benzyl alcohol and
acetophenone. In most of these cases the interferences are
removed 1f the test 1s made using a 20% aqueous emulsion of
the unknown. Aclds and anhydrldes do not interfere, while
the lnterference due to acid halides 1s quickly detected
with a little practice. In order to test the rellability
of the method, a number of unknowns were run. The results

are glven below.

No. Substance Given Substance Foupd
1 Acetone Ester absent
2 Ethyl alcohol Ester absent
3 Chlcroform Ester absent
4  Ethyl acetate Ester present
5 Toluene Ester absent
6  Propionaldehyde Ester absent
7 Ethyl acetate Ester present
8 Sucrose Ester absent
9 Urea Ester absent
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11
12
13

14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Acetamlde
Glycerine

Ethyl acetate-
Dextrose

Ethyl acetate
Diethyl ether
Nitrobenzene
Acetlc anhydride

Benzoyl chloride

20% Acetanilide in alcohol

Ethyl propilonate
Benzaldehyde

Benzoic acld in alcohol
Methyl benzoate
Nitroethane

10% Propionaldghyde
Amyl butyrate
Acetophenone
Benzaldehyde

Benzyl chloride

Methyl salicylate

10% Acetamide in water
Acetilc anhydride
Benzyl acetate
Bromokenzene

Ethyl phthalate

Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Esfer
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester
Ester

Ester
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absent
absent
present
absent
present
absent
absent
absent
absent
absent
present
present
absent
present
present
absent
present
absent
absent
absent
present
absent,
absent
present
present

absent
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36 Urea in water Ester absent

37 Acetone Ester absent

38 Benzaldehyde Ester absent
Discussion

It will be apparent that the unknowns include most
of the organic substances met in qualitative analysis,
The test was performed only once and 1t was not repeated
with 20% emulsions 1n water. Hence it 1is understandable
why some times positive tests were obtained even when the
ester was not present. In no case was the ester missed.
Even in the case of methyl salicylate, which does not
hydrolyze very well, a positive test was obtained. The
esters used were: ethyl acetate, ethyl propionate, methyl
benzoate, benzyl acetate, methyl salicylate, ethyl phtha-
late and amyl butyrate. They are falrly representative of

aliphatic and aromatic esters.
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Chapter IV

Comparison wlth the Hydroxamle Test

The hydroxamlic acid test is the most useful test so
far known for the detection of esters. Therefore, a com-
parison was made of the hydroxamic acild test with the
enzyme test. Broadly speaking, the following points need
conslderation.

1. The hydroxamic acld test glves a positive test with
lactones whlle the enzyme test gives a negatlve test.

2. The hydroxamlc acld test gilves a positive test wlth
many trichloro compounds. The enzymatic test does not give
a positive test with chloroform.

3. The hydroxamic acid test glves positive tests with
most of the nitrogen compounds. The enzyme test glves a
negative test with acetamide.

It will thus be clear that the hydroxamic acid test
is somewhat limited in its application when compared to the
enzyme test. The enzyme test 1ls moreover simpler and does
not require that three tests be run at the same time.
Unfortunately most of the weak spots In the enzymatic
method are also weak spots in the hydroxamic acid test.
Thus nitroethane and benzaldehyde gilve positlive tests in

both cases.



Table IIX

Comparison of Hydroxamic Acid and Enzymatic Tests
Basis of Comparison Hydroxamic Acid Test Enzymatic Test -
Number of test usually periormed Three tests sre recommended Ygually only coe test
is necessary
Effect of time it is best to netice the color The color is moticed
within 5 win. The color may after 3 min. The celor
diminish with time. increasses with time.

Tests with lactomes

Tests with ssters of inorganic acid

Tests with chlo
cther compounds

Tests with formaldehyde, benzilde-
hyde, p-hydroxybenzaldehyde,
m-nitrobenzaldehyde, vanillin,
anisaldehyde

Fgﬁm@mide

)

Positive

¢
iy
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r-d-
ry
rJ
=
7
i~
o
&)
(e d
gk

test

ex ] > N
Chlareform gives & nega-
tive tast

Neot studied
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Basis of Comparison

Hydroxamic Acid Test

Enzymatic Test

Most amides

Acid esters

Lactic acid

Acetonitrile and propionitrile
Nitromethane, 2-nitropropane,

2-nitro-l-butanol, 2-nitro-1-
chloro-butane

Positive tests
Weak tests

Positive test
Positive test

Positive test even without
hydroxamic acid

Negative tests
Weak tests
Positive test
Not studied

Not studied

LOT
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Chapter V
Mechanism of Enzymatic Hydrolysils of Esters

The mechanism of hydrclysis by enzymes is not yet
fully known. The simplest way 13 to conslder enzymes as
bifunctional catalysts a3 proposed by Izidler (59a).
According to this hypotheslis, the active form of the
enzyme contains two groups: (1) wNH4/ and (2) -C00™.

The —NHw/ group on the protein approaches the alcoholile
oxygen of the ester and simultaneously the -C00~ group
approaches the carbonyl carbon atom. It is further

- asgsumed that a water molecule remains between the -CO0~
group and the carbonyl carbon atom of the ester., The
-C00~ group tends to attract a proton from the water
molecule. As the bond between hydrogen and oxygen of the
water molecule is weakened, a new bond is simultaneously
formed between the carbon atom of the carbonyl group and
the oxygen of the water molecule. The process may be

represented as follows:

0
I

R-—C—O0-—R'
+

H—0
H —_—
0 i
0
e

0=C
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Since it has been established that hydrogen bonds
can exist in stable compounds, the ester-enzyme complex can
be quite stable. Thils mechanism also explalns the high
efficiency of enzymes as catalysts. This results from
thelr bifunctional nature according to this postulation.
The fact that the increase in substrate concentration
increases the rate of hydrolysis only wp to a certain polnt
is also understandable. As the amount of the substrate
increases the amount of the complex also increases and when
all the enzyme has been tled up any further increase in the
amount of substrate should not be of any help in increasing
the rate of hydrolysis.

The enzyme substrate complex may be stable with
respect to enzyme and the substrate, but at the same time

it may readily break down Into products as follows:

0~ 0

! i
R—C-—0—R' R—--Cg: A H—O0—R'

ne' | OH

! H H

BT ~ ﬁ *

i \ 0

! \

T o=t ||
0= ' ‘“? Il

T m¥ Enzyme

Enzyme

The mechanism proposed above 1s of a general nature.

It does not imply that always the -NHw/ and ~CO0~ groups
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are involved. Nevertheless 1t is a useful hypothesis and
helps us in predicting many things. For Iinstance, we can
make the following general predictions:

1. Any substituent which helps to lncrease the electro-
positive character of the carbonyl carbon atom may help 1in
Increasing the rate of hydrolysis and vice versa.

2. Any substituent which helps to increase the electro-
- negative character of the alcoholic oxygen atom may help in
increasing the rate of hydrolysis and vice versa.

3. Since only the approach of the proton is deplcted
to the alcoholic oxygen atom, the R' radical should have
less steric effect on the hydrolysis than the R radical.

Iet us now try to amnalyze the ftrends in hydrolysis
which have been observed 1n the previous investigation.

1. It has been found that ethyl bromoacetate and
ethyl cyanoacetate are hydrolyzed much faster, for
instance, than ethyl acetate.

0 0
CNCHQ-g——Ow-Et Br-CH2-§-O-Et
0
CH3——g~—O-Et

Thls can be explained on the basis that the methyl group
18 a weak electron-releasing group which decreases the
electropositive character of the carbonyl carbon atom.

While the bromo- and cyano- groups are electron attracting
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groups which increase the electropositive character of the
carbonyl carbon atom by pulllng away electrons from 1t.

2. It has also been observed that the esters of
dicarboxylic and tricarboxyllc acids are hydrolyzed very
easlly. To be specific let us conmsider the case of
dlethyl oxalate.

0 0
[

Et--0-~C~-C--0-~Et

The electron-attracting carbonyl group (marked x) attracts

electrons away from the carbonyl group (unmarked) thus

increasing the positive character of the carbon atom.

This may also help 1n weakening the —O0-—~Ef bond. Thus

the hydrolysis of the esters of dibasic acids is very fast.
3. The acid esters of the dibasic aclds are not

easlly hydrolyzed. Hydrolysis takes place if the pH is

shifted to 5 whereas normally pH =8 1is the optimum pH for

the llpase. Taking again the example of oxalilc acid, the

acld ester has the formuila

Et—0==C—=C=-0~H.

When the pH 1s on the basic side, the ester exists mostly

in the ionic form
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0 O 0 O

ol o
Et—0—C—C—0" &5 Et—0—C--C—OH.

'

When the ester esists in the ionic form the charged
0

—-g-p_ group becomes a strongly electron-releasing group
thus decreasing the electropositive character of the car-
bonyl carbon atom of the ester. It is also possible that
the negatively charged carboxyl group offers a better site
for the proton to attach itself than the alcoholic oxygen
atom.

However, when the pH 18 decreased to 5, the

equillibrium is shifted to the right side

0 O 0O O

o b
- - N
Et~—Q0—C—C~—0 / H/ g Ef -—0~=~C—C-—O0H.

We do not have a charged electron-releasing group and
hence the hydrolysis takes place easily.

4, It has been established conclusively that lipase
hydrolyzes the triglycerides to 1l,2-diglyceride and then
to 2-monoglyceride. The action of pancreatic lipase then
ceases. It has been taken to imply that lipase action is
specifilc fqr primary hydroxyl groups. That this 1s not
true 18 shown by our findings that lipase hydrolyzes many

esters of secondary alcohols.
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A suspiclion has been expressed by the revlewer in
the annual review of Blochemistry (86a) that the ester bond
at the secondary hydroxyl group might not have been hydrolyzed
because Mattson and Beck dl1d not use blle salts as an actl-
vator. Actlivators do not usually initiate reactions. The
funetion of bile salts in particular 1s not to act as an
activator but only as an emulsifier. It appears more
probable that the reason is to be found nelther 1in the
gpecificity of lipase for the ester bond of the primary
hydroxyl group nor in the absence cf activators but in the
functional characteristics of the compound

OH
H—C—H O
H--C—0Q—C-—CH
[T
H-—-E-—-—H
OH

2-monoglyceride

Here the terminal hydroxyl groups offer a better site for
the proton of the -NHu/ group rather than the oxygen atom
of the ester bond. This mlght be depicted as follows:
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0 CH,O0H | ﬁ CHpOH
R—C—0-—CH—CH, _ R—C—0—CH—CH,
- w | 1 e b

? 4 c=0 ¥ ? 3

H N H )

Enzyme A- g
=0 i
1 il
] Enzyme |

If such an explanation 1s true it 1s to be expected that
glycol monoacetate will not be hydrolyzed by the lipase
even though it does not contain the ester bond of a
secondary hydroxyl group. It 1s proposed to prepare the
ester by the action of ethylene oxlde on acetlc acid and

to test this hypothesis
0

CH3COOH / cg\e——;HQ - CH3g—O~CEa—CH20H
0

It may also be remarked in thls connection that isopropyl
acetate 1s very easlly hydrolyzed which lends welght to the
reasoning that it 1s not the secondary nature of the ester

bond which 1s responslble for the lack of activity of the

lipase,
0 CHg 0 CH,OH
CH3--c|:'—-o-—il:-—H CH3—-C-—O—%-—H |
CHz CH,O0H

Isopropyl Acetate 2-monoglyceride
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From what has been said above 1t should not be implied
that the factors dlscussed above are the only ones to be
considered. The sterlc requirements which allow a close
fitting of the enzyme and the substrate for the formatlon
of the enzyme-substrate complex are also extremely important.
Even when the enzyme-substrate complex may be formed it is
possible that this complex may not easlly break up. However,
a detalled consideratlion of such factors requires more
knowledge about the structure of the lipases and a detalled
study of the kinetics of hydrolysis. Another important
consideration may be the products of hydrolysis. It has
been found during the present investigation that salicylates
in general are much less hydrolyzed than the benzoates, A
reasonable explanation may be that sallcylic acid has a
strong inhibiting effect on the activity of lipase and thils
does not allow the hydrolysis to proceed to any significant
degree,
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Chapter VI

Scope for Further Work

One of the main limitatlons of the enzymatic method
is the question of time. The enzymatic reactions are usually
slow and depend to a very large extent on the éoneentration
of the enzyme and the substrate. If the time of reaction is
increased 1t can compensate for dilution effects and some
exceedlingly beautiful tests are obtained. However, there
is another factor which has to be borne in mind--the lmpuri-
ties in the lipase exert a buffering action and even when
hydrolysls proceeds to a sufficlent extent the change in pH
1s not significant. The indicator 1s therefore not affected
to allow the detection of the ester. One answer to this
problem may be in the use of pure lipases. Such an approach
does not appear to be feaslble at present. It 18 not known
when we would be able to obtain pure llpases or that thelr
use willl be economically feasible. Recently Safwat Mohammed
reported the preparation of a pure lipase but his claim has
been contested by others who say that puriflied lipase is
more active than the crystalline lipase of Safwat Mohammed.
A reasonable approach may be the use of lon exchange columns
to purlfy the lipase from 1ts buffering impurities. This
would be cheap and can be done in a short time. It 1s
qulte possible that if the buffering impurities are removed
the sensitivlity of the test may be significantly increased
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and some esters which need a long time to give a positive
reaction may do so in a short time with such a lipase.
Such an approach may be more useful from the analytilcal
point of view.

In the present investigatlion attentlion has been
concentrated on the use of those llipases which are com-~
merclally available. For this reason steapsin, wheat
germ lipase, horse serum and gland lipase have been used.
It 1s apparent that the availability of the reagents 1s
an important consideration for the usefulness of a test.
However, it 1s also known that liver lipases hydrolyze
common esters much better than the pancreatic lipase.

It may be useful, therefore, to investigate the use of
liver lipase for this test instead of steapsin.

Though 1t does not always happen, it is usually
found that the substrates and the enzymes responsible for
thelr hydrolysis occur side by side in nature. The
fragrance of the flowers i1s mostly due to esters. It is
not unreasonable to suppose that the flowers may contain
esterases also which may be of interest from the amalytical
point of view. Some preliminary experiments done, in this
connection, did not give positive results, posslbly because
the esterases are present in flowers in very minute
quantities and may requlire different treatments. As far as

1s known to us, no effort has been reported in this direction.
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An encouraging study has been published by W. N.
Aldridge (2) in which he claims to have 1solated an aromatic
lipase. It 1s not clear whether this lipase acts on the
esters of (1) aromatic aledhels and aliphatic acids, or
(2) aliphatic acids and aromatic acids, or (3) aromatic
acids and aromatlc alcohols or on all of them. It wlll be
Interesting to investlgate it further to see whether it
hydrolyzes sallcylates, cinnamates‘and benzyl benzoate.

In that case we would mix thils lipase wlth steapsin and
it is possible that this mixture may give better results.




PART II

QUANTITATIVE DETERMINATION OF ESTERS IN MICROGRAM QUANTITIES



Chapter VII

A Revlew of the Different Methods for
the Determinatlion of Esters

The difficulties mentioned in connection with the
detectlion of esters are also inherent in the methods of
their determination. Two general procedures are available
in this case also: (1) To hydrolyze the ester into the
acid and the alcohol and then to determine either the acild
or the alcohol formed and (2) To allow the esters to react
under such conditions that as far as possible only the
ester group may react. The very fact that even today the
first method is the most widely used of all methods for
the determination of esters 1s a confession of the truth
that acids are easier to determine than the esters. The
various methods for the determination of esters have been
critically reviewed recently (45). Hence no effort will
be made to go into details. Only the more important points
regarding the’various methods wilill be mentioned. The
entire discussion will be limited to carboxylic esters
only.

The Saponlfication Method

The earliest method used for the determination of
esters 1s the saponification method. The method is based
on the principle that the esters of the general formula
RCOOR' can be hydrolyzed in the neutral, acidic or alkaline
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medlum. The alkaline medium 1s preferred. As in this case,

the reaction goes to completion.
RCOOR' # OH' ——3» RCOO' # R'OH

The method was first used analytically by Koettstorfer 1in
1878 (58). Since then numerous modifications have been
proposed. The improvements have been concerned mostly in
the cholce of solvents. It has been found advantageous in
certain cases to use higher boiling solvents (77, 94). If
the egters are difficult to saponify, alkoxldes are pref-
erable to alkall hydroxides (12, 56, 57, 60, 72). Some
water should be present in the saponification mixture con-
taining an alkoxide (72). Another important advance in
this method was the use of double-lndicator titration by
Riemann (78). In this method, a 5 gm. sample of oil or
fat 1= saponified; the saponification mixture 1s cooled
and titrated to neutral point with phenolphthalein and
then after adding 10 ml. of benzene, the reaction mixture
is titrated to the green end point using bromothymol blue
as the indicator. The acid added between the two end
points 1is equivalent to the soap formed and also to the
potassium hydroxlde which reacted with the oill during
saponification. In this procedure 1t is unnecessary to
know either the exact volume of the potassium hydroxide
used or 1ts concentration. The reaction which takes

place while titrating from one end point to another may
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be represented as follows:
RCOO™ o K/ v # Cl7 w==—=$ RCOOH / K A C1-

For the quantitative saponification of dark colored
substances, an ingenious method was proposed by McIlhiney
(67). It consists in measuring the alkali used in the
reaction by determining\ghe ammonia which 1t wlll liberate
from an ammonium salt. Electrometrlic titration methods for
determining the saponification value of dark colored sub-
stances were first satisfactorily developed by Demarest
and Rieman (26). The method has also been applied in the
micro and semimicro scale. PFive 32 mg. samples are used
by Furter (33). A 25 ml. flask with a fused-on condenser
was designed. Alcoholic potassium hydroxide was added
from a special weighing pipet. Titration with IN sulfurlc
acid was carried out with a microburette usings{-Naphthol-
phthalein as an indicator. Results were accurate within 5%.
The microsaponification technique devised by Van Etten (70)

requlred .05 milliequivalents.

Limitations of the Saponification Method

The saponification method is open to a large number
of interferences. Anything which reacts with alkalles is
liable to interfere. Acids and anhydrides should be
determined separately and correctlons should be applied
for them. Amides and nitriles are alsc hydrolyzed by the
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alkall to glve the corresponding carboxylic aclds. Lactones
offer another interferemce. The same 13 true for lactams.
Certain alkali-labile groups, e.g., sulfonez, are hydrolyzed
by strong alkall and comsequently interfere. Aldehydes and
other carbonyl compounds also react with alkalles and must
be eliminated by suitable means (77). The variable attack
of the alkall on the glass is another factor whnich has to
be considered. In addibion, such factors as ester transpo-
sition and absorption of carbon dioxide during the tltration
should also be taken into consideration. The method has
been appllied to milligram quantities but does mot appear

to have been used for microgram quantities of esters.

Reactlon with Grignard Reagent

The Grignard reaction depends upon the principle
that a Grignard reagent, usually CHzMgI, reacts with sub-
stances containing an active hydrogen stom with the libera-
tion of methane and wiith the substances without an actlve
hydrogen atom the reagent 1is consumed bub no methane 1s

evolved.

ROH # CH3MgI -—-3 CH) # ROMgI
CH3
RCOOR' / 2CH3Mgl ~——-> R«»-(U;‘mOMgI # R'OMgI
by
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Thus when a glven welght of the reagent 1= allowed
to react wlth an unknown weight of the egter, it is possible
to find the weight of the unreacted reagent by & subsequent

treatment with a substance containing active hydrogen atoms,

usually aniline. The
princlples of the

A

{)

Reagent consumed
without evolu-
tion of methane.

p
method are explained
Excess reagent

in the adjoining dia- Total

l

!

|

l

[

_ reagent |
gram which is a modi used |
fied version of that |
given by K. G. Stone i
¥

I

(97).

\t Solvent blank
W '
The analytilcal procedure using the Grignard reactlon

has resulted from the ploneering work of Zerewltinoff (111).
A sultable apparatus was devised by Kohler and assoclates
(55b) in which the total Grignard reagent consumed 1is
measured. The apparatus has been lmproved by other

workers (63, 109).

The use of Grignard reaction for the determination
of esters is of very limlted value. Aldehydes, ketones,
halogen compounds, niltriles, isonitriles and acid halldes
all behave like esters. Carboxyllc acids are unique 1n
the respect that they evolve methane and also react further
wlthout evolution of methane. The practical difficulties,

despite the improved apparatus, are considerable. Grignard

Active hydrogen
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reagent is extremely sensitive to water. As a result,

the apparatus, the ilnert gas used to fill the system and
all reagents must be very carefully prepared and stored

so that the blank may be as small ss possible. With low
molecular welght esters, the results with Grignard reaction
are accurate to 2% but in complex cases they may vary 10%
from the theoretical. The utility of the method lies in
i1ts non-selective character. It may be used where more
selectlive methods cannct be applied, e.g., in the study

of mineral oll deterioration where a measure of all the

oxlidation products of the o0il is desired.

Reaction with Lithium Aluminum Hydrilde

The basic principles and the limitations of lithilum
aluminum hydride are similar to those of Grignard reagent.

It reacts with substances containing active hydrogen atoms.
2HpO # LiAlH), —p L1ALO, A UHs

Lithium aluminum hydride 1s an outstanding substance as
a reducing agent because it is strong and at the same time

may be used at room temperature without special equipment.
2RCOOR' # LiALH, ——P LiA1(OR'),(OCH-R),

Like the Grignard reagent, lithium aluminum hydride
1s not specific, not generally applicable, but useful in

certain cases. The working procedure of Zaugg and Horrqw
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(110) is perhaps the most satisfactory. Both acidimetric
(47) and potentlometric methods have been desecribed but

as yet have not been wilidely adapted.

Colorimetric Methods

There are not many reasctions of esters which result
in colored products or in products which may form colored
compounds. In addition, most ester reactions tend to be
equilibrium processes. The colorimetric estimation of
esters 1s, therefore, not easy. Feigl was the first to
develop a spot test for esters which has already been
described. It is encouraging to find that this qualita-
tive procedure has been developed Into a quantitative tool

by Hill (48) and Keenan (54).

0
i
RCOOR'! NH-,OH ————3 R-—
s > "o
;
3 AH—-Q
R-—C F 3 R—C
“NHOH /e #HCLOy, ‘\\o,—«'}%

Water provides a slight Interference, especlally
in the first step. Hence the first step must be carrled
out in a dry solvent. Felgl had used HCl and FeCl3 in the
second step. Hill showed that if HClOu and FeClOu are used
the complex follows Beer's law,

The method was extensively studied by Thompson (98)

who made a study of the variables of the two reactlons
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involved and adapted 1t to the estimation of volatile
esters. A determlnation of esters in the presence of
énhydrides has been described by R, . Goddu and assoclates
(38). They found that when retiuxing with hydroxylamine
is done in alkaline medlium bhoth egsters and anhydrilides are
determined. If refluxing is done in neutral medium only,
anhydrides react. The esters ave found by difference.

The optimum concentration range 1is 1073M to 1072M. Acids,
most amides and nitriles do not interfere. M. H. Hack ,
(43) applied the method for the determination of fatty
aclid esters in lipide extracts. 2-3 Micromoles of

ester can be accurately determined by this method. A
useful modification of the method has been used by O. A.
Guagnini and E. E. Vonesch (42) for the determination of
formic esters. The formic esters are converted into formo-
hydroxamic esters by treatment with hydroxylamine in an
aqueous alcoholic ammoniacal medlium. Under the specifiled
conditions, other carboxylic esters, carboxyllc acilds,
amides, nitriles, imides and acid chlorides do not inter-
fere, The method 1s sensitive to 5 micrograms or 1 p.p.m.
Other esters (x10,000) cause no interference.

The colorimetric method is simple, relatlvely
rapid and versatile. Most of the work reported in the
literature is restricted to aliphatic substances. R. T.
Hall and W. E. Shaeffer (45) report that the method 1s

successful in the case of aromatic esters also. However,
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more work 1s necessary before the full value of the method
can be estimated. The question of lnterferences has also
not been fully looked into. ILactones and anhydrides inter-
fere because they are measured as esters. The Interference
due to anhydrides can be removed by performing the first
reaction in neutral and then in alkaline medium as shown
by R. F. Goddu and associlates (38). Nothing has been
reported about the interference of carbonyl compounds;

but since they also react with hydroxylamine, they should

also cause some interference.

Physical Methods

A number of esters have been determined polaro-
graphically. Such a determination is not due to the
presence of the ester grouping but due to the presence
of a reducible group in the acidic or the alcoholic part
of the molecule. Maleates and fumarates (28), acrylates
(99), methacrylates (100), phthalates (102), nitroben-
zoates (74) and vinyl esters (87) have been determined
polarographically.

The investlgations reported on the determinatilon
of esters by ultraviolet and Infrared spectroscopy are
limited but interest has been shown in this fleld in the
past few years and the technlique is likely to become more

Ilmportant in the future.
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The determination of esters by infrared spectroscopy
has been based on absorptlion of the carbonyl group. Any
other carbonyl group may cause interference. Each system
must be studled to determine possible interference and to
confirm the validlty of infrared measurement. Acids and
aldehydes both glve large interferences with ester and
ketone measurements (4). An important advantage 1s that
only 20 mgs. of the sample are required and this is

recovered after the test (1).

Discussion

Of the various methods for the determination of
esters, two methods stand out with regard to their utility
in this field. The methods are: (1) The saponification
method and (2) The hydroxamic acid test method. The
difficulties encountered in thelr determination arilse
from the fact that the esters do not have an individuality
of thelr own, 1f such a term may be used in sclentific
literature. There are a large number of compounds having
a carbonyl group which Interfere—whether we use a chemi-
cal method or a physical method. The number of reactions
which give rise to colored products are also few., In
the saponification procedure the conditlons are so drastic
that a wide variety of organlc compounds react. If the
condltlions for saponification or hydrolysis could be made

less drastic, interference from many types of compounds
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could be eliminated. It is surprising that no effort has
been made in this direction. No analytical procedure has
been reported in which hydrolysis of esters has been
accomplished in neutral medium. It 13 well known that
enzymes hydrolyze esters under very mild conditions.

They are also speclfic as far as the ester group is con-
gidered. And thus elimination of such common Iinterferences
as aclds, anhydrides, amlides, aldehydes and ketones can
be accomplished. It was wlth this object in view that
we developed the qualitative method for the enzymatlc
detection of esters. Such a method, if 1t can be con-
verted into a quantitative tool, will be valuable in
many respects.

Ion exchangers are another class of organlc sub-
stances which can hydrolyze esters under mild condltions.
They are not as specific as enzymes but they are commer-
clally available and simple in theilr manipulation. It
was, therefore, considered desirable to look into the
possibillitles of such an approach and with this point of

view the present investigation was undertaken.
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Chapter VIII

Ton Exchange Method for the Determination of Esters

A. Basic Princlples of Ion Exchange

The study of lon exchange started about a2 hundred
years ago with the classical papers of Thompson and Way.
A very important step was taken in the development of the
lon exchange methods when Adams and Holmes of England
prepared synthetlc organic lon exchangers. Valuable work
was also done by Grilessbach (41) and Samelson (82).

The commercial resins represent a compromise in
which the cross linking 18 neither too much nor too little.
They may be regarded as an adsorbent or as & homogeneous
solution according to the problem at hand. Thelr behavior
with simple inorganic lons is governed primarlly by elec-
trostatic forces and it is a good approximation to regard
the resin as exlsting in a concentrated aqueous solution
(23, 37). 1If, however, the influent contailns an organic
non-electrolyte interfacial and adsorption effects become
lmportant. In such a case the resin may be considered as
a solld adsorbent in contact with aqueous solution.
Adsorption equations now become applicable (22). 1In non-
ldeal cases both the effects mentioned above play their
part and the affinlty of the ion for the resin may depend
on electrostatic factors such as charge and effective

gize as well as on Van der Waal's forces (24).
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With a cation exchange reaction such as
BR £ A —3% AR /B

the following generalizations may be made:

1. Ion-exchange reactions are stolchiometric. For
each gram equlvalent of A/ taken up by the resin, a gram
equivalent of B/ 1s given up to the solutlion. This equiva-
lence may sometimes be unobservable owing to other effects.

2. JIon-exchange reactions are 1n general reversible.
That is to say, the reaction mentloned above proceeds both
ways. It is possible to shift the equilibrium to the
right by uslng a very large concentration of A/ or by
chooslng A/ such that 1t has much greater attractlion for
the resin than B/. Similarly, 1f B/ ions are removed from
the solutlon, the forward reactlons wlll proceed to com-
pletion.

3. Ion-exchange resins show no hystereses. The
lonic composition of a resin 1n a given solution willl
always be the same no matter from which side the equilib-
rium 1s approached. If this is not so, 1t may be due to
the fact that equilibrium has not been attained (44).

L. All the acidic (or basic) groups in an lon exchange
resin are accessible as exchange sites for small ions.

The total exchange capacity for small ions, there-

fore, does not depend on particle size.
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Ion exchange resins conslist of a cross-linked
polymer network to which are attached lionizable groups.
The ionlzable groups may be acidic or basic, strong or
weak. Sulfonic acld group 18 a strongly acidic group
while a carboxyl group is a weakly acildic group. An

example of a strongly aclid cation 1s given helow.

=CHp ?H:;CHE
CH= CH2

Styrene Divirylbenzehe

Suspension
polymerization

—@H~—CHp —CH~—CH,~—GH—CHy —CH—CHp—
—CHp—CH—CHg—

Cross-linked polystyrene
Sulfonation

—GH~—CHy—GH—CHy—f H—CHy—CH-~CHp—

O3H SO3H

~—CHp—CH—CHo—
Sulfonated cross-linked polystyrene

Owing to the presence of a large number of polar

groups, the ion exchange resins are strongly hydrophllic.



134

They swell and shrink by the adsorption and desorption of
water. Their solubillity in water 1ls prevented by the
cross-linked network. The lon-exchange behavior depends
largely on the nature of groups present. The character-
istic behavior of lonizable groups in simple compounds is
reproduced in the resins also, as can be verifled by
titrating the resins with an acid or base. A sulfonilc
acid cation resin appears to be fully lonized. A car-
boxylic resin behaves as a weak acid and its theoretical
capaclty can be achleved in alkaline =olution but in

acld solution the capacity is negligible. The same is
true of the basic resins. Weakly baslc resins cannot be
used for the absorption of weak aclds since the latter
are ionized apprecilably only 1n acid solutions. Strongly
basic resins absorb weak acids such as carbon diloxlde

and acetlec acild.

The salts of strongly acldic or strongly basic
resins are stable and do not hydrolyze on washing. The
salts of weakiy acidic and weakly basic resins are unstable
and hydrolyze slowly when washed with water.

The distribution of ions 1s not solely determined
by the lon exchange reaction. If dry resin in the hydrogen
form 1is added to the solution of an acid the resin absorbs
water and, also, aclid diffuses into the resin. Since water
1s preferentially absorbed, the acid concentration of the

surrounding solutlon increases (11, 23, 75). Non-electro-
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lytes or undissociated electrolytes may be appreciably
adsorbed by the resin (40a).

One of the most important properties of lon
exchange resins is that 1n general they show selective
adsorption. They adsorb dlfferent ions to different

extents. Thus for univalent cations we have

B _ [Bé'i B

A7) [Adra
where Bp, AR, BS and AS represent the concentration of the
two ions in the resin and the solution. A and B are the
corresponding activity coefficlents and Kﬁ is the relative
affinity of the two ions for the resin,

The relative affinity of a palr of lons remalns
constant only for a narrow range of concentration. The
organic ions are subject to large variations in this
respect. They are very strongly held when thelr amount 1s
very small but if thelr concentration increases thelr
affinity for the resin decreases since large lons cannot

be accommodated easily within the resin framework.

B. Use of Ion Exchange Resins for
the Determination of Esters

1. Principle
The ion exchange resins act as catalysts. Thus

we have
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W

CH3C00CpH; / Hp0 —*—> CH3CO0H / CoH50H

The acetic acld liberated during the hydrolysis decreases
the pH. Since the reaction is a reversible one, 1t takes
a long time and requlres sometimes higher temperature to
go to completion. However, if the conditions of the
experiment are the same the degree of hydrolysis of the
ester will also be the same. Thus for each ester there
wlll be a lowering of pH depending upon 1lts concentration.
The decrease in pH can be related to the concentration of
the ester through a callbration curve,

It is possible to use anion exchange resins as
well as cation exchange resins for hydrolyslis. However,
in the anlon exchange resins, the acld liberated in hydroly-

sis willl be taken up by the resin to form water as follows:
ROH / CH3COOH -—» CH3COOR / HpO

where R represents the non-hydroxylic part of the anion
exchange resin. Since it is much easier to detect an acld
than an alcohol, the cation exchange resins are to be
preferred.
2. Theoretlcal Limitations
a. Taking the case of ethyl acetate as an example,

we have
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CH3C00CoH5 # HpO0 ——» CH3COOH # CoHsOH

CH3COOH —~——3 CH3C00™ / v

(a - x) X X

which gives log x= % log Ky ¥ 4 log (a - x);
1f x is very small, a - X <& a A

and -log x = - % log Ky - % log a

rof

or pH= - 3 log Ky - % log a.

Iet us suppose that when we change the concentratlon from

a to a/y, then the pH changes from pH to pH'. Then we have
pH' - pH= % log vy.

However, the change in pH which can be determimed on the
pH meter is 0.1 pH units, which gives

0.1 = log y

!
W N

or y

This shows that theoretically when the concentration
changes three times the change in pH 1s only O.1 pH units.
Hence 1t may not be possible to detect a change in two
solutions 1f thelr concentrations have a ratio of less

than three.
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b. The second limitation arises from the fact
that
pH= - % log Ky - % log a
1

= b log c,

which gives a curve of the type shown. Thus 1t is clear
that there will be a greater change in pH with concentra-

tion at lower concentrations than at higher concentratlons

and the accuracy of the T
determination will

) Cconcen-
increase as the con- tration

centration decreasgses.

pH . -——-—?




C. EXPERIMENTAL
The present section describes the experimental approach used for the quantitative determination
of esters with the help of iom exchange resins. The experiments were set up to check the repro-
ducbility of the resins and the effect of common interferences on the hydrogen ion concentration
of the effluent. Ethyl acetate was used as a representative of common esters in evaluating the
experimental approach and the cation exchange resin was invariably used to catalyze the hydro-

lysis. Unless otherwise stated the procedure was the same as given below.

Reagents and Instruments:

(1) Beckman Model B pH meter
(2) 60 mesh or 40 mesh Amberlite I.R. 120 cation exchange resin.

-

" (3) A small ion exchange columm (4°'5" long &:4" in diameter) attached to a separatory

funnel.
(4) Deionized water
Procedure:

The resin was regenerated and sieved to obtain the proper mesh. A glass columm was

filled with the resin using cotton plugs to hold the resin bed in place. Deionized water was

then passed through the resin and the instantaneous pH taken. The effluent was collected in

6ET



3 ml. portions until the pH became constant. Ten milliliters of the ester of a kmown concentration
was then added to the column by means of a separatory fumnel. The effluent was again collected

in pE meter beakers and the pH of eéch increment was noted. This procedure was repeated with a
number of known samples. With each sample the lowest pH (an average of &4 runs) was used in pre-
paring the calibration curve. The unknown gample was then treated in fhe gsame manner as used in
preparing the calibration curve. The lowest pH obtained with the unknown was noted and its con-
centration was then found from the curve. The same sour;é of water was used for the unknown as

for the known 8 les. The rate of flow of knowng and unknownsg through the exzchsnge hed wasz
" (=23

made as comparable as possible and pH determinations were likewise made using standardized

technics.
Experiment No. 51
Determination of the Sensitivity of the Ion Exchange Method
Method:

Twenty mesh Amberlite I.R. 120 was regenerated, crushed and separated into different
grades with the help of a sieve. The resin was placed in a simple ion-exchange column and
washed with distilled water until the effluent reached a constant pH level of four. Then 10 ml.

of the ethyl acetate solution of a known strength was added and the column was washed again with

| ol

20 ml. of distilled water. The following results were obtained. 5



Flow rate - 8 drops per minute. Flow rate - 2 drops per minute.

..........................

pH of the pH of the pH of the pH of the

effluent effluent effluent effluent
with 1 gm with 10 mgm with 100% with 50 27
Serial Volume of per liter per liter per litexr per liter
number effluent ethyl acetate ethyl acetate ethyl acetate ethyl acetate -
1 3 ml 4.8 5.1 5.0 5.0
2 " 5.0 5.0 5.0 5.0
3 ' 4.8 4.95 5.¢ 5.8
4 " ' 4.7 4.7 5.0 4.9
5 " 4.8 4.5 5.0 4.9
6 " 4.5 4.4 4.98 4.85
7 " 3.8 4.4 4.95 4.78
8 " 3.75 4.4 4.92 4.75
9 " 4.0 4.6 4.92 4.62
10 LR 3.8 4.65 4.92 4.62
11 : " 3.9 4.70 5.0 4.70
12 " 4.05 4.85 5.0 4.75
’—l
s
—
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13 " 4.4 4.8 | 5.0 4.75

14 " 4.4 4.8
15 " 4.4 4.8
16 1 1]

Discussiaen

The results show that with the rate of flow at 8 drops per minute it is possible to
detect 1007 per liter of ethyl acetate. The minimum pH obtained for

1 gm per liter ethyl acetate = 3.73

10 mgms per liter ethyl acetate = 4.4
.92

100" p&r liter ethyl acetate = &
pH of the distilled water = 5.05
However, when the drop time was increéased to 2 drops per minute it was found possible
to detect SOF’per liter of ethfl acetate.

Conclusion

Sensitivity of the test under the best conditiens is 50 ¥ per liter.

(A




Experiment No. 52
Effect of Flow Rate on the pH of Deionized Water on Passing
Through a Cation Exchange Column
P;'oc‘e'du‘r'e
Deioniied wa;er was passed through a cation exchange columm and the effect of different

flow rates on pH was noted.

Resin = &Ofmesh | Resin > 20 mesh

Rate of flow | pH ; Rate of flow pH
36 drops per minute 4.29 11 drops per minute 4.55
24 drops per minute 4.65 3 drops per minute 4.60

6 drops per minute 4.68 2 éiops ﬁer minute 4.75
4 drops per minute 4.70 _ 1 drop per minute 4.75

Conclusion

Two drops per minute is the maximum speed suitable for the attainment of equilibrium in

20 mesh resins. With 40 mesh beds rates up to 6 drops per minute may be used.

€Nt




Experiment No. 53
To Determine the Sensitivity of the Test Using the Resins in the Powder Form
Part 1: Washing of Resins

Resins of 20 mesh, 40 mesh, 60 mesh and 100 mesh were washed with water till the pH
of the wash was the same as the pH of the distilled water. Prior to this treatment the resins
had been regenerated with 4 M HCl. The wasbed resins were allowed to dry at room temperature
(25-30°C) for-three days. After they were dry 500 mgms cf each was taken in a sepsrais
‘geaker aﬁd to.thém ZO:ml. of distiiled water was added. In a separate beaker 10 ml. of dis-
tilled water was also kept so as to serve as a check for any change due to absorptioﬁ of gases
from the atmosphere. Approximately after 24 hours the pH was recorded. The water was thrown
away and ér?sh diﬁtilled water was added to all of'the resins. This procedure was repeated for

12 days.

71



Part 2: Hydrolysis of Ethyl Acetate
The resins were again washed and dried. Ester solutions of different concentrations

were treated with 50 mgms of 40 mesh resin and the pH was noted after shaking for 2 and 4 min.

Ester Concentration T - 0 minutesg T - 2 minutes T -4 minutes‘
100y 5.5 5.1 5.00
50Y 5.5 5.15 5.08
20Y 5.5 5.2 5.08
Distilled water 5.5 5.20 5.11
Remarks

It is possible to detect up to 50¥per liter ethyl acetate.

Conclusion

Even after washing for 12 days the resins give out acids and hence it is necessary to
use blanks. The above results show that if the concentration of the ester is decreased below
.S,Oafirer Jiter the behavior of the solution is the same as that of distilled water. Ther is not

- much difference between the behavior of distilled water an_d 25¥% ester solution. The same results

[
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pH After 12 hours pH After 1% days pH After 3 days pH After 12 days

Distilled water 4.9 4.9 4.9 5.3
100 mesh resin 4.5 4.3 4.4 4.8
60 mesh resin 4.55 4.4 4.5 4.9
40 mesh resin 4.55 4.4 4.5 5.0
20 mesh resin 4.55 4.4 4.6 5.2
Folins' permulit 4.9 4.55 4.72 2.3,

941



Experiment No. 54
To Study the Interference due to Alcohol

Concentration of Alcohol = 10 ml. per liter

Number Volume of effluent pH of effluent Number Volume of effluent pH of effluent

1 3 ml. 5.25 1 3 ml. 4.90
2 " 5.22 2 " 4&.75
3 " 5.25 3 " 4.75
4 " 5.20 4 " 4.62
5 " 5.00 5 " 4.50
6 " 4.90 6 " 4.50
7 " 4.90 7 : " 4.50
8 " 4.90 8 a 4.48
9 " 4.90 9 " &.50
10 " 4.85 10 " 4.50
Conclusion

10 m1. per liter of alcohol solution decreases the pH by about .4 units.

LYT



Ezxperiment HMo. 55

To Study the Effect of Passing the Same Deiomized Water Again and Agein Through the Same Column

Number of times water is

passed through the columm ) pHE
g 5.6
1 5.5
Z 5 30
2 5.25
4 5.15
5 5.10

Total fall in pH units = 0.3 = 0.1 pH units

Number of times 5:0

Conclugion

The average decrease in pH is 0.1 unit in passing deionized water through cation exchange

'column.

8¥T



Experiment No. 56
To Study the Interference due to Acetone
pH of deionized water = 5.10

pH éf the acetone solution prepafed in this water after passing through the columm = 4.88
‘ .. Difference in pH = .22 pH units
Strength éf Acetone solution = 10 ml. per liter
Since from our lést experiment the result of passing deionized water once through the
column was”to decrease the pH by 0.1 pH unit, the actual decrease due to acetone was on’y ¢.12

pH units which is not significant considering the high concentration of the acetone solution.

Concluzion

Interference due to acetone is megligible.

6%1
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Experiment No. 57

To Study the Interference due to Acetaldehyde

Part I

Strength of acetaldehyde solution = 10 ml. per liter

pH of aldehyde soluticn = 3.7

The column was first washed until an almost constant pH was obtained and then

of acetaldehyde solution was added.
deionized water each time.

The effluent

The column was again washed twice with 100

was collected in the 5 ml. pH meter

o znd the pH determined.
pH in Ist pH in 2nd
pit in washing pH after washing atfter washing after
the column adding aldehyde adding alcehyde adding aldehyde Minimum pH
4.80 5.12 3.72 4.55
&£.80 5.05 3.72 4.55
&£.95 4.00 3.72 4.75
5.00 4.00 3.90 4,80
5.00 3.75 4.20 5.10 3.62
5.00 3.65 4.70 4.90
5.10 3.62 4.85 4.70
5.15 3.72 4.90 4.70
3.60 4.75 5.10
3.62 4.70 5.10
4.55 5.10
4.55

0¢1



Part II (Repetition)
Concentration of Acetaldehyde Solution = 10 ml per 1liter

pH of the Acetaldehyde Solution = 3.62

pH before adding

acetaldehyde in pH after adding pH of 1st pH of 2nd
washing the column acetaldehyde washing washing Minimum pH

4.20 4.90 3.55 4,80
4.55 4.90 3.70 4.95
4.75 3.90 3.70 5.00
4.82 3.70 3.90 5.00 3.55
4.90 3.65 4,20 5.12
4.85 3.72 4.50 5.20
4,85 3.70 4.55 5.10
4,90 3.62 4,70 5.08
4.90 4.72 5.08
4,90 . 4,75
4,92 4.75
4,92 4.82
4.90 4.82

4.80

4.80

4,72

4.70

4.68

4.68

IST




Conclusion

Acetaldelyde does not interfere in this method of determination of esters. Im the first
case the pH of the acetaldelyde solution was 3.7 and the lowest pH obtained after passing the
aldelyde solution through the column was 3.62 which is what should be expected. In the second
case also the pH of the aldelyde solution is 3.62 and the lowest pH recorded = 3.55. The ex-

pected pH would have been 3.52 taking into consideration the fact that even in passing deionized

water an average decrease in pH is 0.1 pH units.

¢sT



Experiment No. 58

To Study the Interference due to Formaldehyde

Concentration of formaldehyde - 10 ml. per liter

pH of formaldehyde solution - 4.1

Washing prior
to the addition

pH after adding

" 1st washing after

2nd washing after

of formaldehyde formaldehyde adding formaldehyde adding formaldehyde Lowest pH
4.65 5.20 3.90
4.95 4.70 4.00
5.20 4.30 3.92
5.10 4.00 4.35 Not necessary
5.15 3.98 4.90
5.18 3.92 5.18 3.82
5.05 3.90 5.28
5.15 3.90 5.35
5.12 3.90 5.35
5.12 3.82 5.32
5.12 3.90 5.35
5.12 5.40
5.15 5.50
5.42
5.50
5.40
5.45
5.40

€ST




Conclusion

There is a decrease of 0.18 pH units in this case. This shows that there is a slight

interference from formaldehyde.
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E£xperiment No. 59
To Study the Interference due to Urea
Concentration of urea solution = 7.6 gms. per liter

pH of urea sociution = 6.0 pH of distilled water = 5.00

e a

‘£ the washing pH after adding urea solution pH after the first washing Towest p=H

5.35 425 4.10
5.25 .35 4.10
5.10 L. L5 &, 25
5.12 4,10 4,60
5.10 L.10 5.00
5.05 L IC 5.00 4 .05
5.10 L .35 4.98
5.10 &5 4.95
4.95 L85 5.C0
5.05 Lo 5.10
5.00 L5 5.10

Luncilusion

Urea interferes considerably. It is probable that the urea is hydrolwvzed by
thie cation exchanger to give ammon’a and carbon dioxide which results in the formsation

of ammonium carbonzate or biczrbono:ie. The cation exchanger takes up the ammonium ions

6S1

and releases an equivalent amount of hydrogen ions which lowers the pH.



NH, CO NHy # H»0 2NHa £ CO
2 2 Y — > 3 2

NH3 # Hg0 5, NH,0H

COy f H20 5 HpC0y

NH,OH P4 HpCO3 _—> (NH4)2 CO3

exchanger

96T



Experiment No. 60
To Study the Interference due to Glucose.
Concentration of the glucose solution = 1 gm per liter

pH of the glucose solution = 2.95

pH after adding
Washing of the column glucose solution  First washing Second washing Lowest pH Inference

5.20 5.12 2.80 4,20
5.01 5.05 2.90 4.20
5.05 4,65 2.90 4 .40
5.25 3.50 2.90 4.40 ,
5.10 3.20 3.00 4.50 2.80 Glucose does
5.12 3.10 3.05 4 .40 not interfere
5.12 3.00 3.12 4.50
5.05 2.95 3.10 4.40
5.00 2.90 3.35 4.50
5.05 2.92 3.38 4.50
2.90 3.40 4.60
2.90 3.60 4.60
2.80 3.60 4.90
2.90 3.75 4,90
2.90 3.82 4.80
4.10 5.00
4.10 5.00

LST




Experiment No. 61
To Study the Interference due to Cane Sugar
pH of the sugar solution = 5.5

Concentration of sugar solution - 1 gm per liter

Washing of pH after adding First subsequent
the column sugar solution washing Lowest pH
5.25 5.15 4.82
5.25 5.15 4.80
5.10 4.99 5.20 L.82
5.05 4.88 5.50
5.25 4.88 5.40
5.38 4.82
5.20 4.90
5.30 4.90
Conclusion

Cane sugar solution causes considerable interference. The cause of this interference may
lie in the presence of small quantities of salts which react with the cation exchangar to release

hydrogen iomns.
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Experiment No. 62
To Study the Effect of Using Larger Amounts of Solution for Analysis
Procedure
Deionized water was passed through the columm until the pH became constant,
then the ester solution was added and the pH of the effluent was noted. Concentration

of the ethyl acetate solution = 2 ml. per liter and resin = 60 mesh.

pH on using 10 pH on using 20 pH on using 10 pH on using 30

ml. of ethyl ml. of ethyl ml. of ethyl ml. of ethyl

acetate acetate acetate acetate

solution solution solution solution Lowest pH
5.30 5.20 5.40 5.25
5.25 5.05 5.45 4,50
4.50 4.83 5.00 4,00
3,80 3.70 3.90 4.00
3.70 3.50 3.70 o 3.70
3.90 3.70 3.90 3.50 for 10 ml. of ethyl
4.00 3.80 4.00 3.45 acetate - 3.70
4.10 4.00 4.20 3.45 for 20 ml. of ethyl
4.30 4.15 4.35 3.80 acetate - 3.50
4,50 4.30 4.50 3.75 for 30 ml. of ethyl
4,65 4.50 4.60 3.75 acetate -~ 3.45
4.80 4.62 4.70 4.00
4.90 4.70 4.80 4.40
4.90 4.75 4.90 4,70
4.90 5.00 4,95 5.00

5.00 5.10

661



Conclusion

1t appears from this experiment that there is no advantage in using larger volumes of
solution for amalysis. On the other hand, washing takes more time if a larger amount of solution

is used for analysis.
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Experiment No. 63

To Study the Effect of Passing the Deionized Water Twice Through the Same Cation Exchange Columm.

Y

pH on passing pH on passing
deionized water deionized water
cnce again Inference

Even if the deionized water is
passed twice through the cation

.70 6
6
4 exchange columm the pH still
6
6
7

.70
.60
.62
.70
.70
.50
.40
.60
.70
.70
.65
.65
.50

varies. However, the range in both
cases is the same.

.45 ApH - (4.70 - 4.40) - .30 oH unics

F O N N SN SN N SIS NS
N N S N N S N NN
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Experiment No. 64
To Study the Effect of Washing the Resin with Alcohel on the Consistency of the pH
Procedure
The 40 mesh resin was washed several -times with alcohol. The alcoholic solution turned
yellow showing that the resin dissolved to some extent. The resin was then repeatedly washed with
deionized water. When deionized water was now passed through the cation exchange columm the

following pH were obtained:

pH of the effluent ' Inference

5.90
5.70
5.50 Washing with alcohol does not
5.60
5.60 appear to help. The pH change
5.58
5.60
5.60
5.60
5.55
5.55
5.60
5.55

(5.90 - 5.50)

0.4 pH units
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Experiment No. 65

To Check the Reproducibility of the Alcohol Washed 40 mesh Resin

pH after passi pH without passing Instant pH pH of effluent
through the column through the column of effluent after 5 minutes
5.10 5.55 5.18 5.15
5.15 5.60 5.12 5.30
5.20 5.55 5.25 5.25
5.20 5.50 5.20 5.22
5.20 5.52 5.15 5.16
5.20 5.52 5.20 5.38
5.20 5.52
5.15 5.49
5.20 5.52
5.15 5.52
5.20 5.52
5.30 5.49
5.30 5.58
Conclusions

The pH of the distilled water varies by about 0.1 pH units. If the distilled water is
passed through the column its pH varies by 0.2 pH units. Keeping the solution for 5 minutes is of

no help since in this case the pH varies by 0.28 units.
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Experiment No. 66
To Study the Effect of Shaking and Standing on the pH of the Deionized Water
Procedure
The deionized water was taken from the deionizing apparatus and kept in the
pH meter beaker without shaking for half an hour. In the second set of experiments,
after keeping the deionized water in the pH meter beaker, the beaker was sﬁaken and
then allowed to stand.

Regults

It was found that in all cases the pH of the deionized water on standing
first goes down and then goes up. This effect becomes more-proncunced with shaking.
With each shaking the pH goes down by 0.1 pH units and then rises up. It is there-
fore suggested that in taking the pH of the deionized water the number of shakings and

the time taken in recording the pH must be the same as far as possible.

Time in Change in pH pH before pH after pPH 1 min. pH 2 min. pH 3 min.
minutes on shaking shaking . shaking after shaking after shaking after shaking
0 5.00 ~ 5.50 - 5.30 5.40 5.45 5.50
1 4.95
2 4.95 5.50 5.30 5.40 5.45 5.50
3 4,98 5.50 5.30 5.40 5.45 5.50
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Experiment No. 67
To Prepare Cglibration Curves for the Different Concentrations of Ethyl Acetate from 1 ml
Per Liter to 0,0025 ml Rer Liter and to Run the Unknowns
Procedure
The column was washed till the pH of the effluent became constant. 10 ml of the ester

solution was added to the separatory funnel. Now the effluent was allowed to run at thé top speed.
The pH was taken by collecting the effluent in the pH meter beaker. The electrodes were dried
with cotton each time. The solution whose pH was to be taken was filled in the pH meler hosxer.
The electrodes were immersed in the beaker and the beaker was shaken for a while to rimse the
electrodes and to make the solution in the pH meter beaker homogeneous. The instantaneous
pH was taken. When the liquid was about to leave the stop-cock of the separating fummnel the
stop-cock was closed. The separatory fumnnel was washed with 10 ml of distilled deionized
water. The washing was continued till the pH of the effluent became constant. The lowest pH
was taken for each particular determination. With each particular concentration of the ester
the experiment was repeated till three concurrent results were obtained. The data for the

preparation of calibration curves and the results of running the unknowns are given below:
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Ester
Concentration pH of the Concentration of Concentration of
per liter Lowest pH unknown the unknown found  the unknown.given
Calibration 1 ml 3.86
Curve No. 1 0.5 ml 4.15 4.15 0.5 ml per liter 0.75 ml per liter
; 0.33 ml 4,24 4,24 0.35 ml per liter 0.35 ml per liter
Calibration 0.1 ml 4.45
Curve No.2 0.05 ml 4.55 4.50 0.076 ml per liter 0.08 ml per liter
0.033 ml 4.80
0.025 ml 4.84
0.01 ml 5.00
Calibration 0.0075 ml 4.70
Curve No.3 0.005 ml 4.95
0.0025 ml 5.01 5.00 0.0031 ml per liter 0.0031 ml per liter
0.001 ml 5.20

Conclusion

It is possible to determine the esters accurately from the calibration curve when the

concentretion is less than 0.5 ml per liter. See graphs 2-4 for calibration curves 1L3r
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GRAPH NO. 2
Calibration Curve No. 1

Unknown No. 1: Correct concentration of ethyl acetate -
0.75 ml. per liter

Concentration of ethyl acetate found -
0.5 ml. per liter

Unknown No. 2: Correct concentration of ethyl acetate -
0.35 ml. per liter

Concentration of ethyl acetate found -
0.35 ml., per 1iter
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GRAPH NO. 3
Calibration Curve No. 2

Unknown No. 3: Correct concentration of ethyl acetate -
. 0. ml. per liter

Concentration of ethyl acetate found -
OCO76 ml. per liter
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GRAPH NO. 4

Calibration Curve No. 3

Unknown No. 4:

Correct concentration of ethyl acetate-
0.003 ml. per liter

Concentration of ethyl acetate found -
0.0031 ml. per liter
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D. Scope and Limltations of the Method

The method used is simple and relatively rapid.
After the preparation of the calibration curve 1t takes
about 10 minutes to obtalin the concentration of the
unknown. In its present form, the method appears to be
sultable for quantities smaller than 0.5 ml. per liter,
When the concentration 1is less than 0.5 ml. per liter,
the accuracy is 3%. In this determination, acetaldehyde,
acetone and glucose do not lnterfere. However, urea
interferes due to hydrolysis. Any inorganic impurities
willl also interfere. Interference from formaldehyde
is negligible. It is not easy to determine an ester in
the presence of aldehydes and ketones in such small
quantities. As far as is known no such method has been
reported. When the use of chemlcal means is done to
remove the interference due to aldehydes and ketones by
forming oximes the ester concentration used is ahout 4%.
In those uéases mhBré!the cconeenbrationoflthe éster is . less
than 4%, this method can be of use. It can be used to
detect esters up to 50Yper liter.

Out of the four unknowns which were determined by
this method, the concentration of 3 samples whose strength
was below 0.5 ml. per liter was found within 3% of the
true concentration (c¢f. Graphs 2-4).
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It is necessary for this method to succeed that the
source of water for the preparation of the sample and the
unknown be the same. Otherwise changes in the cationic
strength of the distilled water may give rise to errors.

It is also necessary that the same celumn and the same con-
ditions be used for the sample as for the unknown.

It is obvious that the success of the method depends
upon two factors: (1) 1In the determination of pH and (2)

In the reproducibility of the resin behavior. The pH of pure
water is so sensitive and subject to so many interferences
that its determination is not an easy task. Similarly, the
resin behavior is sometimes anamolous. Its behavior, however,
improves on washing.

This method is unique in two respects: (1) It is
the first method used for the detection of esters in which
hydrolysis is done under mild conditicns and (2) It is not
necessary for the success of this method that the reaction
may go to completion. However, to improve the utility of
the method, further work on the reproducibility of the
resins is necessary. It will also be of interest to per-
form the hydrolysis in an inert atmosphere, to use water
as pure as possible and to use polyethylene apparatus.

Under such circumstances only the error due to non-
reproducibility of the resins will remain. The method

may be tried in non-aqueous solvents with other esters.
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By using longer lon exchange columns it may be
possible to get better results for higher concentrations
of the ester. Simllarly, the use of higher temperature
may also prove helpful in this case.




PART III

HIGH FREQUENCY TITRATIONS OF TUNGSTATE AND MOLYBDATE
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Chapter I1X

High Frequency Titrations of Tungstate and
Molybdate with Lead Salts

A, Introductilon

High freguency titrations are particularly useful
in precipitation reactions. The absence of direct contact
between electrodes and solutions 1s a very definite advan-
tage. In thls respect they are superlior to conductometric
titrations in which errors sometimes arise through varia-
tions in the cell constant during the performance of the
titration because very fine preclplitates tend to adhere to
the platinum black of the electrodes. However, owlng to
non-linear response or poor sensitivity in certain regions,
it is necessary to have proper cholce of titration condi-
tlons. Bach case has to be investlgated Ilndlividually. It
is lmportant to select sample slize and end point volume 80
that the end point conductance willl correspond to the con-
ductance on the steep part of the response curve. The
response 1s not generally a simple function of the funda-
mental properties of solution (specific conductance and
dielectric constant) but usually depends on both. |

| The high frequency measurements have been used to
determine the composition of chemical systems and the end
point of titrations. West and coworkers (101) made an

excellent use of this method to determine traces of water
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in alcohols. Hara and West (45a-g) used the high frequency
technlique in the study of EDTA complexes wlth several metal
lens and for the determinatlon of organlc functional groups
in aqueous and non-aqueous solvents. Blaedel and Malmstadt
(14, 15) used it for the argentimetric and mercurimetric
titrations of chloride and thiocyanate. The present inves-
tigatlon was carried out to determine the possibility of
titrating very dilute solutions of sodium molybdate and

tungstate with standard lead solutlons.

B. Experimental

Instrument: A Sargent Mpdel V Osclillometer operating at
110-120 volts and 60 cycles was used 1ln these
experiments. High frequency titrations were

carried out in the large 100 ml. cell.

Reagents: One tenth molar aqueous solutions of reagent
grade lead nitrate, lead acetate, sodium
molybdate and sodium tungstate were prepared
and standardized by the classical methods.
More dilute solutions were prepared with

subsequent dilution of these solutlons.

Procedure: The instrument was allowed to warm up for
about an hour. The cell was cleaned and dried.

After the cell was placed in the cell holder,
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the needle was brought to zero by means of the
zero adjuster. After this, a measured volume
of tungstate or molybdate solutiom was trans-
ferred to the cell and the total veclume brought
to 100 ml. by further dilutiqn with distilled
water. The needle was agaln b?ought Lo zero
by adjusting the capacltance of the instrument
and the 1Inltial reading noted. Sw&ll iaere-
ments of lead acetate or nitrate solution were
added, the solution was stirred thoroughly with
a thin glass rod and the readings tékeno The
titration was c¢ontinued beyond the end point
and the experimental value was obtalined by
plotting a graph and finding the polint of

intersection.

Results: The capacitance readings obtained by the titra-
tion of sodium molybdate and sodium tungﬂtate
are glven in Tables L.7. The end points were
obtained by plottingACp against the volume of
the titrant. In the titration of sodium molyb-
date with lead acetate, the capacitance first
décreases and then there 1s a sharp lncrease
after the end point (cf. Graph 5). In the
titration of sodium tungstate with lead nitrate,

the capacitance remaj.ns initially constant and
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then rises continuously beyond the end peint
(cf. Graphs 6 and 7). It was net found pos-
slble to titrate solutlons more dllubte tian
0.0002M. In such a case the additiom of 2 ml.
of absolute alcohol was very helpful. When
the lead acetate and sodium molybdate selutlions
were aclidified with acetlc acid to a change of
color in methyl orange, the titraticn was not
feasiple. 1In Table 8 the theoretical end
points are compared with the end points
obtalned experimentally.



Titration of 0.0004 M Sodium Molybdate Against .1 M Lead Acetate

TABLE 4

Reading of

Volume of .1 M

lead acetate oscillometer ACp
1 | 0 22750 0
2 .05 22710 =40
3 .1 22670 =30
4 .2 22565 -185
5 .33 22448 -302
6 .40 22380 -370
7 .45 22512 -240

.50 22660 -110

9 .55 22818 #68
10 .65 23192 442
11 .70 23236 #486
12 .75 23360 610 S
14 .85 23700 £950




TABLE 5

Titration of 0.0002 M Sodium Molybdate Against .05 M Lead Acetate

Volume of .05 M Reading of
lead acetate oscillometer ACp
1 0 22590 0
2 .1 22545 -45
3 .2 22528 -62
4 -3 22485 -165
5 .45 22500 - -90
6 .50 22535 -55
7 .60 22647 #57
8 .65 22735 #240
'.—l
~J
()}




TABLE 6

Titration of 0.001 M Sodium Tungstate Against .1 M Lead Nitrate

Serial Vol. of .1 M Oscillometer

No. lead nitrate reading ' | ACp.. . .
1. 0 ml. 25,250 0
2. .8 ml. | 25,255 5
3. .9 ml. 25,255 5
4, 1,0 ml. 25,255 3
5. 1.05 ml. 25,365 115
6. 1.1 25,595 345
7. 1.15 25,750 500
8. ‘ 1.20 25,895 &: 645

LLT



Titration of 0.00025 M Sodium Tungstate Against .05 M Lead Nitrate

TABLE 7

Serial Vol. of .05 Oscillometer
~ No. lead nitrate reading & Cp
1. 0 ml. 22,287 0
2. .1 ml. 22,287 0
3. .2 ml. 22,287 C
4. 3 ml. 22,287 o
5. 4 ml. 22,287 0
6. .5 ml. 22,287 0
7. .6 ml. 22,515 238
8. .7 ml. 22,765 478
9. .8 ml. 23,050 763
10. 9 ml. 23,226 933
11. 1.0 23,600 1,313
12. 1.1 23,900 1,613




TABLE 8
Comparison of the Theoretical end Points with the

end Points Obtained Experimentally

Theoretical

Experimental

Titration performed end point end point Error
1. 100 ml. of 0.0004 M sodium molybdate
withel M lead acetate C.4 ml. 0.404 ml. 1.0%
2. 100 ml. of 0.0002 M sodium molybdate
with .05 M lead acetate 0.4 ml. 0.404 ml. 1.0%
3. 100 m1. of .001 M sodium tungstate
withel M lead nitrate 1.0 ml. 0.99 ml. 1.0%
4. 100 ml. of .00025 M sodium tungstate
' with .05 M lead nitrate 0.5 ml. 0.5 ml. 0,0%
'—-l
~J
O
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GRAPH NO. 6

Titration of 100 ml. of 0.001 M Sodium
Tungstate with 0.10 M ILead Aeetate

Theoretical end polnt - 1.00 ml.
‘ ‘ End point from the graph - 0.99 ml.
A900 - , J

800 p-

700

600

400 f~
g

300 I~

100 -

Volume of titramt in ml.



1600

1400

1200

Lep
8oo

600

400,

200,

I&Iﬁ.

[}

GRAPH NO. 7
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Discussion:
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Titrations of molybdate and tungstate with lead
salts are difficult to perform. Adsorption
indicators are used, the pH has o be adjusted
and the solution sometimes has to he heated
(17, 76). Ringbom (79) has described a method
in which tungstates are brought to a pH of
8.5-9 and titrated hot using bromothymol blue
as an 1lndicator while molybdates are adjusted
initially to pH 9-9.5 and titrated with phenol
red as an indicator. Rother and Jander (80)
showed that 1t is possible to titrate accu-
rately sodium molybdate and sodium tungstate
with lead salts conductometrically. However,
in this method the pH of the solublums has to
be adjusted and the method has been applied

to strong solutlions only.

The high frequency tltrations can be done
successfully in neutral solutions. Heating
is also not required. The method is quick
and slmple, and the results are agcurate
within one per cent. Even in dilute solutions
the end points are sharp. From the results
obtained by this method it is elear that it

is possible to titrate solutions as dilute

as 0.00025M with accuracy. In such low
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concentrations, titrimetric and conductometric
methods have not been applied successfully;
and the high frequency titration becomes
especialiy useful.

The difference in the nature of the two curves
can be explained qualitatively thus: Since
the mobility of the acetate ion 18 less than
the moblllity of the nitrate lon hence in the
titration with lead acetate we obtain an
initial decrease in the capacitance while in
the titration with lead nitrate the capaci-
tance stays constant untlil the end point 13

reached and then it rises sharply.
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