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Summary:The molar extinction coefficients for p-nitrophenol at pHs in the

region of 8§.0-9.2

in the presence and absence of various additives were

determined. The data were statistically anaiysed. The validity and reprodu-
cibility of these values were discussed. The study reveals that pH has a

considerable effect on molar extinction coefficient values.

These values

are however not influenced by such additives like cetyltrimethyl ammcnium
bromide (CTAB), various strengths of carbonate-bicarbonate buffer and pota-

ssium bromide at the same pH.

Introduction

Ester hydrolysis can occur in acid,
alkaline or neutral solutions and a com-
prehensive review of these reactions
has been compiled by Bamford and
Tipper [1]. Lowry and Richardson [2]
have given a detailed account of the
possible mechanism involved in ester
hydrolysis. Pertinent informations on
such topics as the applicability of assay
techniques,special assay conditons and
reactions, and analytical details of some
esters important to pharmacy, have also
been recently provided in standard text
[3,4].Quite recently, Landini and Rolla
[5] bave reported a method for conver-
ting tert-butyl esters advantageously
into carboxylic aicds in a two-phase
system at room temperature. This seems
to be necessary to emphasize here that
tert-butyl esters are highly stable un-
der neutral and basic conditions and
are indeed hydrolysed under acidic con-
ditions.

The effect of a cationic surfactant,
CTAB, on the base-catalysed hydrolysis

of various p-substituted esters includ-
ing those of p-nitrophenyl acetate
(PNPA) under various conditions have
been studied in detail in this school
[6-8]. In this regard a few papers
have also been published [9-11]. During
the study the breakdown product of
the ester, i.e.p-nitrophenol was assa-
yed spectrophotometerically from which
the residual concentration of the ester
was calculated. Such studies however
require the knowledge of extinction co-
efficient values of the degradation pro-
duct under the same conditions used
during the hydrolytic studies of the
ester. This paper therefore describes
the results of the molar extinction co-
efficients determined for p-nitrophenol
itself as well as for that obtained from
the complete hydrolysis of PNPA at
pHs 8.0, 8.6 and 9.2 in non-buifer
systems and pH 9.2 in bicarbonate-car-
bonate buffer. pH-stat technique was
used to maintain the pH in the absence
of buffer, Full details of the experimen-
tal techniques are available [11].

*This work was mainly carried out at the department of Pharmaceutics,
School of Pharmacy & Pharmacology, University of Bath, England.
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Material and Methods
p-Nitrophenol

This was of A.R.Grade supplied by
Koch-Light Laboratories.

p-Nitrophenyl Acetate (PNPA)

In this work PNPA was prepared
synthetically from p-nitrophenol by the
method of Chattaway [12]. The product
so obtained was washed with water and
twice recrystallised from 50% ethanol;
m.p. 77°,1it.77.5 - 78° [13].

Cetyl Trimethyl Ammonium Bromide (CTAB)

Commercial samples of surfactants
often contain impurities including homo-
locgues and unreacted starting materials.
Such impurities cause minima in surface
tension curves which are widely accep-
ted as an indicator of surtactant purity
[14].

The reagent grade sample of CTAB
(BDH) was therefore purified according
to the process given elswhere [8]. m.p.
231.5°; 1it.230-4° [15]. The purity of
the recrystallised sample was further
checked by surface tension, NMR and
mass spectrometryi8].

Buffer Solutions

Carbonate-bicarbonate buffer of sin-
gle, double and iriple strength at pH
9.2 was used. This was made according
to Documenta Geigy[16].

Water

Freshly double distilled water through
an all glass still was used in this work.

Spectrophotometer
Pye Unicam SP 1800 fitted with an

SP 1805 Programme Controller and a
Unicam AR 25 Linear Recorder.

Determination of Extinetion Coefficient
Valuues

Various concentrations of p-nitro-
phenol were prepared over the range

0.5-7.5 x 10 5M at pH 8.0,8.6 and 9.2
in water using the pH-stat and in vari-
ous strengths of carbonate-bicarbonate
buffer pH 9.2. Absorbance was then
recorded on SP 1800 at the A masx of

p-nitrophenol (400 nm) and plotted
according to Beer's Law. The data were
submitted to a computerised least squa-
res regression analysis which gave the
slopes i.e. extinction coefficients (€},
standard deviation of slopes, intercepts
and standard deviation of intercepts.
All extinctions were determined in trip-
licate.

In order to check that these values
were valid for the hydrolysis of the
ester, the same series of concentrations
of the ester (PNPA) (0.5~ 7.5 x 10"5M)
were subjected to a temperature of ab-
out 80° for 30 minutes to ensure com-
plete hydrolysis. Preliminary studies
showed no increase in absorbance after
this time. Absorbances were then deter-
mined at 400 nm and were found to be
¢ssentially equal to those for p-nitro-
phenel at their corresponding concent-
rations. A typical Beer-Lambert plot
for p-nitrophenol and 100% hydrolysed
ester is shown in figure 2.

In order to determine the effect of
CTAB on extinction coefficients, al}

glass-wares first aged with 9.6 x lO_ZM

CTAB (the highest concentration of
surfactant uséd during a previous kine-
tic study in this school)[11]. Glass and
silica surfaces can acquire a negative
charge when in contact with aqueous
solution [17]. Due to this substantial
negative charge density, glass surfaces
have a strong affinity for cationic sur-
face active agents. There are numerous
reports on adsorption of surface active
agent on to glass surfaces., Ter-Mina-
ssian-Saraga [18]} has extensively stu-
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died the adsorption of alkyl-trimethyl-
ammonium ions on glass and silica «ur-
faces. Blackman and Harrop [19] exami-
ned the reaction of alkyltrimethylammnmo
nium bromides of C chain length

4-20
with silica surfaces using infra-red
spectroscopy and reported that they
were strongly bonded to the silica sur-

face particularly those with CT—ZO chain

length.

Thus adosrption by the glass surfaces
can be an important factor in studies
of cationic surface active agents, espe-
cially at low concentrations. Therefore
it was extremely important to pre-satu-
rate all glass-wares with the surface
active agent used [20]. Experience
showed that measurements of surface
tension and bromide ion concentration
were mnot stable if experiments were
performed in unaged glassware, where-
as stable reproducible resulis were
obtained when the glassware was treated
to the ageing process given elswhere
[8].

After the process of ageing appro-
priate dilutions of p-nitrophenol and
PNPA were made from their respective

stock solutions containing 9.6 x IO_ZM

CTAB and the extinction values were
obtained in a similar manner.

Results and Discussion

In the system under study in this
work, one component is the ester, p-
nitrophenyl acetate (PNPA) and the
second component is its degradation
product, p-nitrophenol. On hydrolysis
in alkaline medium one mole of PNPA
gives one mole of p-nitrophenol: (Scheme
1) and therefore it was desirable to
determine the relative contributions of
PNPA and phenol to the observed
absorbance. The hydroclysis kinetics of
PNPA were studied by following the
formation of the breakdown product,p-
nitrophenol spectrophotometrically at
400 nm. The ultraviolet absorption

NO
NO2 No2 2
OH g _
= — + CH,-C-0
-C- B
0-C-CHy o-%-o o
O H
SCHEME-1

spectra of PNPA in distilled water and
p-nitrophenol in carbonate-bicarbonate
buffer at pH 9.2 were determined and
are shown in Figure 1. Due to the
tact that PNPA is existing in neutral
form, therefore, the UV plot in water
was considered to be valid for compari-
son. Figure 1 shows the ester does
not absorb at the )\max of p-nitrophenol

(400 nm) and the data plotted in Figure
2 as well as table 1 which compare
absorbances and extinction coefficients
respectively for p-nitrophenol and fully
hydrolysed PNPA is consistent with p-
nitrophenol, being the sole breakdown
product which absorbs at 400 nm, and
also validates the assay technique em-
ployved during previous kinetic studies
[11].

Molar extinction coefficients obtained
from the slope of the Beer-Lambert plot
appear to be insiginificantly different
from the values of p-nitrophenol.Repli-
cate values of extinction coefficients
of p-nitrophenol and 100% hydrolysed
ester under various conditions and their
associated slopes, standard deviation
of slopes, intercepts, standard devia-
tion of intercepts, together with calcu-
lated and tabulated Bartlett-Test values

iirE taabéo?. probability level are given

The yellow colour which results in
the absorbance at 400 nm is due to
the formation of the p-nitrophenolate
anion. The pKa of p-nitrophenol is 7.15

at 30° [21]
kinetic run,

(the temperature of the
studied previously}[11]
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PNPA in distilled water

p-Nitrophenol in carbonate
bicarbonate buffer at pH 9.2

Absorbance

350 500

250

Wavelength nm

Fig.1: Ultraviolet Absorption Spectra of PNPA
and p-Ngtropheno1 Anion at A Concentration of
4 x 10 ~ Molar.

1,7 =
¥ p-nitrophenol

. p-ni trophenyl acetate

Alor e e

] | ]

' "

N R L AR L T IHV‘J
Fig.2: Beer-Lambert Plot For p-Nitrophencl
and p-Nitrophenyl Acetate at pH 9.2 in Non-
Buffer System and 30°C.

and therefore at the pHs 8.0, 8.6 and
9.2 the phenol will be approxin ely
87.6%, 98.4% and 99.1% in the . .on
form respectively. These figures arc
obtained by the use of the Handerson-
Hasselbalch equation in its standard
form, ignoring activity corrections
{equation 1).

pH = pK_ + log salt/acid --(1)

Thus the extinction coefficients for
p-nitrophenol can be expected to incre-
ase with pH as shown in table 2. How-
ever small increase i.. extinction coeffi-
cient between the pHs 8.6 and 9.3 can
be explained on the basis of the amount
of p-nitrophenolate anion present as
also evidenced by the above percental
figures.At any given pH the extinction
coefficients were reproducible, as evi-

denced by the X2
cients of wvariation
and were not influenced by

2M CTAB.

values and coeffi-
shown in table 2
the

presence of 9.6 x 10

Assuming the degree of ionisation
given above is correct, calculation using
the experimental coefficients obtained
at pH 8.0, 8.6 and 9.2 give values
for the extinction coefficient of 100%
ionised p-nitrophenolate as 19209,18727
and 18633 respectively, which are in
reasonable agreement, considering the
sensitive nature of the calculation to
small pH changes.

Table 1 shows that there is a slight
increase in extinction coefficient from
18585 to 18735 as the buffer concentra-
tion is raised from single to triple
strength. However the Bartlett Test

shows this is insignificant giving a X

value of 0.996. The addition of 0.5 M
potassium bromide (the highest concent-
ration used during kinetic experiments)
(8] produced a similar insignificant
increase. That all these changes in ex~
tinction coefficient due to the addition
of electrolyte are very small is eviden-
ced by the overall coefficient of varia-
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Table-2

Reproducibility of Extinction Coefficients for p-Nitrophenol
at a Given pH in The Absence of Additives

2 2

pH Molar Extinction X Coefficient of
. calc. tab.
coefficient
p=0.05 Variation (%)
§.0 16808 0.549 7.815 0.203
8.6 18427 0.945 7.81: 0.607
9.2 18465 0.893 11.070 0.298

tion of 0.468% for all the systems exami-
ned at pH 9.2. Table 1 also shows
that the extinction coefficients for the
100% hydrolysed ester are not signifi-
cantly different from the values of p-
nitrophenol at their corresponding pHs.
This was taken as evidence that PNPA
prepared in the laboratory was of a
satisfactory purity. These facts there-
fore confirm that various additives like
surfactants, buffer salts and neutral
inorganic electrolytes do not have any
significant effect on molar extinction
coefficient values for p-nitrophenol at
the same pH.
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