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Summary: Thermodynamic dissociation constants of a dl-Cysteine were determined at varing
temperatures ranging from 25°C to 50°C at 5°C interval and in 10, 20, 30 and 40 percent viv
dioxane/water, methanol/water and ethanol/water systems. The influence of the composition of the
medium on the dissociation equilibria of dl-cysteine was also investigated. A computer program
was written in GW-BASIC which is a modified version of earlier written program in FORTRAN
IV, developed to be used with IBM PC XT/AT or compatible computers.

Introduction

Cysteine is not only a particularly prominent
amino acid in the protein of hair, hoofs and the
keratin of skin, but it is also a constituent of many
other proteins, in which it establishes S-S bonds
which are of great importance in maintaining the
secondary structure of the protein. The function of
glutathione are attributable to its cysteine contents.
In addition to the function of cysteine/cystine in
glutathione synthesis, this amino acid is important
in conjugation with aromatic halogens to form
mercapturic  acids. Taurine, the cholic acid
conjugate in bile which forms the bile acid,
taurocholic acid is also derived from Cysteine [1].

A change in temperature causes a shift in
equilibrium point which is of both practical and
theoretical interest. While most tabulated
ionization constants are reported at or near 25°C,
one may now and again require the value of a
constant near the freezing point of water, at body
temperature or even above 100°C.

Acid-basc equilibria are distributed by
addition or removal of the species foreign to the
equilibria. The nature of the solvent also effects the
pK..

*To wmﬁmamdm should be addressed.
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Mixture of water with organic solvents,
particularly alcohols and dioxane are popular
media for studying acid behaviour. In the present
case we used dioxane, methanol and ethanol
solvents. Organic compounds that are not soluble
in water are often brought into solution by addition
of alcohol. Hydrogen ion probes, such as the
hydrogen and the glass electrodes, continue to
function in such mixtures, whereas it is frequently
difficult to obtain a reproducible response from
them in pure non-aqueous solvents.

The present study is a continuation of our
previous work [2] which describes the method for
the determination of dissociation constants.

The survey of literature shows that the
ionization constant data in aqueous and non-
aqueous solvents at different temperature are not
frequently available [3-6]. It also indicates the
importance of pK, values both in chemical and
pharmaceutical industries [3,4,7,8].

There are different methods which can be
employed to find out the dissociation constant of
acids and bases but all have certain limitations. For
this purpose potentiometry is one of the faster and
accurate method [3,4,9-12], while spectrophoto-
metric methods are very accurate but are time
consuming [10-12].

The purpose of this paper is to extend the
study of effect of temperature and different
composition of dioxane-water, methanol-water and
ethanol-water solvent system on pK, values of
cysteine. Many chemist require to know the
dissociation constant of organic acids and bases in
non aqueous media. Therefore in recent years much
attention has been paid to a quantitative
explanation of the medium effect on the pK, values
[13-20].

The experimental data have been refined
here by least squares method using the algo\rithm
of Speakman [21]. The experimental data have
been used in a computer program previously
written in FORTRAN IV [3,22] to refine
overlapping pK, values and now modified in GW-
BASIC language to work on IBM PC,PC-XT/AT
or compatible computer [23].
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Results and Discussion

Table-1 lists the values of pK, of dl-cysteine
at different temperatures. It is observed from Table-
1 that pK, values of dl-cysteine are affected with
change in the temperature but not in a systematic
manner. Fig. 1 and Fig. 2 further show that as
temperature increases from 25 to 35°C, pK, and
pK. values decrease upto 35°C but after 35°C they
increase and increase is continued upto 50°C. The
curves of pK; and pK, values vs temperature
change is usually parabolic. Both pK; and pK,
show minimum around 35°C.

Table-1: pKa values of dl-cysteine at different

Jlemperature
Temp. pK, (evaluated K.
°C (Reported)*
Ky pK; oK, K2
25 8.234+ 0.009 10.468 £0.001
30 30.1934 0.005 10411+ 001 8.14 1034
35 8.141 £0.007 10379+ 0.009
40 8.168 10.01 10.447 £0.02
45 8.238+ 0.008 10.520 +0.007
50 8.288 30.008 10.568 30.009

*Hand book of Chemistry and Physics 67th edition 1968-87, edited
by Robert C, Weast and Melvin J. Astle, Millian H. Bayer, CRC
Press, US.A., pp (D-161).
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Fig.1. Graph showing the effect of temperature

on pK, values of dl-cystein.

The influence of the composition of the
medium on the dissociation equilibria of dl-
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cysteine was also investigated. It was assumed that
these effects could be described by simple equations
for the dependence of pK, on particular variable
related to the solvent composition, pK, vs percent
composition has been plotted in Fig. 3.
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Fig.2: Graph showing the effect of temperature

on pK, values of dl-cysteine.

THERMODYNAMIC DISSOCIATION STUDIES

Fig. 3 shows that as composition of organic
solvent increases, pK, values also increases for the
three systems under investigation. At 20 percent
composition pK; values in dioxane and ethanol lies
close to each other. Fig. 4 shows the effect of
percent composition of water-dioxane, water-
methanol and water-ethanol system on pK, values.
Effect on pK; values are some what different from
pK,. pK; values for ethanol and methanol lie close
to each other and in 35 percent compesition they
overlap on each other, while in 35 percent dioxane
PK» values are higher. This difference in pK values
may be due to different in dielectric constant values
which are 221, 32.6 and 24.3 for dioxane,
methanol and ethanol respectively. The dielectric
constant (€) of a solvent expresses its effect on the
clectrostatic force between ions. The work of
separation of ions will vary inversely with the
dielectric constant of the solvent. We therefore
expect that the reaction occurs to a greater extent in
water than in alcohol. When the dielectric constant
is very low, the ions produced by proton transfer
may not separate at all but persist as an ion-pair.

The two components of the medium can also
differ in their solvating power. It is widely assumed
on the basis of electrostatic theory [24] that ions are
preferentially solvated by water rather than by
organic solvents. The chemical potential of an ion
varies inversely with the dielectric constant of the
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Fig.3:

Graph showing the effect of percent composition of solvent on pK; values of dl-cystein.
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Fig. 40 Graph showing the effect of percent composition of solvent on pK, values of dl-cystein.

medium. Most of the loss in energy in transferring
an ion from empty space to solution occurs in the
immediate neighborhood of the ion. The solvent
component of higher diclectric constant (water)
will concentrate around the ion to make its
chemical potential as low as possible {25].

Experimental

The dl-cysteine solution was of analytical
grade (Fluka) and was used without further
purification. Double distilled water was used
throughout the experiments. Fresh distilled
dioxane, methanol and ethanol were used. Stock
solution of sodium hydroxide of 0.1 M and dl-
cysteine of 0.002 M were prepared in CO, free
distilled water. The solution of compound was kept
in a cell coupled with calibrated Ingold combined
glass and Ag/Agcl reference electrode with
potassium hydrogen phthalate buffer (pH = 4.001
25°C) and borax buffer (pH = 9.00 at 25°C). The
temperature of solution was maintained at constant
temperature by circulating water from JULABO
HC thermostate accurate to =+ 0.01°C, through
double glass jacket cell. The pH of the cell was
measured with PHILIPS PW 9420 digital pH

meter. Mettler DV 210 micro burette readable to
0.01 ml was used as dispenser of titrant. Efficient
mixing of sample was obtained by magnetic stirrer.

Before and during measurement, sample was kept

at inert amosphere by bubbling purified nitrogen
gas. The experimental data was used for
calculation of pK, values were of the mean of three
experimental sets. Theory of the program is
reported elsewhere [23].
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