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Abstract

The conductance of solutions of cysteine in water at different
concentrations and temperatures has been measured. These solutions obey
Onsager equation and give linear relations especially at low
concentrations. In more concentrated solutions a deviation from the
equation is observed.

The molar conductivity of these solutions decreases with the increase in
concentrations at constant temperature.

The values of the ionization constants and the conductivity at infinite
dilution for each temperaturc have been calcylated.

Introduction

The neutral amino acids, which occur as constituents of proteins,
have the same general structure. These molecules contain a central carbon
atom (the a-carbon) to which an amino group, a carboxyl group. a
hydrogen atom, and R (side chain) group are attached. All amino acids
(except glycine wherc R=H) have a center of symmetry; in cysteine
R=CH>SH. Cysteine which readily
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oxides to form a dimeric amino acid, cystine (1), had been studied
thermodynamically and kinetically (2). At a pH of 7 the carboxyl group
of an amino acid is in its conjugate base form (COO’) and the amino
group is in its conjugate acid form (-NH; ). Thus each amino acid can be
as either an acid or a base. Neutral molecules that bear an equal number
of positive and negative charges simultaneously are called zwitterions, so
amino acids are neutral in water. It is the R group, however, that gives an
amino acid its unique properties;

COO
i

HN"— rI::- H

R

Some amino acids contain groups in addition to the protonated carboxyl
or amino groups that are capable of dissociating protons. Thus, the
sulthydryl group of cysteine dissociates with a pKa of 8.2 (3):

CFO' c?o‘
— C—H > HN C— H +
| Pka=8.2 |
CT: er
SH1 S

Although pure water (distilled water in equiltbrium with air) is a
very poor conductor, onic species present in agquecus solutions of acids,
bases, and other electrolytes significantly improve its conduction. The
conductivity of a solution is proportional to the concentration of ions
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present in a solution, more specifically, the conduction of various 1ons
depends on their charge and mobility.

For substances such as acetic acid and amino acids that do not
ionize completely the molar conductance will be lower than that if it were
completely ionized (i.e. at infinite dilution) (4-6).

The dissociation of acetic acid (7) and a number of dicarboxylic acids [8]
as well as of glveine (9) were investigated by direct conductance in
tetramethyl urea + water mixture,

Experimental

Systeine, B.D.H., was purified by crystallization. Conductivity
water had a conductivity of 3x107"S.cm™ at 20°C. The conductivity bridge
from Pyc-Unicam model E7566/ and mullard conductivity cell type
E7597/A (of cell constant = 0.1000¢m™") were used in measurements.
Description of the apparatus is found in the Iiterature (10}. The
conductance cell was filled with systeine solution of certain concentration
0.05 < ¢ = 0.0075 and the resistance R was measured (using the

conductivity bridge) immediately after allowing the selution to stand until
a thermal equilibrium with a water bath at a given temperature

(353.1< K > 303.1) was observed.

Results and Discussion
The specific conductance was calculated using the measured resistance
for each solution as following:

WherginCY 'emi' (Scrd) isthespecificonductanofeachsollutiok thecelbonstar

(0.10@m"),andR (inohnt Jthemeasurerksistance
To obtain the conductance due to the electrolyte the specific conductance

of the pure water (distilled water) is subtracted from that of each systeine
solution:

K =K —K el

sofute wiH B walvend o
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s ¥ . - .
Then the equivalent conductance A, Sem’equivelant” for each
concentration was calculated using the following relation:

I ., |

{ ¢
Where c is the number of gram equivalents per liter (mole/liter). As a first
approximation the experimental values of A, for each concentration of
systeine at a given temperature were plotted against the square root of

concentration ¢'”*; this was done over a range of temperatures, Each curve

was extrapolated to zero concentration to obtain A, at each temperature
table (1). It shows that the values of A increase with the increase in

lemperature.
For incompletely dissociated electrolytes such as amino acids and acetic
acid, the following Onsager equation can be used (4-6, 11):

A=a(A, —(a+bA Wac.........[4]
A=A [ 5]
A
B o e i R A 6
= [6]
A=A, —(a+bA Wac..... [7]
or
A — ok el
RS T T — 8]

A is the molar conductivity of Imole of free ions at the concentration cic
mole per liter, at the actual ionic concentration in the solution, where k,

representing (e +bA_ ), is constant for a given solute at a definite

temperature.
Onsager equation has been applied to cysteine seolution at different

temperatures; A.—A, was plotted against ¢"* where A was replaced by A,

In equation § to calculate the limiting slope at very low concentrations
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where c—0 and Ag= A this is shown in figure 1. It gives linear relations in
dilute solutions over the given range of temperatures, For example,
cysteine agrees up to about 0.0016 mole/l over the range of temperatures
between 303.1---353.1K. This means that the linearity of cysteine

solutions does not depend on temperature. Limiting slopes of cysteine

depend on temperature as shown in table |. As an approximation A in the

.

term \/'*""“-"/K was replaced by A, and equation 8 was solved for A to
A~

most systeine solutions at a given temperature at a range of temperatures
303.1---353.1°K. Equaticn 6 was then solved for the molar conductivities
of the solutions of cysteine at given temperatures and the data werc
plotted against T © K as shown in figure 2, which shows that the molar

conductivity increases with the increase in temperature, the least observed
temperature dependence of A wvalues is to be that for the highest

concentration ¢=0.05mole/]l and the greatest dependence appears to be for
the lowest concentration ¢c=0.0122.

The dissociation of amino acids obey the following equation:
Logk, = logKa —ka (ce) ™
Where, Ka is the lorization constant,

foa =(‘I L)[t}]
| —cx

K 1s the thermodynamic dissociation constant,

k> Is constant = slope.

a is the degree of dissociation which was determined by cquation 6.

Ka has been calculated for cysteine at each temperature. These values are
shown in table 2. For each given temperature, the values of ka at lowest
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concentration ¢=0.0015——0.00075mol. /] are approximate to the value
reported in the literature where the pk, value for the dissociation of
sulthydryl group in the systeine = 8.2 {3) as mentioned earlier,
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Table :( 1) Limiting slopes and molar conductivities at infinite
dilution of cysteine solution at different temperature.

T('K) Limiting Slope Ao
303.1 -833.3 42
308.1 -857.1 45
313.] -875.0 50
318.1 -1053.6 58
323.] 1111.1 62
328.] -1212.1 65
333.1 -1513.1 79
338.1 -1579.0 84
343.1 -1667.7 89
348.1 -1892.9 96
353.1 22220 110
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Fig.( 1) The difference between molar conductivity A, and molar

conductivity at infinite dilution A, as a function of square root of

temperature C%. Each curve includes the concentrations {(0.05<(C >
P

0.0075) over the temperatures 303.1 — 353.1K as shown.
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Fig. (2 )YMolar conductivity (Smol'em®)of cysteine solutions as a

function of temperature K over a range of concentrations (0.05-
0.0122) as shown.
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