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The ionisation constants of glycine, alanine, proline,
valine, glutamine and y-aminobutyric acid have been
determined pH-metrically in ethanol-water and
methanol-water mixtures at very low ionic strengths
and at 25°.

HE effect of non-aqueous soivents on the

dissociation constants of acids and bases is not
well uaderstood, even though the advantages and
utility of non-aqueous and mixed solvents for
improving analydcal methods involving complexa-
tion hive been well-emphasized®. The literature?
provides numerous studies on the dissociation con-
stants of carboxylic acids. However, compara-
iively little is known regarding the effect of sol-
vents on the dissociation of amino acids.

In view of these facts, we have undertaken
studies on the protonation equilibria of a number
of amino acids like glycine, alanine, proline, valine,
glutamine and Y-aminobutyric acids in methanol
and ecthinol water mixtures pH-metrically. The
choice of the present solvent systems was dictated
by thz nature of the protolytic behaviour of the
amino acids closely resembling water yet differing
much in physical properties.

The amino acids (except GR E. Merck variety)
were purified by crystallization from water-ethanol
mix ures. Methanol and ethanol were purified and
th> weight porcentages of the organic solvent were
determined in the same way as described before3:4,
The slight traces of water present, if any, in the
organic so!vents were neglected.

Perchloric acid and caustic soda were of E. Merck
reagent grade and were standardized in the usual
way. Other chemicals were of reagent grade. All
the solutions were made in doubly distilled water.

For the determination of the acid dissociation
of dipolar ions, a known concentration of the amino
acid was neu‘ralized to different extents with
perchloric acid and the hydrogen ion concentration
measured. The process was repeated with different
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concentrations of the different dipolar ions in various
methanol-water and ethanol-water mixtures.

For ths dstermination of the second dissociation
of “h> am'no acids, the process was the same; only
HCIO4 was replaced by caustic soda.

Th> pH-me er readings were taken at 25° using
a Cambridge bench type battery operated pH-meter.

Since the amino acids are present predominantly
as dipo'ar ions (i.e.*NH3RCOj3), these are representcd
as RH# and the dissociation equilibria in acid (if
dissociation of carboxyiic group is considered) and
alkali (if dissociation ammonium ion is considered)
can be represented by Egs. (1) and (2).

RH;+H,0=H,0*+RH#, K, = Z2X%u

agH,
RH# 4 H,0=H,0* R, K, — X% @)
aru=
or
pPK; = pH—"og L"RH,:E _ )glIL};i_
QRH: fx\‘Ha
= ﬁH—]og (,‘_&___ _]) _ ngRHi
4—Ch Sl
and

_/R'_
f i

RH™
where C = conceitration of neutral amino acid,
@ or b = concentration of acid or base respectively,

and 'CH or Con~ = concentration of H* ion or OH-
lon in the experimental solution (determined pH-
metrically). The appropriate correciions were made
for the mix>d so!vents using the well known method
described earlier®™?. Though the ‘correction factors’
for thfz mixed solvents were known?, we considered
1t desirable to find out the ‘correction factor’ with
each set of measurement to avoid any error resulting
from (i) change in the asymmetry potential of the
glass electrode and (i) liquid-junction potential of
uncertain magnitude.

Since the ionic strengths of the solutions were
very low (3-6x103M) activity coefficients were
approximated to unity.

The method is almost similar to that of Edsail
and Blanchards.

. The pK; and pK, values at 25° determined in
different percentages of methanol-water and et hanol-
water mixtures are presented in Table 1. The results
arein very good agreement with the reported values
fiort glyplng andtal'mine in ethanol-water mixture

etermine otentiometrica ¢
o] p Ily by Edsall end
~As expscted, pK; values of all the amino acids
Increase with increase in the alcohol content of the
mixtures but the magnitude of increase is smaller
t‘h.m that of corresponding carboxyiic acid due to

dipolar character’ of the acids.

The pK, values were found to be linear functicn
of 1/eand mole-fraction of alcohol at low percentages
of alcohol.  Slight improvement was observed when
water activity was taken into consideration®. It
1s to be noted that the proportion of the neutral
form of acidincreases® with increasein alcoholcontent
resulting in deviations.

OH-

PK, = pH-+iog (1‘7}*» —-l) —iog



NOTES

TABLE 1 — DissSOCIATION CONSTANTS OF AMINO ACIDS IN METHANOL-WATER AND ETHANOL-WATER MIXTURES

Alcohol Glycine Alanine Proline Valine Glutamine Y-Aminobutyic
{%, v/v) : acid
pPK, PK, PK, PK, PK; PK, PE, PK, PK, pKE, —
PE, PK,
METHANOL-WATER
10 2-57 — 2:55 — 2:12 — 245 — 247 — 414 e
20 2463 963 2-66 9-80 2-20 10-61 2:60 976 2-55 -— 419 —
30 2:66 = 270 — 2:25 — 2-65 — 262 — 434 —
40 2-90 — 2:97 -— 2-52 — 2-95 — 2-84 — 456 _
50 3-18 — 3-20 — 267 — 316 — 3-14 o 4.73 —
60 3-36 9-78 3-46 99 2-88 10-55 3-42 9-83 3-40 — 5-00 10-60
70 3.5 — 360 — 302 — 3-58 — 3:52 — 5-18 —
80 3-64 9-74 3-76 9-82 328 10-50 3-76 9-85 368 9-20 5-32 10-65
ETHANOL-WATER

10 2-55 — 2-53 — 212 — 2-52 _ 5 . '
20 266 968 270 985 220 1063 265 os0  sa8 i —
30 2.70 e 279 — 227 — 278 — 270 — 4-40 —
40 2-88 — 297 — 2-48 — 2:96 S 2-90 _ 4-54 —
50 3-05 — 3-13 — 273 —_ 315 s 315 —_ 4-80 -
60 3.38 9-83 349 9-98 297 10-58 3-38 990 3:35 — 5-05 10-62
70 3-53 — 3-61 — 3-16 — 3-65 s 3.55 — 5.28
80 373 973 391 9-88 3-49 10-51 392 9-85 3-85 922 5-48 1028
It is well known that the role of solvents on the 12. Paaso, M., Batrs, R. G. & RoBINsON, R. A., J. phys

ionization constants of weak acids and bases is not
clearly understood in terms of Born equation? or
modified equations!®1?. The problem is extremely
complicated in the case of ‘zwitterions’ presumably
with different and changing solvational propertics
with change in alcohol content. The change in
ApK values, though it should be accounted in terms
of “electrostatic’”” and “non-electrostatic” parts, is
of little value in view of limited accuracy of the
equations and in the absence of accurate values of
radii of ions of amino acids. The significance of
solute-solvent interactions and ‘medium effect’ thus
remains unexplained.

The changes in pK, with increase in alcohol
content are rather small and it is not possible to
draw definite conclusions with the limited data
available.

We express our sincere gratitude to Prof. R. N.
Roy, Department of Chemistry, Drury College,
Springfield, Missourie, USA for a glass electrode
and to the CSIR, New Delhi, for a research scholar-
ship.
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Acid dissociation constants of N-s-diphenylform-
amido-N’-phenylthiocarbamide, N-s-diphenylform-
amido-N’-p-tolylthiocarbamide, N-s-diphenylform-
amido-N’-o-tolylthiocarbamide, N-s-diphenyl-
formamido-N-benzylthiocarbamide, N-benzoylform-
amido-N’-phenylthiocarbamide, N-benzoylformamido-
N’-p-tolylthiocarbamide, N-benzoylformamido-N’-o-
tolylthiocarbamide and  N-benzoylformamido-N’-
benzylthiocarbamide have been determined potentio-
metrically in 759, aq. acetonitrile (v/v) and at fixed
ionic strength (0-1) over the temperature range 15-45°,
The values of free energy change (AG), enthalpy
change (AH) and entropy change (AS) have been
calculated for the ionization process. The values of

DKy (minimum pK, values at temp. 0°C) have also been
calculated.

*Author to whom correspondence may be addressed at
the following ~address: Assistant Biochemist (Sugarcane)
Harayana Agricultural University, Hissar 125004.
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