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Short Communication

ENTHALPY CHANGES IN PROTOLYTIC EQUILIBRIA OF
GLYCYL-B-ALANINE IN AN AQUEOUS SOLUTION

S. N. Gridchin"", G. G. Gorboletova' and D. F. Pyreu’

'Tvanovo State University of Chemistry and Technology, F. Engels 7, Ivanovo, 153460 Russia

’Ivanovo State University, Ermak 39, Ivanovo, 153025 Russia

Reaction enthalpy changes were measured with the use of calorimetric method for the protonation and neutralization of
glycyl-B-alanine at 298.15 K and ionic strengths 0.5, 1.0, 1.5 mol L™ (KNOs), and the corresponding standard thermodynamic
parameters were evaluated. The results obtained were compared with the literature data on related compounds.
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Introduction

Glycyl-B-alanine stepwise protonation constants have
been published in several works [1-5]. The logK val-
ues were determined against various background elec-
trolytes, and the results obtained were in close agree-
ment. No data on the enthalpy changes in protolytic
equilibria of this dipeptide have been found. Therefore,
the aim of this work was calorimetric determination of
enthalpy changes in protonation and neutralization re-
actions for glycyl-B-alanine and the evaluation of the
corresponding standard thermodynamic parameters.

Experimental

Glycyl-B-alanine (pure for analysis, Reanal, Hun-
gary) was used. Nitric acid and potassium hydroxide
solutions were prepared from reagent grade samples.
Potassium nitrate (pure for analysis) was twice crys-
tallized from bidistilled water.

The calorimetric measurements were performed
in an isothermal jacket calorimeter equipped with a
KMT-14 thermistor. Enthalpy changes in reactions of
protonation and neutralization of glycyl-B-alanine
were determined at 298.15 K and ionic strengths of
0.5, 1.0, and 1.5 mol L. Potassium nitrate was used
as background electrolyte. The heats of mixing for
0.8514 M  glycyl-B-alanine  solution  with
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0.0996-0.1001 M nitric acid and 0.0100-0.0107 M
potassium hydroxide solutions were measured. The
heats of dilution for the dipeptide solution with a
background electrolyte at the corresponding ionic
strengths were also measured applying necessary cor-
rections.

Results and discussion

The stepwise dissociation constants of glycyl-
B-alanine differ considerably from one another. It al-
lows to measure the enthalpies of the corresponding
processes independently. The enthalpy change in the
reaction of protonation of HL species (Apo/7) was
calculated by the equation

Aprot[_l :AmixH H_AdilH ( 1 )
where A,y s the heat of mixing the dipeptide solu-
tion with HNOj; solution, Ay H is the heat of dilution
of the dipeptide solution with the background electro-
lyte solution. The enthalpy changes in reactions of
neutralization (A,e. /) and dissociation (Ag;sH) of the

betaine proton of glycyl-f-alanine were calculated by
the equations

ApeudI=AniHou—AgiH 2
Adis]_] :AncutH 7AWH (3)
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Table 1 The enthalpy changes in protolytic equilibria of glycyl-f-alanine at 298.15 K

—~AH/KT mol™*
Process
=0.5M I=1.0M =1.5M

H+HL-H,L” 1.76%0.18 2.284+0.18 2.62+0.17
2H+L <H,L" 46.04+0.48 47.07£0.31 48.25+0.33
H+L <HL 44.28+0.44 44.79+0.25 45.63+0.28
HL+OH <L +H,0 12.62+0.20 11.9540.20 11.16+0.20
H'+OH <H,0 [6] 56.90+0.40 56.74+0.15 56.79+0.20

Table 2 The standard thermodynamic parameters for dissociation of glycyl-glycine, glycyl-p-alanine and glycyl-y-amino-

butyric acid (/=0, 7=298.15 K)

Dipeptide —logk® AG/kJ mol™ AH /KT mol™ AS%/T mol™ K

H,L'«<>H+HL

glycyl-glycine [7] 3.16£0.01 18.04+0.06 0.61£0.14 58.5£0.5

glycyl-B-alanine 4.04+0.05 23.06+0.29 1.36£0.18 72.8+1.1

glycyl-y-aminobutyric acid [8] 4.2240.02 24.09+0.12 1.64£0.06 75.3£0.3

HL<>H'+L"

glycyl-glycine [7] 8.31£0.01 47.43+0.06 44.19+0.33 10.9£1.1

glycyl-B-alanine 8.37+0.06 47.78+0.34 42.97+0.28 16.1£1.5

glycyl-y-aminobutyric acid [8] 8.3410.01 47.60+0.06 42.62+0.45 16.7£1.5
H,L 2H'+L"

glycyl-glycine [7] 11.47£0.01 65.47£0.09 44.80+0.36 69.4£1.2

glycyl-B-alanine 12.41+0.08 70.84+0.44 44.33+0.33 88.9+1.9

glycyl-y-aminobutyric acid [8] 12.56%0.02 71.69£0.12 44.26+0.45 92.0£1.5

where AixHoy is the heat of mixing the dipeptide solu-
tion with KOH solution, and A, H is the enthalpy change
in the reaction of neutralization of HNO; by KOH at the
corresponding temperature, ionic strength and back-
ground electrolyte. The relevant AH values were taken
from [6]. The results obtained for the protolytic equilib-
ria of glycyl-B-alanine are shown in Table 1.

The reaction enthalpy changes at zero ionic
strength were determined by extrapolating the AH
values found at the fixed ionic strengths using one-pa-
rameter equation [6].

AH-AZY(Iy=AH "+b] 4)

where AH, AH" denote the enthalpy changes at the fi-
nite and zero ionic strengths, respectively; b is an em-
pirical coefficient; Az* is the difference between the
squared charges of the reaction products and reacting
species; and W(/) was a function of ionic strength de-
duced theoretically [6]. The corresponding standard
thermodynamic constants were evaluated using the
following equation [6].

logK’=logK—A,AZ*[1'"*/(1+1.61"%)-0.0511-0.051 (5)

where logk®, logK denote the thermodynamic and
stoichiometric protonation constants, respectively; 4,

608

is the Debye parameter. The logK values are
4.04+0.05 and 8.17+£0.06 at 298.15 K and ionic
strength 0.1 mol L™" as the averages of the results ob-
tained previously [1-5]. The standard thermodynamic
parameters for the stepwise and cumulative dissocia-
tion processes of glycyl-B-alanine are presented in
Table 2. This table also contains the corresponding
parameters of glycyl-glycine [7] and glycyl-y-amino-
butyric acid [8] being obtained in this laboratory us-
ing the same procedure.

These data shows that the thermodynamic pa-
rameters (logk®, AG®, AH®, AS°) for the betaine group
dissociation of glycyl-B-alanine are close with the pa-
rameters of glycyl-y-aminobutyric acid. The release
of proton from carboxylic groups is characterized by
an endothermic effect, the value increases continu-
ously in the series of glycyl-glycine<<glycyl--
alanine<glycyl-y-aminobutyric acid. This can be at-
tributed to strengthening O—H bond on growing posi-
tive induction effect of their alkylene chains.
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