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Abstract

The protolytic equilibria in aqueous solutions of different amino acids and dipeptides were
studied by a direct calorimetric method at 288-328 K. The measurements were made with an
isothermal-shell calorimeter with automatic temperature recording. The thermodynamic char-
acteristics of the processes of acid-base equilibria were found from the combined results of
thermochemical measurements and equilibrium constant data. Gurney concepts were used to
analyse the thermodynamic characteristics of reactions. Comparisons of the temperature-de-
pendent and temperature-independent contributions to the Gibbs energy and enthalpy change
afford the criteria of the variability in sign of the AH of the process, i.e. they allow prediction
of the magnitude of the temperature 6 at which AH = 0.
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Introduction

Amino acids and low-molecular peptides play an important role in biochemi-
cal processes as they are structural components of proteins and other biologi-
cally important substances. However, information on the thermodynamic prop-
erties of these compounds is insufficient, and dissociation heat data on many
dipeptides are not available at all.

Thermochemical investigations of the equilibria of a- and B-alanine, glycyl-
y-aminobutyric acid, D, L-o-alanyl-D, L-a-alanine, glycyl-L-asparagine and oth-
ers in aqueous solutions have been carried out in our laboratory.

The difference in the stepwise dissociation constants of the amino acids and
peptides by a factor of 4-7 allowed the independent determination of the step-
wise ionization heats.

Experimental

Amino acids and peptides produced by Reanal in ‘chromatographically pure’
quality were used in the present work. The heat effects were measured with the
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isothermal-shell calorimeter, with automatic registration of the experimental
calorimetric curve [1]. The calorimeter was calibrated by means of electric cur-
rent. KNO;, LiNO; and NaNO; were used as background electrolytes. Measure-
ments were made in the temperature range 288-323 K at ionic strengths in the in-
terval 0.5—1.5. The equilibrium compositions of the solutions under the various
experiment conditions were calculated by means of the RRSU program on a PC
486 DX2 [2].

The reliable literature data on the acid and base dissociation constants of the
above amino acids and peptides allow an interpretation of the calorimetric mea-
surement results with appropriate accuracy.

Two independent procedures were used to determine the stepwise dissocia-
tion heats of the amino acids and peptides.

The heat effects of the interactions of the mineral acid solution (HNOs) with
the peptide (amino acid) solutions were measured in the pH interval 3.6-2.8, to-
gether with the heats of HNOs dilution in the background electrolyte solutions.
The calculations showed that 60—80% of the HNOz placed in the ampoule re-
acted. In the second procedure, a peptide (amino acid) solution with a concentra-
tion of 0.5-0.9 mol kg ' was placed in the ampoule, and HNOjs solution was used
as the calorimetric liquid. The heat effects were found as the differences between
the experimentally measured mixing heats and the heats of dilution of the pep-
tide (amino acid) solutions in the supporting electrolyte solution. In the determi-
nations of the dilution heats, the pH of the electrolyte solution was found to be
equal to the original pH of the peptide (amino acid) solution; thus, dilution pro-
ceeded without change in the equilibrium composition of the system.

In the determinations of the zwitterion base dissociation heats, the interaction
heats of the peptide (amino acid) solutions located in the ampoule with KOH so-
lution were measured. The interaction heats of HNO; solution with the peptide
solution in the pH interval 9-7 were determined by the second procedure. The
corresponding dilution heats were measured, too.

Results and discussion

The dissociation heats of the peptides and the amino acids in the standard so-
lution were found by extrapolation the dissociation heat to zero ionic strength by
means of an equation with a single parameter [3]:

AH — A2 = AH® + il 43!

where AH and AH" are the enthalpy changes at the final ionic strength and at /=0,
respectively; W(J) is a theoretically calculated function dependent on the ionic
strength; and 7 is an empirical coefficient.

The thermodynamic characteristics of the stepwise dissociation processes of
the amino acids and peptides were found by using both the results of the thermo-
chemical measurements and the equilibrium constant data.
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Table 1 Standard thermodynamic characteristics of the acid-base interaction processes of amino
acids and peptides in aqueous solution and their temperature-dependent and
temperature-independent enthalpy constituents

AH “AST  -ACY  -AH AH/

T

process K pK” J mol™ Jmol K™ J mol™
H,Ala™= 298  2.3410.04 3400130 352+0.9 130£10 5400 8800
HAla*+H" 308 2.34%0.04 2100£110 39.440.9 6500 8600
318 2.3410.04 900130 43.0%£0.9 7700 8600
328 2.34+0.04 -500+100 45.8%0.9 9100 8600
HAla*= 298 10.1+0.04 455004270 404412 50420 6000 51500
Ala™+H" 308 9.83+0.04 451004340 42.0+1.4 6400 51500
318 9.594+0.04 444001340 44.0+1.4 7100 51500

D,L-a-Ala-D,L- 288 3.1610.02 =510+210 62.2+1.1 100%10 6520 6010

-a-AlaHj = 298 3.1630.02 —1720+110 66.3t1.2 7790 6070
D, L-a-Ala-D,L- 308 3.1720.02 -2440%120 68.610.8 8990 6550
-o-AlaH® + H*

D,L-a-Ala-D,L- 288 8.83+0.03 45690%720 10.443.1 0 2080 48670
-0-AlaH* = 298 8.55+0.03 458904560 9.8+2.4 3370 49260
D, L-0-Ala-D,L- 308 829+0.03 45690+700 10.442.8 3860 49550
-o-Ala”+ H'

Gly-y—AbuH;= 298 4.22+0.02 164060  76.0£0.2 150+2 8940 10130

Gly-y-AbuH +H" 308 4.2240.02 4303200 79.3%0.3 9940 10370
318 4.2240.02 —1330+110 84.940.1 11620 10290
Gly-y-AbuH™= 298 83440.01 42620+450 16.7%1.3 0 3920 46540
Gly-y-Abu+H" 308 8.10£0.01 42430+540 17.3%1.6 4470 46900
318 7.87+0.01 422504450 17.9+1.2 5030 47280

Gly-L-Aan;= 288 3.07+0.02  1580+200 53.2+0.5 10010 5900 7480
Gly-L-Asn*+H" 298 3.060.02 650+140  56.720.5 7020 7670
308 3.06+0.02  -340%150 59.740.3 8200 7860

Gly-L-AsnH"= 288 8.9610.03 456204480 13.2+1.1 40430 3180 48800
Gly-L-Asn™+H™ 298 8.6910.03 452104520 14.7+1.2 3750 48960
308 8.43+0.03 448504430 15.8+0.8 4340 49190
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The standard thermodynamic characteristics of the processes of acid-base in-
teraction for the amino acids and peptides in aqucous solution are given in Ta-
ble 1. It can be seen that in the temperature range 288-318 K the standard heat of
carboxyl group ionization for the investigated peptides changes sign. The tem-
perature 8 at which the heat effect changes sign could be evaulated via the equa-
tion

AH39315 (2)

€p

6 =298.15 -

The positions of the carboxyl and amino groups in the amino acids and pep-
tides influcnce the magnitude of the entropy change during dissociation. The
greater the distance of separation of the negative and positive charge carriers in
the zwitterion, the higher is its hydration degree. Indeed, the process of carboxyl
group dissociation in the peptides as compared with that in the amino acids
where the zwitterion formation takes place is accompanied by a higher absolute
value of the entropy change (ASHan-aw=-66.3t1.2Jmol" K™, A=
~35.240.9 T mol™' K™) [4].

For the magnitude of A.S which characterizes the carboxyl group dissociation in
peptides with different structures, the same regularity is true. Accordingly, for the
carboxyl group dissociation of glycyl-y-aminobutyric acid, the entropy change is
greater in absolute magnitude (ArS]Gly-gamma-Abyy = —76.0£0.2J mol™ K™) [5] than
the analogous changes for carboxyl group dissociation in D, L-c-alanyl-D,L-0-
alanine and glycyl-oi-asparagine.

The numeral values of the temperature-dependent and temperature-inde-
pendent enthalpy constituents are given in Table 1. The technique for calculation
of these is reported elsewhere [6]. The distinction of AHindep. Which characterizes
the energies of proton interaction with nitrogen and oxygen-containing groups
deserves attention. In the former case, dissociation of the betaine proton of
amino acids and peptides is characterized by significant values of AHiep,
whereas AHingep. is not high for dissociation of a proton connected with an oxy-
gen atom,

Some regularities may be observed as concerns the influence of temperature
on the dissociation heats of different functional groups of biologically active li-
gands. In the splitting-off of a proton connected with the nitrogen atom of an
amino acid or peptide, the temperature-independent enthalpy constitucnts are
much larger in absolute value than the contribution of the temperature-dependent
constituents. For dissociation of the carboxyl group proton, the temperature-de-
pendent and temperature-independent enthalpy constituents are very close to
each other in magnitude. In this case, AC, is of the order of —100 J mol™' K. This
value is also characteristic of the process of amino acid carboxyl group dissocia-
tion.
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The standard enthalpies of formation of amino acids and peptides were calcu-
lated from the experimental values of heats of dissolution, acid-base reactions
and combustion of the investigated compounds [7].

References

1l V. P. Vasil’ev, L.. A. Kochergina and S. V. Dushina, Zh. Neorg. Khimii, 40 (1995) 61.

2 V. A. Borodin, V. P. Vasil’ev and E. V. Kozlovski, Mathematical problems of chemical
thermodynamic, Science, Novosibirsk 1985, p. 219.

3 V. P. Vasil’ev, Thermodynamic properties of electrolyte solutions, M: Higher Institute of
Learning, 1982.

4 V. P. Vasil’ev, L. A. Kochergina and V. U. Garavin, Zh. Obs. Khimii, 62 (1992) 213.

S V. P. Vasil’ev, L. A. Kochergina, G. G. Gorboletova and O. N. Popeva, Zh. Fiz. Khimii,
71 (1997) 1586.

6 V. P. Vasil’ev, Zh. Neorg. Khimii, 29 (1984) 2785.

7 G. G. Gorboletova, L. A. Kochergina, V. P. Vasil’ev and O. N. Popova, Standard enthal-
pies of formation of dipeptides and products of their dissociation in aqueous solutions.
Abstracts. Conf. ‘Modern problems of theoretical and experimental chemistry’, Saratov
1997, p. 19.

J. Thermal Anal., 54, 1998



