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Abstract

Enthalpies of solution of glycine,-alanine,L-serine in water and aqueous solutions of formamide were measured at 298.15 K. Transfer
enthalpies of amino acids from water to aqgueous solutions of formamide were derived and interpreted qualitatively with hydration co-sphere
overlap model. The results show that the structure interaction between formamide and zwitterionic head-group and hydrophilic side chair
of amino acids make a negative contribution to transfer enthalpy, while that with the hydrophobic side chain is positive. In the solvent
composition range studied, transfer enthalpies decrease overall with the increasing concentration of formamide, with the relative order o
L-serine < glycine <-alanine.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

Amino acids have been useful models for understand-  Glycine, Lr-alanine, r-serine, obtained from Sino-
ing the thermodynamic behavior of proteins, especially in American Biotechnology Co. (Shanghai, China), were
determining functional group contributions to the biopoly- ground in an agate motor, sifted through 48 mesh sieve,
mers conformational stabilifit—5]. Itis well recognized that  and dried in vacuum at 9@ for several hours before use. An-
transfer enthalpy often provides useful information regarding alytical grade formamide was distilled twice under reduced
the solute—solvent interactigh]. Although much work has  pressure. Aqueous formamide was prepared by weight using
been done regarding these quantities of amino acids in aquedeionized and distilled water.
ous solutions of mono- or poly-ols and electrolyf@s4], The measurement of enthalpies of solution was done with
such studies are still lacking for a series of amide—water mix- an RD496-111 calorimeter at 298.15 K, using mixing vessels
tures. In this paper, transfer enthalpies of glycinalanine as previously describd8]. All the substances were weighed
andr-serine, from water to aqueous solutions of formamide, on a METTLER AE200 balance with a sensitivity of 0.1 mg.
the simplest molecule containing an amide linkage, are re- The final molality of amino acids was 0.1000 moégwith
ported and discussed with the hydration co-sphere overlapan uncertainty of about0.25%. The total uncertainty in the
model. enthalpy of solution is about1%.

3. Results and discussion

* Corresponding author. Tel.: +86 571 89752371; fax: +86 57187951895, lable 1lis a summary of enthalpies of solutiongoH,
E-mail addressmalinzju@163.com (R. Lin). of glycine, L-alanine and.-serine in aqueous solutions of
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L-Serine

AsoH (kJ morl) Myormamide (Mol kg>1) AsoH (kJ morl)

Table 1
Enthalpies of solution of glycine.-alanine and.-serine in aqueous solutions of formamide at 298.16Wmino acis= 0.1000 mol kgt
Glycine L-Alanine
Mformamide (MO kgil) AsoH (kI morl) Mformamide (MO kgil)
0 14.16 0
0.5044 14.03 0.5193
1.0037 13.79 0.9977
2.0225 13.36 2.0016
3.9012 12.77 3.7436
5.9856 12.36 5.9856
7.9963 11.95 8.0363
10.0077 11.74 10.0292
12.9843 11.74 12.0035

7.80 0 11.25
7.72 0.5049 10.88
7.59 1.0037 10.54
7.52 1.9980 10.30
7.55 3.7508 9.69
7.50 5.9908 9.28
7.55 8.0799 8.77
7.57 10.0101 8.49
7.51 12.9785 8.37

formamide. Our results of glycine amealanine in pure water
agree well with those of other repof83,5]. The value for -
serine in water is a little higher than that reported by [y

mains approximately constant, is almost the same at the same
formamide concentration. A similar result was obtained from
the study of interaction energy of amino acids with sodium

the discrepancy may be due to the difference in the purity of chloride by Larson et a[12]. Therefore, the difference in

the amino acidrig. 1shows the variation of transfer enthalpy,
AgH, which was obtained from the difference afqH in

aqueous solution of formamide and that in the pure water,

with the molality of the co-solvent formamide.

transfer enthalpies of amino acids is reflecting the change in

the structure interaction between solute and co-solvent.
The interpretation of the structure interaction must be

approached with the regard for the hydration of a sepa-

The concentration dependence of the transfer property is arate molecule of solute and co-solvent. There is consider-
measure of the solute-solventinteraction, which can be under-able evidence that formamide causes a net decrease in the
stood from the hydration co-sphere overlap model of Desnoy- structure in aqueous solutions, as compared with pure wa-
ers and co-workel$,7]. In this case, the interaction between ter [13,14]. The amino acid is presented as a zwitterion
amino acids and formamide involved structure interaction in water, Ni*-CHR-CO~, so that the structure interac-
and electrostatic interaction, which is mostly dipole—dipole tion between amino acid and formamide can be separated
interaction. A number of studies in the literature support the into: (a) The hydrophilic=hydrophilic interaction between
idea that electrostatic interaction gives a negative contribu- the zwitterionic head-group of amino acid and formamide.
tion to transfer enthalpj2,8]. According to the Kirkwood (b) The hydrophilic—-hydrophilic interaction between the hy-
equatiorf9] and Fuoss'’s studies on dipole fields between so- drophilic side chain of amino acid and formamide. (c) The
lute moleculeq10,11], it is reasonable to assume that the hydrophobic—hydrophilic interaction between the hydropho-
contribution of electrostatic interaction to transfer enthalpy bic side chain of amino acid and formamide.
of glycine,L-alanine and.-serine, whose dipole moment re- Desnoyers and co-workef§,7] indicated that, in most
cases, the net effect of co-sphere overlap is destruc-
tive. A negative contribution to transfer enthalpy for the
hydrophilic—hydrophilic interaction is expected from the de-

0.0 4 structive overlap model, while that for the hydrophobic-
hydrophilic interaction is positive. Thus, together with elec-
0.5 trostatic interaction, the hydrophilic—hydrophilic interaction
between the zwitterionic head-group and formamide plays
3 =18 a dominant role in the transfer process of glycine, leading
E I to a negative transfer enthalpy. The hydrophobic-hydrophilic
= interaction between the apolar group —kth formamide
':; P make a positive difference between the transfer enthalpy of
< L-alanine and glycine. Fot-serine, all the three types of
25 structure interaction mentioned above are involved with for-
mamide. The relative positions afH of glycine,L-alanine
-3.0 - ; — — andL-serine indicate that the structure effect of the methyl
0 2 4 6 8 10 12 14

group is overcome by that of —OH group of serine. The re-
sult shows that the —CHDH group is partially hydrophilic,
whichis in accord with Kundu's study on the transfer thermo-
dynamics ofp-nitroaniline in aqueous solutions of isopropyl
alcohol, propylene glycol and glycerdl5].

min mol kg

Fig. 1. Enthalpies of transfer of glycinellf, r-alanine (®) andrL-
serine (A) from water to aqueous solutions of formamide at 298.15K,
Mamino acig= 0.1000 mol kgL,
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