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Enthalpies of transfer of amino acids from water to
aqueous solutions of formamide
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Abstract

Enthalpies of solution of glycine,l-alanine,l-serine in water and aqueous solutions of formamide were measured at 298.15 K. Transfer
enthalpies of amino acids from water to aqueous 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 chain
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 of
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-serine < glycine <l-alanine.
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. Introduction

Amino acids have been useful models for understand-
ng the thermodynamic behavior of proteins, especially in
etermining functional group contributions to the biopoly-
ers conformational stability[1–5]. It is well recognized that

ransfer enthalpy often provides useful information regarding
he solute–solvent interaction[1]. Although much work has
een done regarding these quantities of amino acids in aque-
us solutions of mono- or poly-ols and electrolytes[2–4],
uch studies are still lacking for a series of amide–water mix-
ures. In this paper, transfer enthalpies of glycine,l-alanine
ndl-serine, from water to aqueous solutions of formamide,

he simplest molecule containing an amide linkage, are re-
orted and discussed with the hydration co-sphere overlap
odel.
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2. Experimental

Glycine, l-alanine, l-serine, obtained from Sin
American Biotechnology Co. (Shanghai, China), w
ground in an agate motor, sifted through a 48�m mesh sieve
and dried in vacuum at 90◦C for several hours before use. A
alytical grade formamide was distilled twice under redu
pressure. Aqueous formamide was prepared by weight
deionized and distilled water.

The measurement of enthalpies of solution was done
an RD496-III calorimeter at 298.15 K, using mixing vess
as previously described[5]. All the substances were weigh
on a METTLER AE200 balance with a sensitivity of 0.1 m
The final molality of amino acids was 0.1000 mol kg−1 with
an uncertainty of about±0.25%. The total uncertainty in th
enthalpy of solution is about±1%.

3. Results and discussion

Table 1is a summary of enthalpies of solution,�solH,

E-mail address:malinzju@163.com (R. Lin). of glycine, l-alanine andl-serine in aqueous solutions of
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Table 1
Enthalpies of solution of glycine,l-alanine andl-serine in aqueous solutions of formamide at 298.15 K,mamino acid= 0.1000 mol kg−1

Glycine l-Alanine l-Serine

mformamide(mol kg−1) �solH (kJ mol−1) mformamide(mol kg−1) �solH (kJ mol−1) mformamide(mol kg−1) �solH (kJ mol−1)

0 14.16 0 7.80 0 11.25
0.5044 14.03 0.5193 7.72 0.5049 10.88
1.0037 13.79 0.9977 7.59 1.0037 10.54
2.0225 13.36 2.0016 7.52 1.9980 10.30
3.9012 12.77 3.7436 7.55 3.7508 9.69
5.9856 12.36 5.9856 7.50 5.9908 9.28
7.9963 11.95 8.0363 7.55 8.0799 8.77

10.0077 11.74 10.0292 7.57 10.0101 8.49
12.9843 11.74 12.0035 7.51 12.9785 8.37

formamide. Our results of glycine andl-alanine in pure water
agree well with those of other reports[2,3,5]. The value forl-
serine in water is a little higher than that reported by Lou[5],
the discrepancy may be due to the difference in the purity of
the amino acid.Fig. 1shows the variation of transfer enthalpy,
�trH, which was obtained from the difference of�solH in
aqueous solution of formamide and that in the pure water,
with the molality of the co-solvent formamide.

The concentration dependence of the transfer property is a
measure of the solute-solvent interaction, which can be under-
stood from the hydration co-sphere overlap model of Desnoy-
ers and co-workers[6,7]. In this case, the interaction between
amino acids and formamide involved structure interaction
and electrostatic interaction, which is mostly dipole–dipole
interaction. A number of studies in the literature support the
idea that electrostatic interaction gives a negative contribu-
tion to transfer enthalpy[2,8]. According to the Kirkwood
equation[9] and Fuoss’s studies on dipole fields between so-
lute molecules[10,11], it is reasonable to assume that the
contribution of electrostatic interaction to transfer enthalpy
of glycine,l-alanine andl-serine, whose dipole moment re-

F
s 15 K,
m

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
chloride by Larson et al.[12]. Therefore, the difference in
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-
rate molecule of solute and co-solvent. There is consider-
able evidence that formamide causes a net decrease in the
structure in aqueous solutions, as compared with pure wa-
ter [13,14]. The amino acid is presented as a zwitterion
in water, NH3

+-CHR-CO2
−, so that the structure interac-

tion between amino acid and formamide can be separated
into: (a) The hydrophilic–hydrophilic interaction between
the zwitterionic head-group of amino acid and formamide.
(b) The hydrophilic–hydrophilic interaction between the hy-
drophilic side chain of amino acid and formamide. (c) The
hydrophobic–hydrophilic interaction between the hydropho-
bic side chain of amino acid and formamide.

Desnoyers and co-workers[6,7] 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-
structive overlap model, while that for the hydrophobic-
hydrophilic interaction is positive. Thus, together with elec-
t ion
b lays
a ding
t hilic
i
m py of
l of
s for-
m
a thyl
g re-
s ,
w mo-
d pyl
a

ig. 1. Enthalpies of transfer of glycine (�), l-alanine (�) andl-
erine (�) from water to aqueous solutions of formamide at 298.

amino acid= 0.1000 mol kg−1.
rostatic interaction, the hydrophilic–hydrophilic interact
etween the zwitterionic head-group and formamide p
dominant role in the transfer process of glycine, lea

o a negative transfer enthalpy. The hydrophobic-hydrop
nteraction between the apolar group –CH3 with formamide

ake a positive difference between the transfer enthal
-alanine and glycine. Forl-serine, all the three types
tructure interaction mentioned above are involved with
amide. The relative positions of�trH of glycine,l-alanine
ndl-serine indicate that the structure effect of the me
roup is overcome by that of –OH group of serine. The
ult shows that the –CH2OH group is partially hydrophilic
hich is in accord with Kundu’s study on the transfer ther
ynamics ofp-nitroaniline in aqueous solutions of isopro
lcohol, propylene glycol and glycerol[15].
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