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Enthalpies of solution and transfer of glycine, L-alanine, L-valine, L-serine and L-threonine from water to
aqueous surfactant (sodium dodecyl sulfate or dodecyltrimethylammonium bromide) solutions have been
determined at 298.15 K by isothermal calorimetry. Dehydration and ion-ion interactions are important at
low concentrations of the surfactant. Hydrophobic-hydrophobic interactions become primary when the
amino acid molecules insert into the hydrophobic tail groups of the micelles. These phenomena can be
explained with the hydration co-sphere overlap model.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Amino acids are useful probe molecules for determining func-
tional group contributions to biopolymer conformational stability
[1-12]. Interactions between surfactant and protein molecules are
a subject of intensive research because they can modulate the
functional properties of protein molecules. However, details of the
interactions remain unclear [13-20]. The present work reports the
enthalpies of transfer of glycine, L-alanine, L-valine, L-serine and L-
threonine from water to aqueous sodium dodecyl sulfate (SDS) and
dodecyltrimethylammonium bromide (DTAB) solutions at 298.15K
to obtain information about hydrophobic and hydrophilic interac-
tions of amino acids of different molecular structure.

2. Experimental
2.1. Reagents

Five amino acids (RCH(NH,)COOH), glycine (R=H), L-alanine
(R=CH3), L-valine (R=CH(CH3);), L-serine (R=CH,OH) and L-
threonine (R=CH,(OH)CH3) (biological reagent, mass fraction
>99%, Shanghai Chemical Co., China), were twice recrystallized
from aqueous ethanol solution and dried under vacuum at 348 K
for 6 h before use. Two surfactants, sodium dodecyl sulfate (SDS)
and dodecyltrimethylammonium bromide (DTAB), were products
of Sigma (purity >99%). All the solutions were freshly prepared
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with twice-distilled water. The final molality of each amino acid
was 0.1000 +0.0002 molkg~1. The concentrations of the surfac-
tants are above their critical micelle concentrations (CMC), which
are 8.1 x 1073 and 15.9 x 10~3 moldm~3, respectively [21,22].

2.2. Calorimetric procedure

Measurements on the enthalpies of solution were carried out
with an RD496-II calorimeter (manufactured by the 2905 Factory of
the Nuclear Industry Department of China) at 298.15 K as described
in detail previously [10]. The calorimeter was calibrated by the
solution enthalpy of KCl in water with the mole ratio of 1:500.
The calorimetric measurements for each sample were performed
at least twice and average values are reported.

3. Results and discussion

The enthalpies of solution, A, Hm, in pure water and in different
concentrations of surfactant are presented in Table 1. The values of
AsoHm for the amino acids in water agree well with reference data
[11,12]. All of the A¢,Hm values are positive, i.e., endothermic.

The enthalpies of transfer, AHp, were derived from the differ-
ences between the enthalpies of solution of amino acids in surfac-
tant solutions, Ag, Hps), and those in pure water, AgoHmw) [8]:

AyHpm = Asole(s) - ASOle(W) (1)

Figs. 1 and 2 show the changes of AyHpn with the dif-
ferent molalities of surfactant. In the ternary solutions (amino
acid + SDS/DTAB + water), the trend of AHny can be divided into
three parts.
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Table 1
Enthalpies of solution Ay Hpy, of amino acids in aqueous surfactant solutions at 298.15 K
Surfactant Mgy (x10% mol kg 1) AgotHm (K] mol1)
Glycine L-Alanine L-Valine L-Serine L-Threonine
0 14.172 £0.02 7.60% +£0.01 3.152 +£0.01 11.30° +0.03 10.352 £ 0.01
0 14.20° 7.67° 3.12b 11.49¢ 10.33¢
SDS 9.88 14.17 £ 0.01 7.63+0.01 3.22+0.01 11.29 +£0.02 10.42 +0.01
19.64 14.31 +£0.04 7.80+0.02 3.38+0.03 11.43 £0.01 10.63+0.04
29.86 14.47 £0.01 7.94+0.04 3.55+0.03 11.65 +0.04 10.81+0.01
39.73 14.55+0.01 8.08 +0.02 3.65+0.02 11.70+0.01 10.92 £0.01
49.64 14.67 £0.05 8.15+0.01 3.74+0.01 11.79+£0.02 10.97 +0.03
59.74 14.00 £ 0.01 7.57+0.03 3.55+0.02 11.19+0.01 10.86+0.01
69.65 13.86 +£0.02 7.42+0.02 3.16 +0.01 11.11 £ 0.03 10.54+0.02
79.89 13.94+0.02 7.57+£0.01 3.56 £0.01 11.34+0.01 10.92 +0.03
89.96 14.17 +0.02 7.78 +£0.01 3.65+0.05 11.57 +£0.01 11.08 +0.02
99.72 14.28 +0.03 7.86+0.02 3.76 +0.02 11.68 +£0.01 11.18 £ 0.01
DTAB 10.14 14.14 +0.01 7.63 +0.03 3.18+0.02 11.29 +0.01 10.38 +0.01
19.66 14.38 +0.04 7.86+0.01 3.48 +£0.01 11.58 £0.03 10.71 £0.04
30.75 14.68 £0.01 8.18 £0.01 3.75+0.02 11.83+0.02 10.98 £0.01
39.91 14.27 £0.03 7.91+0.01 3.60+0.01 11.54+0.01 10.95+0.02
49.69 14.09+0.02 7.75+0.05 3.41+0.03 11.42 £ 0.04 10.86+0.03
59.81 13.80+0.03 7.41 £0.02 3.31+0.02 11.24 £ 0.01 10.67 +£0.01
69.78 13.91+0.03 7.61+0.02 3.51+0.01 11.38+0.03 10.87 +0.01
79.65 14.05+0.01 7.78 +£0.03 3.67+0.03 11.41 +0.01 11.01 £ 0.02
89.88 14.17 +0.01 7.85+0.01 3.76 +£0.02 11.50+0.03 11.11 £0.03
100.0 14.30+£0.01 7.93+0.02 3.98+0.02 11.53+0.02 11.29+0.02
2 This work.
b Ref. [11].
¢ Ref. [12].

In the first part, the transfer enthalpies are positive and increase
with increasing surfactant concentration. The positive values of
AwHmy can be interpreted as due to the release of structured water
molecules from the hydration co-spheres into the bulk. Partial
dehydration of amino acid or surfactant molecules is an endother-
mic process. AyHp does not difference significantly among the
amino acids. The hydration shells of ammonium and carboxylate
groups are large enough to overlap the side chains of amino acid
molecules and the charged groups strongly disrupt the structure
of water up to a considerable distance [23]. Therefore, amino acids
with the same charged terminals (COO~ and NH3") leads to almost
the same values of A¢Hpy, at these surfactant concentrations.

In the second part, the values of the transfer enthalpies decrease
with increasing concentration of surfactant. In this concentration
range, the amino acid molecules mainly interact with the ion head
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Fig. 1. Enthalpies of transfer of amino acids from water to aqueous SDS solutions at
298.15K: (m) glycine; (@) alanine; (a) valine; (v) serine; («) threonine.

groups of the micelles. Two main kinds of ion-ion interactions: (a)
between SO42~ of SDS or Br~ of DTAB and the NH3* group of amino
acids, and (b) between Na* of SDS or N*—(CH3 )3 group of DTAB and
the COO~ group of amino acids, make exothermic contributions to
the transfer enthalpies and play more important roles as the con-
centration of surfactant increases. As the size of side chain groups of
amino acid molecules increases, the ion-ion interactions become
weaker and weaker. As a result, the transfer enthalpies of glycine
have the most negative values and those of threonine have the most
positive values.

In the third part, amino acid molecules insert into the
micelles and interact with the hydrophobic tails of the surfac-
tant molecules. There are three kinds of factors in this part:
(a) ion-hydrophobic interactions between zwitterions of amino
acid molecules and alkyl chain of surfactant molecules; (b)
hydrophilic-hydrophobic interactions between hydrophilic side

0.84
P /
o~ 0.6 \ //
.E 0.44
2 /‘
\\ f‘;’
g

0.0

—0.24

0.4

— T T L

l()() U()l 0.02 0.03 ().()4 ().()5 ().06 ().07 ().08 ().09 0.10 0.11
.

mprap/ (molkg™)

Fig. 2. Enthalpies of transfer of amino acids from water to aqueous DTAB solutions
at 298.15K: (M) glycine; (®) alanine; (a) valine; (v) serine; («) threonine.
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chain of amino acid molecules and hydrophobic chain of surfactant
molecules; (c) hydrophobic-hydrophobic interactions between
hydrophobic side chain of amino acid molecules and ethy-
lene tail of surfactant molecules. According to the hydration
co-sphere overlap model [24], these three types of interac-
tions are endothermic. Therefore, the transfer enthalpies increase
again with increasing surfactant concentration, in the order
threonine > valine > alanine ~ serine > glycine, which has a good
correlation with the size of side chain.
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