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Interactions of Some Amino Acids with Aqueous
Tetraethylammonium Bromide at 298.15 K:
A Volumetric Approach
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The apparent molar volumes, Vφ,2, of glycine, L-alanine, DL-α-amino-n-butyric acid,
L-valine, and L-leucine have been determined in aqueous 0.25, 0.75, 1.0, and 1.5
mol-dm−3 tetraethylammonium bromide (TEAB) solutions by density measurements
at 298.15 K. These data have been used to calculate the infinite dilution apparent
molar volumes, V ◦

2,m , for the amino acids in aqueous tetraethylammonium bromide
and the standard partial molar volumes of transfer (�trV ◦

2,m ) of the amino acids from
water to the aqueous salt solutions. The linear correlation of V ◦

2,m for a homologous
series of amino acids has been utilized to calculate the contribution of the charged end
groups (NH3

+, COO−), CH2 group, and other alkyl chains of the amino acids to V ◦
2,m .

The results of the standard partial molar volumes of transfer from water to aqueous
tetraethylammonium bromide have been interpreted in terms of ion–ion, ion–polar, and
hydrophobic–hydrophobic group interactions. The volume of transfer data suggest that
ion–ion or ion–hydrophilic interactions are predominant in the case of glycine and
alanine, and hydrophobic–hydrophobic group interactions are predominant in the case
of DL-α-amino butyric acid, L-valine, and L-leucine.

KEY WORDS: Standard partial molar volume; amino acids; hydration number;
tetraethylammonium bromide.

1. INTRODUCTION

It is well documented that various cosolutes/cosolvents such as guanidine
hydrochloride, sodium thiocyanate, magnesium chloride, urea, and alcohols affect
proteins in different ways, acting as effective probes of their conformations in
solutions.(1−6) Investigations of these conformational changes provide valuable
information on the role of the solvent in maintaining the native, intermediate,
and denatured states of the proteins. The stabilizing or destabilizing effect of the
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additives on proteins can be due to either direct binding or interactions indirectly
through solvent-mediated effects, and needs to be experimentally investigated
in each case. Thermodynamic properties of amino acids in aqueous electrolyte
solutions provide important information about solute–solvent and solute–solute
interactions that can be of great help in understanding the effect of electrolytes on
biologically important systems.(7−10)

Tetraalkylammonium salts can give better insight into the effect of elec-
trostatic and hydrophobic interactions on the stability of proteins as these salts
are expected to influence macromolecular conformations by weakening attrac-
tive or repulsive inter- and intrachain charge–charge interactions and by affecting
hydrophobic interactions through the side chains of the alkyl groups. Tetraalky-
lammonim salts are bulky in nature and are known to orient water molecules
around them depending on their alkyl chain. These salts undergo hydrophobic
hydration in water that is usually understood as the formation of more ordered and
rigid structures of water surrounding the solute molecules. The effect of tetraalky-
lammonium salts on the stability of lysozyme and phycocyanin has been reported
in the literature.(11–13)

Among the various physical parameters, the standard partial molar volume
has been recognized as a quantity that is sensitive to structural changes occurring in
solutions. In order to understand the finer details of the interaction of the functional
groups of the proteins with one of these salts we have studied the standard partial
molar volumes of transfer of some amino acids at five different concentrations of
tetraethylammonium bromide.

2. EXPERIMENTAL

The amino acids glycine, L-alanine, DL-α-amino-n-butyric acid, L-valine, and
L-leucine were procured from Sigma-Aldrich Co., USA. Tetraethylammonium
bromide (TEAB) was of extra-pure analytical reagent grade purchased from Sisco
Research Laboratories, India. The purity of all the chemicals as reported by the
vendors is listed in Table I. All the amino acids were dried over P2O5 in a vacuum
desiccator. The moisture content in the amino acids was determined using a
Karl Fisher Titrator (Systronics, India). Appropriate corrections were applied
wherever necessary. The water used for making the solutions of amino acids was
double distilled and de-ionized by passing it through a Cole-Parmer Barnstead
mixed-bed, ion-exchange resin column followed by degassing. Solution densities
were measured with a vibrating tube digital densimeter (model DA-210 from
Kyoto Electronics, Japan), details of which have been described elsewhere.(14)

The temperature of the densimeter cell was maintained by circulating water from a
Julabo constant temperature circulation bath. This arrangement gave a temperature
stability of ±0.01 K. The vibrational period of the densimeter tube containing the
solution of interest was measured three times in each case. The reproducibility of
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Table I. Compounds Used in This Study with Their Empirical Formula, Molecular Weight (Mr ),
Source (S = Sigma-Aldrich Company, USA; SRL = Sisco Research Laboratories, India), and Their

Mole Fraction Purity (x) as Reported by the Vendors

Compoud Formula Mr Source x

Glycine C2H5NO2 75.07 S >0.99
L-Alanine C3H7NO2 89.09 S >0.99
DL-α-Amino-n-butyric acid C4H9NO2 103.1 S >0.99
L-Valine C5H11NO2 117.1 S >0.98
L-Leucine C6H13NO2 131.2 S >0.98
TEAB C8H20BrN 210.16 SRL >0.98

the density measurements on the average was ±(3 × 10−6) g-cm−3. The calibration
of the densimeter was performed every day and the accuracy was checked by
measuring the densities of aqueous sodium chloride solutions in the concentration
range of 0.08860 to 0.82435 mol-kg−1. The results of measurements of sodium
chloride solutions were found to be in excellent agreement with the literature
values(15) with a maximum difference of 0.03 cm3-mol−1 in the values of Vφ,2.

3. RESULTS AND DISCUSSION

The values of apparent molar volume, Vφ,2, were calculated from the mea-
sured densities using the following equation,

Vφ,2 = M

ρ
− ρ − ρo

mρρo
(1)

where M is the molar mass of the solute, m is the molality of the amino acid
in TEAB–water mixtures, ρ and ρo are the densities of the amino acid–salt–
water ternary system and reference solvent (desired molality of aqueous TEAB),
respectively. The results of the density measurements at 298.15 K are given in
Table II. In the cases where the molality dependence of Vφ,2 was found to be
either negligible or having no definite trend, the value of the standard partial molar
volume at infinite dilution, V ◦

2,m , was evaluated by taking an average of all the
data points. In all other cases, the value of the standard partial molar volume was
obtained by least-squares fitting to the following equation:

Vφ,2 = V ◦
2,m + Svm (2)

The parameter, Sv, is the volumetric virial coefficient that characterizes the pair-
wise interaction of solvated solute species in solution.(16–18) The values of the
standard partial molar volume along with those of Sv are given in Table III. The
sign of Sv is determined by the nature of the interaction between the solute species.
For zwitterionic amino acids, the positive values of Sv suggest that the pairwise
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interaction is dominated by the interaction of the charged functional groups. The
variation in the values of Sv with side-chain position indicates that the methyl group
modulates the interaction of the charged end-groups in the pairwise interaction.

The values of V ◦
2,m are positive for all the amino acids in aqueous tetraethyam-

monium bromide solutions at all the molalities studied. These values show an
increase in the case of glycine and L-alanine, but a decrease in the case of
DL-α-amino-n-butyric acid, L-valine, and L-leucine with an increase in the molal-
ity of the salt. For glycine, the value of V ◦

2,m increases by (1.87 ± 0.08) cm3-mol−1

with an increase in the concentration of aqueous TEAB from 0.25 to 1.50 mol-
dm−3. However, for L-alanine, the increase in the V ◦

2,m value is only (0.22 ± 0.04)
cm3-mol−1. In the case of DL-α-amino-n-butyric acid, L-valine and L-leucine, the
value of V ◦

2,m decreases by −(0.74 ± 0.05), −(2.38 ± 0.23) and −(2.57 ± 0.33)
cm3-mol−1, respectively, for the same increase in the molality of TEAB in each
case. At each molality, the value of V ◦

2,m (Table III) showed a linear variation with
the number of carbon atoms in the alkyl chain of the amino acids with an average
correlation coefficient of 0.999. Similar linear correlations have been observed
earlier for homologous series of ω-amino acids in aqueous potassium thiocyanate
solution and α-amino acids.(21) This linear variation is represented by

V ◦
2,m = V ◦

2,m(NH+
3 , COO−) + ncV ◦

2,m(CH2) (3)

where nc is the number of carbon atoms in the alkyl chain of the α-amino acids;
V ◦

2,m(NH+
3 , COO−) and V ◦

2,m(CH2) are the zwitterionic end groups and the methy-
lene group contribution to V ◦

2,m , respectively. The values of V ◦
2,m(NH+

3 , COO−)
and V ◦

2,m(CH2), calculated by a least-squares regression analysis are listed in Table
IV. Since the alkyl chains of the homologous series of the α-amino acids studied in
this work are CH2-(glycine), CH3CH-(alanine), CH3CH2CH-(α-amino-n-butyric
acid), CH3CH3CHCH-(valine), and CH3CH3CHCH2CH-(leucine), the value of
V ◦

2 (CH2) obtained by this procedure characterizes the mean contribution of the
CH– and CH3– groups to V ◦

2,m of the α-amino acids. As suggested by Hakin and
coworkers,(22,23) the contributions of the other alkyl chains of the α-amino acids
reported in Table IV were calculated as follows:

V ◦
2,m(CH3) = 1.5 V ◦

2,m(CH2) (4)

V ◦
2,m(CH) = 0.5 V ◦

2,m(CH2) (5)

Larger values of V ◦
2,m(NH+

3 , COO−) than V ◦
2,m(CH2) indicate that the interactions

of the ions of TEAB with the zwitterionic groups of the amino acids dominate
compared to those of the hydrophobic group–TEAB interactions. In addition,
the difference in the molar masses of the (NH3

+, COO−) and CH2 groups also
accounts for the larger V ◦

2,m values of the former. The number of water molecules
hydrated to the amino acids, Nw , were calculated from the values of the measured
standard partial molar volume of the latter by using the method described below.
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Table V. Hydration Number (NW ) of Amino Acids in Aqueous
TEAB at 298.15 K

Concentration (mol-dm−3)

Amino acids 0.25 0.5 0.75 1.0 1.5

Glycine 3.0 2.8 2.6 2.5 2.3
L-Alanine 3.8 3.8 3.8 3.8 3.7
L-Valine 3.9 4.0 4.2 4.4 4.7
L-Leucine 5.8 5.9 6.1 6.2 6.6

The values of V ◦
2,m for the amino acids can be expressed by(24,25)

V ◦
2,m = V ◦

2 (int) + V ◦
2 (elect) (6)

where V ◦
2 (int) is the intrinsic partial molar volume of the amino acid and V ◦

2 (elect)
is the electrostriction partial molar volume due to the hydration of the amino acids.
The V ◦

2 (int) term can be further divided into two terms, one for the van der Waals
volume and the other for the volume due to packing effects. Millero et al.(25) have
obtained values of V ◦

2 (int) for amino acids from their molar crystal volumes by
using the relationship:

V ◦
2 (int) = 0.7

0.634
V ◦

2 (cryst) (7)

where 0.7 is the packing density for the molecule in an organic crystal and 0.634
is the packing density for the randomly packed spheres. The molar volume of the
crystal was calculated from the crystal densities of the amino acids reported by
Berlin and Pallansh(26) at 298.15 K. The values of V o

2 (elect) were obtained from
the experimentally measured V ◦

2,m values using Eq. (6).
Further, the decrease in the volume due to electrostriction can be related to

the hydration number, Nw , of the amino acids as(25)

Nw = V ◦
2 (elect)

V ◦
E − V ◦

B

(8)

where V ◦
E is the molar volume of the electrostricted water and V ◦

B is the molar
volume of the bulk water at 298.15 K. This model assumes that for every wa-
ter molecule taken from the bulk phase to the region near the amino acid, the
volume is decreased by (V ◦

E − V ◦
B ). Using (V ◦

E − V ◦
B ) ≈ −3.0 cm3−mol−1(25) for

electrolytes at 298.15 K, the hydration numbers have been calculated (Table V).
The calculated values of Nw for the amino acids in aqueous TEAB are

observed to vary in the following order:

Nw(leucine) > Nw(valine) ≈ Nw(alanine) > Nw(glycine)
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This trend is maintained at all the concentrations of TEAB studied. In general, with
an increase in the concentration of TEAB, the Nw value exhibits a decreasing trend
in the case of glycine leading to reduction in the electrostriction. In the case of
L-alanine, the value of the hydration number is unaffected by the increase in the
concentration of TEAB. This indicates that the CH2 group in alanine reduces
the ion–ion interaction between the amino acid and the salt. However, a slight
increase in the hydration number is observed in the case of valine and leucine.
This indicates that the increase in the interaction of the hydrophobic groups of
these two amino acids with those of the salt does not lead to a reduction in the
electrostriction of water, thereby leading to a slight increase in the hydration
number Nw.

3.1. Standard Partial Molar Volumes of Transfer of Amino
Acids From Water to Aqueous TEAB

Limiting thermodynamic properties of transfer yield qualitative and quanti-
tative information regarding the interactions of a cosolvent and a solute without
having to take into account the effects of solute–solute interactions. The standard
partial molar volumes of transfer (�trV ◦

2,m) for the amino acids from water to
TEAB solutions presented in Table VI were calculated as follows:

�tr V ◦
2,m [water to TEAB(aq)] = V ◦

2,m [TEAB (aq)] − V ◦
2,m [water] (9)

The uncertainties in the values of volume of transfer are calculated as the root
mean squares of the uncertainties associated with the apparent molar properties
at infinite dilution. Both positive and negative volume of transfer values were
observed for the amino acids. The values of �trV ◦

2,m for glycine increase positively
with increasing concentration of TEAB. This trend also seems to be followed by
l-alanine, although the value of �trV ◦

2,m is very small. However, for α-amino-n-
butyric acid, valine and leucine, the values of �trV ◦

2,m become more negative with
increasing concentration of TEAB in solution.

Table VI. Transfer Volumes of Amino Acids [�trV ◦
2,m (cm3-mol−1)] from Water to Aqueous

Tetraethylammonium Bromide at 298.15 K

Tetraethylammonium bromide (mol-dm−3)

Amino acids 0.25 0.50 0.75 1.00 1.50

Glycine −0.18 (0.09) 0.45 (0.08) 1.07 (0.07) 1.20 (0.00) 1.69 (0.07)
L-Alanine −0.10 (0.05) −0.06 (0.04) −0.02 (0.04) 0.02 (0.04) 0.12 (0.05)
DL-α-amino-n-butyric acid −0.36 (0.02) −0.52 (0.03) −0.87 (0.02) −1.01 (0.07) −1.07 (0.05)
L-Valine −0.13 (0.17) −0.47 (0.24) −0.84 (0.19) −1.52 (0.22) −2.51 (0.25)
L-Leucine −0.83 (0.34) −1.43 (0.31) −1.91 (0.4) −2.24 (0.30) −3.40 (0.32)
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Franks et al.(24) explained the standard partial molar volume of a nonelec-
trolyte as being a combination of the intrinsic volume of the solute and the volume
changes due to its interactions with the solvent. The intrinsic volume is considered
to consist of two contributions:(27)

V ◦
2,m(int) = VvW + Vvoid (10)

where VvW is the volume occupied by the solute due to its van der Waals volume(28)

and Vvoid is the volume associated with the voids and empty spaces present
therein.(29) The above equation was modified by Shahidi et al.(30) in order to
evaluate the contribution of a solute molecule to its standard partial molar volume
as

V ◦
2,m(int) = VvW + Vvoid − nσs (11)

where σs is the shrinkage in the volume produced by the interaction of hydrogen
bonding groups present in the solute with water molecules and n is the number of
potential hydrogen bonding sites in the molecule. Thus, V ◦

2,m of an amino acid can
be viewed as

V ◦
2,m = VvW + Vvoid − Vshrinkage (12)

If it is assumed that VvW and Vvoid remain approximately the same in water and in
the aqueous TEAB solutions, the positive volume of transfer for the amino acids,
glycine and alanine can be rationalized in terms of a decrease in the volume of
shrinkage in the presence of the TEAB molecules in aqueous solutions.

The following types of interactions can occur in the ternary system of amino
acid, TEAB and water: (a) ion–ion interactions between the Br− of TEAB and the
–NH3

+ group of the amino acid; (b) ion–ion interactions between the (C2H5)4N+

of TEAB and the COO− group of the amino acid; (c) hydrophobic–hydrophobic
interactions between the ethyl groups of TEAB and the hydrophobic group of the
amino acid.

Taking the cosphere overlap model(31) as the guideline, (a) and (b) type
interactions would lead to a positive �trV ◦

2,m since there is a reduction in the
electrostriction effect and the overall water structure is enhanced. Interactions
of type (c) would lead to a negative �trV ◦

2,m , because the introduction of the
alkyl group provides an additional tendency of hydrophilic–hydrophobic and
hydrophobic–hydrophobic groups to interact and as a result there will be a
reduction in the structure of water formed as a result of their cospheres
overlapping.

The value of �trV ◦
2,m for glycine from water to 0.25 mol-dm−3 TEAB is

negative, but is very small. This indicates a balance of type (a) to (c) interactions.
An increase in the concentration of cosolute TEAB, results in a positive �trV ◦

2,m
indicating an enhancement in the ion–ion interaction between the zwitterionic
centers of the amino acids and the ion of the salt. A similar trend is observed
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in the case of alanine, although an additional –CH2– group compared to glycine
increases the hydrophobic interactions, leading to a reduction in the positive value
of �trV ◦

2,m . The number of hydrophobic groups increases in the order, α-amino-
n-butyric acid, valine, leucine. The increased number of hydrophobic groups
in these amino acids interacts strongly with the hydrophobic groups of TEAB,
thereby leading to negative volumes of transfer, which increases with increasing
the concentration of TEAB.

Jain and Ahluwalia(11) have observed that the transition temperature of
lysozyme decreases in the presence of tetraethylammonium bromide with increas-
ing concentration of the salt. The change in the transition temperature relative to
that in the buffer varied from −6.8 K in the presence of 0.5 mol-dm−3 to −14.4 K
in the presence of 2.0 mol-dm−3 tetraethylammonium bromide. Similarly the
change in calorimetric enthalpy observed by them varied from −(47 ± 16) kJ-
mol−1 to −(91 ± 12) kJ-mol−1 for the same change in the concentration of the
salt. The authors explained their results on the basis that the tetraalkylammonium
halides destabilize lysozyme by interacting with the exposed hydrophobic groups
of the denatured state, simultaneously weakening the hydrophobic interactions
between the nonpolar groups of the proteins as well as perturbing the character-
istic water structure around the protein molecule. Our discussion supports this
explanation.

The denaturing action of the tetraalkylammonium halides on proteins has
been attributed by Timasheff and coworkers(32–34) to the binding of the denaturant
molecules to the denatured state of the protein that is stronger than the exclusion
of cosolvent from the protein surface. Hydrophobic interactions between the pro-
tein and bulky alkyl groups on tetraalkylammonium ions are believed to play an
essential role in inhibiting the aggregation properties of phycocyanin.(12,13) On the
basis of enthalpy and entropy data obtained for the protein-quaternary bromides,
Chen and Berns(12,13) have postulated that the direct contact region between the
protein and hydrophobic solute is mainly on the hydrophobic area of the protein
and the bulky alkyl groups of the hydrophobic solutes that interact principally
by means of hydrophobic forces instead of a direct contact between the charged
ions and polar groups of the protein favored by electrostatic interactions. The re-
sults obtained in this work are consistent with the above-mentioned observations
because the increase in the hydrophobic content of the amino acids consistently
leads to a more negative volume of transfer due to hydrophobic interactions.

4. CONCLUSIONS

The values of the standard partial molar volume of the homologous se-
ries of amino acids with the number of carbon atoms from one to five in the
chain are positive in aqueous tetraethylammonium bromide solutions. The con-
tribution of the zwitterionic (NH3

+, COO−) group to the value of the standard
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partial molar volume increases with increasing concentration of tetraethylammo-
nium bromide. However, in general, the contribution of –CH2– and other alkyl
groups has a decreasing trend. The standard partial molar volumes of transfer
for the amino acids with the number of carbon atoms from three to five in the
chain show a decrease with increasing concentration of the salt indicating the
predominance of hydrophobic interactions between the hydrophobic groups of
the amino acids and those of the cosolute over the ionic or hydrophobic inter-
actions. The increase in the hydrophobic content of the amino acids increases
the number of water molecules hydrated to the charged centers of the salt, indi-
cating the predominance of the hydrophobic interaction between the amino acid
and tetraethylammonium bromide with increasing number of carbon atoms in the
former.
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