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Abstract

The enthalpies of solution of a-alanine were measured in water and in LiCl, NaCl and KCl
solutions at 298.15 K, and the enthalpic interaction parameters A,y, A, and A,,, of a-alanine
with the three salts were evaluated. The dependences of the enthalpic interaction parameters
on the ionic size of the electrolyte are discussed within the concepts of electrostatic and
structural interactions.
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1. Introduction

During the last decade, there has been considerable interest in the properties of
ternary aqueous solutions containing amino acids, peptides and electrolytes. Many
studies have been made on the enthalpic effects of interaction [1-5]. However, most
of the studies refer to the enthalpic interaction parameters between one amino acid
molecule and an electrolyte. The pair interaction parameters only reflect the
interaction between electrolyte and non-electrolyte in very low concentrations.
When the concentration is not very low, triplet and higher order interaction
parameters are required to express the thermodynamic properties of multi-
component solutions.
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According to the McMillan—Mayer approach [6], all the thermodynamic proper-
ties of a multi-component solution can be expressed as a series of pair, triplet and
higher order interaction terms between like and unlike solutes. The transfer enthalpy
of a non-electrolyte (y) from pure water to an electrolyte (x) solution is [7,8]

AH(w—>w +x) = 2vh, m, + 30°h,, ;m? + 3vh,, mm, + . .. (D

where m, and m, are the molalities defined per kg of pure water, v is the number
of ions dissociated by the electrolyte (x), and the A, h,,, and A, terms are
enthalpic parameters representing interaction between the subscripted species.

The purpose of the present paper is to determine the molar transfer enthalpies of
a-alanine from water to LiCl, NaCl and KCl solutions, using Eq. (1) to obtain the
enthalpic interaction parameters.

2. Experimental

The enthalpies of solution were determined using a C-80 calorimeter (Setaram).
The experimental procedure and purification of the materials have been described in
earlier publications [9,10]. The total uncertainty in the enthalpy of solution was
about =+ 0.5%.

3. Results and discussion

The molar enthalpies or solution of a-alanine in water and in LiCl, NaCl and
KCI solutions are given in Table 1.

There is a very good linear relation between the molar enthalpies of solution of
a-alanine in water and its molalities in the range of concentration measured. The
relation was obtained with the method of least-squares as follows:

AHoo/(Jmol~1) = 9253 + 271m, 2)

The standard derivation of the equation is + 5 J mol~!. The molar enthalpy of
solution at infinite dilution of «-alanine, 9253 J mol ', is in good agreement with
the literature values of 9250 J mol ! [11], 9247 J mol~! [12]. The enthalpies of
transfer AH (w—w +x) are the differences between the measured enthalpies of
solution in electrolyte solutions and the enthalpies of solution in water which were
calculated using Eq. (2).

Cassel and Wood [13) have compared some data and pointed out that in a
variety of solutes having a concentration of 1 M, the pair term makes a contribu-
tion of from + 300 to — 300 cal mol~! to the excess enthalpy of a solution, the
triplet terms contribute + 30 cal mol~'!, and the quadruplet +35 cal mol~!.
Therefore, within the experimental uncertainty the contribution of quadruplet and
higher order terms to the enthalpy of transfer is negligible. Hence

AH (W — W + X)[m, = 2vh,, + 3v*h m, + 3vh, m, + . .. 3)



51

02901 #9170 0701 910570 LESG SL3Y0 16£6 £26v°0
00901 LEVFO . 06£01 SEEY0 786 " 9ETH O 69€6 £87F°0

06501 07LE0 08¢01 SYSE0 0186 0ZSE0 LS€6 875€°0

08501 620 0LEOT 11820 9086 1€82°0 1431 00620

09501 61220 05€01 L9170 79L6 0EIT0 L1€6 _ L81T0
0£501 pLYT'O 0££01 0£S1°0 vELG EEPT0 $6£6 1S%1°0
Y66y ="wi |- 8% jowr 0£66'C ="w -8y jow 96660 = "w ;-8 jowr Iojem 1 -8 ow
“HY w “w “HY ur “u “HY ut “u “HV u “u

(j_fow [ur) )y ¢1'867 18 SSIMIXIW [DHIT-I3jem Ul SUIUE[e-» Jo “fy uonnjos jo sardjefius ayp

07201 0885°0 4373 £1€5°0 LT26 106V°0 £8€6 88170
00201 0905°0 60¥6 £29t°0 126 £921°0 v9£6 9£Z1°0
09101 $8EY'0 vLEE £96£°0 7616 10S€°0 T5¢6 8SHE0
0Z101 £59€°0 (4443 S0ZE0 SL16 77870 67£6 £€8T°0
06001 6£87°0 L6Z6 SIST0 16 1S12°0 Sig6 00120
05001 ¥902°0 8576 68L1°0 ovle w010 8826 LTP10

Y6L6'y = "w (-39 jow 1000°¢ = *w {8 jow 0866°0 = “w 1 -8y [ow mem 1-39 jow

“Hv ur “u “HV ut “u “HV ur “u “HV ut “u

( —oW [ Ul) Y ¢1°867 I¥ SAIMIXIW [JBN —Id1em Ul duiue[e-x Jo “fyy uonnjos jo saidiemqius ayy

Y. Lu et al.|Thermochimica Acta 246 (1994) 49-55

L6T6 80£5°0 6076 98€5°0 9L16 9€05°0 $8€6 8E81°0
0576 955+°0 1816 £85t°0 916 8510 65€6 61140

6176 908€°0 516 Tr8E°0 8716 £L5€°0 15€6 LTYE0
0126 #60€°0 0£16 8E0£°0 6806 8L8T°0 0£€6 v6LT0

$816 95£T°0 7906 ¥SET0 £906 0LIT'0 LI€6 6607°0

8616 £851°0 £€06 ¥Ss10 6£06 6170 Y86 ¥9€1°0
0£66'€ ="l (39 jow ¥866°7="ui (- 3% [ow $666°0 = "w ;-39 [ow Ioyem -39 jow
gy ur “HY ur “uw “HV ur “HV ur

(y—Tow [fur) Y §['867 1B SaINIXIW [DHH —IAem Ul sumuere-» jo “gyy uonnjos jo saidpeyius sy
I 3qeL



52 Y. Lu et al.|Thermochimica Acta 246 (1994) 4955

Table 2
The enthalpic interaction parameters of a-alanine with some electrolytes in water at 298.15 K
Electrolyte hy, in hyyy in ey In
J kg mol —2 J kg? mol 3 J kg2 mol ~3
LiCl 25343 —25+5 —17+1
NaCl —-123+2 1243 23 +1
KCl —160 £+ 5 2348 26 +1

The enthalpies of transfer have been fitted to Eq. (3) using a least-squares routine
and the enthalpic interaction parameters obtained are given in Table 2.

Equation (3) indicates that when m, is fixed, H/(w—w +Xx)/m, is a linear
function of m, and the slope is not dependent on m,. The interval between two lines
with different m, values is dependent on the A,,, value and the difference in the two
m, values. The experimental relations of H,(w—w + x)/m, with m, and m, are
shown in Figs. 1-3.

It is apparent from Table 2 that h,, decreases from positive to negative values,
whereas h,,, and h,,, increase from negative to positive values, as the size of the
cation increases. This indicates different contributions from the interactions of
electrolyte and non-electrolyte to the values of A,y, Ay, and A,,,.

For the enthalpic effect, the interactions between electrolyte and zwitterionic ion,
like x-alanine, mainly consist of two principal contributions, i.e. the electrostatic
and structural terms. The structural interactions include the partial desolvation of
solutes when they interact with each other and the solvent reorganisation arising
from changes in the solvent adjacent to the solute molecules as they approach each
other. Visser et al. [14] have published a general discussion of structural interactions
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Fig. 1. Dependences of the function AH, (w —»w + x)/m, on m, and m, for the LiCl-water—a-alanine
system at 298.15 K: 0O, m, =0.9996; A, m, =2.9930; O, m, =4.9954.

Fig. 2. Dependences of the function AH, (w —+w + x)/m, on m, and m, for the NaCl-water—a-alanine
system at 298.15 K: O, m, =4.9794; A, m, =3.0001; O, m, =0.9980.
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Fig. 3. Dependences of the function AH, (w—w + x)/m, on m, and m, for the KCl-water—a-alanine
system at 298.15 K: 00, m, = 3.9930; A, m, =2.9984; O, m,=0.9995.

and believe 'that in most cases the net effect of cosphere overlap in the hydration
structure is destructive. Structural interaction makes quite a large contribution to
the enthalpic function and sometimes even becomes predominant [8,15].

In the present paper, it is assumed that the experimental enthalpic interaction
parameters for the systems are ion additive and the chloride ion plays an invariant
role in each system. Therefore, the properties of the cations are responsible for the
observed trend.

Using Kirkwood’s electrostatic theory [16,17], we may estimate the electrostatic
contributions to the #,, values from the equation

heee = — RT*{(24,(DT)*— A, {(DT))[(dIn D[OT), + T~ ']
+[(0d[0T),d ' 4,/(DT)]} 4

where d and D are the density and dielectric constant of the pure solvent and the
terms A, and A, are given by A; =3.42 x 10° p?/a and 4,=1.25 x 10?*V, a(p)/a,
where p is the dipole moment of the dipolar ion, ¥, the molar volume of the
non-electrolyte, a the sum of the radii of the ionic component and the dipolar ion,
and a(p), in which p = b/a, b being the radius of the non-electrolyte, is a function
which has been tabulated. In calculating the electrostatic contributions to the
enthalpic pairwise parameters, the following values were used p=13.7D [2],
V,="1733cm’mol~' [2], D =78.54 [18], (8 In D/0T), = —4.55x 107 K~' [18],
and (8d/dT), = —2.56 x 10~* g cm~> K~ ' [19], as well as the radii of the ionic
components and dipolar ions [20,21]. The results are given in Table 3, together with
the values of a-alanine with other alkai metal chlorides systems.

It is apparent that the values from electrostatic predictions are all positive and
approximately the same, which is not in accordance with the experimental results.
A general explanation is that Kirkwood’s theory mainly refers to the electrostatic
interactions. However, in addition to the electrostatic combinations, interactions
between amino acids and salts are mainly structural interactions, such as the
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Table 3
The comparison between experimental and calculated 4,, values in J kg mol ~2

Electrolyte hi;‘" hg'yec Ahyy = hSP — h)e‘lyec
LiCl 253 395 —142
NaCl —123 383 — 506
KCI —160 370 —530
KBr ® —303 365 — 668
KI 2 —531 360 —891

4 From ref. [10].

breaking and making of water structure, the overlap of the cosphere of hydration,
and particular hydrophobic interactions, ect. It is these structural factors that lead
to the trends in A, values.

The interaction of electrolyte with an a-alanine molecule probably occurs at the
zwitterionic head group of the «-alanine molecule. The contributions of the
structural effects depend strongly on the solute type. The hydration cosphere of the
lithium ion is thought to contain more hydration bonds than bulk water; the
cosphere overlap of hydrophilic hydration of the polar part of «-alanine with that
of lithium ion leads to a net destruction of some of the lithium cosphere, a
relaxation of structured water to bulk water, and a positive contribution of the A,,
value. Because the hydration cosphere of the sodium and potassium ions are not
like that of the lithium ion, the overlap of the structure-breaking regions of water
in the cospheres close to the ions and the polar of the x-alanine molecule will make
a large negative contribution to the A, values. In addition, the desolvation of the
ions will become increasingly easier as the ionic size increases, and it would be
expected that the net desolvation contribution will decrease as the ionic size
increases. The structural effects mentioned above are the main reasons for the
negative values of A,, decreasing as the ionic size decreases.

Apart from the hydrophilic hydration of the polar part of «-alanine, there is also
a hydrophobic hydration cosphere for the alkyl side-chain and the electrolyte ions
will perturb the cosphere of the hydrocarbon part of x-alanine. The order of
effectiveness of the electrolyte ions in reducing hydrophobic hydration is
Lit <Na* <K, therefore, the positive contribution will be greater as the ionic
size increases. The structural interactions of the electrolyte with the polar and
non-polar groups of «-alanine have opposite effects on the ionic size dependence of
.. The observed trend suggests that the former structural interaction is predomi-
nant.

The h,,, parameter is the mean ionic interaction of two electrolytes with an
a-alanine molecule. It is clear that after an electrolyte has interacted with the polar
groups of an a-alanine molecule, the other electrolyte will mainly interact with the
non-polar groups of a-alanine, resulting in a destructive effect which will cause #,,,
to tend to be positive. The larger the ionic size of an electrolyte, the greater the
destructive effect. The negative value of the &, of a-alanine with LiCl suggests that

XXy
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the structural interaction has little effect on the h,,, values compared with the
electrostatic interaction.

The h,, is the enthalpic interaction parameter of two a-alanine molecules with an
electrolyte. In the case of the self-interaction between «-alanine molecules, the
interactions are predominantly of a dipole—dipole nature, and head group effects
prevail in side-chain interaction. An analysis for the A,,, parameters presented in
Table 2 indicates that the principal interaction between an electrolyte and a pair of
«-alanine molecules is structural. Because a larger ion causes a larger disturbance to
the hydration structure of the «-alanine, the h,,, parameters increase from negative
to positive as the ionic size increases.
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