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APPARENT MOLAR VOLUMES AND 
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WATER-ETHANOL MIXTURES 
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(Received 10 November 1998) 

In this work we present a systematic study of the apparent molar volumes and the 
viscosities of DL-a-alanine in aqueous ethanol solutions at  25,OO"C. The molar fractions 
of ethanol for the solvent mixtures were selected taking into account that thermo- 
dynamic properties such as partial molar volumes and heat capacities of these mixtures 
show a transition concentration around X,, = 0, l  at which its behavior suffers a deep 
change. Besides, this ethanol concentration is near to that required to produce 50% of 
protein denaturation. 

The results were used to evaluate the limiting partial molar volume V' of the solute, 
the volume changes associated with its transfer from water to aqueous ethanol solutions 
and the viscosity B coefficients of DL-a-alanine. The values obtained for the transference 
molar volumes and the viscosity B coefficients of alanine in the aqueous mixtures show a 
minimum at X,, = 0,1000, The results are discussed in terms of changes in the solvent 
structure (Ref. [l]). 

Keywords: Amino acid; apparent molar volume; viscosity; mixed solvents; solute-solvent 
interactions 

1. INTRODUCTION 

Considerable importance has attached, during the last few years, to the 
study of the physico-chemical properties of amino acid solutions 
in water and mixed solvents (Ref. [2-24]), because these model com- 
pounds can give important information helping the understanding of 
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the thermodynamic behavior of proteins and the role of solvent struc- 
ture in the denaturation process. 

Even though alcohols are well known as denaturating agents, few 
studies on properties of amino acids in water-alcohol mixtures have 
been made, even though such information contributes to the under- 
standing of the nature of their effect on the native conformation of 
proteins. The reason is probably related to the complex nature of the 
alcohol-water mixtures about which there is not yet a definite explana- 
tion in terms of the intermolecular forces that determine their particular 
behavior (Ref. [25-311). 

In this work we present a study of the apparent molar volumes and the 
viscosities of DL-a-alanine in aqueous ethanol solutions. The depen- 
dence of the limiting apparent molar volumes, the transfer molar 
volumes and the viscosity B coefficient of alanine on ethanol concen- 
tration do not follow the trend observed in water or other aqueous 
solvents. This behavior is discussed in terms of solvent structure. 

2. EXPERIMENTAL SECTION 

The materials used in this work were: DL-a-alanine Merck analytical 
reagent which was dried under vacuum for 48 h before use. Ethanol 
JAC analytical reagent which was distilled and then dried over 3w 
molecular sieves. The water was doubly distilled according to lit- 
erature (Ref. [32]) and degassed just before use. All the solutions were 
prepared by weight using a Mettler balance Model AT261. 

Densities of the solutions were determined using a magnetic float 
densimeter described elsewhere (Ref. [33]) with an uncertainty of the 
order of f 2  x 10-6gcm-3. The viscosity measurements were done 
using two Ubbelohde viscometers with efflux times near 350s for liq- 
uid water. All measurements were realized in a constant temperature 
bath at 25,OO"C. The temperature was controlled to f0,002"C. 

3. RESULTS 

The densities and efflux times were determined at 25,Oo"C for DL-a- 
alanine in aqueous ethanol solutions at the following ethanol molar 
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fractions: A',, = 0,0200; 0,0375; 0,1000; and 0,1435. The density and 
viscosity values measured for the ethanol solutions are given in Table I. 

The apparent molar volumes were calculated from Eq. (1). 

= M/d + lOOO(d0 - d)/mdod (1) 

where M is the molecular weight of alanine, m its molal concentration, 
do is the density aqueous ethanol solvent and d is the solution density. 
The data obtained in each ethanol solution were fitted by least-squares 
to a linear equation of the type 

= + S,m (2) 

where is the infinite dilution apparent molar volume and S ,  is the 
experimental slope. At infinite dilution equals B the infinite dilu- 
tion partial molar volume, so the transference molar volume of DL-a- 
alanine AV from water to the aqueous ethanol solutions was computed 
as A v o  = VEt - Vb,,,. 

The viscosity r] values of the solutions were obtained from the 
equation: 

q = adt - pd/t (3) 

where a and /3 are the viscometer constants, t the efflux time and d the 
density of the solution. The relative viscosities qr were calculated from 
the solution and solvent viscosities qr = q/qo. The values thus obtained 
were adjusted by least-squares to a second order equation as proposed 
by Tsangaris-Martin (Ref. [34]). 

r] ,=1+Bm+Dm2 (4) 

The values obtained for a:, AVO the viscosity B coefficients and the 
relation B/@: are summarized in Table 11. The standard deviations of 

are less than f 0,05 cm3 mol-'. 

TABLE I Density and viscosity of ethanol aqueous solutions at 25,OO"C 

X,, d / g ~ r n - ~  VlCP 
0,0000 0,997047 0,89025 
0,0200 0,988218 1,0645 
0,0375 0,98 1843 1,2313 
0,1000 0,963285 1,8242 
0,1435 0,950673 2,1131 
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TABLE I1 Apparent molar volumes and viscosity B coefficients of DL-a-alanine in 
aqueous ethanol solutions at 25,OO"C 

x e ,  *:/cm3 AV"/crn' S&m3 Blkgmol-I B/@;/kgcrn-' 
rnol-' mol-' mol-=kg 

0.0000 60.35 0.00 0.87 0.2525 4.18 x 
0.0200 58.71 - 1.64 0.06 0.2175 3.70 x lo-' 
0.0375 57.80 - 2.55 3.17 0.1618 2.80 x lo-' 
0.1000 56.11 - 4.24 1 1.68 0.1223 2.18 x 
0. I435 57.82 - 2.53 - 2.24 0.1913 3.31 x 

4. DISCUSSION 

In the concentration range studied, a, has a linear dependence on 
concentration. The limiting apparent molar volumes for alanine in the 
aqueous ethanol solutions are lower than the corresponding value in 
water. From Table I1 it can be observed that @: decreases as the etha- 
nol molar fraction increases until it reaches a minimum at Xe, = 
0,1000. For the most concentrated ethanol solution (Xet = 0,1435) 
shows an appreciable increase. A similar behavior is shown by the 
transfer molar volumes. Figure 1 shows the influence of the ethanol con- 
centration on limiting apparent molar volumes of DL-a-alanine. The 
experimental slope S, for alanine in the more dilute ethanol solution 
is small and it increases with ethanol concentration up to a maximum 
at Xe, = 0,1000. The S, value in the more concentrated alcohol solu- 
tion is negative. 

The dependence of the B viscosity coefficient of alanine solutions 
on ethanol concentration, can be observed in Figure 2. It also shows 
a minimum near X,, = 0,1000. 

Properties of ethanol in aqueous mixtures have been exhaustively 
studied. At present it is believed that the particular and complex 
behavior of alcohols in water is due to a balance of hydrophilic and 
hydrophobic interactions with water. This balance is responsible of the 
abrupt change shown by properties like a,, AVO, AH, etc., at a transition 
concentration that for ethanol solutions is observed at X,, = 0.1. 

It is well known that alanine in water acts as a structure breaker and 
in mixed solvents such as urea-water, the properties follow a regular 
change with the concentration of the aqueous urea solutions. How- 
ever, this is not the case for alanine in water-ethanol mixtures. The 
apparently strange behavior shown in Figures 1 and 2 in which the 
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FIGURE 1 
centration at 25,OO"C. 

Dependence of apparent molar volume of DL-a-alanine with ethanol con- 

properties studied suffer an abrupt change around A',, = 0,1000 do not 
follow the general trend shown by amino acids in aqueous mixed 
solvents. Instead, the behavior of alanine in water-ethanol mixtures 
resembles the volumetric behavior shown by mixed solvent and in both 
cases the minimum occurs at the same mole fraction of ethanol. 

Eventhough only very few studies have been realized with amino 
acids in ethanol aqueous mixtures, the work of Spink and Duker 
(Ref. [35]) about transfer entropies of these solutes from water to 
ethanol aqueous solutions shows for glycine a similar behavior to 
that presented in this paper. For glycine, the heat of solution behavior 
changes at an ethanol concentration higher than the presented in this 
work and for alanine they don't report heat of solution values at 
ethanol molar fractions beyond 0, l .  

The results of this work show an interesting behavior that may be 
attributed to induced modifications of water structure caused by the 
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FIGURE 2 Dependence of B coefficients for DL-a-alanine in aqueous ethanol solu- 
tions at 25,OO"C. 

addition of ethanol. We think that the decrease of the limiting 
apparent molar volumes and the B coefficients when compared with 
respective properties of alanine in water may be due to the less exposed 
surface of the apolar residue of the aminoacid, owing to the dominant 
alcohol-water hydrophilic interactions. However, the data for amino 
acids in alcohol-water mixtures are not enough to attempt a definite 
explanation about their behavior, which continues to be investigated 
in our laboratory using other amino acids and alcohol mixtures. 
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