Available online at www.sciencedirect.com

SCIENCE DIRECT® JOURNAL OF
Colloid and
Interface Science

ELSEVIER Journal of Colloid and Interface Science 292 (2005) 236-243

www.elsevier.com/locate/jcis

Volumetric behavior of a bolaamphiphile in different amides—water and
ethylene glycol-water mixtures

Fryni Aroni, Antonis Kelarakis, Vasiliki Havredaki

Physical Chemistry Laboratory, Department of Chemistry, National and Kapodistrian University of Athens, Panepistimiopolis, 157 71 Athens, Greece
Received 28 January 2005; accepted 7 June 2005
Available online 2 August 2005

Abstract

The effect of binary aqueous mixtures of ethylene glycol (EG), formamide (FAhethylformamide (NMF), dimethylformamide (DMF),
and their pure phase on the apparent molar volgipef the bolaamphiphile decamethonium bromida {keg) has been investigated at
298.15 K. The behavior of standard molar vqum@and transfer volumeat¢y of C1gMeg from water to solvent/water (S/W) binary
mixtures, shows different minima and maxima depending on the composition of the solvent. This behavior is influenced by the nature of
the cosolvent and on the type of the solute and more or less corresponds to volumetric changes in the S/W mixture. The investigatiot
of the transfer volumes in different fixed concentrations reveals an inversioi¢gf values between the compositions, which suggests a
differentiation of the effects of different volume contributions on the partial molar volume of ions. The correlatigm\ofvith the dielectric
constant of the aqueous amide mixtures shows that the behaviqupofvs xamigereflects the changes ef vs xamide
0 2005 Elsevier Inc. All rights reserved.
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1. Introduction dimethylformamide (DMF) have an important position in
the study of biological systems. Aqueous solutions of amides
The volumetric behavior of electrolytes in solution can C€Ontain peptide linkages and are used for modeling biologi-
provide information regarding ion—solvent and ion—ion in- ¢& membranes. _
teractions. Of particular relevance is the behavior of surfac- It i well known that water (W) is an excellent solvent
tant molecules in solvents having different structural prop- Naving high dielectric constant & 78.3 at 298.15 K). The
erties and even more important but less well known is the structure of liquid water .COHSIStS of clusters wherein the
way they influence the structure and the properties of mixed ater molecules bond with strong hydrogen bonds form-
solvents. Several attempts have been made to connect thid!d @ three-dimensional arrgifl,2]. Ethylene glycol is a

behavior with different properties of the medium and/or the yvidely used solvent possessing two —OH, and thus hav-

solute shape, size, and charge but such a connection is not"9 the possibility of forming hydrogen bonds between the
yet clarified. ethylene glycol molecules that are stronger than the mono-

Mixed agueous solvents have particular interest in chemi- gggriéyKalcohorl]g. Itsh.d;]electrllc copstant 5= 40'('51t at f
cal, biological, and pharmaceutical applications. Among the I ' ’ rteatc_ ng IgEGer%/r? uezdllr:. aqu?ous rlrlx ures to
different solvents, ethylene glycol (EG) and amides, spe- ow concentrations n - | Ne addition of smafl amounts

. . . of EG in water reinforces the intermolecular interactions
cially formamide (FA), N-methylformamide (NMF), and .
y (FA) y ( ) between the different solvents molecules (EG-W/)3a]

Formamide is the simpler amide possessing three hydrogen-
" Corresponding author. bond donors and three acceptors in the molecule, also form-
E-mail address: vhavre@chem.uoa.g¥. Havredaki). ing a three-dimensional hydrogen bond network in the pure
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phase. NMF, the monomethylated formamide, is a protic Table 1
dipolar solvent possessing the donor (—CO) and acceptorDensities of pure solvenis (g cm~2) at 298.15 K

(=NH) groups of amides, thus forming a linear hydrogen- w FA NMF DMF EG
bonded structure. DMF is an aprotic polar solvent. As the 99704 1.1290 0.998768  0.94404 1.1073R
two hydrogen atoms of the amide group are substituted by 0.997047 1.1297% 0.9992¢ 0.94406 1.1086!
—CHs, DMF does not possess hydrogen bonding but dipole— 0.9970% 1129158  0.99889 0.94559 1.109913
dipole interactions. The two amides possessing hydrogen 0.942918

bonds (NMF, FA) in their pure phase have high dielectric 2 This work.
constants { = 1824 and 109.5, respectively) while in the ~ ° Ref.[12al

dipolar DMF is quite low ¢ = 36.71) at 298.15 K[3b]. o Ret.[5].

i . 9 Ref.[12b)].
Amides are less structured solvents than alcohols and obvi- e oo [12c].
ously of water but in aqueous mixtures they form 2D or 3D f Ref.[12d].
clusters[4] and show a more compact structure than their ﬁ Ref.[12e].

pure phasefg]. Ref. [12f].

Decamethonium bromide ¢gMeg) is a dicationic sur-
factant possessing two positive trimethylammonium groups internal Peltier element of the apparatus. The apparatus cell
atthe end of the decylhydrocarbon chain. Interest in this kind was calibrated with dry air and distilled water at the begin-
of substance is both theoretical and practical, especially inning of every set of experiments. Densities of pure water
biology, as the molecule resembles those forming the bio- and solvents were compared with the values obtained in the
logical membranefs,7]. CioMeg has already been studied literature to confirm their purity and temperature constancy
for its the interfacial propertief8] and volumetric and hy-  (Table .
drotropic behavior in aqueous solutioj@s10]. C;oMeg has All binary agueous mixtures (W/solvent) were prepared
a limited position between the bolaamphiphile (or bolaform) by mass covering the whole region from 0 to 100% in sol-
molecules that form micelles, as more than 12-methylene vent: EG (0, 10, 25, 50, 65.2, 75.2, 90, and 100%), FA (0, 10,
groups in a bolaform alkyl chain are required for micelliza- 25, 50.6, 74.5, 95.1, and 100%), NMF (0, 10, 25.1, 50, 60,
tion to occur. Even in ©Meg solutions, studied by means of 75, 79.8, 92.8, and 100%), and DMF (0, 25.3, 35.2, 46.4, 50,
different methods, Zana and co-workers do not prove micel- 62.4, 75.5, 84.8, 95.1, and 100%). The solutions af\&s
lization except a very loose aggregation with a small number were all made by mass in the binary aqueous solvent.
of monomergq11]. Therefore, it would be of special inter-
est to investigate the modifications that the aqueous mixed
solvents of EG, FA, NMF, and DMF induce in the volumet- 3. Resultsand discussion
ric behavior of GoMeg and thus of the symmetrical divalent
hydrophobic electrolytes. More over the above-noted amides ~ APparent molar volumegy for CioMe at different con-
have a wide range of dielectric constants, higher (FA, NMF) centration_s have been calculated from solution densities by
and lower (DMF) than those of water, offering from this the equation,

point of view, another insight into the investigation. oy M N 1000 pg — p) )
o mppo
where M> is the molar mass (gmol) of the bolaam-
phiphile, p and pg the density of the solution and solvent
_ 3 . .

Decamethonium bromide or decamethylene-bis-trime- (9 €M ), respectively, and m the mean molality (number of
thylammonium bromide (GMes) was supplied by Sigma— moles of s_olute per kilogram of m_|xed solvent).
Aldrich (stated purity>99%, water content0.05%) and According to the Mason equati¢h3, 14]
dried befor_e use. The_solvents were supplied: f(_)rmamide ov = @3 + Sicl/? )
(stated purity >99%-microselect for molecular biology),
N-methylformamide (stated purity99%), and dimethyl-
formamide (stated purity>99.8%) by Fluka and ethyl-
ene glycol (stated purity-99.9%) by Acros Organics, and
were used without other purification. The water was deion-
ized and distilled prior to use for making up solutions or
calibrations. Its specific conductivity at 28 was 07 x
106 @~1cm 1. Densities were measured with a vibrating

2. Experimental

applied to electrolytic solutions of low concentration, ex-
trapolation to zero concentration ¢r m — 0) provides the
apparent molar volume at infinite dilutioﬁe, whereS; is

the experimental slope for given temperature and pressure
that varies with solvent and solute. TJp% equals the patrtial
molar volume of solute at infinite dilution, called standard
partial molar volumey?,

tube digital densimeter (A. Paar, DMA 58) with a resolu- |im ov = 90\9 _ Vzo- A3)
tion of 10°® gcm 3. The precision of density reading was <=0
within 5 x 10~¢ gcnmi3, the accuracy was 8 107> gecmi 2, If the Debye—Hiickel limiting law (DHLL) is obeyed, a

and the temperature was kept constant within 0.01 K by an constant limiting slopeSy is obtained, depending only, for
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Fig. 3. Apparent molar volumes of gMeg in DMF/W solutions at

7 —— . 298.15 K.
o 335 4 —
o FAW | P o000 e,,, . _ .
o e % ., ures as the scale in the axes is decreased and differences of
o | B%omunn, ®0] plots are not visible. The behavior of,§Meg in aqueous
3o o © - L 8
o O e Pad 588 solution, although studied by Johnson and Fleni®ig is
. L Oo@ c | s30[ed v Vfw‘*’ _ also included in our experiments for a better and more re-
< .';.XB;OE% 3 vey v oA alistic comparative study. Th®, measurements in aqueous
336 ¥ a Ropa T va solutions were repeated two times from different prepara-
UL A ] tions of the initial concentrations because of the importance
¥ o $CCee, " m v e 0% of the ¢y of aqueous solutions as reference solutions. The
"A - * 325 A T 0% ¢v = f(m1/?) plot was in good agreement with the Johnson
332r8" = . - 7B and Fleming plot, specially in medium and high concen-
v o 75%) ] trations, but the DHLL applied to our data in low concen-
T ‘ NME/W N trations (001-Q035n) gives for GoMeg in aqueous solu-
. L I TR L) tions, ¢J = 3335+ 1 cnPmol~1, compared to the value
0 025 05 0 025 05 075 1 of 3324 + 1 cnPmol~! that results from the Johnson and
m" m'* Fleming plot[9] and the value of 334 + 1 cn® mol~? pro-

Fig. 2. Apparent molar volumes ofigMeg in FA/W and NMF/W solutions posed by Zana and _co-worke{fsl]. In Fig. 3a, we have i_n'
at 298.15 K. cluded the plot obtained by Johnson and FlenjBjg Their

points were read directly from the graph, while the concen-
etration (expressed in mdl) has been converted to molality
according to our experimental relationmf= f(c).

In a recent review paper Marcus and HeftE8] as well
as Millero[15] in a previous review and other authgi®,
17,18]discuss and point out the significance of the precise

given temperature and pressure, on the electrolyte charg
type and the solvent used as Redlich and Rosenfeld pre-
dicted, analogous to the Mason equation, wh&rés theo-
retically computed13,14] The theoretical value a$, for

2:1 electrolytes in low concentration aqueous solutions is > i : -
9.706 at 23C and it was fitted to data of many divalent elec- density measurements in dilute solutions where considerable
trolytes in low concentration aqueous soluti¢hé,15] The scattering is observed and of the limits of low concentra-

application of the Redlich equation is not possible for most tion regions for accuraty slopes. In thle/zlow concentration
solvents due to the lack of values of the theoretical limiting Fange, the extrapolation of thle; = f (m ™) curve gave the

slopesSy as in the case of our solvent mixtures. apparent molar volume of {gMeg at infinite dilution d)\(}
The apparent molar volumes, are plotted againgt /2 (and so the standard molar vqunWé’) for all the compo-

for C1oMeg in solvent/water mixtures as well as in aque- Sitions of mixed solvents expressed in mole fractions of the

ous solutions, in order to compare the behavior progressivelycosolvent Table 2. The uncertainties op in most cases

reached from pure water to pure solvent via different water— are~ +2 cn® mol~1 and often lower except in the high com-

solvent mixturesKigs. 1-3. Some of thepy values for very ~ positions of DMF where they are greater and #ijevalues

low concentrations of ¢gMeg are not included in the fig-  are estimated just for indication of the trends;h@fchange.
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Table 2 of the solvent and may be due mostly to cation—cation in-
Apparent molar volumes at infinite dilutiasf, (cm® mol 1) of C1oMeg in teractions, giving rise somewhat to the association of hy-
water, pure solvent, and solvent/water mixtures of different compositions,

drophobic species, although there is no a sharp transition

ar298.15K of the ¢y indicative of micellization. Nevertheless, the hy-
FA NMF DMF EG drophilic character of all FA/W and low EG/W, NMF/W

x 9 x 9 x ¢ x ) compositions obviously influence the volumetric behavior
0 3335 0 3335 0 3335 0 3335 of the hydrophobic solute (this will be more clearly shown
0.0425 3235 00328 323 (770 321 (0312 315 later in discussions on the transfer volume of the solute). In
01174 3305 00927 3175 01179 3115 00884 306 all these cases, except 90% and pure EG, 95.1% and pure
02908 332 (@336 323 Q@761 317 Q252 318 FA, 75 and 79.8% NMF, there is an increasegin before

0.5448 3325 03136 328 01978 313 04685 324

08860 3460 04775 344 @895 3135 07230 343 reaching constant or slightly decreasing values in high con-

1 3510 05459 3465 04311 309 1 355 centrations. _ _ _
07969 312 (5798 <200 The volumetric behavior of the solvent/water mixture it-
1 313 08260 self in the absence of solute ions should be known for the
1 detection of the effect of a mixed solvent on the volumetric

behavior of GogMeg. This was investigated with experiments
done in our laboratory and also with data found in the liter-
All the ¢y curves of GoMes in different FA/W compo-  ature. Thepy = £ (xsol) plot, wherexso is the mole fraction

sitions lay over those of the agueous solutions while those of the cosolvent, is indicative of the cosolvent-water interac-
of NMF/W and DMF/W are under that curve. In the case tions. The plotpy = f (xso1) of FA/W [5,24] shows a contin-
of EG/W, the water-rich compositions are below the uous increase afy, where the gradientgs, /dx of the plot
curve of GoMeg in aqueous solution while the curves of s slightly changed at = ~0.32 (54%). Thepy = f (xsol)
cosolvent-rich compositions lay above it. Furthermore, itis plots of DMF/W[5,25] and EG/W [12b] show a minimum at
worth noting, especially in the case of EG/W and FA/W so- , = ~0.12 (35.6%) and: = ~0.1 (27.7%), respectively, as
lutions, the sequence that the curves are superimposed in  most hydrophobic solvents do. A shallow minimum is also

the different solvent/W compositions. Positi¥¢ slopes are  observed in the NMF pld6,26] atx = ~0.12 (30.9%) with
observed in all EG, FA, NMF, and DMF solutions except at a change of the gradientd /dx atx = ~0.52 (78%). Sol-

compositions over 90% in EG and FA and within 70—-85% in yents that produce a minimum iy = f (xso)) in their wa-
NMF, whereSy is negative. In pure FA, the DHLL slop, ter mixtures increase hydrogen bonding between the water
at 298.15 K is 1.104 calculated by Dufi®] from experi-  molecules as DMF dog&7,28]and they behave as structure
mentally determined Ine/d P data €, dielectric constant;  makers. Solvents such as FA that form hydrogen bonds with
P, pressure) according to the Redlich equation. However water have a gradual increasedip. In these solvent/water
negative Sy has been found for a number of electrolytes mixtures the interactions between the water molecules are
in FA and in different other solven{d8,20-23]Jas well as  replaced by weaker interactions between FA-water mole-
in aqueous solutions. Going from higher to lower composi- cules. NMF has an intermediate position in the amide se-
tions, there is a change in the sequencepfcurves, after ries as it comes from the slopels, of the ¢ vs m curve
25% in EG/W and after 75% in FA/W. For confirmation, and their correlation with the pair interaction term in the
the measurements in several compositions were repeated. IMcMillan—Mayer approach of solutior{24,29], which is a
high solvent compositions, the greater solution concentra- measure of hydrophobic character of the cosolvent.

tion measured is progressively lower due to the diminished  In Fig. 4 we have pIottedVZO against the mixed solvent
solubility of C;oMeg and specially in high DMF composi-  composition for all the cosolvent/W mixtures. From a first

tions. reading, we observe characteristic minima and maxima of
In concentrations higher than 0.16 MQ.16m), the ¢v the plot of V20 vs composition, which could be related to
values of GoMeg in aqueous solutions decred8¢ as well extrema observed in the behavior of mixed solvents which

as¢y of CioMeg in aqueous solutionfl1]. This decrease  are interpreted usually in terms of structural changes in the
and the great deviations from DHLL in aqueous solutions of solvent, including H bonding and/or hydrophobic solvation
C1oMeg were attributed to the curved configuration of the [12b,30-32]but they do not often occur at the same com-
bolaform molecules even inside the solut{80], although position in the presence of solute. However, in our case a
later this bending was not detectable in,Meg by relax- high coincidence has been found. In the case of EG/W, a
ation methodq11]. Similar behavior is observed in plots pronounced minimum 0V20 VS xg0l IS Observed at = ~0.1

of our data in high solute concentrations of the hydrogen- (27.7%) as does the EG/W solvent in the absence of solute.
bonded cosolvents (all FA compositions, 10% NMF and This corresponds to a high structured arrangement of the EG
10% EG) while contrary to the aprotic DMBy increases  and water molecules bonded with H bonds which enforce
with continuously higher slope as the solvent becomes moreCioMeg molecules to keep a minimum volume. TIW§ of

rich in DMF. As the solute is the same in all cases, this CigMeg in low compositions of FA/W mixtures is smaller
concentration dependence must be influenced by the naturehan in water but it becomes highemat ~0.32 (54%), the
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Fig. 4. Apparent molar volumes of;gMeg at infinitive dilution vs co-
solvent composition at 298.15 K in EG/V@], FA/W (H), NMF/W (A),
DMF/W (V).

composition where theéy in the solvent/W mixture tends
to steady values. In NMF/W mixture¥,? takes lower val-
ues than in water except in the region 75-80%, whéz?e

F. Aroni et al. / Journal of Colloid and Interface Science 292 (2005) 236-243

Table 3
Apparent molar volume at infinite diIutioﬁ\O, (cm3 mol~1) of R4NBr and
C10Meg in pure solvents and water at 298.15 K

MegNBrd  Ef4NBr2  PyNBr2  BugNBr2  CigMeg?

w 1143 1738 2391 3004 3335
EG 110 1687 2372 3063 355

FA 1149 1736 2424 3105 3575
NMF 1705 2414 3105 313
DMF 1505 220 2904 <200

@ Ref.[16] and references therein.

b This work.

the minimum occurs at = ~0.12, with a decrease it of
BusNBr ~3% while in GgMeg 6.5%, suggesting a greater
effect of the twofold number of bromide counterions in the
solution. The minimum in PAPCI is observed in a little
higher composition~0.17, indicating a slight effect of the
nature of the counterion. Finally, as the sterically hindered
positive end of the DMF prevents the interactions with bro-
mide anions the behavior 0#20 is controlled mainly by the
cations. The divalent but large cations ofp®leg exert a
negligible electrostriction on the solvent and consequently
the structural effects (discussed below in more detail with
the transfer volume of ions) of hydrophobic cations account
for the semantic decrease\éf. Also, the weakly hydropho-

has a maximum that corresponds to the change of the slopébic molecules of DMF could penetrate between the folding

atx = 0.52 (78%), of the NMF/W mixture. In DMF/W sol-
vent mixtures,V2o of C1oMeg decreases continuously with
cosolvent composition, and at= ~0.12 (35.15%) a pro-
nounced minimum is observed while, afier 0.3 (62%), it
continues to fall, with a steeper slope.

The differentiation of amide effect in the volumetric be-
havior of the bolaform is distinct. In the dipolar aprotic
DMF, the positive pole is sterically hindered by the two
—CHg groups from interacting with the negative ions of the

alkyl chains contributing to the decrease‘oj. The same
seems to happen at high NMF compositions in NMF/W sol-
vent mixtures and in pure NMF. Here the positive pole of the
NMF dipole is partially hindered by one —Gigroup and an
abrupt decreasing d?zo starts at higher NMF composition
(x = ~0.6) than in DMF/W solutions{ = ~0.4). A min-
imum in V. is observed ak ~ 0.09 where a minimum in
mixed solvent also exists and is attributed to counterion in-
teractions. The decrease Uf in high NMF compositions

solution, while the negative pole on the oxygen atom could is less than in DMF and it is consistent with the previous
be approached by the cations. In the water-rich region of the for DMF reasoning. The plot oVO as a function of solvent
DMF/W mixture, alkali halides have h|gI7iO values owing composition in FA/W and EG/W mixtures is characteristic
to preferential solvation by water molecules of both halide of hydrogen-bonded solvents where the minima observed
and alkali ions[32,33] As the composition of DMF is in-  correspond to a more structured solvent. In the EG- or FA-
creased, the water molecules are substituted by the DMFrich region, V2 increases with composition and in the pure
molecules, and so th@2 of alkali halides decreases due protic soIventV2 is much larger than in water as hydropho-
to the loss of solvation water molecules around cations andpic hydration in the water-rich region is accompanied with a

the increasing negative electrostrictive effect of the cations contraction of volume.

on the solvent while the halides ions are prevented from in-

teracting with DMF[32]. In the V2 vs xsol plot of CioMeg
in DMF/W (Fig. 4), the V20 values are mostly higher in the
water-rich region. Atc = ~0.12, a minimum in theVz0 Vs
Xsol IS observed which coincides with that of DMF in the

mixed solvent. At the same approximate composition, a min-

imum value in theVZO VS xso| CUrve is found in cationic hy-
drophobic solutes B{NBr [34] and PRPCI[32], but not in
NaBPh [32], attributed to counterion—solvent interactions,

As CioMeg is a bi-bromide symmetrical molecule with
two tetramethylammonium ions at both ends of the hy-
drocarbon chain, it seems interesting to compare V(ﬁe
with that of the spherically symmetrical tetraalkylammo-
nium bromides (RNBr) in the same solvent3éble 3.

According to the values ofable 3 the V2° of CioMeg
and of all the electrolytes in FA are greater thaj’nn water
while in DMF they are lower. The difference is increased as
the molecule of the INBr becomes larger as also observed

suggesting a similarity in the effect of this solvent mixture on in C1oMeg. The V2° of C19Meg in DMF is impressively low.
the volume contraction of these large hydrophobic solutes. A reasonable assumption is thatfeg possesses twofold

This similarity is greater betweenigMegs and BuNBr as

the number of bromide ions tharyRBr. V2° of R4NBr and
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Fig. 5. Transfer volume of (yMeg from water to EG/W and FA/W Fig. 6. Transfer volume of {pMeg from water to NMF/W and DMF/W
mixtures vs cosolvent composition at the following fixed concentrations: mixtures vs cosolvent composition at the following fixed concentrations:
0.04 @), 0.102 W), 0.25 @), 0.72 (V). 0.04 @), 0.102 W), 0.25 @A), 0.72 (V).

Ci0Meg in EG are higher than in water in comparison with the effects of ion—ion and ion—solvent interactions are very
smaller RNBr, declaring that the size of solute molecules pronounced.
influences the volumetric effect of EG. The transfer volumeg gy (W — W/S) or simply Aipy

Usually in a ternary system, a better insight into the effect of C;gMeg for a given solvent as a function afg have
of mixed solvent composition on the volumetric properties a similar behavior asVZO VS xsol, but are more reliable be-
of the solute offers an examination of the transfer apparent cause of the minimization of the errors comparatively with
molar volumeAt¢y at a fixed concentration of the solute the partial molar volume at infinite dilution. In the water-rich
over a wide range of compositions of the cosolvent relative region, the plots ofAipy Vs xsof Show a similar behavior
to water. The transfer volume of solute from water (W) to for all fixed concentrations, except the plot for FA which
the solvent mixture (WS) is defined as presents a minimum only at the fixed concentraticdia

in the compositionx = 0.042 of FA/W.

Arpv (W — W/S) = v (W/S) — pv (W), (4) A noteworthy differentiation is observed in the cosolvent-

where ¢V(W/S) and ov(W) are the apparent molar vol- rich region Wher%&bv of EG and FA are increased unlike
ume of the solute at a fixed concentration in the water/ the changes of NMF and DMF. Theeigy at xso > 0.6 for
solvent mixture and in water, respectively. It is obvious that EG shows a transition from negative to positive values of
Ay (W — W/S) reflects more clearly the effect of solvent Atgv With a simultaneous inversion of theigy values of
properties as the intrinsic volume of the ions, included in the lower fixed concentrations over those of higher fixed
both ¢y (W/S) andey (W), is removed and it offers a mea-  concentrations. This composition could be considered as the
sure of the difference in ion—solvent interactions between threshold of the solvent-rich region where significant ion—
water and S/W mixtures. According to Eq8) and (4) the cosolvent interactions occur. So, the lowefpy values of
transfer standard molar V0|UmtV20(W — W/S) equals low C10Meg concentrations (0.04, 0.102) turn to higher val-
Arpv(W — W/S) at low fixed concentrations of the solute, Ues in high GoMes concentrations (0.72). The same inver-
as the ion—ion interactions are negligible in this d@§e35] sion is observed foAt¢y in FA/W solutions. This inversion
The transfer volumes, obtained at concentrations 0.04, happens between positiveigy values, while in NMF and
0.102, 0.25, 0"2m of C1gMeg for all solvent mixtures, are  DMF, Ay continuously decrease. In the water-rich region
shown inFigs. 5 and 6 The values of 0.04 and.D02n of all solvent mixtures and for all fixed concentrations, the
were chosen to be in the low concentration range in order shape of theAipy curves is more or less the same with a
to minimize ion—ion interactions. On the other hand, exper- diminished depth of the minimum, suggesting that the par-
imental errors existing in lower than@yn concentrations  ticular character of the W/S mixture is determinant even the
are avoided11,15-18] In addition, these concentrations are high concentrations of {gMes.
low enough for any kind of aggregation or cation—cation as- ~ The partial molar volume at infinite dilution of an ion in
sociation that may occuB,11]. The concentration .Q5mn agueous solution is made up from the following contribu-
is an intermediate concentration where large DHLL devia- tions,
tions exist, while 0.72 is a high concentration in the region
wheregy values are approximately constant in our case and VO(ion) = Vint + Ve + Verr, )
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where Vi is the intrinsic volume of the ion and it is equal 4. Summary
to its crystallographic volumé/e is the electrostriction vol-

ion and it is a negative term in this equatioviy is the composition depends on the cosolvent molecular structure.

volume concerning the structural changes around the ions 1 e solute—cosolvent interactions show a different effect in

and consists of a negative term responsible for the accom-the water-rich region than in the cosolvent-rich region in all
modation of an ion in cavities of the solvent “array” and a C2S€s studied. Characteristic minima and maxima in the plots

positive term responsible for the reinforcement of the solvent ©f standard molar volume of the bolaamphiphile as a func-
structure around the solute iofis5,16] The same contri- tion of the cosolvent composition are related to extrema in

butions influence th6/2° of an electrolyte, although some the behavior of mixed solvents that reflect the structure of

effects produced by cations may be canceled by the anions Soivent mixture. The minima in th&; plots attributed to

In At¢v, the electrostriction term, although negligible for ICOL{[nge:lon—s?]I_vir_}t u;teractlciﬂs are lnthourlcase of the d;va:[
large hydrophobic ions, is removed according to E4. ent bolaamphiphiie deeper than in oIher largeé monovaien

and so,Awy reflects the effect of solvent properties and solutes, suggesting a greater effect of the twofold number of

structure. In the solvent-rich region, the solvent medium be- bromide counterions in the solution and support the genera-

. o tive reasoning of these minima.
comes less hydrophobic and the hydrocarbon chain is more . :
The transfer volumes in different cosolvents reflect

relaxed in this environment. In our case, the trend\gpy mainly the effect of solvent structure. In the case of amides,

f:hange_ depends on the balan(_:e of the two structural e_ffec'[%he consecutive substitution of hydrogen in the amide group
in relation to the accommodation of both bolaform cations by methylene reveals the effect of steric factors, arising

and b_romide anions in the solyent. The ”ega“"e v_alues Offrom the cosolvent, on the volumetric properties. The pro-
Argv in NMF/W, DMF/W, and in the water-rich region of  ,hced decrease dfigy in DMF/W mixture, diminished
EG/W denote that the negative volume arising from the ac- i N/, could be attributed to a lipophobic penetration of
commodation of both cations and anions qbKleg in the the CH; groups between the hydrocarbon chains efVies

interstices of the solvent is ruling this behavior in contrast 4nq the significant negative contribution of electrostriction
with FA/W. At this point we may also observe similarity  around Br while in FA the reinforcement of the solvent

to the behavior of @Meg with BusNBr as the plotsAipy structure overcomes the negative terms of the electrostric-
vs x for EG and FA change according to that of /lBr tion (small enough as FA has high dielectric constant).

in the z-butyl alcohol (TBA/W) mixture[26,27], which is a The change ofA¢y as a function of solvent composi-
well-known hydrophobic cosolvent reinforcing the structure tjon in different fixed concentrations although has the same
of water while that for DMF changes as that of 8(Br in pattern of behavior in low cosolvent compositions, in the

DMF [34], revealing a parallelism not only of the solvent rich cosolvent region shows an inversion of the plots of the
structure but also of the size of the solute accommodated injower fixed concentrations over those of higher which is re-
the solvent interstices. lated to changes in the solvent structure induced fyvies.

As Ay reflects mainly the effect of solvent properties, These structures depend on the possibility for the accom-
we would expect a correlation betweapy and dielectric modation of solute ions in cavities of the solvent structure,
constants ) of agueous solvent mixtures. The change of the strength of solvent molecules interactions and the elec-
the excess dielectric constanfj as a function of the amide  trostriction caused by the Brions. The consideration of low
concentration shows positive deviations from the behavior of and high fixed concentrations detects the change of solute—
the ideal mixtures in FA/W with a maximum at 46 mol% FA  solvent interactions and/or solvent structure, induced by the
while in NMF/W and DMF/W shows negative deviations, high solute concentration.
which are lower in NMF than DMF, with a minimum value Finally, a remarkable correlation of the change/qty
at 60 mol% for NMF and 46 mol% for DME36]. VS xso With the excess dielectric constant of the solvent mix-

A coincidence between the maxima and the minima ob- ture brings up this last function, the concrete factor of the
served oreF vs mol% of the amide—water mixtures and the Solute volumetric behavior.
extrema present im'20 VS xsol Of our plots is observed. The
positive change ofE vs mol% of FA/W is in agreement with
the positive change ak¢v VS xpa and the negative changes
of ¢ vs mol% of NMF and DMF are in agreement with the We thank ELKE (The Special Research Account of Na-
respective plots im\tpy Vs xso Of our data. These deviations  tional and Kapodistrian University of Athens) for financial
are qualitatively due to loose (in unsubstituted amides) or support.
dense (in monosubstituted and disubstituted amides) struc-
tures of the aqueous solvent mixtuf@8§]. These different
structures reflected by the different signs5f are a reason
for the behavior ofAt¢y. From this view, a correlation of [1] J.O'M. Bockris, A.K.N. Reddy, Modern Electrochemistry, third ed.,
the dielectric constant withi¢y is established. Plenum, New York, 1972.
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