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The partial molal volume ( V2 ) and adiabatic compressibility
( K2 ) of dodecylhexaoxyethylene glycol monoether have constant values
in the micellar solution. The values of Vg and Kg ( at infinite
dilution ) of the single molecule could not be determined experimentally
because of its low CMC. Their values were calculated from the corre-
sponding values of CH3, CH2, CH2CH2O, and CH20H groups. The changes in
V2 and K2 associated with micelle formation are 10.5 ml/mol and 287x107*
ml/molebar at 5°C, and 10.7 ml/mol and 208x10~* ml/mol+bar at 25°C,

respectively.

An abrupt change occurs at critical micelle concentration ( CMC ) in a number of
physicochemical properties of surfactant solutions. Several studies on molal volumes
and compressibilities of ionic surfactant solutions have been reported})_6) but those
of nonionic surfactant solutions are very fewT) This work was aimed at the understand-
ing of the micellization process by examining the densities and sound velocities of
aqueous solutions of dodecylhexaoxyethylene glycol monoether ( 012E6 ) at 5 and 25°C.

The sample used was 97.8% pure and contained 1.2% dodecylpentaoxyethylene glycol
monoether as an impurity, which seems to have little influence on the density and
sound velocity of the solution. Solution densities were evaluated to six decimal
places by means of a float method. Ultrasonic velocity measurements were made with a
sing-around velocimeter, and the accuracy was within *1 cm/s. The temperature was
controlled within #0.,001°C. The densities of pure water were taken as 0.999992 and

0.997075 g/ml at 5 and 25°C, respectivelyg) The details of these measurements have

been described elsewhere?) The values of apparent molal volume, ¢v’ and adiabatic
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Table 1. VS and KS of CH3, CH,» CH20H20, Table 2. V2(ml/mol) of alkyl-
and CH2OH groups ¥ sulphinyl alkanols at 25°C
Vg(ml/mol) Kg(ml/mol-bar) obs¥ calc¥¥
5°C 25°C 5°c¢C 25°C C6Hl3SO(CH2)2OH 166.5 166.3
CH3 26-3 26.4 —9.55 1-3 C6H13SO(CH2)3OH 182~3 18202
CH2 15.5 15.9 -8.0 -1.8 C6Hl3SO(CH2)uOH 198.3 198.1
CH2OH 28.7 28'N 6.5 6.8 C8Hl7SO(CH2)20H 198.1 198.1
CH2CH20 36.25 37.1 =10 -1.5 C8Hl7SO(CH2)3OH 213.9 214.0
¥from Ref. 9 and 10. C8H17SO(CH2)MOH 229.9 229.9
¥from Ref. 7.
* ¥ Vg of SO group was estimated to
Table 3. V, and K, of C,,E¢ be 16.1 ml/mol.
V2 (ml/mol) K2XIO“ (ml/molsbar)
70 (=40 _To O (=4O il 7 _%o
V3(=03) 7 V-3 K3(=02) 5 Ko-%3
5°C 427.5 438.0+0.2 10.5 -143 lu”.oil 287
25°C 436.4 bh7,1£0.2 10., -18.9 188. %1 208
Fig. 1. V2 and ¢V of Cl2E6 Fig. 2. K2 and ¢K of C12E6
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compressibility, ¢K, were calculated from the following equations

1000(do=-d) 1000(k=Ko) 1
¢= ¢= K=
v md.d ’ K md, ’ u?d

where do is the density of water ; d, that of the solution ; M, the molecular weight of
the solute ; m, its molality ; u, the sound velocity in the solution ; ko, the coeffi-
cient of the adiabatic compressibility of water, and k, that of the solution.

Figures 1 and 2 show the plots of ¢v and ¢K vs. molality, respectively, with the
corresponding partial molal quantities calculated from the following equations

72= o, *+ m(a¢v/3m) and K2= o+ m(B¢K/3m). The partial quantities are less accurate

K
than the apparent ones because of the ambigulity in determination of the a¢v/am and

3¢K/Bm values, and could not be determined in the low concentration range on account
of the less accuracy in the values of ¢V and ¢K. In spite of this situation, it is

noteworthy that the Vo and K?, the V, and K, in the micellar solutions, have constant

2 2 2
values as are shown in Figs. 1 and 2. This finding implies the constancy of the

micellar structure and the lack of interaction among the micelles.
The values of ¢3 ( =V§ ) and ¢z ( =Kg ) could not be determined by the extrapola-

5

tion of the experimental data because of the low CMC of the surfactant ( 8.7x10"° mol/1

at 25°c11) .

However, assuming that the values of VS and Kg of a solute are the sum
of the independent factors characteristic of the constituent groups of the molecule,
we can calculate these thermodynamic quantities of the solute itself. This additivity
has been discussed previously, and the values of Vg and Kg for CH3, CH,, CH,CH,0, and
CH20H groups are given in Table 19)’10). An example for the additivity of Vg is shown
below. The partial molal volumes for a homologous series of n-alkylsulphinyl alkanols
below the CMC were experimentally determined by Corkill et al?), and are given in
Table 2 (column 2) with our calculated values (column 3) from our data in Table 1.
The experimental and calculated values are in good agreement. It is concluded that the
additivity for VS holds for moderately large nonionic compounds. Other authors have
also tested this additivity with success%g)’l3) As in the case of V% we also assume
the additivity for KS, although there have been few studies to examine it.5)’9) Thus,
the Vg and Kg values of C;,E, were calculated as are given in Table 3. The changes in
both 72 and KZ associated with micelle formation are positive.

Although the partial molal adiabatic compressibility assigned to the hydrophilic
group in the micellar state, Kg(EO), is perhaps different from that at infinite dilu-

tion, KS(EO), it was still assumed that K?(EO) is approximated by KE(EO), so that
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Kg—ﬁg(EO), i.e., the compressibility of the dodecyl group in the micellar state,
approximately corresponds to Kg-KS(EO). The molal compressibility of n-dodecane at
25°C was obtained to be 187XIOL“ ml/molebar from the interpolation of the data at 20°C
and 30°C by Weissler et al}u). The Kg-KS(EO) value was found to be 189x10”™ "% ml/mole+bar
at 5 and 25°C. This agreement supports the idea that the interior of the micelle
resembles liquid hydrocarbons. However, it is unreasonable that the compressibilities,

which correspond to those in the interior of the micelle, had the same value at 5 and

25°C. This seems to result from the rough assumption that Kg—K?(EO) was taken as
K2 K2(EO).

The large increments in both 72 and Kz on micellization are explained as follows
1) The alkyl chains of the molecularly dispersed surfactants are affected by high
hydrocarbon-water interfacial tension tending to reduce the surface area. Accordingly,
they are under the condition of high compression. As the hydrocarbon-water contact is
eliminated on micellization, the chains are more free to expand%B) In other words,
the larger free volumes should be assigned to the chains in the micelles as compared
to the case of the single surfactants.
2) Hydrophobic hydration effect should be also taken into account. It has been
generally accepted that icebergs are formed around hydrophobic solutes and with rising
temperature the hydrophobic hydration is progressively destroyed. The fact that Kg
is largely negative at 5°C could be mainly attributed to the pronounced hydrophobic
hydration?)
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