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und vollstandig in weniger als 10 min. Von den Diffu-
sionskoeffizienten von Agt in festem AgJ und aus der
Diffusionstheorie folgt, daB die Teilchen kubisch sind.

Frische Fillprodukte tauschen bei pAg 3 schneller
als gealterte aus. Bei pAg 4 ist die Austauschgeschwin-
digkeit unabhingig vom Alter des Geféllten. Die
Partikelgrofe bei pAg 3 und pAg 4, berechnet auf
Grundlage des Agt-Diffusionskoeffizienten, stimmt fir
hexagonale Modifikation mit derjenigen iiberein, die
aus Elektronenabbildungen folgt; daher sind die
Teilchen hexagonal.

Der Silberjodid/Silber-Austausch im Bereich zwi-
schen pAg 2 bis 4 ist immer vollstandig, d. h. der Aus-
tauschanteil wird in relativ kurzen Austauschzeiten
gleich 1, wihrend der geschwindigkeitsbestimmende
ProzeB die Diffusion in der festen Substanz ist. Das
Gleichgewicht AgJ/Agt auf der Oberfliche ist ein
dynamisches.

Bei Alterung von AgJ/Ag+-Fillprodukten bleibt
der Austauschwert niemals in der GroBenordnung von
nur mehreren Prozent, welch letztere Beobachtung in

der Literatur fiir einige Systeme beschrieben ist, auch
fir Ag-Halogenid/Halogenidionsysteme. Die Ein-
bettung des Austauschions in die feste Phase wird
durch Rekristallisationen verursacht, wie eben durch
die Alterungsprozesse, und das Gleichgewicht ist nicht
dynamiseh. Mbglicherweise verhindert die Doppel-
schicht den Ubergang des konstituierenden Lons aus der
Fliissigkeit in die feste Phase und umgekehrt.
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Temperature Dependence of Micellar Weight of Non-Ionic Surfactant
in the Presence of Various Additives

Part 1. Addition of n-Decane or n-Decanol

By K. Kuriyama

With 15 figures and 3 tables

Introduection

In recent years Debye and others (1, 2)
have applied light scattering techniques to
the determination of the molecular size of
micelles. However, little work has been
directed toward studying the effect of tem-
perature on the micellar size. For n-dodeeyl
trimethylammonium bromide in 0.03403 M
KBr, Debye (1b) found that the micellar
weight slightly decreased with increase in
temperature. In contrast to ionic detergents,
where the solubility in water increases with
increasing temperature, the non-ionic deter-
gents with a polyoxyethylene tail as the
hydrophilic portion are completely miscible
with water at moderate temperature, but
as temperature is raised a.dilute aqueous
solution becomes turbid at a definite tem-
perature known as the cloud point and at
somewhat higher temperature separates into
two phases, presumably as the result of
dehydration of the hydrophilic ether link-
ages in the chain. Therefore, it is of interest
to study how the size of micelle varies with
temperature elevation. In order to clarify
the mechanism of solubilization, it seems
instructive to study the influence of tempera-
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ture on micellar size in the presence of added
solubilizate.

In the present investigation, therefore,
the micellar weight of methoxy-polyoxy-
ethylene decyl ether in the absence and the
presence of added n-decane or n-decanol has
been measured by the light scattering
method as a function of temperature.
Similar experiments were also performed on
sodium dodecyl sulfate for comparison.

Experimental

Materials

The sample of methoxy-polyoxyethylene decyl
ether C,Hy(OC,H,);,0CH,; (MPd-12) was synthesized
by the same procedure as described in the previous
paper (2, 3). That the purified sample contained no
detectable methoxy-polyethylene glycol and decyl-
alcohol wasg verified by paper chromatography (5) and
gas chromatography. The analytical value, average
molecular weight and cloud point of the purified sample
are as follows. Anal. Caled. for C,H,,(0C,H,),,OCH,,
C: 59.97, H: 10.35; Found, C: 59.82, H: 10.39. Av.
mol. wt. 705 by depression of freezing point of benzene
solution. Cloud point, 75.5° C (29, aq. soln.).

Sodium dodecyl sulfate (SDS) was a commercial
sample obtained from Nihon Yushi Co., Ltd. and was
purified by repeated recrystallization from the ethanol
solution. Amnal. Caled. for C;,;H,;SO,Na, C: 49.98,
H: 8.74, Na: 7.97; Found, C: 50.35, H: 8.99, Na: 7.86.
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The n-decane and n-decanol used were “guaranteed
reagent grade’.

Refractive Index Increment

The refractive index increment, dn/dc, at 546 mpy
was determined at 20°, 30° and 40° C on a differential
refractometer (Shimadzu Instr. Co.) similar to the one
described by Debye. The values of the refractive index
increment at higher temperatures exceeding 40° C were
obtained by extrapolation of the values of dn/dc below
40° C. Because, with our present refractometer, it was
impossible to measure the increment at higher temperat-
ures.

Laght Scattering

All light scattering measurements were made with
the green mercury line, 1 = 5461 A, using a light
scattering photometer equipped with a temperature
regulating attachment (4). The attachment is a water-
jacket consisting of two concentric cylinders with a
180° “window”, slightly larger than the height of the
light beam. It is tightly fixed on the shaft inside the
photometer, in place of the ordinary cell-holder. A slit
system (4 mm wide and 12 mm high) mounted in front
of the attachment minimizes the diffused light of the
incident beam.

The cylindrical cell can be set in the center cavity of
the attachment. The cell is mounted on a circular
stainless-steel base, from which four pins protrude
downward. Four holes on the floor of the attachment
serve to fix the cell at the right position. The cell has
two specially ground flats at the 0° and 180° faces, and
is frosted on the inside surface of the backwall to mini-
mize stray light. It is 7 cm tall, the inner diameter is
3.7 cm.

Water controlling the temperature in the attachment
is forced by a gear pump from a large thermostat, the
temperature of which is controlled within 4 0.01° C,
through rubber tubing to the attachment. The actual
fluctuation of temperature in the cell was within
+ 0.1° C at moderate temperatures, but becomes worse
with the temperature rise, and reached -+ 0.2°C at
the highest temperature examined.

The instrument with the above mentioned cell and
attachment was calibrated by comparing the excess
scattering over solvent of a polystyrene solution
observed -in a semi-octagonal cell at 90° with that
observed in the cylindrical cell. In addition, the
angular envelope of the cell was checked by measuring
the fluorescence of a very dilute fluorescein solution.
It was found that the observed intensity was indepen-
dent of angle (from 30 to 135°) after the correction for
the volume viewed has been made.

Distilled water was used as solvent for the MPd-12
in the absence and the presence of added solubilizate.
In the case of 8DS, 0.1 m sodium chloride solution was
used in order to eliminate the charge effect. A master
solution containing about 6 g. of surfactant in 100 ml.
of solution was prepared, and a series of solutions of
the desired surfactant concentration was prepared
from the respective master solution by diluting with
the solvent. Each solution was made dust-free by
filtering under pressure directly in the clean cell,
immediately before the measurement, through ““Cella-
filter fein” of the Membranfiltergesellschaft, Gottingen.

When the amount of solubilizate is within the
solubilizing power of the surfactant, a master solution
containing about 6 g. of a mixture of surfactant and
solubilizate in 100 ml. of solution was prepared and
shaken for one day. After equilibrium was attained, a

series of solutions of the desired concentration was
prepared from the master solution by dilution with
distilled water.

To prepare the saturated solution with reference to
the n-decane, an excess of n-decane was added to the
aqueous solution of MPd-12 (about 2 wt. 9), and
shaken for 2 days vigorously with a mechanical shaker
in a thermostat. After equilibrium was attained, the
mixture was allowed to settle quietly for a day or
more. The lower transparent aqueous phase saturated
with the n-decane was used as the master solution, the
concentration of which was determined by weighing
the solute after freeze-drying. A 60 ml. of the solution
was filtered under pressure directly in the clean cell
through “cellafilter fein” at the temperature of the
measurement. After the temperature equilibrium was
attained (after about 1 hr.), the reduced intensity of
scattered light, Ry, was determined. Then a 10 ml. of
solution was withdrawn with a pipet and a 10 ml. of
water cleaned by filtration was added with the same
pipet. After temperature equilibrium was attained,
measurement was made again. This procedure was
repeated and measurements were made for various
concentrations. The reduced intensity of the pure
golvent was determined at all temperatures and
subtracted from that of solutions.

The dissymmetry corrections were not applied in
micellar weight determinations, because I,;/1,,; observed
did not significantly deviate from 1 in all cases.

Cloud Point

To a series of test tubes, various amounts of each
solubilizate were weighed in each tube, and 10 ml. of
29, aqueous MPd-12 solution was added. After sealing,
the tubes were heated over cloud point, shaken vigo-
rously, cooled rapidly, and then shaken again. They
were placed side by side in a temperature-controlled
bath. The regulator was adjusted manually until a
teraperature just below the cloud point was reached.
A slow careful increase in temperature then permitted
accurate observation of the point of clouding.

Results and Discussion

Fundamental interpretation of light scat-
tering data for dilute colloidal solutions is
based on the following relationship.

KCm|Ryy = 1M +2BCm [1]
272 ng? (dnjdc)?
X = — 0y (2]

were Ry, is the reduced intensity at 90° of
the solution minus that of the solvent, n,
and n are the refractive indices of the solvent
and the solution, respectively, Om is the
concentration of micelles in g/ml. and is
assumed to be equal to C—Co, where C is
the stoichiometric concentration and Co is
the monomer concentration (the critical
micelle concentration), 4, is the wave length
of incident light in vacuum, N is dvogadro’s
number, M is the micellar weight and B is
the apparent second virial coefficient.

Fig. 1 and 2 illustrate the reduced intensity
vs. concentration curves for MPd-12 and
SDS at several temperatures. The critical
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micelle concentration, Co, was estimated by
extrapolating each curve smoothly from
higher concentration region to the abscissa.
In fig. 3 and 4 are shown typical plots of
KCm|Ry, as a function of Cm at various
temperatures for MPd-12 and SDS, re-
spectively. The micellar weights are calculat-
ed by extrapolating these straight lines to
zero concentration and the apparent second
virial coefficients are calculated from the
slope of these lines. The results obtained are
summarized in table 1. In the MPd-12
solution at above 60° C, a slight curvature
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Fig. 1. Variation of Ry, with concentration of aqueous
solutions of MPd-12 at various temperature: @ 9.7°,
O 29°, A 50.7°, A 58.5° [] 69.7°, m 73.4°, x 75°
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Fig. 2. Variation of Ry, with concentration of sodium

dodecyl sulfate in C.1 m. NaCl at various temperature.
@ 17°, O 18°, A 20°, a4 30° [] 50.2°, m 69.8°C

of the plots of KCm/Ry, vs. Cm is observable.
This curvature could be caused either by
the quadratic term of the light scattering
equation or also by an effect of concentration
on aggregation. In the present case it is
questionable that the quadratic term takes
a significant value, because the upward slope
is not observed. The fact that the cloud
point of the MPd-12 solution rises at con-
centration range lower than 0.6 g/dl. may
reflect any dependency of the aggregation on
concentration. The extrapolation of KCm/Ry,
at low concentration is, therefore, rather

&o% _

20

KCmRqo X 10°

\A

Ky
—_—
— R x
a4 ——X
—a

° 05 10 1.5

Cm(Yml)x 102

Fig. 3. Variation of (KCm/R,,) with concentration of
MPd-12 in water; @ 9.7°, O 29°, A 50.7°, ] 58.5°,

+ 69.7°, x 73.4°, & 75°C
10.0
q0F E
80} i
n /
[e]
- T0F~ -
»
’ //
5 oo -
< /
5 / / “
OF O = 4
/
/‘3/
L&
40p
3'00 0{5 lIO li5

Cm (9l )x 102

Fig. 4. Variation of (KCm/Ry) with concentration of
sodium dodecyl sulfate in 0.1 m. NaCl; O 17°, @ 18°,
A 20°, A 30°, [150.2°, @ 69.8°C



58 Kolloid-Zeitschrift - Zietschrift fiir Polymere, Band 180 - Heft 1

Table 1
Light scattering results on MPd-12 in water and sodium dodecyl sulfate in 0.1 m NaCl at various temperature
Monomer : No. soap Second . Degree
Temp. dnjde ~cone, B;[;gieliaér molecules virial M;lcella,r of
Co x 102 g per coeff. charge dissoc. -
°C (g/ml.) M x 10* micelle B x 10¢ P pin
: . MPd-12 in water
9.7 0.131; 0.17, 3.29 47 2.55
29.0 128, A1, 3.71 53 2.06
50.7 125, .07, 4.55 65 1.36
58.5 124, .07, 5.15 73 1.01
69.7 122, - .06, 7.09 101 — 085
73.4 122, .06, 9.26 131 . —1.50
75.0 121, .06, 11.6 165 — 1.51
SDS in 0.1 m NaCl :
17.0 0.117, 0.04, 3.04 106 5.40 14.2 0.133
. 18.0 A17, .04, 3.03 105 5.47 14.3 .136
20.0 A17, 04, 2.92 101 5.90 14.3 141
30.0 117, .04, 2.52 88 6.55 13.0 148
50.2 117, 07, 2.24 78 9.85 14.2 182
69.8 117, 11, 1.97 68 15.7 15.9 234

difficult owing to the curvature of the plots,
and the limiting molecular weight determined
by this method includes unavoidable un-
certainty. However, the substantial differ-
ences between the micellar weights at
different temperatures are greater than can
be accounted for by experimental short-
comings.

Fig. 5 shows how micellar weight and
critical micelle concentration vary with
temperature. From fig. 5 it is clear that in
aqueous solution of MPd-12. the micellar
weight increases with increase in temperature,
especially rapidly with the approach of the
cloud point, and CMC decreases with in-
creasing temperature. As shown in
table 1, the apparent second virial coeffi-
cient, B, has a negative temperature
coefficient, which suggests that with
rise in temperature the hydration will
decrease. When the hydrophilicity of
the ethylene oxide chain is decreased
by the elevation of temperature, the
cohesive force between hydrocarbon
chains, which hitherto counterbalanced
the hydration effect, becomes predomi-
nant, thus causing lower CMC and
higher micellar weight. McBain and
Marsden (6) found that the aqueous
solutions of diethylene glycol mono-
laurate and glycerol monolaurate form-
ed two phases, one of which was ‘iso-
tropic and gave no long spacing and
the other was liquid crystal and gave a
long spacing which varied as’ the reci-
procal of the concentration. This fact
may suggest that in liquid crystal

eMc (™ol ) X 10*

M x 1074

lamellar micelles exist. Also the above men-
tioned two phase separation is considered
to be equivalent to phase separation of an
aqueous solution of non-ionic surfactants at
higher temperatures than the cloud point.
A possible interpretation for clouding for-
mation is that the micelle grows larger and
larger with the elevation of temperature and
at cloud point its opalescence becomes
perceptible even with the naked eye. At a
higher temperature the micelle cannot move
about in its solution, because of the buoyancy
overwhelming the Brownian motion or thelocal
convection, and floats up or sinks down thus
causing the phase separation into two layers.
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Fig. 5. Temperature-dependence of micellar weight and critical
micelle concentration for MPd-12 in water and sodinm dodecyl
sulfate in 0.1 m. NaClL

O MPd-12, @ SDS for micellar
weight, A-MPd-12, A SDS for CMC
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On the other hand, in the solutions of
SDS in 0.1 m. NaCl the micellar weight
decreases slightly with increase in tempera-
ture, and CMC increases with increasing
temperature. The micellar weight of the
ionic surfactants is controlled mainly by
three forces, namely the electrical repulsive
forces of the ionized groups, the wvan der
Waals attractive forces between the long
hydrocarbon chains, and the thermal forces.
Since the direct effect of the temperature
rises on the ionization and its secondary
effect brought about by the lowering of the
dielectric constant of water approximately
cancels each other (7), its over-all effect on
the electrical forces should be small. Since
the van der Waals forces are also independent
of temperature, the decrease in micellar
weight is most likely due to the increased
thermal forces.

According to Mysels (8), the initial slope
of KOm|Ry vs. Om plots is related to the
micellar charge, p, by the following equation.

0 (K CmjRy,) P
oCm om=0 2xM*’

where x is the concentration of simple
electrolyte at CMC in equiv./ml. and M is
the micellar weight. The equation is precise
at low Om values, but errors in KCOm/[R,, in

this region are the largest, owing to un-
certainties in the correct value of CMC and
to the very low turbidities observed. There-
fore, the micellar charge, p, was calculated
using the micellar weight and the slope
obtained from the measurements at higher
concentration regions. The results are given
in table 1. The micellar charge, p, of about 14
estimated for SDS is very close to the value
obtained by other workers (lec, 9, 10) and
seems to be independent of temperature. It
seems to be evident that the apparent degree
of electrolytical dissociation, p/n, increases
with increasing temperature.

In the presence of solubilized n-decane or
n-decanol, the plots of Ry, as a function of
the total. solute concentration (surfactant
plus solubilizate, g/ml.) at various tempera-
tures show a very high and sharp peak below
a certain concentration, as described in a
previous paper (2), and above this concen-
tration the curves resemble typical Ry, vs. U
plots for polymer solutions, as the solubilizate
is fully solubilized by the micelles. However,
it is expected that the composition of micelle
changes in lower concentration range where
mono-molecularly dispersed surfaetant oc-
cupies a large portion of fotal surfactant.
Therefore the critical micelle concentration,
Co, is given as the concentration where the

; Table 2
The micellar weight of MPd-12 with solubilizate
Solubilizate Monomer cone, Micellar No. MPd-12 No. oil Second
T MPd12 Co x 102 . weight molecules molecules virial coeff.
(wt. %) (g/ml.) ‘M x 10— per micelle per micelle B x 104
at 80° C, (dnjdc) = 0.128; solubilized -n-decanol :
0 0.105 3.72 53 0 2.06
1.87 105 4.31 60 5 ©1.97
4.56 .099 5.05 69 14 1.96
7.75 .092 6.00 79 27 1.84
9.17 .088 6.42 83 33 1.81
11.10 .085 8.75 112 55 .70
19.08 .070 25.0 208 250 0.46
at 45° C, (dnfdc) = 0.126, solubilized n-decanol
0o 0.082 4.30 61 0 1.40
5.37 078 7.17 97 23 0.52
9.17 075 9.00 117 48 0.52
10.68 074 18.2 233 110 0.0
12.75 073 22.7 286 161 0.0
17.31 .069 30.7 371 283 0.0
at 50° G, (drfdc) = 0.125; solubilized n-decanol
0 0.078 4.55 65 0 1.36
1.86 .078 5.10 71 6.5 1.36
2.23 .076 5.14 71 7 1.33
3.53 075 5.37 74 13 1.24
5.58 .073 5.99 80 22 0.8L
7.52 071 6.27 83 30 0.78
satd. (8.7) 070 7.41 97 41 . 0.65 .
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abscissa crosses with Ry vs. O curve extra-
polated smoothly from higher concentration
region. ‘ '

In order to analyse the light scattering data
obtained, we have assumed the following
two conditions, i. e., (a) as in the solvent
with regard to micelles, there exists a solution
having a definite concentration Co, at each

3.0F ) N

X

X
L/_.———"—'x’X“" x

X
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] 0.5 1.0 1.5 2.0
Cm (b ) % 102

Fig. 6. Variation of KCm/R,, with concentration at

various n-decane/MPd-12 ratios at 50° C. n-decane/

MPd-12 ratio = @ 0%, O 1.86%, A 2.23%, a 3.53%,
[]5.58%, m 7.52%, x satd. (8.79%)
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Fig. 8. Variation of (KCm/R,,) with concentration at

various n-decancl/MPd-12 ratios at 45° C. n-decanol/

MPd-12 ratio = O 5.37%, @ 10.68%, A 12.75%,
A 17.319]

solubilizate/surfactant ratio, and (b) the
composition of the micelle is not affected by
the concentration of solution. And the
equation [1] is applied. Since the plots of
KCm|R,, as a function of Um at various
temperatures, as shown in figs. 6-11, were
linear except in the lower concentration
region, the values of the micellar weight,
M, were calculated from the reciprocal of
the extrapolated values. The apparent second
virial coefficients were estimated from the

inelination of lines. The numbers of surfac-
tant and solubilizate molecules constituting
one micelle were calculated from micellar
weight and mixing ratio.

The data from light scattering measure-
ments for various solubilizate/MPd-12 ratios
are summarized in table 2, and the micellar
weight as a function of solubilizate/MPd-12

40 T T T T T

L I L X
0 0.5 1.0 1.5 2.0 2.5

Cm{(%ml) x 102

Fig. 7. Variation of (KOm|R,,) with concentration at

various n-decanol/MPd-12 ratios at 30° C. n-decanol/

MPd-12 ratio = O 0%, @ 1.87%, A 4.56%, 4 7-15%,
g 9.17%, m 11.109%,, x 19.08%

/
20E 7

KCm/Rqo x 10°

0 0:5 1.‘0 1.5
Cra{ 9/ml) % 102

Tig. 9. Variation of (KCm/Ry) with concentration at
n-decane/MPd-12 ratio of 0.0186 at various temperature.
® 9.6°, O 30°, A 50°, A 60°, [] 66.6°, m 69°C

ratio is shown in fig. 12. Tt is seen from fig. 12
the micellar weight increases steadily with
increasing solubilization of n-decane up to
saturation and does not increase with
further addition of hydrocarbon exceeding
the saturation. This result agrees with the
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Table 3
The effect of temperature on the micellar weight of MPd-12 solubilizing n-decane or n-decanol
Tempe- Monomer cone. Micellar No. MPd-12 No. oil Second
rature dn/dc Co x 102 weight molecules per molecules per virial coeff.
t °C (g/ml.) M x 10-¢ micelle micelle B x 10%
n-decane/MPd-12 = 1.86 x 102 g/g
9.6 0.131; 0.165 4.67 65 5.9 3.20
30.0 128, 105 4.83 67 6.1 2.33
50.0 125, .078 5.10 71 6.5 1.36
60.0 124, .070 6.12 85 7.8 0.57
66.6 123, .062 6.90 96 8.8 —1.10
69.0 121, .062 7.87 110 10 —2.88
n-decanol/MPd-12 = 9.17 x 10-% g/g ’
10.0 0.131; 0.145 5.62 73 30 2.37
29.9 128, .088 6.42 83 33 1.81
43.4 .126; .076 8.45 110 44 0.54
49.7 .125; .070 10.75 140 57 0.18
55.4 124, .066 14.3 186 76 — 0.36
61.4 123, .062 31.1 404 163 — 0.45
MPd-12 saturated with n-decane
n-decane
MPd-12
(wt. %)
10.0 2.6 0.131; 0.163 5.67 78 10 4.00
30.0 44 128, 102 6.27 85 18 2.20
50.0 8.7 125, .070 7.41 97 41 0.65
60.0 13.5 124, .068 10.20 127 84 0.00

conclusion given by Mattoon et al. (11) from
the analysis of X-ray pattern. When n-
decanol is solubilized into the MPd-12
solutions, as shown in fig. 12, the micellar
weight increases linearly with increasing
n-decanol/MPd-12 ratio until a ratio of
approximately 0.1 is reached, from whence
an abrupt increase in micellar weight occurs.
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Fig. 10. Variation of (KCm/R,,) with concentration at

n-decanol/MPd-12 ratio of 0.0917. @ 10°, OO 29.9°,
A 43.4°, A 49.7°, [] 554°, @ 61.4°C

The marked change may be ascribable to
the change of micelle structure, e. g. from
a nearly spherical micelle to a disklike micelle,
although the dissymmetry was scarcely
altered. As shown in table 2, the increase in
micellar weight due to solubilization does
not only originate from the simple in-
corporation of solubilizate molecules into

—T T T

0.5 1.0 1.5 20

Cm (¥nl) x 10

Fig. 11. Variation of KCm/R,, with concentration in
aq. soln. of MPd-12 saturated with n-decane at various
temperatures. @ 10°, O 30°% A 50°, 4 60°C
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the existing micelle but. also from the in-
crease of the number of surfactant molecules,
which are in the micelle, with the added
solubilizate. Thus the solubilization process
is accompanied by the reconstitution of the
micelles. The monomer concentration, Co,
and the apparent second virial coefficient,
B, decrease with the increase of solubilizate.

The data from light scattering measure-
ments at various temperatures for the
solutions at the n-decane/MPd-12 ratio of

T T —=

30t

(o]
1

'5 ©10 15 20
solubilizate
‘ MPd- 12
Fig. 12. Variation of the micellar weight with solubili-
zate/MPd-12 ratio. @ at30°, O at 45° for MPd-12 ~ n-
decanol system, A at 50°C for MPd-12~ n-decane
system
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Fig. 13. Temperature-dependence of micellar weight
in aqueous solution of MPd-12 solubilizing n-decane
or n-decanol. O MPd-12 alone, @ n-decane/MPd-i2
ratio of 0.0186, A MPd-12 saturated with n-decane,
% n-decanol/MPd-12 ratio of 0.0917

0.0186, n-decanol/MPd-12 ratio of 0.0917,
and MPd-12 saturated with n-decane are
summarized in table 3. The logarithm of
these micellar weights as a function of
temperature is shown in fig. 13 together with
that of MPd-12 alone.

The micellar weights described in table 3
for the aqueous solution of MPd-12 saturated
with n-decane are given in order to show
qualitative tendency. This is because when
the aqueous solution of MPd-12 saturated
with n-decane is diluted with distilled water,
it may be expected that some of the sur-
factant molecules in micellar state will
dissociate to monomolecular state, and the
n-decane molecules hitherto solubilized will
be released from micelles to the aqueous
medium, and there form large particles. The
reduced intensity, Ry, therefore, will be
somewhat larger than the expected value in
lower concentration, and thus the slope of
the plots of KCOm/Ry, vs. Om tends to en-
large and the micellar weight obtained will be
larger than the true value. But the growing
in micellar weight due to the temperature
elevation may be pointed out clearly.

In order to make clear the effect of
solubilizate on the cloud point, the solubili-
zation and cloud point curves are illustrated
in figs. 14 and 15 according as the solubilizate
is n-decane or decanol. In the domain lying
under the cloud point curve and at left side
to the solubilization curve, only one phase
does exist. The numbers in each point express
the micellar composition (aggregation num-
bers of MPd-12 and solubilizate) and the
concentration of molecularly dispersed
species in millimole per liter. The values are
quoted from table 2 and 3. As shown in
figs. 13-15, it is common to all systems that
the micellar weight increases with increasing
temperature, - especially rapidly near the
cloud point. However, there is a difference in
the way of the increase of the micellar weight
between the solubilization of n-decane and
n-decanol. The micellar weight of the
aqueous solution of MPd-12 at the n-decane/
MPd-12 ratio of 0.0186 at 10° C is close to
that for MPd-12 saturated with n-decane
on account of the amount solubilized near
the saturation. With increasing temperature
the micellar weight of the former approaches
gradually to that for MPd-12 without added
solubilizate, because the amount solubilized
becomes progressively smaller as compared
with the saturation amount. From the data
in the aqueous solution of MPd-12 saturated
with n-decane, it is expected that the rate
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of increase of the micellar weight due to the
solubilization of n-decane decreases with
increasing temperature. On the other hand,
as shown in fig. 12, the rate of increase of
the micellar weight due to the solubilization
of n-decanol at 45° C is larger than that at
30°. Moreover, as shown in fig. 13, the
increment of the micellar weight due to the
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solubilization at the n-decanol/MPd-12 ratio
of 0.0917 becomes larger with temperature
elevation. These observations and the inter-
pretation proposed previously for the cloud
formation afford a reasonable explanation
for the fact that the cloud point stays nearly
constant with the addition of n-decane, as
shown in fig. 14, but falls with the addition
of n-decanol, as shown in fig. 15. Namely,
under the cloud point, the micellar weight
will not be markedly changed with the
addition of n-decane, thus the cloud point

stays nearly constant, but the micellar
weight increases largely with the slight
addition of n-decanol, thus causing the
depression of cloud point.

Acknowledgement

The author wishes to thank Dr. K. Takeda,
the Director of Shinoogi Research Laborato-
ry, for permission to publish this work, Dr.
T. Nakagawe for valuable discussions and
Mr. H. Inoue for his help in obtaining the

_data.

Summary

By means of light scattering techniques, the micellar
weight. of methoxy-polyoxyethylene decyl ether
(MPd-12) and that of sodium dodecyl sulfate (SDS)
have been measured as a function of temperature. The
effects of the solubilized n-decane and n-decanol on
the micellar weight have also been studied at different
temperatures. From the data it has been concluded:
1) that the micellar weight of MPd-12 increases with
elevation of temperature, whereas the micellar weight
of SDS decreases with temperature; . 2) that the
apparent second virial coefficient in the .aqueous
solution of MPd-12 decreases with temperature and
that in 0.1 m. NaCl solution of SDS increases with
temperature; 3) that in the aqueous solution of
MPd-12 containing solubilized n-decane or n-decanol,
the micellar weight increases with temperature in both
cases, but the patterns of increase are different from
each other.

Zusammenfassung

Mittels Lichtstreuung wurden die Mizellgewichte
von Methoxypolyoxyathylendecylather (MPd-12) und
von Natriumdodecylsulfat (SDS) als Funktion der
Temperatur gemessen. Die Effekte des solubilisierten
n-Dekans und n-Dekanols auf das Mizellgewicht wur-
den bei verschiedener Temperatur untersucht. Aus den
Ergebnissen ist zu schliefen:

1. Das Mizellgewicht von MPd-12 wichst mit
Temperaturerh6hung, wihrend das Mizellgewicht von
SDS absinkt.

2. Der scheinbare zweite Virialkoeffizient des
MPd-12 in waBriger Losung nimmt mit der Temperatur
ab und der von SDS in 0,1 molarer Losung steigh mit
der Temperatur.

3. Fir MPd-12-Lésung in Wasser, die solubilisieren-
des Dekan oder Dekanol enthilt, wichst das Mizell-
gewicht in beiden Fallen mit der Temperatur, aber die
Art des Anstiegs ist unterschiedlich.
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ESR-Untersuchungen an bestrahlten aromatischen Verbindungen
Von H. Fischer
Mit 1 Abbildung in 2 Hinzeldarstellungen

Zur Identifizierung von langlebigen Radikalen, die
als Teilnehmer an durch die Bestrahlung ausgeldsten Re-
aktionen in aromatischen Verbindungen auftreten,
wurden ESR-Untersuchungen an bestrahltem Benzol,
Toluol, Athylbenzol, Cumol, Fluorbenzol, Chlorbenzol
und Polystyrol durchgefiithrt. Die Substanzen wurden
bei 77 °K, Polystyrol auch bei Zimmertemperatur, dem
Elektronenstrahl eines 1 MeV wvan de Graaff-Generators
ausgesetzt. AnschlieBend wurden die ESR-Spektren
mit einem Varian-Spektrometer mit 100 kHz-Modula-
tion des Magnetfeldes aufgenommen. Die Temperatur
der Proben wihrend der Messung konnte von 100
bis 400 °K variiert werden.

Im Prinzip bestehen die Spektren aller untersuchten
aromatischen Verbindungen aus einem Triplett, dessen
Komponenten um AH ~ 50 Oe getrennt liegen und
in jeweils mehrere Einzellinien aufgespalten sind. Diese
Triplettstruktur erscheint, auch nach Ergebnissen
anderer Autoren (1, 2) an weiteren Substanzen, fiir
Radikale in bestrablten aromatischen Verbindungen
charakteristisch. Damit treten hier stets Radikale des
gleichen Typs auf. In diesen Radikalen muB weiterhin
das unpaarige Elektron Valenzelektron von  Ring-
kohlenstoffatomen sein.

Als Modellfall wird zur Bestimmung des Radikal-
typs bestrahltes Benzol herangezogen, da dessen ESR-
Spektrum auf Grund der guten Auflésung in Einzel-
linien sicher interpretiert werden kann. Im Temperatur-
bereich von 100-200 °X ist das Spektrum ein Triplett
mit einer Aufspaltung AH, = 50 4+ 2 Oe, dessen Kom-
ponenten jeweils aus einem Quartett mit einer Auf-
spaltung AH, = 10,6 4+ 0,5 Oe bestehen. Dies ist auch
von anderen Autoren (1) festgestellt worden. Die Auf-
Isung steigt mit wachsender Temperatur. Bei einer
Erwarmung der Probe auf 220 °K zeigt sich eine
weitere dritte Aufspaltung aller Linien in vermutlich
je drei Komponenten mit AH; = 2,6 + 0,2 Oe(Abb. 1a).
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Im Gegensatz zu anderen Deutungsversuchen (1), mit
denen die jetzt gefundene dritte Aufspaltung AH,
nicht befriedigend interpretiert werden kann, wird an-
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Abb. 1. ESR-Spektrum von Benzol, bestrahlt bei 77 °K.
a) MeBitemperatur 220 °K. b) MeBtemperatur 105 °K;
Probe ¥/, h bei 220 °K getempert



