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The effect of EuGJon the aggregation processes of sodium dodecyl sulfate was investigated. Electrical conductivity
data, combined with Eu(lll) luminescence measurements, suggest that the formation of micelles involvianBuCl
SDS occurs at low SDS concentration; the formation of these mixed aggregates was also monitored by light scattering,
which indicates that the addition of EuGb SDS concentration at values below the critical micelle concentration
of the pure surfactant results in a much higher light scattering than that found just with SDS micelles. It was also
found that the Eu(ll1)/DS complexes are formed with a binding ratio which varies between 20 and 4, depending on
the initial concentration of Eu(lll). As the concentration increases, turbidity occurs initially, but solutions become clear
subsequently. In contrast to the behavior of SDS in the presence of aluminum(lll), no flocculation was observed. From
the analysis of electrical conductivity data and comparison with other systems, it is suggested that growth of aggregates
happens, probably with formation of nonspherical systems. At the highest concentrations these may involve just Eu(lll)
and DS ions. The effect of temperature on the SDS micellization process was studied. The calculated free energy
of SDS micellization is not dependent on the initial ExlQlit is dependent on the final balance between the presence
of counterions in solution (ionic strength) and the temperature.

1. Introduction of mesosopic or mesoporous materigland the potential of the
aluminum(lll)/sodium dodecyl sulfate system in this area has
been studied.Of particular importance for aggregation in this
system s the enhanced interaction between the high valent cation
and anionic surfactant.

We have particular interest in the behavior of trivalent
lanthanide ions, since they have attractive spectroscopic and
magnetic propertie¥: Lanthanides have been used extensively

The aggregation of ionic surfactants in aqueous solution is
influenced by the presence of electrolytes. The addition of an
electrolyte will, in general, tend to induce the formation of
aggregates at concentrations below the critical micelle concen-
tration (cmc) of the pure surfactahiyhile with many electrolytes,
specific interactions between the surfactant ion and electrolyte

counterion will lead to a reduction in solubilftgand an increase . . . S o ;
in the Krafft temperaturé The cmc, aggregation number, and as luminescent probes in the investigation of metal-binding sites
{ X in biological material®16as well as in the study of surfactant

Dolavizabily, and si2é-* Normally, dvalent or higher valent  ASSociation nsolutoff. In additon, systems of SDS micelles

counterions are believed to lead to lower cmc values than theWlth Ianthanlde_lons haye been u;ed .for studymg magnetic field

corresponding surfactant with monovalent counteribis. .foeCtS on geminate pair re_comblnann of rad|ééle_r photo_-
The study of interactions of ions of high valency with ionic induced emulsion polymerizatic.and are also of increasing

surfactants is of practical importance in areas such as detergenC)mtereSt in relation to the mesomorphism of lanthanide salts of

(interactions and precipitation of ionic surfactants by multivalent anionic amphlphllgs for materials appllcath?ﬁé Lanthamdes
counterions restrict the utilization of ionic surfactants in hard incorporated in suitable mesoporous materials are also important

for catalysis?®
water) and recovery of surfactants from surfactant-based separa- ; N .
) y P In a previous publicatioA? a luminescence, EPR, and Monte

tion processe$? *2In addition, there is currently considerable Carlo simulation study of the association of lanthanide cations
interestin using ionic surfactants as templates for the preparation y
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with sodium dodecyl sulfate micelles was reported. It was found — T T 71— 50
by various techniques that the trivalent lanthanide ions (Th(lll), 0.04 Lo
Eu(lll), Ce(lll), and Gd(111)) bind to SDS micelles predominantly L
by electrostatic interactions and that there is no covalent bond 0~
between them. In addition, on binding the cation one hydration %7 [0 =
water molecule was lost. In the present paper, we describe the _ '
effect of Eu(lll) on the structural properties of SDS over awide 7y ¢ [0 e
concentration range around the cmc as seen by electrical ¢ L 200
conductivity measurements. This is complemented by results *= L a
from luminescence and static light scattering. Particular attention %917 250 3
is given to association processes which occur below the cmc of [ 300 5
pure SDS ([SDS]< cmc). The effect of temperature on the 0,004 -
Eu(Il)/SDS interactions is also analyzed. 350
O‘(;OO 0‘(;05 O.OIIO 0,(;15 0,(;20 0.025
2. Experimental Procedure (SDS]/ M
2.1. Materials. Europium chloride(lll) hexahydrate (99.9%, Figure 1. Representative plot of specific electrical conductakge,
Aldrich) and sodium dodecyl sulfate, SDS (Mergke analysi, versus SDS concentration (data points), at 298.15 K, and the

were used as received. All solutions were prepared using Millipore-Q corresponding second derivative (line) used in calculation of the
water. No control was made on the pH, which was that naturally critical micelle concentration.
occurring in each solution (see Results and Discussion section).

2.2. Conductance Measurement$olution electrical resistances 0.045 -
were measured with a Wayne-Kerr model 4265 automatic LCR 1
meter at 1 kHz. A Shedlovsky-type conductance cell was used and ~ 0.040
had a cell constant around 0.8465 ¢ Cell constants were 0.0354
measured using the procedure described elsevhkleasurements )
were taken at 25.00, 30.00, and 40.@80(01) °C using a Grant 0.030
thermostat bath. Solutions were always used within 24 h of _~ 1 1000
preparation. In a typical experiment, 100 mL of Eg€lution was ‘s 0'025'_ o T
placed in the conductivity cell; then, aliquots of sodium dodecyl £ g ™
sulfate were added using a Methrom 765 dosimate micropipet. To 00 2
maintain the constant concentration of Eu(lll), the solvent used in ~ 0.0154 ME
the preparation of SDS solution was the same Ea@Ution placed 0010_‘ 3
inthe conductivity cell. The conductance of the solutionwas measured ™ | j %00
after each addition and corresponds to the average of three ionic  0.005 - o0 T ooms om0 oo
conductances, calculated from experimental data using homemade 1 EosI/M
software. 0.000

T M 1 M T M T M ) v ] M

2.3. Fluorescence Technigud-or luminescence spectral mea- 0000 0005 0010 0015 0020 0025 0030
surements, a Spex Fluorog 111 spectrofluorimeter was used in a [SDS]/M
right-angle configuration with excitation at 393 nm, with 2.5 nm Figure 2. Specific conductance of sodium dodecyl sulfate (SDS)
excitation bandwidth and 1.25 nm emission bandwidth. in 0.6 mM EuCj} solution, at 25°C, as a function of molar SDS

Static light scattering measurements were carried out using aconcentration. Inset: deviations from linearity observed at very low
Spex 111 spectrofluorimeter in 96onfiguration with the excitation ~ SDS concentrations (data points) and their corresponding second
monocromator set at 430 nm, and the emission spectrum scannederivative (line). For further explanations see text.

between 410 and 450 nm, following the indications of Mauga . . _
al?” Excitation and emission slits 0?‘ 1.25 nm were used. ¢ (e.g., Figure 1f° however, different behavior is observed at

2.4. pH MeasurementspH measurements were carried outwith  11gher Eu(lll) concentrations(6 x 107° M), with a loss in the
a Radiometer PHM 240 pH meter with an Ingold U457-K7 pH Imearltylnthe plotg at IowS_DS concentrations (seeinset, Figure
conjugated electrode; the pH was measured on fresh solutions, and?)- Before discussing possible causes for this, to test the validity
the electrode was calibrated immediately before each experimentalof our methods, the critical micelle concentration of SDS in
set of solutions using IUPAC-recommended pH 4 and 7 buffers. aqueous solutions at different temperatures was calculated using
From pH meter calibration, a zero pH of 6.650.04) and sensitivity ~ the second derivative of the specific conductance as a function

of 99.1% were obtained. of SDS concentration, as described elsewHered as schemati-
. ) cally presented in Figure 1. Using this procedure, the values of
3. Results and Discussion the cmc of SDS at 25, 30 and 4C are 8.34 £0.03), 8.47

The effect of EUGJ(8 x 1076to 6 x 104 M) onthe electrical ~ (+0.04) and 8.81£0.03) mM, respectively. Within experimental
conductivity of sodium dodecyl sulfate, at three different tem- €rror, these values are identical to those reported in the literature
peratures (25, 30, and 4Q), was analyzed. At all temperatures, for this temperature range (8.39, 8.44, and 8.88 mM, respec-
the specific conductance of SDS/EyGblutions versus [SDS]  tively).3°
shows a similar trend. At Eu(l1l) concentrations below 605 In the presence of Euglthe apparent critical micelle
M, the electrical conductance of SDS/EgGolutions upon concentration, cn#, of SDS was calculated using this same

addition of SDS is similar to that of pure SDS in aqueous solutions method. Figure 3 shows the effect of Eu(lll) concentration and
temperature on SDS ciitt It is known that, in general, the

(25) Ribeiro, A. C. F.; Valente, A. J. M.; Lobo, V. M. M.; Azevedo, E. F. G.;

Amado, A. M.; Costa, A. M. A.; Ramos, M. L.; Burrows, H. D. Mol. Struct. (28) Dutkiewicz, E.; Jakubowska, Aolloid Polym. Sci2002 280, 1009-
2004 703 93-101. 1014.

(26) Barthel, J.; Feuerlin, F.; Neuder, R.; WachterJRSolution Chenl 980 (29) Carpena, P.; Aguiar, J.; Bernaola-GalyR.; Carnero Ruiz, C.angmuir
9, 209-219. 2002 18, 6054-6058.
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Educ.1995 72, 284—-286. Surfactant Systemslational Bureau of Standards: Washington, DC, 1971.
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Figure 3. Effect of added EuGlon the apparent critical micelle
concentration (cnf€) of SDS at different temperatured1)298.15
K, (@) 303.15 K, and 4) 313.15 K.

presence of nonassociated electrolyi@sd some metal com-
plexes! will induce the formation of SDS micelles. This may
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Figure 4. Effect of EuCk concentration on the caof SDS/EuC}
aggregates at different temperatures) 298.15 K, @) 303.15 K,
and () 313.15 K. The error bars are inside the data points.

aggregate formation will occur, and consequently, the increase

be due either to the effect of ionic strength on the aggregation of electrical conductivity is not so significant (the size of aggregate

phenomena of the surfactéhbr, in the case of higher valent

ionic species increases and the observed increase in the specific

counterions, to a decrease in the cmc due to formation of the cOnductance can be due to a release of counterions); finally, at
corresponding micelles of the surfactants of these ions formed[SDS] > mic, the shape of the plot of electrical conductance as

by counterion exchange8 It has been reported from both

a function of [SDS] concentration, in the presence of aqueous

experimental measurements and simulation studies that lanthanidgolutions of Eud, is similar to that found in pure agueous
ions show a strong tendency to associate electrostatically with solutions. Under these conditions, no more Eu(lll) is available

SDS micelleg? Also, although no value was given, the cmc of

toinduce Eu(lll)/DS aggregate formation and/or the maximum

lanthanum(ll) dodecyl sulfate is suggested to be considerable @3gregation number is reached, and after this, SDS will be in

lower than that of SD$? In the present system, aggregates in

excess, such that the solution behaves in a similar way to pure

this concentration region are likely to have both sodium and SDS in aqueous solution.

europium counterions. In fact, there appears to be a linear

relationship, independent of temperature, of the®aa function
of Eu(lll) concentration, with a slope of 2.14:0.08). These

Figure 4 shows the effect of Eug3ioncentration in the cac
The cagdecreases when [Euflincreases and reaches a constant
value at [EuC]] = 0.2 mM. This plateau is independent of

changes are accompanied by the onset of turbidity. However, intemperature, within the experimental error (around 1%); that is,
contrast to what is seen with sodium dodecyl sulfate in the cag=0.64,0.65,and 0.66 mMto 25, 30, and*@) respectively.

presence of aluminum(If}-12or DNA in the presence of tri-
valent lanthanide ion% no precipitation is seen, and at higher
concentrations the solutions become clear.

This can be contrasted with the rather complex effect of
temperature on the micellization of a series of dodecyl sulfates
of divalent metal iong> These results suggest that Eg@lays

The analysis of the specific electrical conductance in the region an important role in the formation of aggregates working as a
below the cmc of pure SDS (Figure 2, inset), coupled with a limiting reactantin such aggregates, and supporting the idea that
comparison of the behavior with that of SDS in the presence of the plateau value of ca¢0.65+ 0.1 mM) corresponds to the

aluminum(lll) 81112 suggests possible interpretations for the
interaction mechanism between Eg@hd SDS. From the inset

cmc of europium(lll) dodecyl sulfate. Although we have been
unable to find any literature values for comparison, this value

to Figure 2, we can distinguish three regions with different slopes. seems very reasonable, since itis intermediate between the lower
Initially, the addition of SDS leads to an increase in the electrical limitof the value for lanthanum(lll) dodecyl sulfate (cradd.22

conductance of the SDS/EuQhixture until an SDS critical
aggregation concentration (Gaés reached, line | in Figure 2.

mM)32 and those of the dodecyl sulfates of the divalent ions
Ca*, Mg?t, Pl?t, C®t, and Z#™ (cmc values in the range

This corresponds to the region of onset of flocculation reported 1.0—1.8 mM)32¢

in systems involving SDS and the trivalent Al(lll) id&2and
we believe it to be due to formation of mixed sodium and
europium(lll) dodecyl sulfate micelles. After this point, further
increase in SDS concentration leads to a smaller slope-of
f([SDS]) until a maximum interaction concentration (mic) is
reached, line Il in Figure 2. Under these conditions, mixed

(31) Pagliero, D.; Arguello, G. A.; Gsponer, H. E. Colloid Interface Sci.
1999 215 16—22.

(32) Aimgren, M.; Gimel, J. C.; Wang, Ke.; Karlsson, G.; Edwards, K.; Brown,
W.; Mortensen, KJ. Coll. Interface Sci1998 202, 222—231.

(33) Bo<crn>zi¢, J.; Krznari¢ I.; Kallay, N. Colloid Polym. Sci1979 257,
201—205.

(34) Costa, D.; Burrows, H, D.; Miguel, M. da Gangmuir2005 21, 10492~
10496.

Further support for formation of SDS/EuChggregates at
low (below the cmc of pure surfactant) SDS concentrations
comes from static light scattering and fluorescence measure-
ments. Upon addition of europium(lll) chloride & 7 mM SDS
solution, there is a dramatic increase in scattering intensity
between 0.01 and 0.6 mM europium(lll), consistent with the
formation of micelles (Figure 5). The light scattering in this case
is significantly higher than that found when adding of E4i©I
a 11 mM SDS solution, where both SDS and europium/sodium
dodecyl sulfate micelles are expected to be formed. This seems

(35) Sowada, RPhys. Chem1986 267, 915-920.
(36) Miyamoto, S.Bull. Chem. Soc. Jpril96Q 33, 375-379.
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Figure 5. Gradual increase of light scattering upon addition of A/nm
Eu(lll) to different SDS aqueous solutionsd)(0 mM, (©) 7.03
mM, (2) 11.6 mM. 5x10°
reasonable, since it is known from both fluorescence quenching S
studie§” and EPR spin probe measureméhtlat micelle size g 10
is greater in the presence of higher valentions than in pure SDS. 3,
Lanthanide ions present well-defined luminescence resulting g 344
from f—f transitions. This may give information on both the =
coordination environment and the degree of hydration of these &
ions3° However, the £f transitions of ions such as Eu(lll) are g 2x10° %
generally forbidden by both spin and Laporte selection rules g 6
and, hence, have very low molar absorption coefficiétihis F S 0
explains the very low fluorescence emission at 424 nm in the 1x10°9 1
absence of SDS. In the presence of SDS, the emission of
fluorescence clearly increases (Figure 6). Such behavior may be 0 . : . : . : .
explained both by a decrease in the number of coordinated water 450 500 550 600
molecules and by binding of Eu(lll) to species of different charges, A/nm

such as DS, by forming new Eu(lll)/DS aggregates! The Figure 6. Emission spectra of 0.5 mM Eu(lll) with additions of

results are fully consistent with the model of formation of different SDS concentrations at 26: (1) [SDS]= 0 M; (2) [SDS]

Eu(lll)/Nat dodecyl sulfate micelles below the cmc of pure SDS. = 1 mM; (3) [SDS]= 3 mM; (4) [SDS]= 5 mM; (5) [SDS]= 7
The possible effect of Eughydrolysig! on the SDS cn® mM; (6) [SDS]= 9 mM; (7) [SDS]= 11 mM.

was studied. A decrease in the pH of the solution will tend to

decrease the SDS associaff? and, consequently, will 707
contribute to a cn® > cmc. Figure 7 shows that the hydrolysis ﬁ-sj AD
of EuCk leads to a decrease in pH from around 5.8 (pure water)  ¢.6-
to around 5.0; such a decrease corresponds to an increase of 64 o & 4 A
hydrogen ion concentration of about1. However, in the I o
Eu(ll)/SDS solutions a buffer-type effect occurs, which can be 6.2 o o
attributed to the SD$tUnder these circumstances (inthe presence 4]
of SDS), the increase of hydrogen ion concentration is just0.4 & { g
and 0.1uM below and above the SDS cmc, respectively. This 581
very low pH change cannot be responsible for the observed SDS 5.6
cmc® behavior. 54
A further question is if there is the formation of D&u(lIl) 1 o
aggregates, can we estimate the binding ratio between them? 327 o o
Table 1 shows the values of the maximum interaction 5.0 o
concentration (mic) for Eu@ISDS aqueous mixtures, with r—— 1— 1T—r T T T
[EuCls] > 0.06 mM. Following these values, it is possible to 00 o1 02 03 04 03 06
[EuClz]/ mM

calculate the binding ratigg(= mic/[EuCk]), which gives us an

Figure 7. Dependence of pH on Eugiddition in aqueous solutions
(37) Almgren, M.; Swarup, SJ. Phys. Chem1983 87, 876-881. without @) and with SDS: ©)7 mM, (A) 12 mM.

(38) Bales, B. L.; Stenland, Q. Phys. Chem1993 97, 3418-3433.

(39) Frey, S. T.; Horrocks, W. D., dnorg. Chim. Actal 995 229, 383-390.

(40) Tapia, M. J.; Burrows, H. DLangmuir2002 18, 1872-1876. indication about the association stoichiometry between Eu(lll)
(41) Baes, C. F., Jr.; Mesmer, R. Ehe Hydrolysis of Cationslohn Wiley and DS.. Itis possible to observe that, upon increasing [BUCI
and Sons: New York, 1976. the binding ratioB, decreases following an exponential function
(42) Valente, A. J. M.; Burrows, H. D.; Polishchuk, A. Ya.; Miguel, M. G.; ! " o
Lobo, V. M. M. Eur. Polym. J.2004 40, 109-117. from avalue around 20 to a value to approximately 4. Comparing
18&13)1%30@, D. P.; Hamilton, J. A.; Small, D. MBiochemistry1988 27, the binding ratios with the results of turbidimetric analysis, we
(44) Bunton, C. A.; Ohmenzetter, K.; SepulvedajLPhys. Cher977, 81, can conclude that the decrease of the binding ratio value is

2000-2004. accompanied by an increase of light scattering. These values
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Table 1. Effect of Temperature and Initial Concentration of EuCl; on the Maximum Interaction Concentration (mic) and Binding

Ratio (f) of SDS/EuCk Aggregates$

25°C 30°C 40°C
[EuCL]/mM  mic/mM p cag/ MM [EuCk)/mM mic/mM p cag/mM [EuCl)/mM  mic/mM p cag/mM
0.0794  1.69(0.35) 21 (4) 6.87 (0.35) 0.0797 1.58(0.37) 20(5) 7.46 (0.36) 0.0795 1.74(0.13) 22(2) 7.06 (0.14)
0.0993  1.66 (0.20) 17 (2) 6.98 (0.20) 0.0994 1.65(0.22) 17 (2) 7.40(0.22) 0.0987 1.84(0.27) 19 (3) 6.95 (0.27)
0.1982 1.81(0.12) 9.1(0.6) 7.08(0.13) 0.1988 1.79(0.10) 9.0(0.5) 7.56(0.10) 0.1973 1.87(0.12) 9.5(0.6) 7.16 (0.12)
0.2973 1.85(0.08) 6.2(0.3) 7.26(0.09) 0.2976 1.92(0.07) 6.4(0.2) 7.66(0.08) 0.2954 1.99(0.10) 6.7 (0.3) 7.24 (0.11)
0.3956 2.06 (0.08) 5.2(0.2) 7.22(0.09) 0.3960 2.11(0.05) 5.3(0.1) 7.67(0.07) 0.3930 2.12(0.05) 5.4(0.1) 7.35(0.07)
0.5922  2.40(0.05) 4.0(0.1) 7.26(0.08) 0.5917 2.45(0.04) 4.2(0.1) 7.72(0.08) 0.5873 2.46(0.04) 4.2 (0.1) 7.32(0.08)

@ The values inside parentheses are standard deviations of average values.

suggest that probably the shape of the aggregate will change
with increasing [EuG], from a sphere to a cylindrical shape.
This is in agreement with observations on the behavior of SDS
in the presence of aluminum(lIf1112As discussed before, the

4. Conclusions

Conductometric analysis is shown to be a reliable technique
to study the interactions between europium chloride and sodium
dodecyl sulfate in agueous solution. For Eu(lll) concentrations

cmc®is higher than the SDS cmc. Comparison with the behavior pa1ow 0.08 mM and for [SDS] above 0.08 mM, two different

of aluminum(lll) suggests that this may correspond to the change
from spherical to cylindrical aggregates; however, the ®mc
values can be corrected by taking into account the surfactant
concentration necessary for complete association with all
europium chloride present in solution. That is, the,dacmc®

— [SDShic) can be calculated and shown in Table 1. The values
of the cag are lower than the cmc of SDS, showing that the onset
of SDS micellization responds to added electrolyte, which is in
agreement with the literatuf@ With analysis of the effect of
EuCk on the cag it is possible to check that a small increase
of the cagwith an increase of Eu(lIl) occurs, but such anincrease
can be neglected on the basis of the experimental error. This is
in agreement with the previous assumption that all Bu€l

aggregates were detected. At low SDS concentrations, the
formation of Eu(lll) and DS micelles was indicated and
confirmed by fluorescence analysis, with a critical micelle
concentration for europium(lll) dodecyl sulfate of 0.65 mM.
Fromthe similarity of chemical behavior of the trivalent lanthanide
ions, the cmc values of the other lanthanide (1) dodecyl sulfates
are expected to lie in the same concentration range. From
theoretical models of micellization of ionic surfactafftd?
electrostatic effects are likely to play a major role in aggregation
in these systems, and the surface charge density of the mfcelles
will be a determining factor both in the type and size of aggregates
produced. However, there is also increasing evidence of the
importance of loss of counterion hydration water molecules on

consumed to form aggregates with SDS. For this reason, theformation of surfactant micellar or reversed micellar ag-

average caovalues at 25, 30, and £€ were calculated and are
equal to 7.11 £0.25), 7.58 £0.21), and 7.18£0.13) mM,
respectively. The alteration in standard Gibbs energy of the
micelles due to the presence of Eu(lll), or Eu(lll) aggregates, in
solution is given by the equatigkG 1, = RTIn(cag/cmc), where
cmc is the critical micelle concentration. From this equation
AG°q, values of—383 *88), —267 (71), and—527 (+48)
J/mol, at 25, 30, and 4TC, respectively, were calculated. Even

gregateg*505leading to complexation between surfactant and

counterion, and it is possible that such dehydration effects may

also have an influence on the binding in this case. The binding

ratio, SDS:Eu(, is dependent on Euglinitial concentration,

changing from 20 to around-54 when [EuC{] increases. Such

' achange can be justified by an alteration of the aggregate shape.
At high concentrations, formation of cylindrical aggregates is
suggested, in agreement with reports on the behavior of aluminum

when the experimental error is taken into account, it is still possible dodecyl sulfate&1112 However, the pH dependence in the

to observe a slight negative trend®&°, values with increasing
temperature. These results indicate that the SDS micelle
stabilization, in the presence of Eu(lll)/D&ggregates, tends

to be more pronounced at higher temperatures (i.e.,
micellization is temperature-induced). Two major competing qygtems using SDS as surfactant templates for the preparation

parameters may influence SDS micelle formation in the presence
of europium(lll) salts: temperature and ionic strength (due to
the presence of Eu(lll)/DSaggregates and their counteriof).
Since the cmc normally depends very little on temperatUitee

this are in progress.

presence of europium(lIl) appears to be somewhat different from
and less significant than that with aluminum(lll), probably due

> H2L to the smaller degree of hydrolysis of the lanthanide/iddecause

in this caseyf this, it should be possible to design lanthanide/aluminum

of Eu containing mesosopic or mesoporous materials based simply
on the behavior of the aluminum(lll) SDS system. Studies on

predominant effect seems to be the high ionic strength due to  Acknowledgment. We are grateful for financial support from
the trivalent cation. In contrast, an increase of temperature would pOCT|/ECT/FEDER.

tend to disturb the aggregate packing and, consequently, lead to

an increase of counterions in solution. In conclusion, an increase
of temperature may tend to have a synergistic effect on the ionic
strength, which may justify the decrease\@°, with an increase

of temperature.
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