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Abstract

The solution behaviour has been studied of a series of even chain length lead(ll) carboxylates (octanoate to octadecanoate) and the odd chail
length lead(Il) heptadecanoate in a variety of non-complexing organic solvents and in alcohols. In agreement with previous studies, solubility
increases dramatically above a certain temperature, which depends on solute concentration, chain length and solvent. This solution temperature
is also affected by traces of water. These results are complemented by studies using vapour pressure osmometry, dynamic ligitscattering,
and'*NMR spectroscopy. The results in water-free systems are consistent with the formation of rather ill-defined, polydisperse aggregates,
which increase in size with concentration and decrease with temperature. These show similar local structure to lamellar mesophases in the
pure lead(ll) carboxylates, and are suggested to be formed by solvent induced swelling and break-up of these mesophases. In the presence ¢
water, a more ordered structure is formed, in which a few water molecules are suggested to be bound to the lead(ll) carboxylate headgroup.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tems have been extensively studied for over 90 yjd&rs43]
and anumber of reviews have been presefitéd48] there is
The factors responsible for the formation of aggregates still a shortage of information on the nature of the aggregates
by amphiphilic molecules in aqueous solutions are well es- present, which limits the development of good models of the
tablished1-4], and there is a vast literature of experimental solution behaviour. Some general features can, however, be
data which supports theoretical predictions. However, much described. Firstly, the solubilities of the saturated metal car-
less is understood about aggregation of these molecules irboxylates at room temperature are generally low, butincrease
water-free organic solvents. The long chain carboxylates of dramatically above a certain temperat[irg,16,31,44] This
divalent metal ions (metal soaps) are an important group of critical temperature shares many of the characteristics of the
compounds, which find applications as emulsifiers, paint dri- Krafft point observed with aqueous surfactaf#6,31], but
ers, grease thickeners, dispersant agentg=t8]. They are probably has a different origin. We will refer to it as the solu-
also used in solvent extraction procedui@s and may find bility temperaturetgo). Secondly, introduction of unsatura-
interesting materials applications in metal-organic mesogention or chain branching into the chain decreases the solubility
systemdg10,11] They are, in general, insoluble in water, but temperatur¢48], and soaps, such as olea3,32] are fre-
dissolve in a variety of organic solvents. Although these sys- quently soluble at room temperature. Thirdly, in nonpolar or
noncoordinating solvents, evidence has been presented from
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larisation[20] for the existence of aggregates in solution. have been described in detail elsewh&d. Measurements
However, in contrast to the behaviour of amphiphiles in aque- used 488 nm light from a frequency stabilized Ar ion laser.
ous solutiong3,4] these appear to be ill-defined, and enor- Samples were contained in scattering cells in a thermostat
mous variations are observed in the aggregation numbers obbath containing an index-matching liquid. The autocorrela-
tained by the various techniques. In contrast, in coordinat- tion curves obtained were analysed by an inverse Laplace
ing solvents, such as pyridine, the carboxylates exist as thetransformation to obtain the distribution of relaxation times
monomerg19], probably due to complexing by the solvent. using the algorithm REPE8,59], as incorporated in the
The solubility behaviour depends on the metal ion, chain analysis package GENDIST. Details of data analysis have
length of the carboxylate, the presence of any substituents,previously been givefb8]. NMR spectral studies used a Var-
and the solveni31,44,47,48] These properties may also be ian XL-200 spectrometer operating at 200.06 MHEY or
dramatically affected by the presence of any wgi2r32,44] 50.31 MHz #3C), as described elsewhd&9]. In all cases,
and in some cases, gelation may oc{3®,44] With the TMS was used as reference.
branched chain copper(ll) 2-ethylhexanoate, gel formation
has been observed even in the absence of \[&&¢36]
While molecular dynamics simulatiorfid9] support the 3. Results
idea of amphiphile aggregation in non-polar, water-free me-
dia, thermodynamic consideratids] suggestthattheseare 3.1. Solubility temperature measurements
not well defined micelles, as observed in aqueous solutions,
but are polydisperse, with predominantly small aggregates,  As previously noted31] at room temperature, all the even
but the presence of some larger ones. Because of the ratheghain length lead(ll) carboxylates of saturated carboxylic
ill-defined nature of these aggregates, there is need for moreacids studied showed very low solubility in the solvents
detailed experimental data. studied, but showed dramatic increases above a certain crit-
In this study, we will discuss the particular case of the ical temperaturet{). Values oftso) were determined by vi-
solubility behaviour of some lead(ll) carboxylates. These are sual observation for solutions of the octanoate and decanoate
available in a high state of purity, and their thermal behaviour (PbG and PbGo) in a variety of solvents as a function of
has been extensively studigsil-56] Some aspects of the concentration Table 1. For the two solvents, octanol and
solubility behaviour of these compounds have been previ- toluene, solution temperatures were also measured as a func-
ously addressel@1]. We will concentrate initially on general  tion of chain length for all the lead(ll) carboxylat&aple 2.
aspects of the solubility behaviour in a variety of solvents, in- In all cases, a slight increasetig) with concentration was ob-
cluding the effect of added water. Subsequently, we will apply served above the critical solubility temperature, in agreement
a variety of technigues to attempt to find more information with previous observations in related systdi®-19,31,34]
on the aggregates present. For convenience, phase transition temperatures for the pure
soaps are also included Tiable 2 From ebullioscopic mea-
surementfl6-19] itis suggested that this is accompanied by
2. Experimental the growth of carboxylate aggregates. In addition, as previ-
ously observed for long chain carboxylates of various divalent
The solubility behaviour has been studied of the even chain
length lead(ll) carboxylates from the octanoate to the oc- Taple 1
tadecanoate, and the odd chain lead(ll) heptadecanoate. Fogolution temperaturesst, °C) of lead(1l) octanoate (Ph{f and decanoate

convenience, these will be abbreviated Rb@heren is the (PbGy) in various solvents as function of solute concentration

total carbon chain length. The synthesis and characteriza- Concentration (wt.%)

tion of these compounds has previously been repd&sj 5 10 15 20

and purity was confirmed by differential scanning calorime- PbGs

try, and good elemental analyses obtained for C, H and Pb. 1qjyene 64 68 73 78

In addition, the absence of water or excess acid (the most Xylene 67 71 76 81

common impurities) was shown from their infrared spectra.  Ethyleneglycol monomethyl ether 72 75 79 83

Solvents were of the purest grade available, and were used CGlycerol 92 98 104 109
lied. The general technique used for solubility tem- Pentanol 61 66 70 Iy

as suppflied. 9 a y Octanol 69 74 77 82

perature measurements has previously been described in de-

tail [31]. The error of duplicate measurements is not more PbGo

. . Toluene 67 72 76 84
than 2%, and the solubility temperatures are reproducible  yyene 70 74 78 86
to +0.5°C. Vapour pressure osmometry measurements were Ethyleneglycol
made on a Hewlett-Packard 302 apparatus &C7T his was Monomethyl ether 76 80 84 89

calibrated using solutions of various known concentrations G'Ycefo'l 9% 101 106 113
of benzil (0.025-0.1 M) in toluene. Details of the apparatus gigig‘l) 76; 7781 87;1' 87;5
and techniques for dynamic light scattering measurements
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Table 2 A T T
Solution temperaturess(, °C) of lead(ll) carboxylates in toluene and oc- 0 A 1
tanol as functions of carboxylate chain length together with phase transition A A A N
temperatures for pure soaps sol 1
Carbon chain Concentration (wt.%) o
length 5 10 15 20 =70 . ]
Toluene - - . .
8 64 68 73 78 sol S o & e e
O O
10 67 72 76 84 .
12 72 77 81 86 s s " m ]
14 78 83 89 93 0.0 25 50
16 81 87 92 98 Water Percentage
17 86 92 97 104
18 92 98 104 109 Fig. 1. Plots of solution temperature against percentage of water for solutions
Octanol of lead(ll) decanoate (5 wt.% solutions) in toluel® (xylene (O), glycerol
8 69 74 77 82 (A) and octanol ¢).
10 73 78 81 87
12 77 83 87 91
14 81 85 89 94 sic soapg8], no evidence for this was found in the present
16 86 90 94 99 wud
17 91 95 102 106 sludy.
18 94 101 107 113
Solid — Mesophase + Mesophase - 3.3. Vapour pressure osmometry
mesophase | mesophase Il/liquid liquid
Phase transitions in pure sops Solutions of Pbg (0.025-0.1 M) in toluene were studied
1?) gi gé 1(1’92’ by vapour pressure osmometry at°@ A graph of ARIC
12 04 105 107 aga_lnst concentratiorC) was linear Fig. 2), anc_i by _extrap- _
14 102 110 olation to zero concentration and use of calibration coeffi-
16 104 112 cient determined with benzil in the same solvent, a molecular
17 106 114 weight of 773 was determined. Care is needed in interpreta-
18 108 115 tion of data from vapour pressure osmometry in this type of
? Average values from data [8]. system[18], particularly as the aggregation is concentration

dependent. However, the value is significantly higher than the
metals[31], for the same solventsq increases with the car-  molecular weight of monomeric PR@493), supporting the
boxylate chain length. Both solute—solute and solute—solventexistence of some aggregation in solution. The experiment

interactions are expected to be involved in this cgxlg. was repeated in the same concentration range in the pres-
Also, in agreement with results on related syst¢&is34], ence of water (5% (v/v)), and from the intercept of the graph
tsol depends markedly on the solvent. This will be considered (Fig. 2) a molecular weight of 1467 was calculated. Results
in more detail inSection 4 but we note particularly high are summarised ifable 3 and do indicate differences in
values are observed in glycerol, possibly due to its strongly aggregation behaviour between Ri€ pure toluene and in
hydrogen bonded structure. toluene in the presence of water.

3.2. Effect of added water

The effect of adding water on the solubility temperatures 08} .
was observed for 5% solutions in various solvents. Typical ]
data are shown iRig. 1, and show an initial decrease in tem-
perature, which then reaches a constant value. At the high-
est water concentrations, solutions become slightly cloudy,
suggesting phase separation, although it was difficult to de- 04l o "
termine accurately the maximum water solubility. However,
it is clear that the water concentration in these solutions is
considerably higher than in the pure solvents. For compar- 0.2— 8 12 6 20
ison, the solubility of water in pure toluene and xylene at
25°C are 0.21% and 0.038%, respectividy]. Further, al-

though, as SUggeSted by a referee, addition of water can leagtig, 2. vapour pressure osmometry data for various concentrations of
to hydrolysis of long chain carboxylates and produce ba- lead(ll) octanoate in solution in toluendl) alone; (O) with 5% water.

0,6 p

AR/C
n

o

Concentration/g cm®
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Table 3 Table 4
Vapour pressure osmometry results on solutions of lead(ll) decanoate in Hydrodynamic radii determined from dynamic light scattering for solutions
toluene of lead(ll) decanoate in toluene at various temperatures
Calculated molecular Temperature®C) Concentration (wt.%) Ry (nmy
weight 750 507 257
Theoretical values for Pb@ 493 75.0 992 391
Value for solution (0.025-0.1 M) in toluene at 773 75.0 1311 448
70°C 90.0 1311 316
Value for solution (0.025-0.1 M) in toluene 1467 1000 1311 213
with 5% (v/v) water 750 13.11 (with water) 132

2 Calculated from diffusion coefficient for the fastest peak in the decay

- . time distribution.
3.4. Dynamic light scattering measurements

assuming a spherical structure by using the Stokes—Einstein
Further indications of differences in aggregation in the yg|ationship[58]
presence and absence of water came from dynamic light scat-
tering (DLS). DLS measurements were made on solutions of g, — kT
PbG in toluene at various concentrations and temperatures. 67n Do

Decay time distributions for various concentrations at@5  wherey is the solvent viscosity, taken as 0.354 cP for toluene
are shown irFig. 3a. The presence of peaks at long relax- at 75°C [63]. Results are presented Table 4 and from
ation times clearly shows that the samples are polydisperse extrapolation to zero concentration, a limiting effective hy-
However, the most intense peak has the shortest relaxationdrodynamic radius of 184 nm was calculated for these aggre-
time (I'fasy), and is sharp and fairly well defined. Although  gates. This can be compared with results on cobalt hydroxy
the difficulties of separating effects of aggregate growth from monooleate in heptane solutions, whereaveraged radius
inter-aggregate interactions in light scattering data from such of gyration of 320 nm was determined for dilute solutions
systems have been highlightfg?], qualitative information [32].
on aggregate size was obtained for this peak. If we assume Using the same relationships, apparent hydrodynamic
that the relaxation time corresponds to a diffusion process, radii were calculated for the fast component at various tem-
diffusion coefficients can be calculated from the relationship peraturesTable 4. Although the polydispersity and asym-
metry of these aggregates means the values only have quali-
Tast tative significance, the results clearly suggest that aggregates
Drast= ? grow with concentration, in agreement with results of ebul-
lioscopic measuremenf$6—19]and theoretical predictions
[50], and that they get smaller on increasing temperature.
q = 4o Sin@/2)/ o The effect of adding water on the scattering was observed
at 75°C (Fig. 3b). Although detailed analysis of the com-
wheren, is the solvent refractive inde# js the scattering an- plex behaviour observed is beyond the scope of this work,
gle (90") and, is the laser wavelength. Diffusion coefficients  in agreement with the vapour pressure osmometry results it
were calculated, and from these indications of aggregate sizes clear that quite dramatic differences are seen between the

obtained. Although the aggregates are unlikely to be spher-system in the absence and presence of water.
ical, we can estimate a limiting hydrodynamic radi)(

The scattering vectog, is given by

3.5. Multinuclear NMR spectral studies
1.5 2.0 ; ;

ThelH NMR spectrum was run of a solution of Pn
toluene (&) at 80, 90 and 100C (Table 5. Peaks were ob-
served in the same region as those observed in molten lead(ll)
decanoate at 11 [64], and very small changes in chemical

1.5

1.0
Table 5
05 1H NMR spectral data for lead(ll) decanoate as neat compound and 20%
solution in perdeuterotoluene
0.0 Assignment Chemical shift (ppm relative to TMS)
0 2 4 80°C  90°C  100°C  80°C with DO
logt (us) log 7 (us) CHs 0950 0928  0.898 0.929
_ o _ _ CHa(n) 1.372 1.443 1.507 1.339
Fig. 3. Decay time distributions for solutions of lead(ll) decanoate in toluene CHx(3) 1.840 1.842 1.882 1.740
at 75°C: (a) as a function of solute concentration: bottom to top: 5, 10 and CHa(2) 2473 2.498 2515 2158

15 wt.% solutions; (b) 15 wt.% solution in the presence of water 4C75
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temperature dependent. In addition, with toluene solutions
there may be a contribution from the “ring current” of the
solvent. However, this is unlikely to affect the relative chem-
ical shift changes, and the results are consistent with aggre-
gates being formed, with conformationally disordered chains,
and with local structures similar to those in the lamellar
mesophase.
Spectrawere also run on solutions inthe presence of water,
and data is included ifiable 6 The positions of the major-
- T T T T T ity of pggks were unchanged. Howeyer, a shift was seen in
the position of the Ch(2) band. As with the other peaks,
ppm this signal is dependent on conformation, and in the solid
Fig. 4. 'H NMR spectrum of lead(ll) decanoate in perdeuterotoluene at ;tate is split into tWC{GOl, with one compopent_ at higher
80°C in the presence of £ID. field and one at lower field than the solution in the pres-
ence of water. The solution results suggest changes in the
shift were observed on increasing temperature. On additionstructure due to head group hydration on incorporation of
of a small quantity of RO, only minor changes were ob- water.
served in the positions of these peaks, although these were
most marked for Ck(2) and CH(3) groups, and in addition,
an additional broad peak, due to trace water and HOD, was4. Discussion

observed around 4.3 pprri@. 4, Table 5.

Although a number of experimental studies have con-
(CHCH(9)CHx(8)CHy(4 — 7)CH(3)CH(2)CO,) P firmed the existence of aggregates when amphiphiles are
Further information on the carboxylate structure in solution dissolved in water-free organic solverji—48] Rucken-
came from*3C NMR spectra. Spectral data measured for stein and Nagarajan have suggested from detailed thermody-
PbGy in toluene at 80C are presented ifiable 6 together namic consideration®0] that these are likely to be mainly
with assignment of the peaks, afeC spectra previously ~ dimers and trimers, with a small fraction of larger aggre-
reported for this compound in the solid, lamellag Bnd gates. The present results confirm the presence of polydis-
molten liquid phase$60]. The chemical shifts of all the  perse, ill-defined aggregates. Molecular weight averages for
peaks, except the carboxylate and adjacent methylene grouppolydisperse systems depend upon the technique used, with
are shifted relative to those of the solid soap. Such changescolligative properties, such as vapour pressure osmometry,
are usually attributed to the introduction of conformational 9iving number average values, and scattering methods giving
disordering in the alkyl chaif65]. The chemical shifts in ~ weightaverage valugé6]. Although, as discussed 8ection
solutions are intermediate between those in the solid and lig-3, caution needs to be exercised in analysis of vapour pres-
uid phase, and are closest to those for the mesophase. Directure osmometry data when aggregate size is concentration
comparison is difficult, because the spectra were recordeddependent, and the actual values determined in the present

at different temperatures and conformational disordering is study on lead(ll) carboxylates in toluene solution probably
underestimate aggregate size, they are consistent with there

Table 6 being mainly small, and rather ill-defined aggregates present.
13C NMR spectral data for lead(ll) decanoate as neat compound and 20%In contrast, light scattering results predominantly from the
solution in perdeuterotoluene largest species present in solutié®], and although the ab-
Assignment  Chemical shift (ppm relative to TMS) solute values of aggregate sizes determined in the present
Solid L, Liquid  Solution (20% in GDg) study must be treated with caution due to the difficulties of

(60°C)? phasé treating polydisperse systems, the dynamic light scattering

(125°CF Anhydrous  With HO _ !
data do confirm the existence of some percentage of larger

O 183 1827 1835 1844 844 aggregatesinthese systems. Further, these grow onincreasing
CHy(2) 408 405 401 404 395 concentration. Although from the present data it is difficult to
389 estimate the percentage of the larger aggregates, the results
CHy(3) 277 257 253 262 262 are consistent with the majority of surfactant molecules being
211 present as small aggregates.
CH,(4-7) 327 302 294 305 301 From consideration of results on the phase behaviour of
313 lead(ll) carboxylate/alkane systerf&7], together with the
CH,(8) 342 319 315 325 325 present NMR data, it is possible to propose a model for dis-
CHy(9) 249 220 220 231 231 solution of the amphiphile in water-free organic solvents. Al-
CH3 14.8 140 132 143 143

though differences are observed in structural assignments, all
& From[54]. reports show that upon heating pure long chain lead(ll) car-




464 H.D. Burrows et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 250 (2004) 459-465

boxylates, one or more lamellar mesophases are observedReferences

between the solid and isotropic liqu[81-56] Transition - ) )

temperatures for these are givenTumbIe 20n adding un- [1] J.N. Israelachvili, D.J. Mitchell, B.W. Ninham, J. Chem. Soc. Fara-
day Trans. 2 72 (1976) 1525.

decane'(hendecane) '[9 Iead(”) dOdecan_Oatev the lam_@”ar L [2] J.N. lIsraelachvili, Intermolecular and Surface Forces, Academic

phase (incorrectly assigned to a Whase in51,53-55] is Press, London, 1985.

suppresse67], and a decrease is observed in the temper- [3] K. Holmberg, B. #nsson, H. Kronberg, B. Lindman, Surfactants and

ature of the mesophase-to-liquid transition. The results are __ Polymers in Aqueous Solution, second ed., Wiley, Chichester, 2003.

consistent with a swelling of the lattice due to incorporation 4 D:F: Evans, H. Wennersim, The colioidal domain, ‘in: Where

. . . . Physics, Chemistry, Biology and Technology Meet, second ed.,
of alkane in the mesophase, and fusion of this on heating.  \yjiey_vcH, New York, 1999.

This is similar to the model proposed by Lit{l26], and in [5] F.J. Buono, M.L. Feldman, third ed. in: H.F. Mark, D.F. Othmer,
general, similar swelling is likely with all non-coordinating C.G. Overberger, G.T. Seaborg (Eds.), Kirk-Othmer Encyclopedia
solvents, which at high solvent mole fractions will lead to " ;fghgg‘sigzlrtﬁjdg‘ﬁggyrlz‘gﬂ-c 8é;lv(i|1‘egéo'\)le% York, 1979, p. 34.
break-up of the Ia}ttlce and formatlon of a liquid phase. The [7] G.D. Parfitt, J Peacock, in: E. MatijeviEd.), Surface and Colloid
temperature of this transition will depend upon both the de- Science, vol. 10, Plenum, New York, 1978, p. 163.

gree of penetration of the solvent and specific solute—solute [g] M.S. Akanni, E.K. Okoh, H.D. Burrows, H.A. Ellis, Thermochim.
and solvent—solvent interactions. In the liquid phase, repul-  Acta 208 (1992) 1.

sion between the head group and organic solvents dictates[®] H- Yamada, M. Tanaka, Adv. Inorg. Chem. Radiochem. 29 (1985)
that the carbogylates will normally be pre;er_n gs aggl’(agateSIlo] K. Binnemans, C. Grller-Walrand, Chem. Rev. 102 (2002) 2303.
However, as discussed elsewh{¥,18,19] it is likely that [11] B. Donnio, Curr. Opin. Colloid Interface Sci. 7 (2002) 371.
these aggregates will have structures related to those of thg12] A.G. Koenig, J. Am. Chem. Soc. 36 (1914) 951.
mesophases present in the pure compound, i.e. they will havd13] A.S.C. Lawrence, Trans. Faraday Soc. 34 (1938) 660.
alamellar structure. The preséA€ NMR results are consis-  [14] ;-1'3-1';‘23)“ 3{*6;3- Fleiger, C.C. Smith, N.A. Kerstein, Ind. Eng. Chem.
tent with this, and small anglfa neutron scattering expenments[ls] R.D(. Vold, M.J. Vold, J. Phys. Colloid Chem. 52 (1948) 1424.
are planned to obtain more information on these aggregatesy;g) g p, Martin, R.C. Pink, J. Chem. Soc. (1948) 1750.

Within this model, the dramatic increase in solubility at [17] S.M. Nelson, R.C. Pink, Nature 169 (1952) 620.
a certain temperature may be most easily understood as thél8] S.M. Nelson, R.C. Pink, J. Chem. Soc. (1952) 1744.
transition from the two phase to one phase region in the binary{;g g'\é' g‘ii'sl‘:t‘éf-cj Tr é-”(gfe”r‘ﬁ SSOOCC- (55(‘1)9;“5‘)1346
phase diagram Iea_d(ll) carboxylate/organic solvent_, rather[21 16. Hon?g’ c.é'. Singleterry, J. Phys. Chem. 60 (1956) 1108,
than as a cooperative phenomenon, as observed with aquep) N. pilpel, Trans. Faraday Soc. 56 (1960) 893.
ous surfactant solutions. Increasing concentration of the car-[23] N. Pilpel, Trans. Faraday Soc. 57 (1961) 1426.
boxylate (decreasing mole fraction of solvent) will increase [24] I. Satake, R. Matuura, Kol. Z. 176 (1961) 31.

the solubility temperature and aggregate size, as 0bserved§5 :~ KaL”_‘?e’ Bull. ﬁh_znl‘- S(;C- Jpn._321(1£1962) 225-
experimentally. [26] R.C. Little, J. Colloid Interface Sci. (1966) 266.

o ._[27] W.U. Malik, A.K. Jain, O.P. Jhamb, J. Chem. Soc. (A) (1971) 1514.
In contrast to the behaviour in solvents such as toluene, inpg) 3 o wood, C.P. Rycroft, Colloid Polym. Sci. 253 (1975) 311.

solvents such as alcohols, solvent coordination to the metalj29] J.A. wood, A.B. Seddon, Colloid Polym. Sci. 263 (1985) 600.

ion and interaction with the carboxylate group are also pos- [30] H.D. Burrows, H.A. Ellis, Thermochim. Acta 52 (1982) 121.

sible and may affect the solubility behaviour, as can be seel31l '[\)/'Isl Akpagnib H-Dj B(l:JLFOWS’T H-ﬁ- E”itsv Er){N'l A;;:%Y:SA)Hi; Ba-
. . . . alola, P.O. o, J. em. lech. blotechnol. .

from the differences in behaviour in pentgnol, octanol and [32] Z. Zhou, V. Gjeorga”s, W. Liang, J. Li, R. Xu, B. Chu, J. Colloid

glycerol. Support for this comes from studies on the system Interface Sci. 116 (1987) 473.

lead(ll) tetradecanoate/octadecanol over the complete com4{33] v. Fujii, N. Nakasuka, M. Tanaka, H. Yamada, M. Mizuta, Inorg.

position rangg34], where solubility temperatures are higher Chem. 28 (1989) 3600.

than those predicted from the ideal freezing equation. [34] M.S. Akanni, N.A. Abass, Lig. Cryst. 6 (1989) 597.

Addition of water to solutions of the lead(ll) soaps in or- [35] P. Terech, V. Schaffhauser, P. Maldivi, J.M. Guenet, Langmuir 8
(1992) 2104.

ganic solvents appears to prOduce a different structure, pOS-[36] C. Dammer, P. Maldivi, P. Terech, J.-M. Guenet, Langmuir 11 (1995)

sibly due in part to hydration of the lead(ll) cation. How- 1500.
ever, as with incorporation of water into magnesium(ll) and [37] K. Binnemans, P. Martello, I. Couwenberg, H. DelLeebeeck, C.
calcium(ll) surfactant systems in organic solvef@8], it is Gorller-Walrand, J. Alloys Compd. 303-304 (2000) 387.

probable that the number of water molecules which can be in-[8! Zéﬁl Mehrotra, S.K. Upadhyaya, J. Am. Oil Chem. Soc. 67 (1990)

corporated is limited just to the head group region, and thatno[39] K.N. Mehrotra, M. Chauhan, R.K. Shukla, J. Am. Oil Chem. Soc.

true, extensive water-in-oil microemulsion phase is formed. 67 (1990) 446.

[40] K.N. Mehrotra, M.K. Rawat, Bull. Chem. Soc. Jpn. 63 (1990) 3635.

[41] K.N. Mehrotra, M. Chauhan, R.K. Shukla, J. Appl. Polym. Sci. 55
(1995) 431.

[42] K.N. Mehrotra, R.K. Shukla, M. Chauhan, Bull. Chem. Soc. Jpn. 68
(1995) 1825.

) . [43] K.N. Mehrotra, N. Sharma, Monatsh. Chem. 127 (1996) 257.
We thank, POCTI, FCT and FEDER for financial support. [44] N. Pilpel, Chem. Rev. 63 (1963) 221.

Acknowledgments



H.D. Burrows et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 250 (2004) 459-465

[45] J. Lyklema, Adv. Colloid Interface Sci. 2 (1968) 65.

[46] P.A. Winsor, Chem. Rev. 68 (1968) 1.

[47] A.S. Kertes, H. Gutman, in: E. Matijevi(Ed.), Surface and Colloid
Science, vol. 8, Plenum, New York, 1975, p. 193.

[48] H.D. Burrows, in: D.M. Bloor, E. Wyn-Jones (Eds.), The Structure,
Dynamics and Equilibrium Properties of Colloidal Systems, Kluwer,
Dordrecht, 1990, p. 415.

[49] B. Smit, P.A.J. Hilbers, K. Esselink, L.A.M. Rupert, N.M. van Os,
A.G. Schlijper, Nature 348 (1990) 624.

[50] E. Ruckenstein, R. Nagarajan, J. Phys. Chem. 84 (1980) 1349.

[51] S.O. Adeosun, S.J. Sime, Thermochim. Acta 17 (1976) 351.

[52] S.O. Adeosun, S.J. Sime, Thermochim. Acta 27 (1978) 319.

[53] H.A. Ellis, Mol. Cryst. Lig. Cryst. 139 (1986) 281.

[54] AM. Amorim da Costa, H.D. Burrows, C.F.G.C. Geraldes,
J.J.C. Teixeira Dias, C.G. Bazuin, D. Guillon, A. Skoulios, E.
Blackmore, G.J.T. Tiddy, D.L. Turner, Lig. Cryst. 1 (1986)
215.

[55] C.G. Bazuin, D. Guillon, A. Skoulios, A.M. Amorim da Costa,
H.D. Burrows, C.F.G.C. Geraldes, J.J.C. Teixeira Dias, E. Black-
more, G.J.T. Tiddy, Lig. Cryst. 3 (1988) 1655.

[56] A. Sanchez Arenas, M.V. Garcia, M.l. Redondo, J.A.R. Cheda, M.V.
Roux, C. Turrion, Lig. Cryst. 18 (1995) 431.

465

[57] E. Alami, M. Almgren, W. Brown, J. Framis, Macromolecules 29
(1996) 2229.

[58] W. Brown, K. Schillen, M. Almgren, S. Hvidt, P. Bahadur, J. Phys.
Chem. 95 (1991) 1850.

[59] J. Jakes, Czech. J. Phys. B38 (1988) 1305.

[60] G. Feio, H.D. Burrows, C.F.G.C. Geraldes, T.J.T. Pinheiro, Lig.
Cryst. 9 (1991) 417.

[61] A. Seidel, Solubility of Organic Compounds, third ed., van Nostrand,
New York, 1941.

[62] L. Magid, in: W. Brown (Ed.), Dynamic Light Scattering, Clarendon,
Oxford, 1993 (Chapter 13).

[63] R.C. Weast (Ed.), CRC Handbook of Chemistry and Physics, 59th
ed., CRC Press, West Palm Beach, 1979, p. F57.

[64] G. Feio, H.D. Burrows, C.F.G.C. Geraldes, T.J.T. Pinheiro, J. Chem.
Soc. Faraday Trans. 89 (1993) 3117.

[65] H. Saib, Magn. Reson. Chem. 24 (1986) 835.

[66] M.P. Stevens, Polymer Chemistry, Oxford University Press, New
York, 1990 (Chapter 2).

[67] S.O. Adeosun, W.J. Sime, S.J. Sime, Thermochim. Acta 19 (1977)
275.

[68] A. Khan, K. Fontell, B. Lindman, J. Colloid Interface Sci. 101 (1984)
193.



	Solution behaviour of lead(II) carboxylates in organic solvents
	Introduction
	Experimental
	Results
	Solubility temperature measurements
	Effect of added water
	Vapour pressure osmometry
	Dynamic light scattering measurements
	Multinuclear NMR spectral studies

	Discussion
	Acknowledgments
	References


