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Abstract: Surfactants are compounds that lower the surface tension of a liquid, the interfacial tension, between two
liquids or that between a liquid and a solid. The study of surfactants (zirconyl soaps) in a mixed non-aqueous solvent have
been determined by conductometric measurements and scanning electron microscopic analysis. The results show that
zirconyl soaps behave as moderate electrolyte in non-aqueous solvent. Micelles are formed at definite concentration these
concentration are called critical micellar concentration of micelles. The value of cmc decreases with increasing numbers
of carbon atoms in the soap molecules. The molar conductances at infinite dilute and, degree of ionization have been
evaluated. Scanning electron microscopic results confirm the formation of reversed micelles and the shape and size of
micelles formed in mixed non-aqueous solvent of zirconyl soaps.
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I. INTRODUCTION

Surfactants being surface-active agents have a number of
industrial, emulsifiers and other academic fields. Metal soaps
are termed as, surfactant because they have polar and non
polar moieties in the same molecule, one part is lyophilic and
other one is lyophobic. Which lends them unique
characteristics and makes them useful for many industries.
However applications of metal soaps are based on empirical
knowledge and the selection of a soap for a specific purpose is
mainly governed by economic factors. Kapoor & Mehrotra
prepared tetracarboxylates of zirconium by the reaction of
zirconium chloride with fatty acids in refluxing benzene.
Hirosawa used zirconium soaps (palmitate & stearate) as
waterproofing agents. Krystufek, etal. reported that
hydrophobization agents that contained zirconium oxysoaps
facilitated hydrophobization of textile substrates. The present
work deals with the determination of the cmc, degree of
dissociation and dissociation constant of zirconyl soaps by
conductometric measurement of the solution in xylene and
methanol.

Il. EXPERIMENTAL

Zirconyl soaps were synthesized by metathesis of the
corresponding sodium soaps with the required amount of
aqueous solution of zirconium oxychlorid. Purity of soaps
was checked by M.P, element of analysis and |.R.

The conductance of soap solution in xylene and methanol
was measured with digital conductivity meter (Toshniwal CL
01.10A) and dipping type conductivity cell with platinised
electrodes (cell constant 0.875) at 40+0.05°C in a thermostate
and scanning electron microscopy (Leo430, Leo Electron
Microscopy Ltd. Cambridge England) was performed to
characterize the surface of the formed microspheres.
Microspheres were mounted directly in to sample stub and
coated with gold film (~200nm) under reduced pressure (0.133
Pa).

I1l. RESULTS AND DISCUSSION

The specific conductance, (i) of the solution of zirconyl
soaps in xylene-methanol mixture, increases with increasing
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concentration and decreasing chain length of fatty acids
constituent of soap (Fig -1). The increase in the specific
conductance may be due to the fact zirconyl soaps behave as
simple electrolytes in dilute solutions and are ionized into
simple metal cations Zr**& fatty acid anions, RCOO™ (where
R is CsHj;, CgHig, CisHy; and Cy7Hzs for hexanoate,
decanoate, tetradecanoate & octadecanoate. The decrease in
specific conductance with increasing chain length of the soap
may be due to increasing size & decreasing mobility of anions
in the soap molecule. The plots of specific conductance vs
soap concentration (Fig-1) are characterized by intersection of
two straight lines at a definite soap concentration, which
corresponds to the concentration of zirconyl soap at which
aggregation begins.

It is suggested that the soap is considerably ionized in
dilute solutions and anions begin to aggregate to form ionic
micelles at CMC. The result shows that cmc decrease with
increasing chain length of fatty acid constituent of the soap
molecule.

32.0

28.0

E—

24.0

6

20.0

16.0 -

12.0

Specific conductance, x x10

8.0 -

4.0 -

0.0 T T

Concentration, Cx10° — 5

Figure 1: Specific conductance Vs concentration zirconyl
soaps

The molar conductance () of the solutions of zirconyl
soaps in  Xxylene-methanol decreases with increasing
concentration and chain length of the soap. The decrease may
be attributed to the combined effects of the ionic atmosphere,
solvation of ions, decrease of mobility and formation of
micelles. The plots of molar conductance vs square root at
soap concentration, (C*?) (Fig.-2) are concave upwards,
indicating that the soaps behave as weak electrolytes in dilute
solutions.
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Figure 2: Molar conductance Vs square root of concentration

CONDUCTOMETRIC MEASUREMENTS OF ZIRCONYL SOAP IN XYLENE-MEHANOL (7:3 V/V) 40+0.05°C

Zirconyl Hexanoate Zirconyl decanoate Zirconyl tetradecanoate Zirconyl octadecanoate
T o
(gm kx10° Kkx10° & kx10°
ol (mhos u a (mhos u a u a (mhos u a
bl cm’) cm?) COTTS] cm?)
)
00 | s28 [ 328 [ oses [ 321 [ 32 | % | 200 | 200 [ O3 | 212 | 212 | O
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70 | 261 | a7z | oms | 238 | 340 | O | 220 | 324 | OF | 168 | 240 | OF
65 | 243 | am3 | oate | 224 | 345 | O | 209 | 32 | OF | 160 | 246 | OF
61 | 229 | a7 | oae | 214 | 350 | OF | 208 | sz | OF | 155 | 25 | OF
54 | 26 | 400 | oass | 106 | 362 | %0 | 1m6 | sas | OF ] a4 | 27 | OF
50 | 208 | 416 | o2 | 188 | 376 | %2 | 177 | asa | 00 | 140 | 280 | OF
aa | 100 [ a3 [ oss0 [ 176 [ 400 | %94 [ 162 | mes [ %97 | 130 | 208 | O
a1 | 183 [ ags [ oaes [ 160 [ azz | %56 [ 154 | azs [ O] 126 | o7 | OF
a7 | 1o | aso | oswo | 160 | 432 | %8 | 143 | ass | O | w5 | 310 | OF
a5 | 164 | ass | os20 | 154 | aa0 | %9 | 138 | aes | O | a4 | 325 | OF
33 | 159 | as | oss | 148 | a8 | O20 | 130 | aes [ %% | a0 [ 33 | OF
30 | 148 | ass | osar | 138 | ae0 | O | 125 | a6 [ O | a0n | sar | OF
26 | 136 | 523 | oser | 120 | ags | O | 12 | as0 [ %] o3 [ s | O
24 | 128 | 538 [ ose2 | 120 [ 500 [ O3 [ 106 [ aax | OF 87 g2 | 04
21 | 19 | ses | 020 [ 109 | 510 | OB | o7 | am | O 8.1 ag | 034
18 | 108 | 6oo | oees [ 98 | 54 | % | 90 | 500 [ O 72 a00 | 026
16 98 | 613 | oesr | 90 | se2 [ O | 0 [ s00 | 0 66 arz | 07
Table 1
The limiting molar conductance (u,) of these soap

solutions cannot be obtained by the usual extrapolation
method and the Debye-Huckel-Onsager equation is not
applicable to these soap solutions behave as weak electrolytes
and so an expression for the ionization of zirconyl soaps can
be developed using the Ostwald model. It C, is the
concentration in mol/L and « is the degree of ionization of the
soaps, the equivalent concentratidn of different species can be
represented as -
ZrO(RCOO), Zro**  + 2RCOO"
C(l-a) Ca 2(Co)
Where, R is CsHy;, CoHyg, Ci3Hyy and Cy;Hazs for
hexanoate, decanoate, tetradecanoate and octadecahoate,
respectively. The ionization constant K can be expressed as:

K [zro*][RCOO |

J—
——

[zr0(RCO0),]
_ (Ca)(2Ca)’
K="ti—w
aC%*
K=T0 ®

Since the ionic concentrations are low and the interionic
effects are almost negligible in these solutions by assuming o
is, equal to the conductance ratio (U/l), after rearranging,
equation (1) can be expressed as:

MZCZ — Kug _Kil“lé

4u 4

The values of K and i, have been obtained from the slope
and intercept of the linear plots of u?C? Vs 1/u below the cmc
and are recorded in (Table-2).

zirconyl soaps
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The results show that the values of limiting molar
conductance, [ and ionization constant, K decrease with the
increase in number of carbon atoms in fatty acid moiety of
soap molecules.

Name of Zirconyl Soaps] CMC Mo K
Hexanoate 0.0061 9.00 7.41
Decanoate 0.0054 8.90 6.00

Tetradecanoate 0.0041 8.72 441
Octadecanoate 0.0037 8.60 2.42

Table 2: CMC and values of various constants for zirconyl
soaps at 40+0.05°C

The values of degree of dissociation (o) and dissociation
constant (K) have been calculated at different concentrations
by using the values of Yy and equation (1). The values of
dissociation constant remain almost constant in dilute
solutions but show drift at higher concentration which may be
due to the failure of Debye-Huckel's activity equation at
higher soap concentration.

IV. MICELLES (“AGGREGATION COLLOIDS”)

The micellar behaviour shape and the size of micelles
formed in metal soaps solutions were in mixture of xy'ene and
methanol were determined by scanning electron microscopy.
Micelles are aggregates of surfactants (metal soaps) in a liquid
medium which are formed when the surfactant concentration
exceeds the critical micellar concentration (CMC). In the
normal micelle the surfactant is orientated in such a way that
the hydrophobic hydrocarbon chains are towards the interior
of the micelle, leaving the hydrophilic groups in contact with
the aqueous, medium. If the micelles are formed in non-
aqueous medium. The aggregates are called 'reversed
micelles" as in this case the hydrophilic head groups are now
towards the core of the micelle while leaving the hydrophobic
groups out side of the micelles. The driving force for

formation of reversed micelles is the dipole-diplole
interactions of the surfactant.
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Figure 3: SEM of zirconyl soap

The SEM analysis above CMC indicates that the reversed
micelles formed in non-aqueous solvent are spherical in shape
having 6-8 monomers joined together to form one micelle.
The size of micelles obtained in range of micrometer. The
average diameter of micelles found to be independent of chain
length of metal soap.

v Micelles are formed at the cmc.

v Micelle formation is therefore a spontaneous process.

v' Micelles are dynamic structure and are continually
formed and broken down in solution-they should not be
thought of as solid spheres.

v' There is an equilibrium between micelles and free
surfactant molecules in solution.

v" When the surfactant concentration is increased above the
cme, the number of micelles increases but the free
surfactant concentration stays constant at the cmc value.

V. CONCLUSION

The critical micellar concentration (CMC) of zirconyl
soaps  (hexanoate,  decanoate, tetradecanocate  and
octadecanoate) in xylene and methanol mixture decrease with
increasing chain length of fatty acids constituent of soap
molecules and determine the nature of micelles formed in soap
solutions.
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