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The adsorption and micellization processes of 3-alkyloxy aniline namely
[3-decyloxy aniline (C10M), 3-dodecyloxy aniline (C12M) and 3-cetyloxy aniline
(C16M)] and their polymers [C10P, C12P and C16P] have been investigated using
surface tension () measurements at different temperatures. The synthesized mono-
mers and polymers have been characterized by IR and elemental analysis. The
surface and thermodynamic parameters of these monomeric and polymeric surfac-
tants are investigated. The results show that the critical micelle concentration
(CMC) of the polymeric surfactants is lower than that of monomers. The CMC
values decreases as the hydrophobic chain lengthens for both monomeric and poly-
meric surfactants. The surface parameters show the ability of monomeric and
polymeric surfactants to adsorb at the air/water interface and decrease the surface
tension. The thermodynamic parameters reveal that the micellization process is
spontaneous for all investigated surfactants. The specific conductance measure-
ments show that the specific conductance increases with increasing chain length
of the substituted alkyl groups, the synthesized polymeric surfactants have higher
values of specific conductance than the corresponding monomers and the specific
conductance increases with rising solution temperature.

Keywords: monomeric and polymeric surfactants, critical micelle concentration
(CMC), surface parameters, thermodynamic parameters, specific conductance
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INTRODUCTION

Water-soluble polymers are ordinarily used as surface active agents
due to their amphipatic structure and surface activity [1-3]. They
are used commercially in many different applications, among which
stabilization of dispersions is probably the most widespread [4].
The polymeric surfactants consisting of hydrophilic and hydrophobic
parts have become the subject of many studies on their solutions,
solid state, and surface properties [5-9]. Systematic investigations
employing some ethoxylated alkyl phenol-formaldehyde (APF) poly-
meric surfactants have been carried out. Their surface and inter-
facial tension behavior have been investigated [10-12]. By far, the
most extensively studied polymeric surfactants are the block copoly-
mer polyols. To the best of the authors’ knowledge no one had
investigated, the conducting polymeric surfactants. Surface and thermo-
dynamic parameters of some polymeric surfactants have been determ-
ined in previous investigations [13—-16]. The present work intends to
investigate the surface and thermodynamic parameters of the prepared
monomers and their poly (3-alkyloxy anilines) as conducting poly-
meric surfactants and the effect of the alkyl chain length on these
parameters.

MATERIALS AND SYNTHESIS PROCESS

The chemicals used in the synthetic process were obtained from
Aldrich Chemical Co., England.

Synthesis of Monomeric (3-alkyloxyanilines)

3-decyloxy aniline (C10M), 3-dodecyloxy aniline (C12M), and 3-cetyloxy
aniline (C16M) monomers were prepared by the equimolar reaction
between 3-aminophenol with decyl bromide, dedecyl bromide, and cetyl
bromide, respectively, in the presence of sodium ethoxide as a medium
as mentioned by Azzam et al. [17].

Synthesis of Polymeric (3-alkyloxyanilines)

The polymerization of 3-decyloxy aniline (C10P), 3-dodecyloxy aniline
(C12P), and 3-cetyloxy aniline (C16P) were carried out as reported by
Sayyah et al. [18].
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Experimental Technique

Elemental Analysis and Infrared Spectroscopic Analysis

The elemental analysis of the prepared monomeric and polymeric
surfactants was carried out in the micro analytical laboratory at Cairo
University.

The infrared measurements were carried out using a shimadzu
FTIR-430 Jasco spectrophotometer and KBr disc technique.

Surface Tension Measurement

Surface tension was measured using Du Nouy tensiometer (KRUSS
Type 8451) for the hydrochloride form of synthesized monomeric and
polymeric surfactants using different concentrations at different tem-
peratures (25, 40, and 55°C) as mentioned by Gad et al. [19].

Specific Conductance Measurement

An electrical conductivity meter (Type 522; Crison Instruments
S.A., Barcelona, Spain) was used to measure the specific conductance
of 1% solution of the synthesized monomeric and polymeric.

RESULTS AND DISCUSSION
Structure Determination of the Prepared Surfactants

The elemental analysis of the monomeric and polymeric surfactants
was carried out in the micro analytical laboratory at Cairo University.
The C%, H%, C1%, and N% are found to be in good agreement with the
calculated one for the suggested structure present in Scheme 1. The
elemental analysis data are given in Table 1.

The infrared absorption bands and their assignments of the three
prepared monomers and their polymeric surfactants are summarized
in Table 2. The strong absorption band appearing in the region
500—546 cm ! in case of polymers, which could be attributed to the tor-
sional oscillation of NH; group, disappears in case of monomers. The
medium band appearing in the region 620-883 cm ! in case of mono-
mers appears as a weak or sharp band in case of polymers; it may
be attributed to the CH out of plane deformation for 1,3-disubstituted
benzene ring. The weak bands appearing in the region of 909 to
1003cm ™ in case of polymers could be attributed to the CH out of
plane bending for 1,4-disubstituted benzene ring. The stretching
vibration bands of both C—0O and C—N and the out of plan binding
vibration of CHs group of monomers and polymers appear in the
region between 1041 and 1488 cm . The strong band appearing at
1622cm ™! in case of the polymers could be attributed to C=C in
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R

NH,

A: Structure of monomer

R R R
_ _ H
‘ C

B: Structure of polymer
Where R is equal to decyl (C,H,,), Dodecyl (C,,H,;) and Cety! (C,;Ha,)

SCHEME 1 Structure of monomeric surfactants (A) and polymeric surfac-
tants (B).

benzene ring or C=N in quiniod structure (c.f. Scheme 2A). These
bands appear in case of monomers at 1500, 1601, and 1640cm .
The two weak bands, which appear at 2334 and 2369cm ™ for the
monomers, could be attributed to the hyperconjugation of monomer
unit (B) in Scheme 2 or combination and overtone bands for C—N.
These bands also appear in case of polymers, but with slight shift.
The stretching vibrations of the aliphatic C—H and aromatic C—H

of monomers appear at 2855, 2926, and 3091cm ' respectively.

TABLE 1 Elemental Analysis of the Prepared Monomeric and Polymeric
Surfactants

Elemental analysis

C% H% N% Cl%

Compound Molecular

type formula Cale. Found Calc. Found Calc. Found Calc. Found
C10M C16Ho7NO 77.10 76.50 10.84 10.50 5.62 5.10 — —
C10P CesH10sN4OgCl; 67.90 65.30 9.55 9.20 566 6.00 6.28 6.70
C12M C.sH3:NO 7798 77.60 11.19 10.70 5.05 5.60 — —
C12P C79H194N4O5Cl, 67.561 67.30 998 9.60 5.15 490 571 6.30
Ci6M Cy2H3gNO 79.28 78.70 11.71 1150 4.20 3.90 — —

C16P CssH156N40gCly 71.98 68.90 10.63 10.10 4.36 4.70 4.84 5.20
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For the polymers these bands appear at 2850 and 2929 cm . The
stretching vibration of NHy group for monomers appears at 3237
and 3379cm!. The sharp or broad bands in the region between
3337 and 3414 cm ' are due to the stretching vibration of N—H group
or strongly bonded O—H group.

Critical Micelle Concentration (CMC) and
Surface Parameters

The relationships between the surface tension (y) and —log concen-
tration of the prepared surfactants at different temperatures (25, 40,
and 55°C) are shown in Figures 1-3 (A,B). From the figures it can
be noticed that, with raising the solution temperature (in the range
25-55°C), the surface tension deceases in all cases of the investigated
monomeric and polymeric surfactants solutions. The critical micelle
concentration (CMC) of the prepared monomeric and polymeric surfac-
tants was determined from the abrupt change in the slope of the
corresponding plot of the surface tension (y) versus log concentration.
The isotherms plots for monomeric surfactants (C10M, C12M, and
C16M) are presented in Figures 1-3 A whereas those for polymeric
surfactants (C10P, C12P, and C16P) are presented in Figures 1-3B.
Table 3 shows the CMC values for monomeric and polymeric surfac-
tants. The data from Table 3 reveal that the CMC values of all surfac-
tants decrease with increasing alkyl chain length in both cases
of monomers and polymers. This is due to the decrease in the solubility
of surfactants as the alkyl chain in the hydrophobic part lengthen. It
was found that the CMC values of polymeric surfactants are lower
than those of monomeric surfactants. This may be attributed to
the low solubility of polymeric surfactants, which leads to a continuous
shift of the CMC to the lower values as shown in Table 3. From Table 3
it is also clear that, as the temperature increases the CMC values
increase, which indicates that raising the solution temperature causes
a disruption of the structured water surrounding the hydrophobic
group, which disfavors micellization and increases the CMC value.
The surface parameters, effectiveness, Ilcyc, maximum surface
excess, I'max, and minimum area, A.,, of the surfactants are calcu-
lated according to Rosen and Hua [20] and the data are summarized
in Table 3. The values of IIgyc at 25, 40, and 55°C show that the
most efficient surfactant is C;¢ M and Cy¢ P, which give the greater
lowering in surface tension at critical micelle concentration. The
maximum surface excess (I'max) values for monomeric surfactants
are higher than the corresponding values for the polymeric surfac-
tants (c.f. Table 1). This may be attributed to a higher degree of
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NH,

SCHEME 2

packing for the monomeric molecules than that of the polymeric
one. The minimum area (A,;,) values increase with raising the
surfactant solution temperature, which could be due to the increase
of thermal kinetic motion [21]. Furthermore, minimum are (A.;,)
values of polymeric surfactants are higher than for the corres-
ponding monomers, which can be ascribed to the increase in the
radius of gyration of the molecule as a result of increasing mole-
cular mass.

Thermodynamic Parameters

Some thermodynamic parameters such as the standard free energies
(AG?.), enthalpies (AH®.), and entropies (AS2.) of micellization
and standard free energies (AG,), enthalpies (AH’;) and entropies
(ASYy) of adsorption for the synthesized surfactants are tabulated in
Table 4. These parameters were calculated as mentioned by Rosen
and Hua [20]. The standard free energy of micellization for solutions
of 1072M or less containing a completely dissociated 1:1 ionic surfac-
tant (A"B7) in the absence of any other solutes is calculated using
the following equation [22]: [AGpic = 2RT In CMC]. The data in Table
4 indicate that the micellization process is spontaneous [AGp;. <0]. It
is also noticed that AGY, -values increase as the alkyl chain length
increases, which favors the micellization. Analyzing the AG? . values
in Table 4 reveals that the standard free energy of micellization
increases with increasing temperature from 25-55°C. It is also noticed
that the AG, have greater values in case of polymers than in the cor-
responding monomers in all investigated surfactants, indicating that
the polymeric surfactants favor micellization. The positive values of
AS? .. are due to the increased freedom of the hydrophobic part in
the non-polar interior of the micelles compared to the aqueous bulk
of the solution.
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FIGURE 1 Variation of surface tension vs. —log concentration for (A) C10M
and (B) C10P at 25, 40, and 55°C.
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FIGURE 2 Variation of surface tension vs. —log concentration for (A) C12M
and (B) C12P at 25, 40, and 55°C.

The values of AH,;. in Table 4 are a significant factor in the pro-
cess of micellization. AH,,;. values for the synthesized surfactants
are negative due to exothermic solvation associated with micellization.
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FIGURE 3 Variation of surface tension vs. —log concentration for (A) C16M
and (B) C10P at 25, 40, and 55°C.

The obtained behavior is in good agreement with that found by
Azzam and Gad [17]. The enthalpies of polymeric surfactants are
slightly more negative than those of the monomeric surfactants.
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TABLE 3 Critical Micelle Concentration (CMC), Effectiveness, (ITcmc),
Maximum Surface Excess (I'max) and Minimum Area (Apin) of Both
Monomeric and Polymeric Surfactants (C10, C12, and C16)

T CMC x 104 HCMC FmaxX].On
Surfactant (°C) (mol/1) (dynecm™1) (mol.cm~2) Amin nm?
C10 C10M 25 25.0 28.6 3.54 0.466
C10P 13.0 34.6 2.51 0.657
C10M 40 27.0 26.0 3.48 0.474
C10P 15.0 34.0 2.39 0.690
C10M 55 50.0 23.0 3.26 0.506
C10P 25.0 29.0 2.28 0.724
C12 C12M 25 13.0 30.6 2.51 0.657
C12P 6.30 27.6 1.88 0.877
C12M 40 15.0 28.0 2.39 0.690
C12P 6.50 24.0 1.79 0.922
C12M 55 25.0 25.0 2.28 0.724
C12P 1.30 20.0 1.71 0.965
C16 C16M 25 6.00 32.6 1.88 0.803
C16P 3.10 28.8 1.25 1.320
C16M 40 8.00 29.0 1.79 0.922
C1l6P 3.30 26.0 1.19 1.386
C16M 55 13.0 27.0 1.71 0.965
C16P 6.30 21.0 1.14 1.417

The AGY;-values are negative for all the investigated surfactants but
have more negative values than AG.. , indicating that the adsorp-
tion at air/solution interface is associated with a decrease in the free
energy of the system (c.f. Table 4). The calculated values of entro-
pies show that Asgd values are all positive and greater than the
values of AS. for all surfactants under investigation. This is due
to the greater freedom of motion for the hydrophobic group at the
planar air/solution interface than that in the relatively cramped
interior beneath the convex surface of the micelle. The results in
Table 4 show that AH,; values >AH2d values for C16M and
C10P, and AH,;. values <AH2d values for the other surfactants
C10M, C12M, C12P, and C16P. The AH,,;. values are greater than
the AHgd values, indicating a greater dehydration of the hydrophilic
groups is required for micellization that for adsorption at air/solu-
solution interface. But, the lower values of AH,;. than those for
AHgd indicate a smaller dehydration for the hydrophilic groups in
the molecule, implying that the space available for the hydrophilic
groups at the surface of the micelles is less restricted than at the
planar air/solution interface.
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TABLE 5 Specific Conductance of the Synthesized Monomeric and Polymeric
Surfactants at 25 to 55°C and 1% Concentration

Specific conductance (ms)

Surfactants 25°C 40°C 55°C
C10M 37.8 475 49.9
C10P 121.6 147.6 164.5
C12M 39.6 49.6 52.8
C12P 198 218 230

Cl6M 41.6 51.6 53.6
C16P 211.4 222.6 235.7

Specific Conductance Measurements

The specific conductance of the synthesized monomeric and polymeric
surfactants of 1% concentration was measured at different tempera-
tures (25, 40, and 55°C). The data are summarized in Table 5. From
it, it is clear that on one hand the specific conductance increases with
increasing chain length of the substituted alkyl groups in both cases of
monomeric and polymeric surfactants. This may be due to the injec-
tion of the alkyl group electrons into the aromatic ring, aiding the con-
jugation present in the structure. Also, it is noticed that the specific
conductance has higher values in case of polymeric surfactants, which
could be attributed to the conjugation present in the polymeric struc-
ture and doping of HCI molecules in the polymeric unit (c.f. Scheme 1).
On the other hand, the specific conductance increases with raising the
solution temperature.

CONCLUSIONS

The micellization and adsorption processes are affected by the change
in the alkyl chain length in the hydrophobic part.

On the basis of the calculated surface parameters, it is clear that
the polymeric surfactants possess lower micellization and higher
adsorption affinities than the monomeric surfactants.

The thermodynamic parameters indicate that the affinity of poly-
meric surfactants for micellization and adsorption is more than in
the case of monomeric surfactants.

In all the investigated surfactants, the specific conductance values
increase as the alkyl chain length increases whereas the specific
conductance values are greater for polymeric surfactants that for the
corresponding monomeric ones.
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