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Synthesis and Evaluation of Anionic Copolymeric
Surfactant as Dispersing Agent for Some
Heterocyclic Azo-Dyes

W. I. A. El-Dougdoug
Chemistry Department, Faculty of Science, Benha University, Benha, Egypt

Series of polymeric surfactants based on decylacrylate (M1) as hydrophobe and oxypropylated
maleate (Mm2,4,6 and 8 with different molar ratios of propylene oxide) as hydrophiles were
prepared by copolymerization in presence of 1mole% azobiisobutyronitrile (AIBN) as free radical
initiator to afford [PMm2, PMm4, PMm6, and PMm8]a–i. The reaction mixtures were followed
by sulfation and neutralization to attain [PMmS2, PMmS4 PMmS6, and PMmS8]a–i as anionic
copolymeric surfactants, in good yield. These derivatives were purified and characterized by
microanalysis, infrared, and 1H-NMR spectra studies. Also, surface activity, dispersing proper-
ties, and biodegradability were evaluated. The prepared anionic copolymeric surface active agents
revealed good surface activities and high dispersing properties above 70% special for PMms8d
with 8mole propylene oxide and equal molar ratio from hydrophilic and hydrophobic monomers.
Also, they are more biodegradable than traditional surfactants.

Keywords Copolymerization, decylacrylate ester, dispersing properties, oxypropylation,
surface activity

INTRODUCTION

Surface active polymers, or polymeric surfactants, have
gained great extent during the last two decades. These
surfactants are now used commercially in many different
applications, for example, stabilization of dispersion is
probably the most widespread. Many water-soluble poly-
mers, because of their amphipathic structure and surface
activity similar to the traditional surfactants, are used as
surfactants for example, the lignosulfonates exhibit excel-
lent dispersant properties in disperse or vat dye systems.[1–3]

The polysorbates exhibit excellent emulsifying properties
for oil-in-water systems.[4,5] On the other hand, propylene
oxide-ethylene oxides block copolymers used as demulsifiers
for water- oil emulsions.[6] Also, other types exhibit good
dispersing and emulsions stabilization.[7] However, limited
information’s are available regarding water-soluble polye-
sters as surfactants in polymers that have an amphipathic
molecular structures similar to traditional surfactants.[8,9]

Various types of surface active agents will perform the

dispersing present in commercial disperse dye powders
may be regarded as the vehicle dye proper travels from
the dispersing plant of the dye factory to the textile fiber
being dyed.[10] More widely used today are the condensation
products of naphthalene sulfonic acid and formaldehyde,
which are powerful dispersing agents.[11]

Author aims to prepare a series of copolymeric surfac-
tants as primary step for the utilization of long chain fatty
alcohols obtained from vegetable seeds waste to synthe-
sized such useful compounds in this field as the previous
works[12–14] (Scheme 1). Also, studies the surface active
properties, biodegradability, and dispersion properties for
commercial dispersed dye (Rhodanine azo-dye (A1–3) and
Antipyrine azo-dye (B1–4)) were investigated.

2. MATERIALS AND METHODS

2.1. Materials

Acrylic acid, propylene oxide, maleic acid, n-decyl
alcohol, p-toluene sulfonic acid, chlorosulfonic acid,
sodium hydroxide, and potassium hydroxide were pur-
chased from Merck (USA). Azobiisobutyronitrile (AIBN)
was obtained from Aldrich (USA).

2.2. Methods

The infrared absorption spectra were determined with a
‘‘PYE UNICAM LTD’’ spectrophotometer using KBr
pellet wafer technique. H-NMR data were recorded on a
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Varian instrument division EM-(360=390) PMR spec-
trometer, (CDCl3-DMSO-d6) and=or chemical shifts are
reported in ppm (d) relative to internal TMS. Microanalyti-
cal data were performed at MicroAnalytical Center at Cairo
University, Egypt.

Decylacrylate Ester (M1): Acrylic acid was esterified
with n-decyl alcohol using Dean and Stark adapter in dry
benzene as solvent and p-toluene sulfonic acid as catalyst
to afford n-decylacrylate as hydrophobic monomer (M1)
in good yield.[14,15]

Oxypropenoxylation of Maleic Acid: Interaction of
maleic acid, propylene oxide and triethylamine as catalyst
was conducted at 60�C for about 8 hours as described by
El-Sawy.[16]

Copolymerization Reactions: Binary copolymers from
M1 with Mm2, Mm4, Mm6, and=or Mm8 were obtained
by solution polymerization in DMF (1.5mol=l) at 65�C,
in the presence of 1mol% AIBN based on total monomer,
according to the method previously described[17,18]. The
predetermined amounts of the monomers (M1 and Mm2,
Mm4, Mm6, and=or Mm8) were placed in polymerization
tubes and diluted with dimethylformamide (DMF). Total
monomers concentration was 2mol=l. Polymerization was
initiated by adding 1 mole% azobiisobutyro-nitrile (AIBN)
as a free radical initiator. Tubes were flushed with nitrogen

gas for about 20 minutes then sealed and kept at 65�C for
15–30 hours, depending on the monomer pairs and compo-
sition. Copolymers were obtained by reprecipitation from
petroleum ether (40–60�C) and finally dried under vacuum
at 60�C to give [PMm2, PMm4, PMm6, and PMm8)]a–i.

Sulfation of Copolymeric Derivatives: The procedure
illustrated by El-Sawy,[13] was followed to afforded
[PMmS2, PMmS4 PMmS6, and= or PMmS8]a–i with n¼ 2,
4, 6, and 8 of propylene oxide, respectively.

Surface Properties

Surface and interfacial tensions were measured using a
Du-Nouy tensiometer[19] (Kruss, Type 8451), with 0.1%
aqueous solution at room temperature (25�C).

Kraft point was measured as the temperature at which
1% dispersion solution becomes clear on gradual heating.[20]

Wetting time was determined by immersing a sample of
cotton fabric in 0.1% aqueous solution of the surfactants.[21]

Foaming properties were measured according to
Ross and Miles method.[22] The foam production for
0.1% solution was measured by the foam height initially
produced.

For the emulsion stability, the emulsion was prepared
from 10ml of 20mmol aqueous solution of surfactant
and 5ml of toluene at 40�C. The emulsifying property
was determined by the time it took for an aqueous volume
separating from the emulsion layer to reach 9ml counting
from the moment of the cession shaking.[23]

To determine the stability to hydrolysis, a mixture of
10m mol polymeric surfactant and 10ml 0.05N NaOH
were placed in a thermostat at 40�C. The time required
for a sample solution to be clouded as a result of hydrolysis
shows the stability of surfactant to hydrolysis.[24]

Ca2þ stability was determined by a modified Hart
method where, the surfactant (10m mol) solution was
titrated against CaCl2 solution (0.1N). The end point
was determined by visual observed of cloudiness the surfac-
tant solution.[25]

Dispersing properties were determined by the following
method: 100ml solution of 0.1 gm of commercial dispersed
dye (Rhodanine azo-dye (A1–3) or antipyrine azo-dye (B1–4)
(Scheme 2) and 0.1 gm of the dispersing agent was adjusted
at pH¼ 7.5 using acetic acid.[26,27] Then, the solution was
heated to 130�C by a computer-controlled dyeing system
under pressure for 1 hour then cooled to 90–95�C and
vacuum-filtered immediately with a bunchner funnel. The
filtrate was determined spectrophotometrically and the
dispersability was calculated as follows:

Dispersability %

¼ Dye concentration of filtrate

Dye concentration of the original soln:
� 100

SCH. 1.
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Biodegradability Percentage

Biodegradation is carried out by bacteria in nature. By
enzymatic reactions, a surfactant molecule is ultimately
converted into carbon dioxide, water and oxides of the
other elements. If the surfactant does not undergo natural
biodegradation then it is stable and persists in the environ-
ment. For surfactants the rate of biodegradation varies
from 1–2 hours for fatty acids, 1–2 days for linear alkyl
benzene sulfonates and several months for branched alkyl
benzene sulfonates. The rate of biodegradation depends
on the surfactant concentration, pH, and temperature.
The temperature effect is particularly important, since the
rate can vary by as much a factor of five between summer
and winter in Northern Europe. Two criteria are important
when testing for biodegradation: (1) primary degradation
that results in loss of surface activity and (2) ultimate
biodegradation, i.e., conversion into carbon dioxide, which

can be measured using closed bottle tests. The rate of
biodegradation also depends on the surfactant structure.
For example, the surfactant must be water soluble. Bio-
degradability percentage was determined following the
method of Eter,[28] according to the following equation:

D% ¼ ct� c0
cbt� c0

� �
� 100

where: ct¼ surface tension at time t, c0¼ surface tension at
time zero; cbt¼ surface tension of blank at time t, without
sample.

3. RESULTS AND DISCUSSION

The preparation of anionic copolymeric surfactants
[PMmS2, PMmS4 PMmS6, and=or PMmS8]a–i was performed
giving suitable yields. Microanalysis of monomers; infrared
(IR), and proton nuclear magnetic resonance (1H-NMR)
spectra; were carried out to confirm the structure of some
examples of the prepared compounds (Tables 1 and 2).

Copolymerization

In the present investigation, the copolymerization reac-
tions and feed composition for M1 with Mm2, Mm4,
Mm6, and=or Mm8, are represented in Scheme 1 and
Table 3. The prepared copolymers are soluble in most
organic solvents, pale yellow viscous liquid and converted
to pale yellow solid after sulfation and neutralization with
sodium hydroxide.

Surface Properties

Surface and Interfacial Tensions

The measured values of surface and interfacial tensions
of the prepared copolymeric surfactants are given in
Table 4. The surface and interfacial tensions increased with
increasing the hydrophobicity in copolymeric products. In
the same time, increasing the percentage of oxypropenoxy
sulfate moiety in the prepared copolymeric surfactants

TABLE 1
Microanalytical data of the prepared decylacrylate (M1) and oxypropylated maleate ester, Mm2, Mm4, M6, and Mm8

Microanalysis

Color
C% H%

Compound number Mol. Form. Mol. wt. Yield% State Calc. Fd. Calc. Fd.

M1 C13H24O2 212.29 97 Colorless liquid 73.54 73.41 11.38 11.24
Mm2 C10H16O6 232.22 86 Pale yellow liquid 51.72 51.52 06.94 06.73
Mm4 C16H28O8 348.37 89 Pale yellow liquid 55.16 55.00 08.10 08.09
Mm6 C22H40O10 464.55 85 Pale yellow liquid 56.86 56.60 08.68 08.43
Mm8 C28H52O12 580.71 88 Pale yellow liquid 57.91 57.80 09.03 09.00

SCH. 2.
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through each series leads to a decrease in the values of
surface and interfacial tensions. This phenomenon is due
to the increasing in hydrophilicity of the surfactant mole-
cules that causes a decrease in the concentration of the
surfactants at the surface.[29,30]

Kraft Point

The recorded data in Table 4, showed that the copoly-
meric surfactants with higher percentage of hydrophilic
monomers satisfy lower values of Kraft point (TKp). This,
might lead to a wide uses in industrial applications.[30]

Wetting Time

The wetting properties of a surfactant is one of its most
important surface properties. For example, in laundry
cleaning or textile processing, the wetting of surfactants
may accelerate the diffusion or penetration of alkali chemi-
cals and dyes into fibers and improve the detergency or
dyeing effects. From the measured data of the wetting time
for the prepared copolymeric surfactants are illustrated in
Table 4. Wetting time decreased with the decrease of
hydrophilic unit in the copolymeric chain, while the effect
of the hydrophobic moiety is negligible.[30] In general, poor
wetting times of copolymeric surfactants are recorded for
PMmS2 with lower propylene oxide ratios (2mole).

Foaming Height

Low-foaming tendency of surfactants is recently
considered as an important property in some applications
such as dyeing auxiliaries in modern textile dyeing
industry. From the data recorded, copolymeric surfactants
(PMmS8)a–i reveal higher foam than (PMmS6, PMmS4 and=
or PMmS2)a–i (Table 4), respectively. The relative low-
foaming properties of the copolymeric surfactants contain-
ing oxypropenoxy sulfate groups are probably due to the
presence of multi-hydrophilic groups causing a considerable
increase in the area per molecule and producing less

cohesive forces at the surface. Moreover, the repeating

�SO�
3 Naþ of oxypropylated groups, are believed to coil

shape in the aqueous phase and decreasing the cohesive
force due to intra–intermolecular hydrogen bond.[30]

Stability to Hydrolysis

Copolymeric surfactants [PMmS2, PMmS4 PMmS6 and
PMmS8]a–i exhibited excellent stability in acidic medium
more than basic media. This might be due to the easily
hydrolysis of the ester groups cooperated with the prope-
noxy groups.[30]

�½CH2 � CHðCH3ÞO�n � SO�
3 Naþ:

Emulsification Stability

It was reported that, better emulsifying properties were
obtained with derivatives containing propylene oxide
incorporated with �SO�

3 Naþ: into their structure.[30] From
the data given in Table 4, the prepared compounds exhibit
an excellent degree to form emulsions either O=W or W=O
for those with high percent of hydrophobicity.

Caþ2 Stability

Copolymeric surfactants with high percentage of propy-
lene oxide (PMmS8)a–i revealed more tolerance towards
very hard water (Table 4).

Dispersible Properties

The influence of the carrier (PMmS2e, PMmS4e,
PMmS6e, and=or PMmS8e) on the diffusion rate of the
dye decreases with increasing the molecular weight of the
dye. Values of the absorption bands of the surfactants
molecules increase with increasing the electron-donating
groups in dye and the number of propylene oxide units
for the tested copolymeric surfactants (Table 5). Purified
dispersed dyes are hydrophobic and almost insoluble in

TABLE 3
Feed composition of anionic copolymeric surfactants PMm2a–i

Compound
number MS1 : M1

Weight (gm) Mole
Solvent

ml
Yield
%

Average Mol.
wt. of polymerInitiator a WMm2 WM1 MMm2 MM1

PMm2a 0.1 : 0.9 0.0605 0.1111 0.6635 5.4589 0.0029 0.0259 5.00 82 37483
PMm2b 0.2 : 0.8 0.0484 0.2500 1.3269 4.8523 0.0057 0.0228 4.00 79 73176
PMm2c 0.3 : 0.7 0.0484 0.4285 1.9905 4.2460 0.0086 0.0200 4.00 85 76554
PMm2d 0.4 : 0.6 0.0436 0.6669 2.6539 3.6394 0.0114 0.0171 3.60 76 33579
PMm2e 0.5 : 0.5 0.0440 1.0100 3.3174 3.0328 0.0143 0.0143 3.62 83 67848
PMm2f 0.6 : 0.4 0.0440 1.5138 3.9809 2.4263 0.0171 0.0114 3.62 76 43588
PMm2g 0.7 : 0.3 0.0439 2.3518 4.6444 1.8197 0.0200 0.0086 3.63 79 39084
PMm2h 0.8 : 0.2 0.0439 4.0277 5.3079 1.2130 0.0228 0.0057 3.62 76 36372
PMm2i 0.9 : 0.1 0.0438 9.0888 5.9714 0.6065 0.0257 0.0028 3.62 74 87794
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water. Surfactant carrier increases the solubility of dyes,
which can be explained as the separation of charge due
to the resonance on the molecules under the influence of
the substituent groups. On the other hand, low aqueous
solubility is attributed to hydrophobic bonding causing
aggregation and precipitation when the concentration
increases more than 1 gm=100ml. The most important con-
siderations for the development of the RPP-Supra process
are the selection of disperse and reactive dyes,[31–33] as well
as the determination of the optimum pH 7.5 to achieve the
maximum yield of the reactive dyes with the decreasing of
temperature.[34–36] The molecular weight of the used
insoluble dyes Rhodanine azo-dyes is higher than that of

Antipyrine azo-dyes. The order of the dispersability
percent of some selected copolymeric surfactants (Table 6,
and Figure 1) is as follows:

PMmS2e < PMmS4e < PMmS6e < PMmS8e

Biodegradability

After use, all surfactants used in laundry detergents,
cleaning agents, and dyeing auxiliaries are passed quantitat-
ively into wastewater. Because of this fact, the constant
input of surfactants into the environment requires a
particular ecological characterization of this class of com-
pounds. An excellent review of surfactant biodegradability

TABLE 5
Characterization spectra of the dispersed dye with the water-soluble anionic co-polymeric surfactants PMmS2d, PMmS4d,

PMmS6d, and PMm8e at 25
�C

Dispersant dye
PMmS2d k

(nm) d�
PMmS4d k

(nm) d�
PMmS6d k

(nm) d�
PMmS8e k

(nm) d�

X

Rhodanine azo-dye �H A1 405 1.10 410 1.14 415 1.18 422 1.20
�CH3 A2 445 1.41 450 1.45 455 1.48 455 1.51
�OCH3 A3 340 1.72 346 1.76 350 1.79 359 1.83

X

�H B1 375 1.20 381 1.23 383 1.25 386 1.29
Antipyrine azo-dye �CH3 B2 360 1.44 365 1.47 370 1.49 370 1.52

�OCH3 B3 395 0.85 415 0.89 425 0.92 430 0.98
�NO2 B4 425 1.80 435 1.84 440 1.89 442 1.94

d�: Optical density.

TABLE 6
Dispersability percentage of water-soluble anionic co-polymeric surfactants PMmS2d, PMmS4d,

PMmS6d, and PMm8e

PMmS2d PMmS4d PMmS6d PMmS8e

Dispersant dye D %

X

�H A1 46.0 50.30 53.60 56.36
Rhodanine azo-dye �CH3 A2 48.10 56.70 59.10 63.60

�OCH3 A3 55.20 60.22 68.82 73.00�

X

�H B1 51.30 53.60 55.70 60.30
Antipyrine azo-dye �CH3 B2 54.60 57.80 61.00 63.00

�OCH3 B3 62.30 69.50 70.00 73.40�

�NO2 B4 48.00 51.80 57.00 59.00
�Highest dispersability %.
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points out that biodegradability increases with increasing
linearity of the hydrophobic group and is reduced, for
isomeric materials, by branching in that group.[37,38] On
other hand, the presence of hydrophilic groups mainly
affects the degradation rate of the surfactants, but not their
ultimate. Biodegradability is deterred and degradation is
slowed as steric hindrance increases.[39,40] The results of
biodegradability of [PMmS2, PMmS4, PMmS6, and=or
PMmS8]a–i (Figure 2), reflect the fact that: it decreases with
increasing the number of repeating units of propenoxy
groups as well as, the repeating alkyl groups in hydrophobic
unit.[30] Moreover, PMmS2a–i recorded higher degree of
degradation than other prepared copolymeric surfactants.

CONCLUSION

These surfactants exhibit good surface activities, includ-
ing surface tension, moderate foaming, and wetting power.
These surfactants have excellent properties, in that they are
much more biodegradable than traditional surfactants. The
excellent dispersability for the used commercial dye, was
recorded with copolymeric surfactants of higher percentage
of propylene oxide with molar ratio 8moles incorporated
with �SO�

3 Naþ: (PMmS8d). Further studies regarding will
be performed for utilization of fatty derivatives of indus-
trial vegetable seeds to preparing of such most important
compounds.
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