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Synthesis of nonionic polymeric surfactants with amide oxime terminal groups
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Abstract

Nonionic polymeric surfactants were prepared by formation of polymer from reaction of allyl alcohol with
acrylonitrile. Then product reacted with different fatty acids (Capric, myrestic and stearic) inorder to obtain half ester
polymer. Then propylene oxide was added directly to polymer (5, 10, 15 and 20 mole), in the presence of KOH as
catalyst, then nitrile group in polymer react with hydroxyl amine in the presence of NaOH to obtain amide oxime
nonionic surfactants. The unique structural features of these compounds were confirmed by IR and 1HNMR spectra.
Molecular weights of polymers were determined and physical properties of polymers were evaluated. The surface
properties of these compounds such as surface tension, interfacial tension, cloud point, wetting power, foam power,
emulsification stability, critical micelle concentration, effectiveness, minimum surface area maximum surface excess and
hydrophile-lipophile balance were evaluated. Stability to hydrolysis in acidic and alkaline medium was determined.
Thermodynaomic parameters were evaluated at different temperature. The biodegradability in aqueous medium was
evaluated.
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1. Introduction.

Surfactants or surface active agents are molecules that
possess at least two parts in their chemical structure, i.e.
hydrophobic and hydrophilic groups, and are sometimes
called amphiphiles [1, 2].

In recent years, polymeric surfactants containing both
hydrophilic segments have attracted considerable interest
because of their amphiphilic molecular structure. They are
very versatile products and have found applications in
emulsion polymerization [3], enhanced oil recovery [4],
lubricating oil additives [5], biomedical materials [6],
Langmuir-Blodgett films, biomimetism [7], etc. Thus,
extensive studies in academic and industrial laboratories
have focused on the development of functional polymeric
surfactants, especially those containing unsaturated bonds.
Such functional surfactants can be used as emulsifiers in
emulsion polymerization and can copolymerize with latex,
thus providing it with excellent stability against high
electrolyte concentrations, freeze-thaw cycling, and high
shear rates.

Environmental considerations are a major driving force
in the development of new surfactants. As a result of
increasing legislative pressure, more environmentally
benign products are continually replacing conventional
surfactants. The most important property of these

surfactants is that they break down rapidly in the
environment, i.e., has a good biodegradability profile [8].

In this study nonionic polymeric surface active agents
containing long chain fatty acids of low coast,
economically and environmentally friendly were prepared.
The surface activity, foaming ability and thermodynamic
properties of the produced surfactants were determined. In
addition, the biodegradability of the synthesized nonionic
surfactants was tested.

2. Experimental

2.1. Materials and medium
Acrylo nitrile and allyl alcohol (Alpha), fatty acids

(Capric, myrestic and stearic acids)[Fluka
Chemika],propylene oxide(Aldrich),p-toluene sulphonic
acid, hydroxylamine hydrochloride and potassium
hydroxide (Winlab,98%), Benzoyl peroxide(BDH Co.)
was used and repreciptating by addition of excess methyl

alcohol, filtered and dried, m.p. 102-105 C.

All solvents (dimethylformamide, methylene chloride,
methanol and xylene) were dried and supplied by (Al-
Gomhuria Co.,Egypt). Paraffin oil (Aldrich,dynamic
viscosity; 110-230 mPa s,density;0.827-0.890 g/ml at
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20ºC). The water used for measuring surface properties
was distilled twice.

Methods
2.2.1 Copolymerization reaction

The copolymers were obtained by the solution
polymerization techniques shown in scheme1. The
monomers were placed in polymerization tubes and
diluted with methylene chloride (acrylo nitrile placed with
allyl alcohol). The polymerization was initiated by adding
1 mol % benzoyl peroxide as a free radical initiator. The
tubes were flushed with nitrogen gas for about 20 min then
sealed and thermostated at 65ºC for about 17-30 hr
depending on monomer pairs and composition.

The copolymers were obtained by reprecipitation from
petroleum ether (40-60) and finally vaccum at 60ºC. Then
the product polymer was cooled and neutralized with
sodium hydroxide solution [9].

2.2.2 Preparation of half ester polymer

Polymer prepared was esterified by different molar
amounts of fatty acid (decanoic,myrectic and stearic acids)
individually and respectively with polymer in a molar ratio
2:1 in a sufficient amount of xylene and 0.1% by weight of
p-toluene sulphonic acid under  condition until the
theoretical amount of water was obtained. The product
was washed with a hot supersaturated sodium chloride
solution. Then, the organic layer which contains the
products was separated and the solvent was distilled off
under vaccum [10].

2.2.3 Oxypropylation of half ester polymer

0.5 wt% KOH solutions containing 0.01 mol of the
prepared half ester polymer was stirred and heated to 70ºC
while passing a slow stream to nitrogen through the
system to flush out oxygen. The nitrogen stream was
stopped and propylene oxide was added drop-wise with
continuous stirring and heating under an efficient reflux
system to retain the propylene oxide. The reaction was
conducted for different intervals of time ranging from 1-
10hr.the apparatus was then filled with nitrogen and
cooled. The reaction vessel was weighed. The amount of
reacted propylene oxide and the average degree of
propoxylation were determined from the increment in the
mass of the reaction mixture [11,12]. The selected average
numbers of moles n, 5, 10, 15 and 20.

2.2.4 Preparation of nonionic oxypropylated amide
oxime surfactants

Hydroxylamine hydrochloride (3.5 g, 51 mmole)  in
methanol (30 ml) was added to sodium hydroxide (2.11 g,
50  mmole) in methanol (30 ml) at  ºC, and insoluble
solids were separated off by filtration. To this filtrate (20
mmole) of polymer containing nitrile in methanol (40 ml)
was dropped and the mixture was stirred at room
temperature for 24 h. (The pH of this mixture was ranged

from 5-7 under these conditions). After filtration and
subsequent evaporation of the filtrate, methylene chloride
(50 ml) was added to the residue. Insoluble solids were
filtered off again, and the crude product was obtained by
the evaporation of filtrate [13].

3. Analysis

IR spectra were obtained with a Shimadzu (Kyoto,
Japan) IR 470, and 'H-NMR spectra were obtained with a
Varian USA EM 390 spectrometer at 90 MHz with
dimethylsulfoxide (DMSO) as a solvent and
tetramethylsilane (TMS) as a zero reference.

4. Measurements
4.1 surface tension and interfacial tension

measurements
Surface tension measurements were obtained using a De-

Noüy Tensiometer (Kruss-K6 type; Germany) with a
platinum ring device. A freshly prepared aqueous solution
of the synthesized surfactants.

In deionized water was prepared with a concentration
range of 0.01-0.00001 M at 30 ºC. The ring was washed
twice after each reading, first by ethanol then by distilled
water. The apparent surface tension was measured 5 times
for each sample within a 2-min interval between each
reading. Interfacial tension was measured between two
layers of surfactant solution and light paraffin oil at 25.0 ±
0.5 ºC .The surfactant solution (15 ml of 0.1% wt) was
added firstly into the Teflon holder and the platinum ring
was adjusted to touch the solution surface. Light paraffin
(15 ml) oil was then added smoothly onto the surface and
the system was left to equilibrate for 2 h. The readings
were recorded at the point which the ring detached itself
from the aqueous to the organic layer (paraffin oil). The
ring was removed and washed with acetone followed by
distilled water and the measurements repeated three times
for each surfactant. The interfacial tension values were
taken as the mean values of three readings [14,15].

4.2 Critical Micelle Concentration (CMC)
Measurements

The critical micelle concentration (CMC) is minimum
concentration at which surfactants molecules begin to
form micelles [16]. CMC values were obtained through a
conventional plot of the surface tension versus the -
logarithm of concentration of surfactant at temperatures
303,313 and 333K. The CMC concentration corresponds
to the point where the surfactant first shows the lowest
surface tension, and after which the surface tension
remains nearly constant.

4.3 Foamability

The foaming property of surfactants was measured using
a Ross-Miles apparatus [17]. In this method, 200 ml of the
surfactant solution (0.1 wt %) was taken in a foam pipet.
The solution in it was allowed to drop from a height of 90
cm on 50 ml of the same solution already present in a
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cylindrical vessel. A constant temperature 303 ± 1 K was
maintained with the help of a water jacket. The foam
height in the receiver is measured immediately after the
last drop of the solution fell from the foam pipet and is
reported as the foamability of the solution.

4.4 Emulsification power

A 20-ml amount of a different surfactant solution (1.0 wt
%) was individually placed in a 100-ml cylinder and then
20 ml of the paraffin oil was added. The cylinder was
shaken vigorously for 10 min and then allowed to settle.
The time required to separate 18 ml of pure surfactant
(aqueous solution) was recorded and the experiment was
repeated three times for each surfactant. The average
separation time of the three experiments was taken as an
indication of the emulsification power of each surfactant
[18].

4.5 Cloud point

The cloud point, measure as inverse solubility
characteristic of nonionic surface actives agents, was
determined by gradual heating 1.0 wt % solution in a
controlled temperature bath and recording the temperature
at which the clear or nearly clear solutions become
definitely turbid. Cooling the solutions until they become
clear again checked the reproducibility of this temperature.
Cloud point was determined visually by nothing the
temperature at which turbidity is observed or disappeared.
The average of the temperature of appearance and
disappearance of turbidity was taken as a cloud point [19].

4.6 Stability to Hydrolysis

A mixture of 10 ml of surfactant and 10 ml of 2 N
sulfuric acid or 0.05 N NaOH were placed in a thermostat
at 40 ºC. The time required for a sample solution to be
clouded as the result of hydrolysis represents the stability
of the surfactant to hydrolysis [20].

4.7 wetting time

Wetting power of the tested surfactants were determined
by immersing a sample of cotton fabric in 1.0 wt%
aqueous solution of the surfactants and measuring the
sinking time in second [21].

4.8 biodegradability

Samples taken daily or more frequently using die-away
test were filter through filter paper before measuring the
surface tension. Surface tension measurements were made
periodically (each day) on each sample during the
degradation test [22].

Biodegradation percent (D) for each sample was
calculated using the following relation.

D= [( t- 0)]/ [( bt- 0)] x 100

Where:

t =Surface tension at time t.

0 = Surface tension at time zero (initial S.T.).

bt = Surface tension of the blank experiment at time t

(without sample).

Results and Discussion

Scheme 1 describes the preparation of nonionic
polymeric surfactant. The analytical data, physical
properties and calculated molecular weight of prepared
surfactants are shown in table (1).

The IR spectra of compounds Ia shows the following
peaks ( ) in cm-1 at 3449, 3255, 2924, 1732, 1650 and
1085 corresponding to NH, OH, CH aliphatic, C=O of
ester, C=N and C-O-C respectively.

The IR spectra of compounds IIb shows the following
peaks ( ) in cm-1 at 3355, 3223, 2978, 1739, 1635 and
1068 corresponding to NH, OH, CH aliphatic, C=O of
ester, C=N and C-O-C respectively.

The IR spectra of compounds IIId shows the following
peaks ( ) in cm-1 at 3455, 3233, 2938, 1735, 1655 and
1088 corresponding to NH, OH, CH aliphatic, C=O of
ester, C=N and C-O-C respectively.

The 'H-NMR spectra of compounds Ia gives the

following  signals ( in ppm) at 0.980 ppm (t,3H of
terminal CH3-), 1.078 (m,14H of CH2), 1.232 (m,1H of
CH2-CH-(CH2-O-C=O), 2.492(t,2H of CH2-O-C=O),
3.518-3.702 (m,6H of repeated oxypropylene oxide units),
4.118-4.548 (singlet,1H of C=N-OH),  and 7.950 (broad
s,1H of OH).

The 'H-NMR spectra of compounds IIb gives the

following  signals ( in ppm) at 0.981 ppm (t,3H of
terminal CH3-), 1.067 (m,22H of CH2), 1.35 (m,1H of
CH2-CH-(CH2-O-C=O), 2.507(t,2H of CH2-O-C=O),
3.363-3.481 (m,6H of repeated oxypropylene oxide units),
4.629(singlet,1H of C=N-OH),  and 7.950 (broad s,1H of
OH).

The 'H-NMR spectra of compounds IIId gives the

following  signals ( in ppm) at 0.988 ppm (t,3H of
terminal CH3-), 1.205 (m,30H of CH2),  2.503(t,2H of
CH2-O-C=O), 3.251-3.525 (m,6H of repeated
oxypropylene oxide units), 4.213 (singlet,1H of C=N-OH),
and 7.950 (broad s,1H of OH).

5.1 Surface tension and interfacial tension

Surfactants are used in large number of applications due
to their ability to alter the energy relationships at interfaces
and to lower surface tension and interfacial tension [23].
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As surfactant molecules dissolve in water, they orientate
themselves in-between the water molecules and weaken
hydrogen bond between them. This in turn decreases the
holding forces and lowers the surface and interfacial
tension.

The extent by which surfactant decreases the surface
tension depend on two competing forces. These are
repulsion forces between water molecule and hydrophobic
part of surfactant; and attraction forces between water
molecules and hydrophilic part of the surfactant
molecules. The values of surface tension and interfacial
tension were listed in Table 3. The surface tension and
interfacial tension of the prepared nonionic surfactant
increases by increasing the number of propylene oxide
units included in the molecule [24].

5.2 Critical micelle concentration (CMC)

The relation between the surface tension and
concentration of the synthesized surfactants at 30ºC is
represented in Fig.1. The concentration ranges were
chosen to cover wide range to describe all the expected
changes in the behaviors of the surface tension of the
surfactant solutions. It is clear that the surface tension –
concentration relations are characterized by
distinguishable two regions, one at lower concentration
range and characterized by a fast decrease in the surface
tension value, the other at higher concentrations at which
the surface tension value remain almost constant. The

concentration at the intercept of these two regions
produces which called critical micelle concentration. From
the values of CMC are listed in Table 2 it is clear that the
CMC values increases as the propylene oxide units and
length of alkyl chain increase[25].

The effectiveness of a certain surfactant CMC is

expressed in terms of the decrease in the surface tension
that is induced by this surfactant at the critical micelle
concentration [26]. It is calculated from the difference
between the surface tension of pure water ( 0 ) and the

surface tension of the surfactant solution at the critical

micelle concentration ( CMC).Eq(1).

CMC= 0 – CMC …………….. Eq.(1)

The effectiveness of a surfactant ( ) is measured by its

ability to induce the maximum reduction in the surface
tension. Since the CMC point presents the minimum
surfactant concentration needed to produce the maximum
reduction in surface tension; consequently, the

effectiveness of a surfactant ( CMC) can be measured from

the decrease in the surface tension of pure water ( 0 ) that

is induced by this surfactant at the CMC [27]. Logically,
effectiveness of the prepared surfactants decreases as

( CMC) increase, Table 2.

Table (1): Physical properties of nonionic polymeric surfactants at 30ºC.

Polymer Number of moles
of propylene oxide

Color Form yield % M.wt

Ia 5 Yellow Viscous 66.37 3240
Ib 10 Yellow Viscous 65.34 4960
Ic 15 Brown Viscous 65.9 5740

Id 20 Brown Viscous 67.54 6590
IIa 5 Golden yellow Viscous 72.54 3720
IIb 10 Yellow Viscous 77.12 5270
IIc 15 Brown Viscous 74.87 6210
IId 20 Brown Viscous 76.45 7870
IIIa 5 Yellow Semi- solid 83.51 4153
IIIb 10 Brown Semi- solid 85.34 5780
IIIc 15 Brown Semi- solid 86.45 6907
IIId 20 Brown Semi- solid 85.8 9780

5.3 Effectiveness ( CMC)

5.4 Maximum Surface Excess max and Minimum Surface Area (Amin)

The values of the maximum surface excess max
expressed in mol/cm2 were calculated from surface or
interfacial data by the use of  Gibbs equation [28], Eq. (2):

max T …………….. Eq.(2)
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Where surface pressure in mN/m. C surfactant

concentration. ( / ln C)T is the slope of a plot of
surface tension versus concentration curves below CMC at
constant temperature.

The extent of surfactant adsorption at a liquid surface is

expressed in terms of its surface excess concentration .
This is defined as the excess of surfactant present per unit
area of surface over what would be present if uniform
surfactant concentration exists right up to the surface. The

maximum surface excess concentration ( max) in

mol/cm2 was calculated from Eq.(2). The max values in
Table (2) were increased by increasing the number of
polyoxypropylene groups and ranged between 1.27 and
2.97 mol/cm2.

Knowing max, it is easy to calculate the effective area
occupied by each surfactant molecule adsorbed at the
air/water interface at surface saturation [29,30]. The
average area Amin (in nm2/molecule) is given by Eq. (3):

Amin 1016/ maxN …………….. Eq.(3)

Where N Avogadro's number 6.023x1023.

Values of Amin are listed in Table (2). It is evident that
Amin decreases with increase in the number of propylene
oxide in polymer for nonionic surfactants [31]. The Amin

also increase with increase in temperature, as would be
expected from the increased in thermal agitation of the
molecules in the surface film [32].

5.5 Wetting time

The degree of wetting is the resultant of two competing
forces. These are adhesive force between a liquid and solid
cause a liquid drop to spread across the surface and
cohesive forces within the liquid which causes the drop to
addition of surfactants to water lower the surface tension
and interfacial tension, this in turn lower contact angle
between the liquid – vapor interface and solid – liquid
interface; resulting in more surface wetting. The efficiency
of the prepared nonionic surfactants as wetting agents was
measured in terms of wetting time according to Draves
method (21), which measures   the ability of a surfactant
solution to displace air from a weighted skein of cotton by
spreading wetting. From Table (3) surfactant (Id)
exhibited the shortest sinking time due to increase in the
adhesive forces [33].

5.6 Foaming power

In general the nonionic surfactants form unstable foams.
The nonionic surfactants show foam stability smaller than
the ionic and cationic surfactants in aqueous medium, due
to large surface area per molecule and absence of highly

charged films in these foam. The data of foaming power
listed in Table(3).In polyoxypropylated nonionic
surfactants both foam stability and foam volume reach a
maximum at a particular propylene oxide units [34,35].
This is due to maximum intermolecular cohesive forces in
the adsorbed film as polyoxypropylene group increases.

5.7 Emulsification power

The emulsion formation of paraffin oil in water using the
prepared surfactant solutions was measured as an
indication for the emulsifying tendency of these
surfactants. The synthesized nonionic surfactants showed
moderated emulsification power for paraffin oil ranged
between 477 sec. for (Id) in case of capric acid and 1903
sec. for (IIIa) using stearic acid  at room temperature
Table(3).

As a general observation, increasing the number of the
hydrophobic chains in the molecules increases the stability
of the formed oil-in-water emulsion. The moderate
emulsifying power is attributed to the polar nature of the
nonionic surfactants with low hydrophobic chain contents
[36]. On the other hand, increasing the hydrophobic chains
increases the hydrophobicity of the molecules, which
increases their tendency for migration from the aqueous
medium to the oil medium and consequently increases
their emulsifying power.

5.8 Cloud point

The cloud point is a measure of the inverse solubility
characteristic of nonionic surfactant. The energy of the
hydrogen bond is insufficient to retain the surfactant
molecules and the dehydration takes place when the
surfactant solution is heated at elevated temperature, and
the most of surfactants molecules separate out with little
amount of water. The surfactant solubility in water at
certain temperature shows turbidity by heating. This
turbidity is reversible, so that the solution clears again on
cooling [37,39]. The data presented in Table 3 reveal that,
the cloud point increases with increasing
polyoxypropylene groups [40].

5.9 Stability to Hydrolysis

All the prepared nonionic polymeric surfactants
exhibited good stability as listed in Tables 3, especially in
an acidic medium but have lightly lower stability in a
basic medium. The increase in lengths of both the
saturated fatty alkyl chain and the polyoxyenthylene chain
lead to an increase in stability in both acidic and basic
media [41].

5.10 Hydrophilic –Lipophilic Balance

The HLB values were calculated using the general
formula of nonionic surfactants [42].
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Where:

MH: formula weight of the hydrophilic portion of the
surfactant molecule, ML: formula weight of the
hydrophobic portion of the surfactant molecule.

The hydrophilic-lipophilic balance (HLB) of a surfactant
is a measure of degree to which it is hydrophilic or

lipophilic. Griffin's method (42) for nonionic surfactants
was used. The HLB value can be used to predict the
surfactant properties of molecule as follow: a value 10:

lipid soluble (water insoluble); and a value 10: water

soluble.

HLB values of the synthesized surfactants using Eq. 4
range between 7 and 16 which describe these compounds
as water in oil emulsifiers.

CH2=CH CH2=CH

CN CH2OH

Be2O2 CH2Cl

CHCH2

CH2OHCH2OH

CHCH2 CHCH2

CN
X

RCOOH

CHCH2

CH2OHCH2O-C-R

CHCH2 CHCH2

CN
X

O

O
CH3KOH

CHCH2

CH2O-C-R

CHCH2 CHCH2

CN
X

CH-CH2-O
n

O

NH2OH.HClNaOH

O

CHCH2

CH2O-C-R

CHCH2 CHCH2

C=N CH-CH2-O
n

XOH

NH2

+

P-toluene sulphonic acid

CH2-O H

CH3

CH2-O H

CH3

Where R = C9H19

C13H27

(I)

(II)
C17H35 (III)

n= number  of moles of propylene oxide [5(a),10 (b),15 (c) and 20 (d)]

X=number of repeating units of  polymer.

step (1)

step (2)

step (3)

step (4)

Scheme (1): Preparation of nonionic polymeric surfactants.

HLB =
M

M + M
x 20 Eq(4)

H

LH

.....................
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Fig (1): Relation between surface tension and -log concentration of nonionic polymeric surfactants at 30ºC;(1) polymer
Ia-Id, (2) polymer IIa-IId and (3) polymer IIIa-IIId.
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Table (2): Surface active parameters of nonionic polymeric surfactants at 30,40 and 60ºC.

Amin
(nm2 /mol)

max
(mol/cm2)

10-10

CMC
(mN/m)

CMC
(mol/L)CMC

(mN/m)

T(K)Number of
moles of

propylene
oxide

Polymer

1.251.27320.05403035
Ia 1.391.1532.50.03439.5313

1.551.03340.02538333
1.0661.5300.03164230310Ib
1.1121.438320.019940313
1.151.39330.01639333

0.9151.74829.50.015842.530315Ic
0.981.63310.012541313
1.001.631.50.007940.5333
0.831.92290.014330320Id
0.861.8629.50.006342.5313
0.941.7310.00541333
0.851.88300.01423035

IIa 0.911.75320.00640313
0.971.6432.50.00539.5333
0.712.23280.0064430310

IIb 0.782.0429.50.00542.5313
0.831.93300.00342333
0.672.36270.00545303

15IIc 0.732.18280.003444313
0.82.0028.50.002543.5333

0.652.43260.003164630320IId
0.672.39270.002545313
0.732.1928.50.0015843.5333
0.682.35270.005453035

IIIa 0.72.2727.50.00344.5313
0.782.05290.002543333
0.632.5125.50.0031646.530310IIIb
0.652.46270.002545313
0.682.3429.50.001642.5333
0.562.81250.00194730315IIIc
0.582.72260.001646313

0.6152.6280.00144333
0.542.97240.0014830320IIId
0.562.8725.50.000846.5313
0.592.68270.000545333
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Table (3): Surface active parameters of nonionic polymeric surfactants at 30ºC
.

HL
B

Stability to
hydrolysis

min: sec

Emulsi
on

stability
(min:
sec)

1.0
wt%

Foa
m

height
(mm)

1.0
wt%

Wetti
ng time

(Sec.)
0.1

wt%

clou
d

point
(oC)
1.0

wt%

Interfacial
tension

(mN/m) 0.1
wt % at
30oC

Surface
tension
(mN/m)
0.1 wt%
at 30oC

Number
of moles of
propylene

oxide

Polym
er

Alkali
ne
(0.05
N)

Acid
ic
(2.0
N)

9.0
2

01:1615:2
7

14:237339729395Ia

12.
32

01:4717:2
2

12:088236781140.510Ib

13.
04

02:1318:1
2

09:3888328511.54115Ic

16.
12

03:3820:3
5

07:5710732100
>

134220Id

8.3
6

05:2327:3
2

27:1394535612415IIa

10.
43

08:1228:1
6

26:45110516313.54310IIb

11.
32

11:5232:4
5

22:3211745721443.515IIc

15.
18

14:3637:3
0

19:421254073154420IId

7.313:2235:1
6

31:43113584314.5445IIIa

8.817:5042:3
5

28:571295659154510IIIb

10.
19

21:1848:1
9

28:081355564164615IIIc

13.
2

26:4954:5
2

23:42141506916.546.520IIId

5.11 Micellization and adsorption thermodynamics

According to the gibb's equation of thermodynamics, the
thermodynamic functions of micellization including,
standard free energy, entropy and enthalpy change (ΔG,ΔS
and ΔH) respectively were  calculated from the surface
parameter data ,according to the following equations(34):

ΔGmic= RT ln CMC …………………Eq.(5)

Where R is the gas constant in J mol-1K-1 (R= 8.314)

The value of ΔSmic was obtained from Eq.(6)using the
value of ΔGmic at 303,313 and 333 k.

ΔSmic= - ………..……….  Eq.(6)

In addition, ΔHmic was calculated from ΔGmic and ΔSmic

by applying Eq.(7)

ΔHmic= ΔGmic+T ΔSmic ……..…… Eq.(7)

The thermodynamic parameter values of adsorption
ΔGads, ΔSads and ΔHads were calculated via the following
equations (8-10), respectively (34):

ΔGads= RT ln CMC – 0.6023 CMC Amin ….  Eq. (8)

ΔSads= - …………………………. Eq.(9)

ΔHads= ΔGads+T ΔSads ………………………. Eq.(10)

The thermodynamics parameters of adsorption and
micellization of the synthesized copolymer nonionic
surfactants are listed Table (4). Analyzing the data of each
process (micellization and adsorption) showed the
following:

The standard free energy of both adsorption and
micellization   processes is always negative, which
indicates the spontaneous occurrence of the two processes
and that reveals the equilibrium between the adsorbed and
micellized surfactant molecules in both phases[43-
45].Furthermore, ΔGads is more negative than ΔGmic which
indicates the predominance of the adsorption process at
the air-solution interface than the micellization in the bulk
of the aqueous solution.
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1. Increasing the temperature of measurements
increases the      negativity of ΔGads and ΔGmic, which
indicates that the agitation of the solutions increases
the surfactant adsorption and micellization. It shows
also that the adsorption is more favored in case of
higher temperatures than micellization. That refers to
the repulsion occurred between the surfactant
molecules at high temperatures and the aqueous
medium due to the rupture of the water of hydration
of the hydrophobic chains.

2. It is observed that the enthalpy for adsorption (ΔHads)
and micellization processes (ΔHmic) are positive in
sign. Furthermore, the enthalpy of adsorption is more
positive than of the micellization process. This
indicates that fewer bonds between oxypropylated

groups and water molecules are broken in the process
of adsorption at the air/aqueous solution interface
than in micellization, the number of bond broken
increases with an increase in the number of
polyoxypropylene groups in the molecules.

3. The entropy for adsorption (ΔSads) values are all
positive and slightly greater than the entropy for
micellization (ΔSmic) values. This may reflect the
greater freedom of motions of the hydrocarbon
chains at the planar air/aqueous solution interface
compared to that in the relatively cramped interior
beneath the convex surface of the micelle. On other
hand, the change in ΔSads with an increase in the
polyoxypropylene units in the molecule,
approximates that observed in ΔSmic[46].

Table (4): Thermodynamic parameters of micellization and adsorption of nonionic surfactants.

ΔHads
(KJ

mol-1)

ΔSads
(KJ mol-1

K-1)

ΔGads
(KJ

mol-1)

ΔHmic
(KJ

mol-1)

ΔSmic
(KJ mol-
1K-1)

ΔGmic
(KJ

mol-1)

T(
K)

Number of
moles of

propylene oxide

Polym
er

50.440.246-24.120.370.0919-7.53035
Ia 50.84-26.1619.97-8.79313

52.02-29.920.39-10.21333
50.940.248-24.220.080.095-8.730310Ib
50.82-26.819.54-10.19313
53.09-29.4920.18-11.45333
51.140.249-24.325.190.121-10.4530315Ic
51.23-26.726.16-11.40313
52.71-30.226.56-13.4333
51.150.252-25.225.970.124-11.630320Id
51.73-27.1525.63-13.18313
53.32-30.626.62-14.67333
58.940.273-24.2326.580.126-11.63035

IIa 58.35-27.126.13-13.31313
60.61-30.327.28-14.67333
58.720.275-24.630.75

0.144
-12.8830310IIb

59.59-26.4831.29-13.78313
61.18-30.3931.87-16.08333
60.040.28-24.831.90.149-13.3430315IIc
60.04-27.631.8-14.79313
62.17-31.0733.03-16.58333
64.60.302-26.931.250.151-14.530320IId
63.7-30.831.67-15.59313

66.96-33.632.42-17.86333
58.780.29-26.0929.70.142-13.33035

IIIa 62.31-28.4629.3-15.11313
64.35-32.2230.7-16.58333
62.680.295-26.731.250.151-14.530310IIIb
62.96-29.6931.67-15.59313
65.86-32.3732.46-17.82333
66.030.31-27.933.610.163-15.7830315IIIc
65.43-31.634.26-16.75313
68.93-34.335.16-19.12333
83.640.38-31.536.80.179-17.430320IIId
82.95-35.9937.4-18.55313
84.59-41.9538.56-21.04333
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5.12 Biodegradability

Biodegradation is the destruction of a chemical by the
metabolic activity of microorganisms. Since surfactants
are susceptible to biodegradation and in order to examine
their effect on water pollution, the biodegradation of the
synthesized copolymer nonionic surfactant was evaluated
by the conventional river die-away test employing surface
tension technique as an analytical tool [47].

The biodegradability data are listed in Table (5). Within
experimental accuracy, all the prepared copolymer

nonionic surfactants seem to degrade easily. The results
showed that, 45-50% of the surfactants were
biodegradable within the first day, further degradation
occurred on the next days until it almost died away on the
7th day. Consequently, these compounds are safe for
human beings and the environment. It should be noted
that, the biodegradability of a certain surfactant decrease
by increasing length of alkyl chain and number of
propylene oxide units [48].

Table (5): Biodegradability of nonionic surfactants.

Polymer Number of moles
of propylene oxide

1st

day
2nd

day
3rd

day
4th

day
5th

day
6th

day
7th

day
Ia 5 65 72 78 83 90 - -
Ib 10 62 69 75 81 87 92 -
Ic 15 57 64 71 78 85 90 -
Id 20 51 58 63 69 78 85 89
IIa 5 59 63 71 77 83 92 -
IIb 10 56 61 68 73 80 89 -
IIc 15 50 56 63 70 78 85 91
IId 20 48 53 61 67 73 80 89
IIIa 5 53 56 61 69 75 82 90
IIIb 10 49 53 59 67 73 80 89
IIIc 15 48 50 56 64 72 79 92
IIId 20 46 49 53 62 70 82 90

6. CONCLUSION

 Increasing concentration of the synthesized
surfactants in solution decreases their surface tension
gradually. The surface activity of the synthesized
polymeric surfactant depends on both lengths of fatty
chain and oxypropylene chains.

 The CMC decreases as the propylene oxide number
increases, as expected from the fact that the
propylene oxide chain is globally lipophilic.

 The cloud temperature increases with large
polyoxypropylene chains and decreases with large
alkyl tails.

 The nonionic surfactants with lower polypropylene
oxide content have a better wetting property.

 The emulsifying properties increased with decreasing
the number of propylene oxide units and with
increasing the alkyl chain length of fatty acids.

 Low foam tendency of nonionic surfactants increases
with increasing length of poly oxypropylene chains
as well as alkyl chain length of fatty acids.

 Thermodynamic data of adsorption and micellization
showed great tendency of these compounds toward
adsorption at the interfaces rather than micellization
in the bulk of their solutions.

REFERENCES

1. Piirma I (1992), Polymeric surfactants, surfactant
science series, Marcel Dekker,New York, pp 42-60.
2. Atta AM, Dyab AKF, AL-Lohedan HA, (2013)
Micellization and adsorption   behaviors of new
reactive polymerizable surfactants based on
modified nonyl phenol ethoxylates, J Surf
Deterg,16:343-355.
3. Hamid J N, Rouhollah A, Mohammad I (2014),
Synthsis and properties of polyvinyl acetate
emulsion copolymers by three novel non-ionic

functional polyurethane surfactants, Korean J.
Chem. Eng., 31(7) 1281-1287.
4. Achinta B, Keka O, Ajay,(2013) Synergistic
Effect of Mixed Surfactant Systems on Foam
Behavior and Surface Tension, J. Surf. Deterg.,
16(4) pp 621-630.
5. Ahmed M H, Ghuiba I M, Habib OMO and
Gharib HKH.,(1989) Hung. J. Ind.
Chem.,17(3),311:318.



Eissa et al., J. Bas. & Environ. Sci., 4 (2017) 94– 106

105

6. Dongfeng Y, Cang C, Xueying D, Jing G, Hao Z,
Shen G, (2013) Nonionic amphiphilic surfactant
conjuncted polyethyleneimine as a new and highly
efficient non-viral fene carrier, Macromolecular
Research, 17 (1) pp 19-25.
7. Hartgerink JD, Beniash E, Strupp SI,(2001)
Science, 294:1684.
8. Galal HS, Ferial MG, Mahmoud IA, Emad AAB,
Salah MT, Nabel AMN, (2012) Synthesis, surface
and thermodynamic parameters   of some
biodegradable nonionic surfactants derived from
tannic acid, J Colloid Surf,393:96-104.
9. Azab M.M., (2005) Synthesis and
copolymerization reaction of p-acryloxy
monomers,polym.Int.,54,162.

10. Kim TS,Kida T,Nakatsuji Y,Hirao T,Ikeda I,
(1996) Surface active properties of novel cationic
surfactants with two alkyl chains and two ammonio
groups,J.Am.Oil.Chem.Soc.,73,907-913.

11. Morgos J, Sallay P , Farks L, Rusznak I , (1983)
A novel way for ethoxylation with basic catalyst.  J
Am.  Oil Chem. Soc., 60:1901-1907.

12. Ahmed MHM, Sally P, Rusznak I, Farkas L,
(1996) Determination of the average ethoxylation
degree. Tenside Surf Deterg 33:410- 411.

13. Eissa AMF, Mahmoud AA, EL-Sawy AA, (1994)
Preparation and surface active properties of
oxypropylated diol monoesters of fatty acids with an
amide oxime terminal group,J.Grasas y
Aceites,45:306-312.

14. Findlay A, (1963) Practical physical chemistry,
6th edn. Long-mans,   London, pp 1040-1069.

15. Negm NA, El-Farargy AF, Al Sabagh AM,
Abdelrahman NR, (2011) New   Schiff base cationic
surfactants: surface and thermodynamic properties
and applicability in bacterial growth and metal
corrosion prevention, J Surf Deterg, 14:505-514.

16. Eissa AMF, (2002) J.Olaj.Szappan
Kozmetika,51(4) 155-161.

17. Ross J, Miles GD, (1941) An apparatus for
comparison of foaming properties of soap and
detergents. Oils Soap, 18:99-102.

18. Takeshi H, (1970) Studies of ester containing
surfactant: preparation and properties sulpho-
alkanoat. Bull Chem Soc Jpn, 43:2236-2240.

19. Eissa AMF, and Ahmed MHM (2003)
J.Olaj.Szappan Kozmetika,52(1).

20. El-Shukkary MMA,EL Sawy AA,EL Dib F,
(1987)Synthetic detergent from  crude rice- bran
oil.Hung J Ind Chem,15:417-422.

21. Draves CZ, Clarsko RG, (1931) Am Dye Stuf
Reporter, 20:201.

22. Falbe J, (1986) Surfactants for consumer, Chap
4.Springer Verlag, Heidelberg.

23. Eissa AMF (2007) Grasas y Aceites, 58(4)379.
24. Elworthy PH, Mafarlane CB, (1962) J. Pharm.

Pharmacol., 14:100.
25. Zhigang Xu, Li Pengfei,Qi Weihong, Li Zonghi,

Lubo Ch, (2006) Effect of aromatic ring in the alkyl

chain on surface properties of aryl  alkyl surfactant
solution, J. Surf. Deterg.,9:245-248.

26. Lu JR, Lee EM, Thomas RK, Penfold J, Flitsch
SL, (1993)Direct determination by neutron
reflection of the structure of triethylene oxide
monododecyl ether layers at the air/water   interface.
Langmuir, 9:1352-1358.

27. Fatma H. Abd El-Salam,Synthesis, (2009)
Antimicrobial Activity and Micellization of Gemini
Anionic Surfactants in a Pure State as Well as
Mixed With a Conventional Nonionic Surfactant,J.
Surf.   Deterg.,12(4):363-370.

28. Zhigang Xu, Li Pengfi, Qi Weihong, Li Zongshi,
Lubo Ch, (2006)Effect of aromatic ring in the alkyl
chain on surface properties of aryl alkyl   surfactant
solution. J Surf Deterg, 9:245-248.

29. Karakashev SI, Nguyen AV, Miller JD, (2008)
Equilibrium adsorption of surfactants at the gas-
liquid interface. Adv Polymer Sci, 218:25-55.

30. Karakashev SI, Manev ED, (2002) Effect of
interactions between the adsorbed species on the
properties of signal and mixed surfactant
monolayers at air/water interface. J Colloid Interface
Sci, 248:477-486.

31. Hsiao L, Dunning HN, P.B. Loren Z., (1956)
J.Phys.Chem, 60:657.

32. AL-Sabagh AM, (2000) Surface activity and
thermpdynamic properties of water soluble polyester
surfactants based on 1,3-dicarboxy- methoxybenzen
used for enhanced oil recovery,11:48-56.

33. Eissa AMF,EL-Sayed R, (2007) Synthesis and
evaluation of - hydroxy fatty acid derived

heterocyclic compounds with potential     industrial
interest. Grasas y Aceties, 58:20-28.

34. Ziyafaddin HA, Ravan AR, Shafiga MN, Gulnara
AA, (2010) Surface   activity, thermodynamic of
micellization and adsorption properties  of
quaternary salts based on ethanolamines and decyl
bromide, J Surf Deterg,13:459-464.

35. Jisai Y, Tanaka Y, Shigate A, (1992) Ger.Offen,
118(4):723.

36. Negm NA, (2007) Solubilization surface active
and thermodynamic parameters of gemini
amphiphiles  bearing  nonionic hydrophilic spacer, J
Surf Deterg, 8:71-80.

37. Knowles CM, Krupin F, (1953) Chem.
Specialties Soc. Proc.175-183.

38. Rapheal L, (1954) Mondial Detregence
Prod.Tensio. Actifs, Ler.,Paris 1:52.

39. Shinoda K,Friberg S, (1986) Emulsion and
Solubilization,Wiley,New York.

40. Sarah A. N. R., Cibele R. C., Joil J. C., Leonardo
S. G. T., (2012)Effect of Additives on the Cloud
Point of the Octylphenol Ethoxylate
(30EO)Nonionic Surfactant,J. Surf. Deterg., 16(3):
299-303.

41. Eissa AMF, EL-Hefnawy M, Deef Allah M,
(2013) Synthesis and evaluation of nonionic
polymeric surfactants based on acrylated
polyethylene glycol, J Surf Deterg, 16:166.



Eissa et al., J. Bas. & Environ. Sci., 4 (2017) 94– 106

106

42. Griffin WC, (1954) J Soc Cosmetic Chem, 5:159.
43. EL-Sukkary MMA, Sayed NA, Aiad I, Helmy

SM,EL-Azab WIM, (2009) Aqueous solution
properties, biodegradability, and antimicrobial
activity of some alkylpolyglocosides surfactants,
Tenside Surf. Det.  46:312.

44. Negm NA, (2003) Surface activities and
electrical properties of long chain diquaternary bola-
form amphiphiles, Egypt. J. Chem.4:483.

45. Negm NA, (2008) Solubilization characteristics
of paraffin oil in different types of surfactants,
Egypt. J. Chem.51: 21-29.

46. Ziyafaddin HA, Ravan AR, Shafiga MN, Gulnara
AA, (2010) Surface  activity, thermodynamics of
micellization and adsorption  properties of
quaternary salts based on ethanolamines and decyl
bromide, J Surf Deterg,13:459-464.

47. Eter ET, Richard RE, David A, (1974)
Biodegradable surfactants derived from corn starch,
J Am Oil Chem Soc,51:486-494.

48. Balson T, Felix MSB, (1995). The
biodegradability of non-ionic
surfactants.Biodegradability of surfactants.
Springer, The Netherland, pp204-230.


