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Abstract Silicone surfactants have been widely used in our daily life and many industrial fields on

the basis of their unusual properties. Only in the past decades has the use of silicone as a hydropho-

bic building block for the preparation of surfactants become common. The recent trend to combine

silicone, polyoxyalkylene and carbohydrate moieties in the same molecule has resulted in a plethora

of new compounds with new properties.

In this article, we report the preparation of a series of ‘‘glycopolysiloxanes’’ surfactants with

different molecular weights. They were structurally characterized by IR, 1H NMR and MS.

Specifically, the critical micelle concentration (cmc), effectiveness of surface tension reduction

(pcmc), maximum surface excess (Cmax), minimum surface area (Amin) and standard free energies

of micellization (DG�mic) and adsorption (DG�ads) have been determined from aqueous surface

tension measurements using Du-Nouy Tensiometer (KRUSS K6 type 4851) with a platinum ring.

All the surfactants have good surface properties and have low cmc.

The bacteriostatic power of these polymers was tested and compared under the same conditions

in aqueous solution against common strains of Gram positive bacteria and strains of Gram negative

bacteria.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.

1. Introduction

Silicone surfactants have been widely used in our daily life and
in many industrial fields on the basis of their unusual
properties. Only in the past decades has the use of silicone as

a hydrophobic building block for the preparation of
surfactants become common. The recent trend to combine

silicone, polyoxyalkylene and carbohydrate moieties in the

same molecule has resulted in a plethora of new compounds
with new properties.

Synthetic polymers grafted with sugar (or carbohydrate)

groups are receiving growing interest. They are often named
‘‘glycopolymers’’, by analogy with term ‘‘glycoconjugates’’,
used for description of the biological molecules in which oligo-
saccharides are covalently linked to other non-carbohydrate

biological molecules, such as proteins (glycoproteins).
The introduction of sugar residues in synthetic polymers

can be made in order to imitate these glycoconjugates,
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prospecting for interesting biological properties for these
glycopolymers. For polymers more devoted to industrial
applications, the introduction of the less complex sugar group

in polymers affords new properties, especially amphilicite,
hydrophilicity, solubility in water, super-absorbent properties,
biocompatibility, biodegradability and better environmental

and toxicological profiles.
In this article, we report the preparation of three

‘‘glycopolysiloxanes’’ surfactants and their study of the

surface activities by measuring the equilibrium surface
tensions of their dilute aqueous solutions. The parameters
studied include CMC (the critical micelle concentration),
C20 (the surfactant molar concentration required to reduce

the surface tension of the solvent by 20 mN m�1), ccmc

(the surface tension at the cmc), Cmax (the maximum surface
excess concentration at the air/water interface), Amin (the

minimum area per surfactant molecule at the air/water
interface), cmc/C20 ratio (a measure of the factors inhibiting
micellization relative to adsorption at the air/water interface),

and the thermodynamic parameters DG�mic (the standard
free energy of micellization) and DG�ads (the standard free
energy of adsorption) [1].

2. Experimental procedures

2.1. Materials

2.1.1. Synthesis of glucose grafted polysiloxanes (GPS)

In 500 ml four neck round-bottom flask 20 g of amin-
opropylpolysiloxane with different siloxanes length compound
1 (A1, A2, A3) in 100 ml dimethyl formamide (DMF)–isopro-

panol were added and heated to 60 �C under nitrogen purging,
for 30 min. In a separate conical flask 80 g of glucose was dis-
solved in 100 ml of isopropanol and heated to 60 �C, then was

added to the aminopropylpolysiloxane solution slowly, 10 ml
every 5 min, after 60 min of addition the solution became
homogenous. The reaction was monitored using Perkin Elmer

FT-IR by observing the disappearance of the two stretching
peaks of the amin group at 3400 cm�1 and the presence of a
new peak at 3550 cm�1 and one peak for NAH at 3400 cm�1

[2]. The reaction held 2 h refluxing under nitrogen purging,

the solution color will change from colorless to yellow color.
The glycopolysiloxane derivatives were extracted by evapora-
tion and condensation of the isopropanol and the DMF

respectively for further usage and a yellow powder of the
glycopolysiloxane was separated [3].

2.2. Structure confirmation

2.2.1. Infrared spectrum

Infrared spectra were measured on a Perkin–Elmer-1430 infra-

red spectrometer using KBr for disk formation.
The reaction was monitored by observing the disappear-

ance of the two stretching peaks of the amin group at
3400 cm�1 and the presence of a new peak at 3550 cm�1 and

one peak for NAH at 3400 cm�1 [2].

2.2.2. Nuclear magnetic resonance spectra

The 1NMR spectra were measured on a Varian 300 MHz spec-
trometer, chemical department, Faculty of science, Cairo
University.

2.3. Evaluation of the surface properties of the prepared
surfactants

2.3.1. Surface tension and interfacial tension measurements

Surface tension values of the synthesized glycopolysiloxane
surfactant solutions (GPS1, GPS2 and GPS3) were measured

at 25 �C using Du-Nouy Tensiometer (KRUSS K6 type
4851) with a platinum ring. Apparent surface tensions were
measured about 3 times for the sample within 2 min interval
between each reading. The obtained data were plotted against

�log concentration without any correction, cmc values were
determined from the plot of surface tension versus concentra-
tion [4].

Interfacial tension measurements were made for surfactant–
oil system at 25 �C using surfactant solution of concentration
0.1%.

2.3.2. Critical micelle concentration (cmc)

The critical micelle concentration values of the prepared sur-
factants were determined using the surface tension method [5].

2.3.3. Emulsion stability

The emulsifying property for the prepared surfactants was
determined as follows: A surfactant solution (10 ml, 0.1%)

was mixed with light paraffin oil (10 ml). The mixture was
put in a (100 ml) graduated stopper tube and shook vigorously
for 2 min, then the tube was placed up right and the separation

of the two layers is observed. The time taken for the separation
of (9 ml) of aqueous layer indicates the emulsifying power of
the surfactant [6,7].

Scheme 1
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