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ABSTRACT

The functional quaternary amino polydimethylsiloxane, e.g. 3-
chloro-2-hydroxypropyl, methyl, n-propyl, quaternary amino
polydimethylsiloxane was prepared and reacted with starch to
obtain water soluble starch-g-quaternary amino polydimethyl-
siloxane (SQPDMS) copolymer. Monofunctional epoxy termi-
nated polydimethylsiloxane (PDMS) was reacted with n-propy-
lamine to give n-propyl aminohydroxy polydimethylsiloxane
which on further reaction with epichlorohydrin followed by quat-
ernization using methyliodide gave 3-chloro-2-hydroxypropyl,
methyl, n-propyl quaternary amino polydimethylsiloxane
(QPDMS). SQPDMS copolymer has higher surface activity than
quaternary amino PDMS and cationic starch derivatives contain-
ing hydrocarbon moieties. 
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INTRODUCTION

Synthesis of amphiphilic polymers, consisting of polydimethylsiloxane
as the hydrophobic and carbohydrate as the hydrophilic moiety, has been receiv-
ing considerable attention in the recent years, due to their interesting properties
and widespread industrial applications. Polydimethylsiloxane (PDMS) network
containing sucrose as the crosslinking unit exhibits excellent biocompatibility,
good mechanical and optical properties[1]. These amphiphilic polymers are gen-
erally divided into two categories. The first category consists of small carbohy-
drate moieties covalently linked to the PDMS backbone. These are synthesized
by hydrosilation of allyl functionalized carbohydrate derivatives with silanic
hydrogen containing PDMS, in the presence of platinum catalyst [2, 3] or by
reaction of unprotected aldonolactone with amino functionalized PDMS [4, 5].
In the second category, the PDMS chains are grafted to polysaccharide back-
bone. These are obtained by the reaction of polysaccharide (e.g. starch) backbone
with modified PDMS [6, 7].   The starch obtained in this case is hydrophobic in
nature. Water soluble starches grafted with PDMS have not yet been reported.
But there are few reports on water soluble cationic starches containing hydro-
carbon units [8, 9].  These are prepared by reaction of 3-chloro-2-hydroxypropyl,
trialkyl quaternary ammonium chlorides with starch in basic medium. 

Our objective is to incorporate both PDMS and quaternary amino moi-
eties in starch to obtain water soluble starch with better surface-active properties
than that of cationic starch containing hydrocarbon units. In this paper, we report
synthesis of surface-active starch-g-quaternary amino PDMS (SQPDMS)
copolymer by reacting 3-chloro-2-hydroxypropyl, methyl, n-propyl quaternary
amino PDMS (QPDMS) with granular as well as degraded starches (lower
molecular weight). The  SQPDMS copolymer obtained was found to be more
surface-active than cationic starch containing hydrocarbon units. The surface-
activity was regulated by changing the number of siloxane units in the graft
copolymer.

EXPERIMENTAL

Methods

FTIR analysis was carried out using BOMEN FTIR spectrophotometer.
1H-NMR spectra were recorded on Bruker ACP 200 MHz using CDCl3 and D2O
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as the solvent. Chemical shifts of various peaks in the spectra were referenced
with respect to the HDO peak appearing at (δ 4.78 in D2O and the CHCl3 peak
appearing at (δ 7.26 in CDCl3. The surface tension measurements were carried
out using Kruss tensiometer K10, at 25¡C. 

Chemicals

Hexamethylcyclotrisiloxane (98%, Aldrich); butyllithium (1.6 M solu-
tion in hexane, Fluka); chlorodimethylsilane (96%, Fluka); allyl glycidyl ether
(97%, Lancaster); hexachloroplatinic acid, H2PtCl6� 6H2O (3% solution of hexa-
chloroplatinic acid in isopropyl alcohol, (IPA) was used for hydrosilation reac-
tion, Fisher Scientific Company, New Jersey); n-propylamine (98%, Lancaster);
epichlorohydrin (98%, SISCO Research Laboratory); methyliodide (99%,
SISCO Research Laboratory); THF (refluxed over sodium using benzophenone
indicator); toluene (dried over sodium).

Overall Reaction Scheme

Monoepoxy terminated PDMS were obtained by hydrosilation of mono-
functional silanic hydrogen terminated linear PDMS with allyl glycidyl ether in
the presence of hexachloroplatinic acid. The epoxy group was opened up using
n-propylamine to give n-propyl aminohydroxy PDMS. This was on further reac-
tion with epichlorohydrin followed by quaternization using methyliodide gave 3-
chloro-2-hydroxypropyl, methyl, n-propyl, quaternary amino PDMS (QPDMS).
The QPDMS was reacted with starch in the presence of basic medium to give
starch-g-quaternary amino PDMS copolymer (SQPDMS).

Synthesis of Monofunctional Silanic Hydrogen Terminated PDMS (1)

0.02 moles of n-butyllithium (n-BuLi) in n-hexane was placed in a three-
necked dry flask containing 60 mL of dry THF at Ð15¡C under the inert atmos-
phere of nitrogen. A solution of 25 g hexamethyl cyclotrisiloxane (D3) in 40 mL
dry THF was injected into the flask containing n-BuLi/THF solution and the
reaction mixture was stirred at Ð15¡C for 20 hours under the nitrogen atmos-
phere. The living polymer was then terminated by an addition of 4 mL of chloro-
dimethyl silane (HMe2SiCl). Excess chlorodimethylsilane and solvent were dis-
tilled off under vacuum at 35¡C and the LiCl precipitate was filtered off. The
product was washed with water to remove last traces of LiCl percipitate. The
monofunctional silanic hydrogen terminated PDMS was then characterized
using FTIR and 1H-NMR. 
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Product Characteristics

Clear, transparent liquid, 89% yield, FTIR peak due to Si-H at 2159 cm-1,
Si-CH3 at 1260 cm-1, -Si-O-Si- at 1186 cm-1; 1H-NMR (CDCl3, ppm) peaks at (δ
0.089 (s, Si(CH3)2), 0.171(s, SiHCH3), 0.5 (t, -CH2Si), 0.86 (t, -CH3), 1.57 (m,
-CH2-CH2-CH3) and 4.68 (s, Si-H ).

Synthesis of Epoxy Terminated PDMS (2) 

9.2 g (0.08 moles) of allyl glycidyl ether (AGE) was placed in a two-
necked dry round bottom flask and 0.5 mL of 3% solution of hexachloroplatinic
acid in isopropyl alcohol (IPA) was added, and the mixture was stirred at 0¡C for
ten minutes under the nitrogen atmosphere. A solution of 25 g (0.02 moles) of
silanic hydrogen terminated PDMS (1) in a 75 mL dry toluene was added drop-
wise to the allyl glycidyl ether-platinum complex and the reaction mixture was
stirred at 25¡C till the disappearance of the peak at 2159 cm-1 due to Si-H in
FTIR. Toluene and excess AGE were distilled off under vacuum. The epoxy
PDMS obtained was characterized by FTIR and 1H-NMR.

Product Characteristics

Clear, transparent oil, 95% yield, FTIR peaks due to, Si-CH3 at 1260
cm-1, -Si-O-Si- at 1186 cm-1; 1H-NMR (CDCl3, ppm) peaks at (δ 0.1(s, SiCH3),
0.5 (t, CH2Si), 0.86 (t, -CH3), 1.32 (m, -CH2CH2Si-), 1.57 (m, -CH2CH2CH3),
2.7(d, epoxy -CH2), 3.13 (m, epoxy -CH), 3.4 (m, -CH2OCH2(CH2)2Si).

Synthesis of n-Propyl Aminohydroxy PDMS (3)

A solution of 13.6 g (0.01 moles) of epoxy PDMS (2) in 25 mL toluene
was placed in a three-necked dry round bottom flask attached with a reflux con-
denser. 6 g (0.1 moles) of n-propylamine was added and the reaction mixture was
refluxed at 100¡C for 7 hours with cold water circulation, under the dry nitrogen
atmosphere. Excess n-propylamine and toluene were distilled off and the prod-
uct obtained was characterized by FTIR, 1H-NMR. 

Product Characteristics

Clear, pale yellow, viscous oil, 97% yield, FTIR peaks due to CH-OH at
3407 cm-1, Si-CH3 at 1260 cm-1, -Si-O-Si- at 1186 cm-1; 1H-NMR (CDCl3, ppm)
peaks at (δ 0.1(s, SiCH3), 0.5 (t, -CH2Si), 0.86 (t, -CH3), 1.32 (m, -CH2CH2Si-),
1.55 (m -CH2CH2CH3), 2.5 (t, -NHCH2CH2CH3), 2.58 (d, CH(OH)-CH2-NH), 3.4
(m, -CH2OCH2(CH2)2Si) and 3.85 (m, -CH(OH)).
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Synthesis of 3-Chloro-2-hydroxypropyl, Methyl, n-Propyl Quaternary
Amino Terminated PDMS (QPDMS) (5)

A solution of 14.2 g (0.01 moles) of (3) in 25 mL toluene wasplaced  in
a two-necked dry round bottom flask and 9.2 g (0.1 moles) of epichlorohydrin
was added to it. Reaction mixture was stirred at 80¡C for 8 hours under the nitro-
gen atmosphere. Excess epichlorohydrin and solvent were distilled off. The
3-chloro-2-hydroxypropyl, n-propyl, aminohydroxy PDMS (4) obtained was
characterized by FTIR and 1H-NMR. Excess methyliodide was added to (4) and
reaction mixture was refluxed under cold water circulation at 60¡C for 6 hours.
Unreacted methyliodide was distilled off and QPDMS (5) was isolated and char-
acterized by FT-IR, 1H -NMR.

Product Characteristics

3-Chloro-2-hydroxypropyl, n-propyl aminohydroxy PDMS (4): clear,
pale yellow oil, 95% yield, FT-IR peaks due to CH-OH at 3407 cm-1, Si-CH3 at
1260 cm-1, -Si-O-Si at 1186 cm-1; 1H-NMR (CDCl3, ppm) peaks at (δ 0.1(s,
SiCH3), 0.5 (t, -CH2Si), 0.86 (t, -CH3), 1.32 (m, -CH2CH2Si) 1.55 (m, -CH2CH2

CH3), 2.4-2.6 (m, -CH2-N-), 3.4 (m, -CH2OCH2(CH2)2Si) and 3.57 (d,
CH(OH)CH2Cl), 3.85 (m, -CH(OH)).

3-Chloro, 2-hydroxypropyl, methyl, n-propyl quaternary amino PDMS
(QPDMS) (5): clear, viscous, pale yellow oil, 91% yield, FT-IR peaks due to CH-
OH at 3407 cm-1, Si-CH3 at 1260 cm-1, -Si-O-Si at 1186 cm-1; 1H-NMR peaks at
(δ 0.1(s, SiCH3), 0.5 (t, -CH2Si), 0.86 (t, -CH3), 1.32 (m, -CH2CH2Si-), 1.55 (m,
-CH2CH2 CH3), 3.45 (m, -CH2 -N+) and 3 .57 (d, CH(OH)CH2Cl), 3.85 (m,
-CH(OH)). Molecular weight calculated from 1H-NMR was 1379.

Synthesis of Starch-g-Quaternary Amino PDMS
Copolymer (SQPDMS) (6) 

100 mL of acid solution (7 ml 35% HCl in 100 mL water) was added to
50 g of tapioca starch and the mixture was stirred at 50¡C for 20 hours. After the
reaction, the pH was adjusted to 7 and the degraded starch was filtered off,
washed with 100 mL distilled water each time, and dried at 110¡C.

2 g of dry degraded starch was placed in a two-necked flask and 20 mL
of distilled water was added to it. The pH of the mixture was adjusted to 11.5
using 3% aqueous NaOH solution and QPDMS  (0.2, 0.4 or 0.8 g) in 10 mL
water was added to the alkaline solution of starch. The reaction mixture was
stirred at 80¡C for 20 hours and the pH was maintained at 11.5 throughout the
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reaction. The reaction mixture was then cooled to room temperature and the pH
was adjusted to 5.7. The pale yellow solution was filtered to remove trace sus-
pended particles. The aqueous filtrate was collected and the product was isolat-
ed by distilling off water under vacuum. The crude product was washed with 20
mL ether each time to remove the unreacted QPDMS. The product was dried and
characterized by FTIR and 1H-NMR. 

Product Characteristics

Pale yellow solid, 74% yield, FTIR peaks due to at 3600-3300 cm-1

(broad hump due to ÐOH groups in starch), Si-CH3 at 1260 cm-1, -Si-O-Si at 1186
cm-1; 1H-NMR (D2O, ppm) peaks at (δ 0.1 (s, SiCH3), 0.5 (t, -CH2Si), 0.86 (t,
-CH3), 1.32 (m, -CH2CH2Si-), 1.55 (m, -CH2CH2 CH3), 3.2-4 (complex,
-CH2OCH2(CH2)2Si, CH2 -N+, CH(OH)CH2 ÐO, -CH(OH), and CH2 -O linkages
in starch).

RESULTS AND DISCUSSION

Starch can be made surface-active by introducing a linear hydrocarbon
unit and quaternary amino group in it. Water soluble, cationic starch derivatives
[8, 9] have been synthesized by the reaction of 3-chloro-2-hydroxypropyl,
trimethyl ammonium chloride or 3-chloro-2-hydroxypropyl, dimethyl, dodecyl
quaternary ammonium salt (DDCQA) with starch under alkaline conditions.
Introduction of PDMS and quaternary amino group in starch is expected to
improve the surface-active properties. This is due to higher surface activity of
quaternary amino siloxanes [10] than hydrocarbon surfactant e.g. linear alkyl
benzene sulphonate (LAS) and 3-chloro-2-hydroxypropyl, dodecyl quaternary
ammonium chloride (DDCQA). The methylene groups in the hydrocarbon sur-
factants have higher surface energy [11] as compared to the dimethyl groups on
the PDMS backbone [12].

This paper focuses on the introduction of quaternary amino terminated
PDMS chain in starch molecule to obtain water soluble starches, with higher sur-
face activity than the cationic starch  containing hydrocarbon units. In order to
synthesize water-soluble starch-g-quaternary amino PDMS (SQPDMS), 3-
chloro-2-hydroxypropyl, methyl, n-propyl quaternary amino PDMS (QPDMS)
(5) was synthesized and subsequently reacted with starch. Reaction Scheme 1
describes the synthesis of 3-chloro-2-hydroxypropyl, methyl, n-propyl quater-
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nary amino PDMS (QPDMS) (5). Silanic hydrogen terminated PDMS was syn-
thesized by initiating the polymerization of hexamethylcyclotrisiloxane (D3)
using n-butyllithium followed by terminating the living PDMS with chlorodi-
methylsilane (Me2HSiCl). This was subsequently hydrosilated with allyl glycidyl
ether in the presence of hexachloroplatinic acid to give epoxy terminated PDMS
which on reaction with n-propylamine gave n-propyl aminohydroxy PDMS. This
was on further reaction with epichlorohydrin followed by methyliodide gave 3-
chloro-2-hydroxypropyl, methyl, n-propyl quaternary amino PDMS (QPDMS)
(5). The product was characterized using FTIR and 1H-NMR. As indicated in
scheme 2, QPDMS (5) was further reacted with degraded starch [13]. (synthe-
sized as explained in the experimental section) at 80¡C for 20 hours by main-
taining the pH at 11.5 throughout the reaction. The reaction mixture was filtered
at pH 5.7. The product was separated from the aqueous filtrate by distilling off
water under vacuum and washed several times with ether to remove unreacted
QPDMS. Table 1 indicates %N and %Si in SQPDMS, which is obtained by
reacting different amounts of QPDMS with starch. The ratio of starch/siloxane
was calculated from the amount of % nitrogen obtained [14]. 1H-NMR of prod-
uct (5) and (6) are shown in Figures 1 and 2. 1H-NMR spectrum of SQPDMS

STARCH-G-QUATERNARY AMINO POLYSILOXANE GRAFT 1329

Scheme 1. Synthesis of 3-chloro-2-hydroxypropyl, methyl, n-propyl, quaternary
amino PDMS (QPDMS).
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shows peak at (δ 0.1 is due to Si-CH3 and peaks at δ 3.2- 4 are due to ÐCH2-O-
CH2-, -CH2 -N+ and anhydroglucose units.

Surface-Active Property of Cationic Starch-g-Quaternary Amino PDMS
Copolymer (SQPDMS) 

The cationic starch-g-quaternary amino PDMS copolymer (SQPDMS)
(shown in Figure 4a), obtained by reaction with QPDMS (shown in Figure 3a) is
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Scheme 2. Synthesis of starch-g-quaternary amino PDMS copolymer (SQPDMS).

TABLE 1.  Elemental Analysis of SQPDMS which is
Obtained by Reacting Different Amounts QPDMS
with Starch
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more surface active than cationic starch containing hydrocarbon unit (shown in
Figure 4b), obtained by reaction with DDCQA (shown in Figure 3b). As shown
in Figure 5, cationic starch containing hydrocarbon unit shows reduction in sur-
face tension of water to 40 mN/m (curve 4) while SQPDMS shows surface ten-
sion 22-24 mN/m (curve 1,2,3). The lowering in surface tension increases with
increase in %Si in the graft copolymer.

CONCLUSION

Introduction of quaternary amino PDMS moiety into starch, gave water
soluble cationic graft copolymer of starch having excellent surface-active proper-
ties. This was obtained by reaction of 3-chloro-2-hydroxypropyl, methyl, n-propyl
quaternary amino PDMS (QPDMS) with degraded starch. The surface-activity was
regulated by changing the number of siloxane units in the graft copolymer.
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Figure 3. a) QPDMS and b) DDCQA.
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Figure 5. Plot of surface tension(mN/m) vs. concentration in weight % of
SQPDMS copolymer (curves 1, 2, 3) and Cationic starch containing hydrocarbon
(curve 4).
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