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Synthesis of Pectin graft copolymers with (2-acrylado-2-methyl-1-propanesulphonic
acid) and (sodium 4-vinylbenzenesulfonate)

Pectin graft copolymers were synthesised as per the our previous work [1]. Briefly, about 0.5g
of pectin powder was dispersed in 50 ml of DD water contained three necked round bottomed
flask and allowed for overnight stirring at 100 rpm to obtain a clear solution pectin. The flask
was fitted with the reflux condenser with nitrogen line and placed the flask into the water bath
at 65 °C. Initiator, potassium persulphate, was dissolved in 5 mL of DD water separately, added
to dropwise to the pectin solution and allowed for 30 minutes to generate free radicals. Then
required quantities of AMPS and SVBS was mixed with 10 ml of water was added to the pectin
solution and stirred for 2h. After completion of rection, reaction mixture cooled to room
temperature under tap water, the resulting solution was added to acetone drop wise to get
precipitated the graft copolymer. Finally, the graft copolymers (PC-g-AMPS & PC-g-SVBS)
were purified as per the Scheme 1 and dried at 40 °C for 48 h and kept in dedicator for further

application.

FTIR Studies

The structural modification of PC-g-AMPS and PC-g-SVBS were confirmed by FTIR
spectroscopic studies [2,3]. Figure S1 to comprises the FTIR spectra of pectin, PC-g-AMPS
and PC-g-SVBS graft copolymers. From this spectrum of pure pectin, the absorption peaks
around 3391, 2941, 1745 & 1631 cm™ corresponds to O-H, aliphatic C-H, carboxylic C=0
stretching. The peaks at 1408 & 1345 cm™ is assigned to CH scissoring and O-H bending. A
peak at 1069 cm™ corresponds to CH-O-CH stretching. FTIR spectrum of AMPS grafted pectin
shows significant peaks at 3100-3600 cm™ corresponds to O-H and N-H stretching. Peaks at
1745 and 1649 cm™ responsible for -C=0 stretching vibrations of carboxylic and amide groups.
In addition, peaks at 1554 cm™ and 2927 cm™ are responsible for N-H bending and aliphatic
C-H stretching vibrations, respectively. The two peaks at 1445 and 1370 cm™ are assigned to
CH2 scissoring and O-H bending responsible for S=0. FTIR spectrum of SVBS grafted pectin
shows peaks at 3439, 2924 and 2824 cm™ are responsible for O-H and C-H stretching
vibrations, respectively; in addition, 1457 and 1377 cm-1 are responsible for O-H and C-H
bending vibrations. The two peaks 1412 and 1127 cm™ are responsible for S=O group. In
addition to the pectin peaks, additional peaks appearing in the graft copolymers i.e., PC-g-
AMPS and PC-g-SVBS are indicate that the grafting reaction is confirmed (Scheme S1).



NMR studies of graft copolymers

In the *H NMR spectrum (Figure S2) of PC-g-AMPS the peaks at & = 6.14-5.98 ppm, 5.56
ppm, and 3.99-2.93 ppm correspond to the pectin back-bone and the peaks at 6 =2.09 ppm and
1.38 ppm corresponds to the AMPS portion.

In the *H NMR (D20) spectrum of PC-g-SVBS, a peak at § = 7.42 ppm is corresponds to SVBS
and the peaks at 6 = 6.51 ppm, 4.15-3.09, 2.07 ppm and 1.33 ppm are due to the pectin back-
bone.

XRD studies of graft copolymers

Figure 5 shows the X-ray diffractograms of the pure pectin (A), PC-g-AMPS (B) and PC-g-
SVBS (C). The pure pectin showed intense diffraction small peaks at 26 =23, 25, 26, 28, 30°.
For the grafted pectin there are two diffraction peaks at the diffraction angles (20) 20° and 25°.
The first one is crystalline nature, but after the grafting, the crystalline nature was disappeared
due to the poly styrene sulphonate chains added on to the pectin backbone. As shown in Fig,
in accordance with the characteristic diffraction peaks of Pectin, and the disappearance of sharp
peaks after the grafting with SVBS, indicates that the loss of the crystalline nature and the
amorphous behaviour in Pectin-g-SVBS is acquired due to SVBS [4,5].

DSC

Figure 8 shows the DSC thermograms of pure pectin (B), PC-g-AMPS (A) and PC-g-SVBS.
From these thermograms, the endothermic peaks called decomposition curves. For pectin
which shows a characteristic melting curve at 180 °C, and a decomposition curve a 450 °C.
Thermogram is belongs to PC-g-AMPS, which shows three endothermic curves at 150, 330,
350 °C, out of which the peak at 150 °C is melting curve and remaining are various
decomposition curves of polyAMPS. The thermogram belongs to PC-g-SVBS, the firs peak at
85 °C may be the melting curve of grafted polymer which is merged with water content (so its
intensity is high compared to curve B) and the peak 460 °C is the decomposition of poly SVBS
[6,7,]
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Scheme S1: Pectin graft copolymers preparation and purification.

H H
_ HQOC H o o H4CQ0C H o
c HO HO
Aﬁc, H H H
H|m
H 0 H OH
s88 N
0
OH
n PC-g-SVBS
H
H,C00C H
H
HO
Oﬁl:‘fo
Na
b - °
- H H
HQOC H o H,CAOC
—
o 0
\ OH HO HO
H H |
m
H H fe) H
HOOC H =0 *
H—&d 7\ PC-g-AMPS
H NH
AMPS o
Pectin (PC) 40
/ ou
0

Scheme S2: Plasible schemactic chemistry of graft copolymerisation of AMPS and SVBS on

to SA.




(©)

S
=
o]
£
£ (B)
72!
=
o]
i
-
)
(A)

I
4000 3500 3000 2500 2000 1500 1000 50
Wavelength (cm'l)

Figure S 1: FTIR spectrum of Pure pectin (A), pectin-g-AMPS (B) and pectin-g-SVBS (C).
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Figure S 2: NMR spectrum of pectin-g-AMPS and pectin-g-SVBS.
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Figure S 3: XRD patterns of Pure pectin (A), pectin-g-AMPS(B) and pectin-g-SVBS (C).
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Figure S 4: DSC thermograms of pectin (B), pectin-g-AMPS (A) and pectin-g-SVBS (C).
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Figure S5: Effect of various reaction conditions on the grafting of AMPS onto the PC,
prepared by KPS as initiator. (A) Effect of monomer concentration [Other reaction conditions:
0.5 g of PC; temperature: 60 °C; time: 150 min; initiator concentration 0.07 mol.]. (B) Effect
of reaction temperature [Other reaction conditions: 0.5 g of PC; Monomer concentration: 3
mmol; time: 150 min; initiator concentration 0.07 mol.] (C) Effect of initiator concentration
[Other reaction conditions: 0.5 g of PC; Monomer concentration: 3 mmol; time: 150 min;
temperature: 60 °C.] (D) Effect of reaction time. [Other reaction conditions: 0.5 g of PC;
Monomer concentration: 3 mmol; initiator concentration 0.07 mol; temperature: 60 °C]
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Figure S6: Effect of various reaction conditions on the grafting of SVBS onto the PC,
prepared by KPS as initiator. (A) Effect of monomer (SVBS) concentration [Other reaction
conditions: 0.5 g of PC; temperature: 65 °C; time: 120 min; initiator concentration 0.07
mmol.]. (B) Effect of reaction temperature [Other reaction conditions: 0.5 g of PC; Monomer
concentration: 3 mmol; time: 120 min; initiator concentration 0.07 mmol.] (C) Effect of
initiator concentration [Other reaction conditions: 0.5 g of PC; Monomer concentration: 3
mmol; time: 120 min; temperature: 65 °C.] (D) Effect of reaction time. [Other reaction
conditions: 0.5 g of PC; Monomer concentration: 3 mmol; initiator concentration 0.07 mmol;

temperature: 65 °C].
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Figure S7: Digital Photographs of the various PEMs

12



Table S1: %Grafting,

conditions.

%grafting efficiency, %conversion, and %yield of PC-g-
AMPS graft copolymer prepared by APS as initiator based on effect of various reaction

%Grafting | %Grafting %Conversion | %Yield
Efficiency
Temperature (°C) Effect of temperature on grafting

50 12.64 10.16 90.58 50.21

55 58.14 46.76 127.17 70.49

60 82.16 66.07 146.49 81.19

65 62.06 49.91 130.33 72.24

70 30.40 24.45 104.87 58.12

Time (min) Effect of time on grafting

30 50.2 40.4 120.82 66.97

60 56.0 45.1 125.47 69.54

90 66.2 53.3 133.69 74.10

120 76.2 61.3 141.71 78.55
150 82.2 66.1 146.49 81.19
180 71.2 57.3 137.71 76.33

KPS concentration Effect of initiator concentration on grafting
(mmol)
0.02 12.36 9.94 90.36 50.08
0.04 30.70 24.69 105.11 58.26
0.06 56.72 45.61 126.03 69.86
0.07 71.24 57.29 137.71 76.33
0.09 70.02 56.31 136.73 75.78
0.11 60.42 48.59 129.01 71.50
AMPS concentration Effect of monomer concentration on grafting
(mmol)

15 33.01 53.09 213.93 82.02

2.0 38.18 46.06 166.68 75.55

2.5 48.38 46.69 143.19 72.87

3.0 67.73 54.47 134.89 74.76

3.5 82.04 56.55 125.48 74.28

4.0 82.02 49.47 109.78 68.48
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Table S2: %Grafting, %grafting efficiency, %conversion, and %yield of PC-g-SVBS graft
copolymer prepared by KPS as initiator based on effect of various reaction conditions.

%Grafting | %Grafting %Conversion | %Yield
Efficiency
Temperature (°C) Effect of temperature on grafting

50 17.98 12.39 81.33 48.14

55 40.64 28.02 96.95 57.39

60 52.14 35.94 104.88 62.08

65 67.03 46.21 115.15 68.16

70 64.24 44.29 113.22 67.02

Time (min) Effect of time on grafting

30 17.38 11.98 80.92 47.90

60 31.24 21.54 90.47 53.55

90 52.02 35.86 104.80 62.03

120 67.03 46.21 115.15 68.16

150 66.04 45.53 114.46 67.75

180 65.98 45.48 114.42 67.73

KPS concentration Effect of initiator concentration on grafting
(mmol)

0.02 19.26 13.28 82.21 48.66

0.04 26.24 18.09 87.02 51.51

0.06 44.82 30.89 99.82 59.09

0.07 67.03 46.20 115.13 68.15

0.09 58.46 40.30 109.23 64.66

SVBS concentration Effect of monomer concentration on grafting
(mmol)

15 17.46 28.08 188.92 72.43

2.0 30.72 37.06 157.68 71.47

2.5 53.60 51.72 148.23 75.43

3.0 67.03 53.90 134.32 74.45

35 60.64 41.80 110.73 65.55

4.0 61.80 37.27 97.59 60.87
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Table S3: In-vitro drug release studies of various kinetics mod

Sample code Zero order First order Higuchi Hixson-Crowell Korsmeyer- Peppas
pH-1.2 pH -7.4
R Ko R K1 R Kn R Khe R n Kk R n Kk
PVA 0.85 |5.12 0.723 4.03 0.723 1.75 0.731 3.35 0.943 8.21 532 0.943 0.81 5.82
Pectin-g-SSS 0.971 | 0.85 0.980 0.75 0.980 0.32 0.981 1.15 0.968 0.25 017 0.998 0.40 0.26
Pectin-g-AMPS | 0.984 | 0.98 0.973 2.06 0.973 0.89 0.986 1.82 0.986 0.29 037 0.924 0.64 3.12
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