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APPENDICES

Appendix A Determination of Degree of Deacetylation of Purified Biopolymer
by Fourier Transform Infrared Spectroscopy (FT-IR)

The degree of deacetylation (%DD) of purified biopolymer can be
determined by Fourier Transform Infrared Spectroscopy (FTIR). This method which
i purposed by Miya et al., (1980) determined remaining N-acetyl glucosamine units
In its structure by using the relation of the absorbance ratio of the amide 1peak (1655
em™] to the CFl stretching peak (2867 cm") . The degree of deacetylation of purified
biopolymer was calculated using equation 4.1, 4.2, 4.3 and Figure 4.3 which are
shown in section 4.1.1.2. All values of parameters in these equations are shown in
Table Al

For the example of calculation the purified biopolymer at batch #1, the
relative intensities AB and AC of amide Il were 57.72 and 77.54, respectively.

AC-H stretching,2867 om-1

AC-H stretching,2867 cm-1 ~ 0-128
And the relative intensities DE and DF of amide Il were 57.72 and 77.54,

respectively.

. . 176.12
Aamide, 1655 cm-1 ~ Iog|o<74 5

Aamide,1655cm'1 — 0.009
Absorbance ratio = =0.075 (4.3
Finally, the degree of deacetylation was evaluated using Figure 4.3, the
degree of deacetylation at ahsorbance ratio of 0.075 is 96.99%
This calculation also applied to other batchs of the purified biopolymer and

the results are shown in table BI. The average degree of deacetylation is 96.05 %
with 0.066 % standard deviation



Table Al All values of parameters in equations 4.1, 4.2, and 4.3 and the average of
degree of deacetylation of purified biopolymer

Relative Relative
No.  intensit MR intensity  Ag ABME® opp
A ok a0
1 5172 7154 0128 7445 7612 0009 0.075 96.99
2 5085 7923 o120 7323 7483 0009 0.077 96.39
3 5876 8134 0141 7444 7615 0009 0.070 97.03
Average 96.8010.358

From Table Al, The average degree of deacetylation is 96.80 % with 0.358
% standard deviation



Appendix B Determination of Degree of Deacetylation of Purified Biopolymer
by pH-metrical Titration

Figure BL illustrated the titration curve of purified hiopolymer which
has two equivalent points. The degree of deacetylation (%DD) is calculated using
equation B1

The degree of deacetylation(%DD) = 16.1(Y —X)* (BI)

Where Y and X are the consumed NaOH volume of the first and
second equivalent points in Figure BI, respectively./is the molarity of the NaOH
solution and i the initial purified biopolymer weight.

Figure BI Titration curve of purified biopolymer for determination of the degree of
deacetylation.

Example of calculation the purified biopolymer at batch #1, 0.0502 ¢ of
purified biopolymer was dissolve in 0.1 N HC1 and 0.1000 N NaOH solution is used
as titrant So,

The degree of deacetylation (%DD) = 16.1(19.5 - 16.505) QQQ

The degree of deacetylation (%DD) = 96.05 %

This calculation also applied to other batchs of the purified biopolymer and



the results are shown in table B1. The average degree of deacetylation is 96.05 %
with 0.066 % standard deviation

Table BL All values of parameters in equations BL and the average of degree of
deacetylation of purified biopolymer

the consumed (& consumed - the
No,  NaOH atfirst Ns%?ol;lwdat tgﬁr'ﬁiﬂgl molarityof  o;p)
equivalent point equivalent  biopolymer(g) the l\,{la H
point (mL) (N)
1 16,505 195 0.0502 01 96.05

2 15.31488 183 0.0500 01 %.12
3 1591303 189 0.0501 0.1 95.99

Average 96.0520.066



Appendix ¢ Determination of Degree of Substitution of Modified Biopolymer
by High-Performance Liquid Chromatography (HPLC)

After the modification, the mixture solution of unreacted piperazine-2-
carboxylic acid, isopropyl alcohol and water which is filtrated in order to get the
modified biopolymer and get rid of impurity from product is was used for
determination of degree of substitution by high-performance liquid chromatography
(HPLC). The 40 pL of sample (piperazine-2-carboxylic acid standard or the mixture
solution of unreacted piperazine-2-carboxylic acid, isopropyl alcohol and water)was
Injected in to the column. The retention time of piperzine-2-carboxylic acid occurred
approximately at 41 min. The chromatograms of pipereazine-2-carboxylic acid
standard at 0.1%, 0.3%, 0.5%, 0.9% and 1.1% wiv were shown in Figure CI, C2, C3,
C4, C5 and C6. Table CI illustrated the peak area of piperazine-2-carboxylic acid at
various concentrations. The peak area of piperazine-2-carboxylic acid indicated the
quantity of unreacted piperazine-2-carboxylic acid in the mixture solution as shown
in Figure CI.

mvV

..... DetAChii
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Figure CI' Chromatogram of 0.1 %wiv piperazine-2-carboxylic acid standard.



Figure C2 Chromatogram of 0.3 % wiv piperazine-2-carboxylic acid standard,
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Figure C3 Chromatogram of 0.5 %wiv piperazine-2-carboxylic acid standard.



mv

Figure C4 Chromatogram of 0.7 % wiv piperazine-2-carboxylic acid standard.
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Figure C5 Chromatogram of 0.9 %wlv piperazine-2-carboxylic acid standard,



Figure C6 Chromatogram of 0.9 % wiv piperazine-2-carboxylic acid standard.
Table Cl The peak area of piperazine-2-carboxylic acid at various concentrations
Concentration of ~ Mole of piperazine-2-

piperazing-2- carboxylic acid
carboxylicacid in 100 mL solution(x104)

Peak area Average
at4lmin  Peak Area

0
0 0 0 010.000
0
32,936
01 4.9261 3293% 3293314359
32,928
68,715
03 14.7783 68,/06  68,71316.245
68,718
114,623
05 24,6305 114625 11462115.291
114,615



66

Table C2 The peak area of piperazing-2-carboxylic acid at various concentration
(continue)

| Congentration of _ Mole ofpipgrazipe-Z- peak area Average
plperazme-z_-carboxyllc _ carboxylic _aud 241 min peak Area
acid in 100 mL solution(x 104)
160,763
0.7 34.4828 160,770 160,769.50+6.264
160,776
193,094
09 143340 300 LOIAS0OTES
193,102
243 287
11 54.1872 243299 243,29246.244
243,290

Figure C7 The calibration cure of piperazine-2-carboxylic acid.



According to Figure CI, the regression equation of piperazine-2-carboxylic
acid and peak area is expressed in equation (CI)

Y=5X107X (Cl)
Where v is peak area of piperazine-2-carboxylic acid (retention time of 4.1 min) and
X is mole of piperazine-2-carboxylic acid.

Hence the unreactedpiperazine-2-carboxylic acid was evaluated using
equation (C2), then he reacted piperazing-2-carboxylic acid was calculated using
equation (C3). Finally, the degree of substitution which isthe ratio of mole of reacted
of piperazing-2-caboxylic acid and mole of glucosamine group of purified
biopolymer was calculated using equation (C4).

The unreacted piperazine-2-caboxylic acid (mole)

peak area of piperazine-2-carboxylic acid
5X1

The reacted piperazine-2-caboxylic acid (mole)
= The initial piperazine-2-cahoxylic acid (mole) -
The unreacted piperazine-2-caboxylic acid (mole)  (C3)

The degree of substistution (%DS) =

The reacted piperazine-2-caboxylic acid (mole) X (C41
The initial purified biopolymer (mole)x%DD '

Example of calculation the modified biopolymer at the ratio of 1.1
The unreacted piperazine-2-caboxylicacid = &° mole

So,  The unreacted piperazine-2-caboxylic acid =5.85 X10'4 mole
The reacted piperazine-2-caboxylic acid = (10.22 xio 4) -(5.85 xio '4 )
S0, The reacted piperazine-2-caboxylic acid = 3.92 xio “4mole

The degree of substistution (%DS) = 3@xI° X100

.22 X10-4

This calculation also applied to other ratios of the modified hiopolymer and
the results are shown in table C2. The degree of substitution of modified hiopolymer
in the purified biopolymer to piperazine derivative ratio of 1.1, 1.2 and 15 are
30.76%, 72.63% and 71.60 %



Table C2 The degree of substitution of the modified hiopolymer

Mole ratio

piperazine-  Peak areaat

Biopolymer  2-carboxylic

acid
1 1
1 2

41 min

29,236
29,233
29,226
61,791
61,799
61,799

208,883
208,879
208,886

Average peak

208,862.50

The unreacted
piperazine-2-
carboxylic acid
(xIO'4mole)

5.85
12.36

41.78

The initial
piperazine-2-
carboxylic acid
(x 104mole)

9.77
19.54

44.82

The reacted
piperazing-2-
carboxylic acid
(XIO'4mole)

3.92
118

1.05

The initial
biopolymer
(x 104mole)

10.22
10.21

10.22

%DS

39.76

12.16

71.08



Appendix D Modification of Purified Biopolymer (Preparation Method in
Section 3.2.3 in Chapter 111)

D1 Preparation ofreactant for modification

The purified biopolymer was modified with piperazine-2-carboxylic
acid in the mixture solution of isopropyl alcohol, 1% wiv glacial acetic acid and
water. A mole ratio of biopolymer to piperazine-2-carboxylic acid which was L1 for
1A, 1.2 for 2A and L5 for 3A were prepared.

For example, the calculation for batch # 10f the modified biopolymer
at ratio of 11, 02667 ¢ of modified biopolymer was needed for
characterizations, the quantities of the reactants were calculated following equation
(DI), (D2) and (D3).

The initial glucosamine group in purified biopolymer
Needed modified biopolymer (g) o
= FT x 161 (D1)

= 0.1573 ¢

Where 273 is molecular weight of 1 repeating unit of modified
biopolymer and 161 is molecular weight of 1 repeating unit of glucosamine group in
purified biopolymer,

Since the degree of deacetylation of biopolymer was 96.43% , S0 the 1
gram of purified biopolymer has only 0.9554 gram of glucosamine group. The initial
purified biopolymer and the piperazine-2-carboxylic acid were calculated using
question (D2) and (D3).

The initial purified biopolymer
= —915 XThe initial glucosamine group

(D2)
The initial purified biopolymer = —— X0.1573

The initial purified biopolymer = 0.1646 @
The initial piperazine - 2- carboxylic acid dihydrochloride



The initial glucosamine group in purified biopolymer (1
g group n P polymer (1) x 203 (D3)

Where 203 is molecular weight of piperzine-2-carboxylic acid and 161 is
molecular weight of 1repeating unit of glucosamine group in purified biopolymer.
The initial piperazine —2 —carboxylic acid dihydrochloride

0.1573
15 X 203

= 01983 ¢
The calculations also apply to other batch of the modified biopolymer and the
results are shown in Table D1.

Table D1 Quantity of theoretical reactant in the modified biopolymer.

Mol o BP(0) PZACHe lZ(IJE;ﬁg{l glaiz)lvgf:\étic Wete
BPa  PZ2Ch (©) (mL) acid (mL) ()

1 1 0.1646  0.1963 5242 26.21 10.48
1 2 0.1646  0.3969 5242 26.21 10.48
1 5 0.1646 09915 5242 26.21 10.48

Note . aPZ2C is piperazine-2-carboxylic acid
bBP is purified biopolymer
cPZ2CH is piperazine-2-carboxylic acid dihydrocholide

D2 Determination of Yield of The Modified Biopolymer
Reaction of purified biopolymer (Average degree of deacetylation
(%DD) of 96.43% which is calculated from %DD of FTIR method (96.80%) and pH-
metric (96.05%) ) with piperaine-2-carboxylic acid was prepared to produce the
modified hiopolymer. Yield of the modified hiopolymer was calculated using
equation (D4).



% Yield of the modified biopolymer
- Weight of the modifed biopolymerX@XlOO (D4)

Where %DS is % degree of substitution shown in Appendix ¢ which
I 39.76%, 72.63% and 71.60 % in the purified hiopolymer/ piperazine derivative
ratios of 11 51:2 and 1.5, respectively

Example of calculation for batch # L of the modified biopolymer in%
yield in the purified biopolymer to piperazine derivative ratios of 1.1,

9%Yied ofthe muified iopolynier = 04140 X (...Lx 100

% Yield of the modified biopolymer = 41.65 %

The calculations also apply to other batch of the modified biopolymer
and the results are shown in Table DI. The average of yield of modified biopolymer
in the purified biopolymer to piperazine derivative ratio of 1.1, 1.2 and 1.5 are 42.50
%, 76.84% and 75.10%, respectively.




Mole ratio
BPa PZ2Ch

Modified
biopoly
mer
Batch #1
Batch #2
Batch #3

Batch #1
Batch #2
Batch #3

Batch #1
Batch #2
Batch #3

Table D2 Yield of the modified biopolymer

01661  0.1983
01653  0.1982
01670  0.1985
Average
01667  0.3969
01656 03977
01677 03%
Average
01659 09915
01677 0.9920
0.1644 09910
Average

bBP is purified hiopolymer

Modified
BP(g) PZ2CH(g) biopolymer

(9
0.1740

0.1778
0.1809

0.1789
0.1625
0.1877

0.1688
0.1803
0.1733

Note : aPZ2CH is piperazine-2-carboxylic acid dihydrocholride

%Yield of the

modified
biopolymer
41,65
4211
43,07
42.50+0.748
179
1127
81.29
76.8445.102
12.85
76.85
1548
75.10£2.033



Appendix E Thermogravimetric Analysis

The thermogravimeteic analysis was studied thermal stability of the modified
biopolymer. The thermogram of the biopolymer, piperazine-2-carboxylic acid and
modified biopolymer show two curves including thermogravimetric curve and
derivertive thermogravimetric curve. Both of graphs was used to evaluated the
decomposition temperature, weight loss and quantity of char residue. Figure EI, E2,
E3, E4 and E5 shows the thermogram of hiopolymer, piperazine-2-carboxylic acid
and modified biopolymerat the ratio of 1.1, 1:2and L5.

Hp<i)<pcocoaioioiooa)tomHcoinrjpi*DANHOOH

Temperature (°C)

Figure EI Thermogram of the purified biopolymer.
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LR e

Temperature ( Q

Figure E2 Thermogram of the piperazine-2-carboxylic acid.

Figure E3 Thermogram of the modified biopolymer at ratio 1.1
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Figure E4 Thermogram of the modified biopolymer at ratio 1.2,
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Figure E5 Thermogram of the modified biopolymer at ratio 1:5.
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