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Tab. 1 The reaction condition, substitution degree and solubility of phthaloyl chitosan samples
PHCSI1 PHCS2 PHCS3 PHCS4 PHCSS PHCS6 PHCS7
Molar ratio” 1.0 0.21 1.0 0.5 1.0 1.0 1.0 1.0 1.0 3.0 1.0 3.0 1.0 3.0
Reaction time/h 0.5 0.5 0.5 1.0 2.5 4.0 6.5
DS |(NMR) 0.21 0. 46 0.45 1.0 0.62 0. 69 0.78
DS (by elemental analysis) - 0.43 0.51 1.0 0.70 0. 80 0. 84
DS,(by elemental analysis) - 0.11 0.08 0. 44 0.50 0. 69 0.78
Solubility(in CHCI,C OOH) high high high high moderate low low

“n( chitosan) n(phthalic anhydride). DS: total degree of substitution; DS,: degree of substitution of phthaloyl imide group.
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Fig.1 FTIR spectra of (a)chitosan, (b)PHCS2
and (¢) PHCS7
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Tab. 2 Assignments of major bands in FTIR
spectra of chitosan and phthaloyl chitosan

Wavenum ber/ cm™ !

Assignment

Anzsi f ArssibLs

CS PHCS
3374 3444 (O—H) (incl. ¥ N—H) at about 3300)
3058 W C—H) (benzene ring)
2 920, 2927, W C—H)
2 875 2 856
1775, W C=0 ) (imide)
1712
1655 1654 W C=0 ) (amide band)
1596 1559 O(N—H) (incl. Amide  band, at
about 1550, i. e.{ C—N)+ 6(N—H))
1419 1468 6( CH»)
1379 1391 4(CHy)
1317 1296  C—N)+ S(N—H) (amide band)
1155 1111 Vs (C—0—C)
1071 1 069 W C—0 in {CHOH )
1030 1028 W C—O in—CH0H)
898 896 Ving
721 ¥(C—H) (benzene ring)
. BL:1 BL2
_1
. 1 391 em
D) BL3
.

A [A ( Avrs/Ars)
X, X

RD= xi—- x /x, xi= (Ars/Ar8) /DS, x

2 A o/ A posis
DS, (DS, 'HNMR )
Flg 2 The pl()t Of A 17 12BL1 /A 1391BL3 US

DS 1 value for phthaloyl chitosan
(DSivalue were determined by 'H NM R )
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Tab. 3 Relative deviation ( RD) of App/ Ags ratio of different combination for phthaloyl chitosan with different DS,

; PHCS1 PHCS2 PHCS3 PHCS4 PHCSS5 PHCS6 PHCS7 —_
Avp/ A pg* - . . . . - P RD
0.21 0.45 0. 46 0.62 0. 69 0.78 1. 00

A1 71w/ A 139813 0. 04 0.17 0.01 0.22 0.07 0.11 0.02 0.09"
A1 nm12/ A 139BL3 0.09 0.23 0.03 0.25 0.08 0.11 0.05 0.12
A7/ A13918L3 0.15 0.25 0.02 0.32 0.16 0.28 0.03 0.15
A1 s/ A 13l 0.16 0.32 0.18 0.24 0. 14 0.03 0.11 0.17
A1 nmi2/ A 139812 0. 20 0. 36 0.24 0.42 0.12 0.03 0.10 0.19
A7ul A 1391811 0.18 0.28 0.09 0.15 0.27 0.09 0.15 0.17
A2/ A 1391812 0.18 0. 26 0.15 0.13 0.24 0.18 0.14 0.19
Al A | 65411 0.20 0.28 0.51 0.01 0.37 0.38 0.07 0.26
A7l A | 6811 0.31 0.34 0. 60 0.20 0.35 0.52 0. 06 0.35
A7/ A 55011 0.50 0.72 0. 81 0.01 0.37 0.38 0.07 0.63
A721/A 2 97 0.21 0.45 0.43 0.17 0.27 0.34 0.11 0.29
A1 7/ A1 espL 0.18 0.39 0.48 0.08 0.11 0.15 0.59 0.27
A a2l A1 esiiz 0.22 0.32 0.50 0.09 0.12 0.10 0.71 0.31
A 17181/ A 2927 0.33 0.59 0. 86 0.28 0.38 0.70 0.09 0. 46
A 170812/ A 2927 0.35 0.59 0.87 0.28 0.38 0. 68 0.11 0. 47

“The digits in subscripts represent the wave number of infra—red band. PB: probe band in IR spectra; RB:ref band; BL; BL, BLj:

base lines see Fig. 1. “ " DS obtained from NMR.
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Tab.4 Relative deviation ( RD) of Ars/ Ars ratio of different combination for phthaloyl chitosan with different DS

Arp/ A pr PHCS2 PHCS3 PHCS4 PHCSS PHCS6 PHCS7 E

A 1775801/ A 1 6411 0. 04 0.04 0.07 0.15 0.11 0.06 0.08
A 1775812/ A | es4B12 0.14 0.04 0.11 0.27 0.09 0.12 0.13
A 177581.1/A 1 468811 0.08 0.38 0.04 0. 00 0.01 0.42 0.16
A 177581 1/A 1 s598L1 0.51 0. 65 0.02 0.67 0.50 0.02 0.39
A 1775812/ A 1 559812 0. 68 0.79 0.12 1.16 0.53 0.09 0.56
A 1775812/ A 1 468812 0.24 0.56 0.05 0.07 0. 00 0. 67 0.26
Awrrmit A 2997 0. 40 0.155 0..20 0,29 0.34 0,12 0.32
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Determination of Degree of Substitution for
Phthaloyl Chitosan by FTIR

DONG Yan-Ming , WANG Mian, WU Yu-Song
(Dep artment of Materials Science and State K ey Laboratory for Physical
Chemistry o Solid Surfaces, X iamen University, X iamen 361005)

Abstract The FTIR spectrometry was used to determining the total degree of substitution(DS1) of
phthaloyl chitosans (PHCS) and degree of substitution of phthaloyl imide groups(DS2). The probe
bands, reference bands and baselines in IR spectra were investigated for the determination. The DS
were also determined by "H NMR and elemental analysis for comparison. Based on the average rela-—

tive deviations of (A probebad/ A rdband) to DS in FTIR spectra the most suitable A v/ A r8) was found to be

Ar1nzei/ Avsosis for DSt calculation, and A 1775811/ A 16sasu1 for DS2, where BL1, BL2 and BL3 are the

baselines in IR spectra( Fig. 1).

Keywords chitosan, phthaloyl chitosan, degree of substitution, quantitative determination, FTIR



