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Fig. 1 The synthesis reaction equations and chemical structure of phthaloyl chitosan
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Fig. 2 'H-NMR spectrum of PHCS3
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Table 1 The reaction condition, degree of substitution and solubility of
phthaloyl chitosan samples
Sample

Molar ratio (PH/CS)

PHCSI PHCS2 PHCS3 PHCS4 PHCSS5 PHCS6

0.5 1 3 3 3 3

Reaction time {h) 0.5 05 05 1.5 4 6.5
DS 1o (NMR) 0.45 0.46 0.96 0.62 0.69 0.78
DSou{Element analysis) 0.51 0.43 1.00 0.70 0.80 0.34
DS, (Element analysis) 0.45 0.32 0.70 0.20 0.i1 0.06
DS, (Flement analysis)  0.08 0.11 0.30 0.50 0.69 0.78
Solubility (in DCA) E E E I D D

PH: Phthaloy! anhydride; CS: Chitosan; DCA : Dichloroacetic acid; DS, :
DS for the amic acid-chitosan; DS, : DS for the imide-chitosan; E:Easy;
I:Intermediate ; D : Difficult

Table 2 The element analysis results of PHCS sampies

Fourd {Calculated}" (% }

Sample
C H N
PHCS1 48.30(48.04)  6.12(5.85) 4.94(5.39)
PHCS2 47.44(47.34)  6.59(5.99) 5.91(5.66)
PHCS3 51.83(52,33)  4.86(5.09) 3.86(4.26)
PHCS4 53.11(52.72)  5.10(5.20) 5.28(5.16)
PHCSS 53.99(53.99)  4.90(5.00) 4.77(4.95)
PHCS6 54.77(54.52)  4.73(4.92) 4.69(4.88)
* Calculsted for the formula based on 1 H, ¢ (for PHCS1 TO PHCS3) and

0.5 HyO (for PNCS4 to FHCS6) per glucosamine residue

MWEIATN ERIELEST DS,/DS, , 18
E-ETHEREWNSRAE . YRS R,
et E B BMBEERTER, R RTRRE
A Bitdn)s BEKLEETSE AR ETL
B R, 0 B BE B 5 A B ) AL SR FHE RE L B



W ERUF - PRRXEEBF S THHRV SX_PRACERIRERDAENREENEW 33

o BR BT 7E MR 2L b i AR I 52 1 e ) 9 BE 4
2B, R8T B AL i B, B S0 o A9 B AR BE Bl
[ B [8) 77 2% 4 1
2.1.2 ByMasftigdrneER FTIR Y9
WEER(BE3)H#H—FHFRIEL T L RMHE
A#. PHCS MAFEHR 1712 5 1775 em ' WE
BOXRBURFAFEN, A TH M ESHKER
EHASBRMARS EAESEEEXINE, A4
1599 cm™' #9—NH, { 48 ¥ 3h ¥ F 5% B W 1B /i
T2em ' AH—FREBRT — W I BT BER
REFRA , B0 7 E LR TRk .
® PHCS6(H 3d) , 24 F R BT R R, B th
BB 1712 F 1775 e — B — KA NER
BEERMOHBARUTHAEMIERE. 5288
Bz £ M PHCSI-PHCS2? BB E T _HZ MR P
B(E 1) HK, 08K BR A PHCSI-
PHCS3 ) vou IR, WS T 3335 ~ 2500 cm ™'
BANAXE, AT 2000 e 'MEH v C—H 218
BRR(EEE3IF bR ) . IR TREGEMNT
ER_%G&, BB _HEA8FE  ..TREE
AR BHT XEFERRYEEET.
ot — U R N ALEE % PHCSI FBE

Transmittance (%)

~

—

4000 3000 7000 1000300
v (cm™)

Fig. 3 FTIR specira of chitosan(a}, PHCS1{b)}, sodium salt of
amic acid chitosan prepared from PHCSI(¢) and PHCS6(d)
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Fig. 4  Polarized optical micrograph of 20 wt%
PHCSS/DCA  solution, showing a typical liquid
crystalline texture
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Table 3 The critical concentration (¢* ,in W/ W) of PHCS/DCA

solution

Sample PHCS] PHCS2 PHCS3 PHCS4 PHCSS PHCS6 €S
e’ -* -* 0.i18 0.15 0.13 0.12 0.08
DS, 0.43 ¢332 070 0.20 0.11 0.06 0
DS, 0.08 0.11 030 05 0.6 0.78 0

* Too high {over the solubility of polymer) to be determined
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occurrence of random i hain di-

tation of structure for amic acid-chitosan molecules in solution, showing that the
tahon of macromol

lar carboxylic acid avoids liquid crystal ordering
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Fig. 6 The plot of DS; versus ¢” for PHCS/DCA solutions
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STUDIES ON CHITIN-BASED LIQUID CRYSTALLINE POLYMERS
V1 . INFLUENCE OF THE DEGREE OF SUBSTITUTION OF AMIC ACID ON
THE LIQUID CRYSTALLINE BEHAVIOR OF PHTHALOYL CHITOSAN

DONG Yanming, WANG Mian, WU Yusong, RUAN Yonghong
{ Department of Materials Science and Engineering, State Key Laboratory for Physical Chemical Suface of Solids, Xiamen 361005)

Abstract Various substituted chitosan ( PHCS)} were prepared at 125°C from chitosan and phthaloyl anhydride by
controlling both the reaction time and molar ratio. The synthesis reaction mechanism and chemical structure of
products were characterized by FTIR . Different compositions of amic acid-chitosan and imide-chitosan were found in
these products, the former was converted into the latter at 125°C after reacting relatively long time . The existence of
amic acid-chilosan was proved by the good solubility and broad C—H stretch bands, as well as characteristic double
bands of their salt (1455 and 1558 cm™' ). The existence of imide-chitosan was proved by characteristic double
bands at 1712 and 1775 cm™' . The total degree of substitution ( DS,.,) was determined with ' H-NMR . The degree
of substitution for both amic acid ( DS, ) and imide ( DS,) was measured by element analysis.The polarized optical
microscopy was employed to study the texture and the critical concentration ( ¢” ) of liquid crystal phase in
dichoroacetic acid.The ¢ (in polymer weight fraction) at which liquid crystalline ordering was found to be present
was 0.12 ~ 0.18 for some PHCS, and too high (over the solubility of polymer)to be detected for PHCS with high
relative degree of amic acid substitution. The ¢* was found to be affected mainly by the degree of substitution of
amic acid.The ¢” increased directly with the increase of DS, . The influence of DS, was significantly larger than
that of DS, on the eritical liquid erystalline behavior of PHCS .

Key words Chitosan, Phthaloyl chitosan, Synthesis, Lyotropic liquid erystal, Critical concentration



