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ABSTRACT O–quaternized–N,N–dilauryl chitosan was prepared and characterized by FTIR, EA and
1H NMR. The behaviors of mixed monolayers of O–quaternized–N,N–dilauryl chitosan and cholesterol
were studied. It showed that the limiting molecular area Aex and collapse pressure πc of mixed monolayers
gradually decreased as the cholesterol molar ratio increased from 0.2 to 0.8. The values of ΔGexc changed
from an attractive interaction to a repulsive interaction between O–quaternized–N,N–dilauryl chitosan and
cholesterol with a critical point of cholesterol molar ratio 0.4 added in the mixed system, and the most
stable state of mixed monolayers was observed at molar ratio of cholesterol 0.2.
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1.1 �Æ�?@AB

JML04S O7<F�)9, �K0G=CL>?
7")M@; Milli–Q Gradient HFMA, NN Milli-

pore M@; NEXUSU 470 OOOP>PQBRCQ,

NN Nicolet M@; Vario MICRO RD�SQ, IN

Elementar M@; UNITY–500 SJTDQ (CDCl3 !

,C) 

:;$ (CS, Mw=1×105, DD=95.6%), EKK#

LKT�&U�")M@; MPF, �KF�GCM

@; 3–L –2–ENAHPALF9,IUJ:4 [9];V
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1.2 O– F�G –N, N– HIJ�KLMNO�P
PQAB0X [9], R>47��NW: 2.0 g CS

�OK 50% P3 – +,�0, T 7.9 g MPF,

K 20 mL P3YQMR�5,�0, � pH=4.8 W,

50 S(9 4 h, TU, XU, #N– MCPA:;$

[CS(BA)] 2.0 g CS(BA) ,K 100 mL P3, %

mNaOH/mCS(BA)=2.0 �VVMP NaOH ,�, W'W

F�Y, —OH #RX�3FY, 50 S4ZXQM?

9 g CTA �P3,�, (9 8 h, #O– I9F –N– M

CPA:;$ [QACS(BA)] 2.0 g QACS(BA) ,K

0.5 mol/L�ZK/[3,�, (9 24 h, TU,7[3

[YXU, #O– I9F:;$ [QACS] 2.0 g QACS

,K 60 mL +,�, ZY pH ! 4.5, MPVVF@

SDS, 98 S(9 8 h, NaBH4 \\S pH≥13 2]%
�1T, 6N[JY(9@\\ \&7QNR@Q

+XUS02, NRST#U 48 h %�SS#�]
V, ^^, 7LDUU#O– I9F – N,N– 78A:

;$ [QADCS] 47Z(NW 1 X& 

1.3 QADCS/VWXYZ[\�] π–A ^��_
`

TO– I9F –N, N– 7:J8A:;$@22

3�][� 10−6mol/L�LD,�,T"3^223

X,\_�=! 0$0.2$0.4$0.6$0.8 @ 1 X�*+ 

*Y78I6_YU 30 μL *+,�Z`�C6�,

C6! Milli–Q GradientHFMAHF�JY+ _

LD,��C68��Z`E`aa 30 min Y6N

1�, b] π − A "'(, 1�[^! 20 mm/min,

'� (20±1) S 

 1 O– 556 –N, N– ./708DE1<;`_b

Fig.1 Synthesis route of O–quaternized –N, N–dilauryl chitosan
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2.1 d#Oaef$

2.1.1 %&'()*+,- c05\&/g
h\`�QBRCWaW 2 ? CS C(6V, a @ b

C(� 693 cm−1$757 cm−1 a0c�dd!Me�

Ub�7e\d, 1581 cm−1 �dd!Me C–Cfb

e\d, 1641 cm−1 a�e\d2�fcE]a�Q

g, ! C=N ^!DFd?id I Cee\d2fX
j, )_AMPF?:;$ �<hgW b @ c C

(� 1481 cm−1 0c�e\d�I9Z0 CH3$CH2

� C–H `aDFd, c @ d C(� 1639 cm−1 0c

�e\d�I9Z�(!g^!DFd, _A<I9
ZAb�iP [10] d C(� 2920 cm−1$2850 cm−1

0c�e\d! CH3$CH2 � C–H ^!DFd, ?

CS�ha�e\d6VA<f2, c4 721 cm−1 a

0c n ≥4 � (CH2)n Ab�fbDFd, _A8A

ic@dR:;$� 

2.1.2 QADCS ' 1H NMR ,- W 3 !

QADCS � 1H NMR CW, %0F�jg δ=3.5–4.5

a�d!:;$�(fb/(e\d; δ=3.299 �e

\d?I9Zj��HhPA/(6!9; δ=0.88@

δ=1.25 i70c 2 hej, �]!9K –CH3 @ –

CH2– �/(d, E] CH2 �d��A<cK –CH3

�d��, _A"kkic�4� l%k δ=2.054

?:;$0#4kf�dI[iA/(!9 �+
QBRC�S�=, _A\&!O– I9F –N,N– 7

8A:;$ 

2.1.3 ./'%&'01,- +�\&�

RD�S�=a8 1, J C/N me [11] #Rc\&�

Ub�!: N– MCPA:;$Ub�! 0.80, �h

A@��I9FUb�! 0.44, gh8AF�Ub�
� 1.87 

2.2 QADCS/VWXYZ[\�]O23
2.2.1 QADCS/4567.8,9:' π–A ;

<= QADCS/223 (Cholesterol, CH) *+�

(�� π − A "'(NW 4 X&, 223�%21

! 44.7 mN/m,JBfX#R��(�)�� Aex !

0.52 nm2, ?%"ABX#�=AD$j [5] Ac\

_V� QADCS/223�*+��(�� π − A "

'(?�1�� QADCS @223� π − A "'(

6V""cAc %0, �1�223� π − A "'

(g!lÆ, Aex gl,8A%�( !g!gh g
l XCH m 0.2 mifMR 0.8, QADCS/223*+

�(��%21 πc @�)�(,'�� Aex Sj

l, _A QADCS ?223�(54�l6,+7 
!6$1��*+��(����24, !*+

��(�� π−A "'(+$Y8�, mn%�(9
S,'�� A,#R��(��1!%I (Compress-

ibility modulus, C−1
s )

C−1
s = −A

dπ

dA

 2 ;`oÆ< FTIR h

Fig.2 FTIR spectra of the modified chitosan. (a)

CS(BA); (b) QACS(BA); (c) QACS; (d)

QADCS

 3 QADCS < 1H NMR <n

Fig.3 1H NMR spectrum of QADCS

n 1 ;`oÆ<oi<nkn

Table 1 The elemental analysis results of the modified chitosan

Sample C/% N/% n(C)/n(N) Degree of N–substitution Degree of O–substitution

CS(BA) 55.96 5.62 11.62 0.80 —

QACS(BA) 50.83 5.96 9.95 — 0.44

QADCS 59.56 3.21 21.65 1.87 —
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+ C−1
s −A oMWNW 5 *+��(��gc

1!%I (C−1
s,max)pc, ��l;2mp2 [12] 8 2

!0<Ac QADCS/223[V��(��%21
πc$�)�(,'�� Aex /gc1!%I C−1

s,max 

JW 5 @8 2 #a, 223��(�� C−1
s,max

A<V QADCSc, _A223��(��l;2"
2 QADCS/223�Ac\_[VW� C−1

s,max ?

�1�� QADCS 6VS"$����>F 22

3?I"W4, QADCS/223*+��(��1!
%I>FAc, ÆR XCH=0.8 4, *+��(��
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2.2.2 QADCS/4567.8,9:'>?
@ *+��(�1��6k2#7pq:J4
ΔGexc 9n], J1�*+��(��$�8�1W
� ΔGexc

[12] #J! π − A "'(��#R:

ΔGexc =
∫ π

0

(A12 − X1A1 − X2A2)dπ

%0 A12 �JR*+&�9S�(��, X1 @ X2

�]�1� 1, 2 �\_�=, l A1 @ A2 �]�1
� 1, 2 �$��8�1W��(�� ΔGexc=0, _

Ao1�@q*+rlmA6k; ΔGexc >0, _A*

+�0o1��(35R>8c!6, q+7, o

1��*+A4:a6N; ΔGexc <0, r_A*+�

0o1��(35R>8c!6,ei+7, o1�
�*+4:a6N E] ΔGexc pl, *+��(�
�6k2ps, *+��(�pD� 

W 6 �8�1! 5$10$20 @ 30 mN/m 4

QADCS/223*+��(�� ΔGexc ? XCH 3
5�oM #%$0, 0.4< XCH <1 4� QADCS/2

23*+��(� ΔGexc >0, _As*�(358
c!6, q, o1��,,A4:a6N, l]g

l8�1fp, :J4fc; XCH=0.4 4, *+��

pq:J4�W8�14!op, gl8�1�jp

Jopq>!tp, _A223�\_�= 0.4 �s

*�(5�+7pmei+7q>R6, q+7
�q>r; 0< XCH <0.4 4, ΔGexc <0, o1��
Qp�:a��, s*�(356,+7R>�ei
p, E]gl8�1fM:J4fc l], nu�

1W, XCH=0.2 4� ΔGexc ?!glp, )tul

 4 QADCS/:9;:;=<6F< π − A 9vb

Fig.4 Surface pressure–area isotherms of mixed

monolayers of QADCS/CH

 5 QADCS/:9;:;=<6F C−1
s − A ob

Fig.5 C−1
s − A curves of mixed monolayers of

QADCS/CH

n 2 QADCS/:9;:;=<6F< πcsAex v C−1
s,max

Table 2 Collapse pressure (πc), extrapolated area (Aex), and maximum compressibility modulus (C−1
s,max)

of the π − A isotherms at water–air interface for mixed QADCS/CH monolayers

Monolayer composition πc/(mN/m) Aex/nm2 C−1
s,max/(mN/m)

QADCS 49.5 1.03 86

XCH=0.2 51.3 0.87 80

XCH=0.4 46.3 0.86 83

XCH=0.6 45.4 0.80 88

XCH=0.8 40.1 0.65 360

Cholesterol 44.7 0.52 452
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 6 QADCS/:9;:;=<6F<twrw�
Fig.6 Excess free energy of mixed monolayers of

QADCS/CH

XCH=0.2 4*+��(��6k2gx, (MgD
� xh#%fu*+��(�#4�l;p��:

qqh QADCS ?$h223��6,+7 �
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QADCS !*+��(��6k2\�ArHI 
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3 a c
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J8AF>2, 4#O– I9F –N, N– 7:J8A:

;$ (QADCS) ���=8A, gl223�\_
�=m 0.2 mifMR 0.8, QADCS/223*+�

�(���)�(,'�� Aex /%21 πc Smi
jl QADCS/223�Ac\_V4*+��gc
1!%I C−1

s,max ?�1�� QADCS 6VS"$�

���>F, XCH=0.8 4, *+��(�� C−1
s,max >

Fgc 223\_�=! 0.4 �*+��(�1�
�(5�+7pm6,eiq>R6, q+7�
q>r; �223�\_�=! 0.2 4*+��(�
�pq:J4gW, 1�6k2gx, (MgD� 
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