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ABSTRACT The properties of N,N–dialkyl chitosan monolayers have been studied by LB technique.
With increasing molecular weight of chitosan backbone and/or length of alkyl chain, both the compress-
ibility and collapse pressure of N,N–dialkyl chitosan monolayer are enhanced. The experiments on drug
release behaviors of N,N–dialkyl chitosan vesicles show that the drug–release rate and the equilibrium
drug–release ratio are decreased with increasing the compressibility of corresponding monolayer. There is
a linear relationship between the compressibility of N,N–dialkyl chitosan monolayers and the equilibrium
drug–release ratio of the vesicles.
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&�5. �$# N, N– �*=6�=>7@>��

3�$�� LB �(3�Æ, $?58)�)%&�
��$@( [10,11]. Æ9 1�5->8 N, N– �

6�=>7���, A9��#83�$�(3�*
+, :?<&)%&���#$��4., ;68 N,

N–�6�=>73�$�:8)%&��(348
�B8.

1 6789
+3'A��: =>7 (�$C�6. 3000Da,

10000Da,:B:7. (80±5)%);C; (�D<); @;

(�D<, Acros); EA; (�D<, Fluka); *=6�

B<D (�D<); E= D (�D<); >�? B12(�

 @'). 8A@'F.�D<.

C 6.0 g =>7�� 180 mL 5% �=<BF;,

D>C8B7,  "?37ÆE�$C;�22C�

<<G@ '*=6�B<D.  100 AD>;&

8 h F, ' NaOH BFBG pH = 7 >H, GHE�

$C� 10% NaBH4 BF, HIE2D> 2–3 h. D

F'C=<BG pH =E<(, D=EE�;, 2I
-F;&F?. ?=EJAGGF, ' NaOH BF

BG pH= 9–10,CHI I�J$'@JHJ=;
(, 'KILJ$C�;�JAJ$M, K'KL�

MN� Milli–Q Gradient< 8O< 48 h. CJ$

 AKKLM;LK=M2,'L�BM NMN7
� N, N– �6�=>7.

C N, N–�6� =>7M� 10−3 mol/L�L

�BF, 'PC6NNM 30 μL C8GH�FOOP

E <HP<�#-,QBF P<�#-QQ;O

*R 30 minF64;�,R. N, N–�6�=>73

�$�, ' Wilhelmy SN5� KSV–5000 S LB �

�DT428 π–A�3=. ;�R+. 10 mm/min,

37 (25±1) A. ,�+3F2I 2 E.

C'O<@*5'T N, N– �6�=>7��.

C 0.1g � N, N– �6�=>7BU 24 mL L�, :

8 mL P7. 4 mg/mL �P# (>�? B12) HB

FQR, VS�T)� W/O UF. C,RUFS;

@*LJL�=UT�U*,  AKKLNV3�Æ
12 h, 62FLJWW�L�, DF �TVT;�
T 3 min, R. N, N– �6�=>7��. CR.�

N, N– �6�=>7��'QWRXV�R, LJX

XW�#$. C"# (>�? B12)� N, N–�6�=

>7����YDY;, SX22�Z8, '[ÆZ

T UV–2401 C\[$Y�ZZ7[42>�? B12

���C. \U,R�U]'"#�����C�
Z8�78 =, 428#$��4..

2 DEFGH
2.1 N,N– IJKLMNOPQRST

N, N– �6�=>7$ <HP<-)�Y2

�3�$�, ] 1 �] 2 �6. 25 AÆ\^UV�
$C�\^]V^7 N, N– �6�=>73�$�
π–A�3=, � 1W &?63�$��26_("
�.

Z] 1$%X , UV�$C?_ N, N–�6�

=>73�$�� π–A �3=?.`/, ��aY

; πc ?N, ^[�$\U#( Aex ?]; 1\, ?]

UV�$C� N, N– �6� =>73�$�`V
�;�^_, _2_;`�FaZa< –Fa[>

<<8 (LE–LC <8)[12], `?_UV�$C��6
�=>7?2<<8;\;`. ?�;, UV�$C
?_� N, N–�6�=>7���(@:?a,)�

�3�$�b.\:.

;b!C (compressibility modulus, Cs−1=–

A(dπ/dA)) ;>3�$��]ab( [13], Z�#

�$�[>(^2, Cs−1 b_5;��[>(�_

)8@9bc. Æ9\U3�$� π–A �3=cd

�3�$�� Cs−1–A =, I`F3�$� ;b
$+;�<8���_W (] 1;�c]).  ];$

X 1 de N, N– fgdabheeYcfgdc (πc), fdeYeefg (Aex) hZ�cigh (Cs−1, max)

Table 1 Collapse pressure (πc), extrapolated area (Aex), and maximum compressibility modulus (Cs−1,

max) of the surface pressure–area isotherms at water–air interface for different N,N–dialkyl chitosans

Mw of Chitosan(Da) N–alkyl Code πc/(mN/m) Aex/nm2 Cs−1, max/(mN/m)

octyl a1 37.3 0.75 88.5

3000 decyl b1 39.2 0.81 94.2

dodecyl c1 41.6 0.90 96.4

octyl a2 38.9 0.74 112.4

10000 decyl b2 41.7 0.80 143.3

dodecyl c2 43.5 0.83 165.1
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_ 1 de`meYh N, N– fgdabheeYc
π–A hjhj Cs−1–A kh (lakliij
1 af��)

Fig.1 Surface pressure–area isotherms and Cs−1–A

curves of N, N–dialkyl chitosans with different

molecular mass (codes corresponding material

are shown in table 1) (a) N,N–dioctyl chitosan,

(b) N,N–didecyl chitosan, (c) N,N–didodecyl

chitosan

Y, ]�$C N, N–�6�=>73�$� ;b$
+; Cs−1  _&n_b_c, �6#&3�$��
ZaFa[[>Fa<8k (LE–LC<8k) �[>

_ 2 delmmn N, N– fgdabheeYc π–

Ahjhj Cs−1–A kh (laomkliif
��nj 1)

Fig.2 Surface pressure–area isotherms and Cs−1–A

curves of N,N–dialkyl chitosans with different

length of alkyl side–chain (codes correspond-

ing material are shown in table 1) (a) Mw of N,

N–dialkyl chitosan backbone is 3000, (b) Mw

of N,N–dialkyl chitosan backbone is 10000

Fa — Ta<8k (LC–C <8k); `_�$C N,

N–�6�=>73�$� ;b$+;o�;`�
LE–LC <8, 8 Cs−1 0�2_b_c, m?_c;
`?_. ?5;,  ;b$+;_�$C N, N– �6

�=>7��$�j?5>8, m83�$���?
c�[>(�_)8(.

] 2 .��\^]V^7 N, N– �6� =>

7� π–A �3=� Cs−1–A  =. \^]V^7�

N, N–�6� =>7 π–A�3=)*<�; `V]
V^7�^^, 3�$��aY; πc �^[�$\
U#( Aex p^E. Cs−1–A =�;, N, N–�6�

=>73�$��;b!C`V]V^7�^^`
^_.

π–A�3=� Cs−1–A =�;,UV�$Cb
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2.2 N, N– IJKLMNfghijklmn
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_ 3 N,N– fgdabh[\]jkfnorrkh
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Fig.3 Drug release behaviors of different N, N–

dialkyl chitosan self–assembled vesicles (codes

corresponding material are shown in table 1)

_ 4 N,N– fgdabheeYcZ�cigh�s
[\]pnjkqsrrrtq (j 1af��)

Fig.4 Relationships between monolayer maximum

compressibility and drug–release equilibrium

ratio of corresponding vesicle (codes corre-

sponding material are shown in table 1)

s2. 100–200 nm. ] 3�;, #U6�]V<^�

N, N– �6�=>7��, UV�$C?_�)%&
���#$��R+?H, r.tu���/�+r

?]; `#U<^UV�$C�)%&��, 6�]
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rs.?�;UV�$C�^_%6�]V^7�^
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2.3 N,N– IJKLMNOPQRSTFopqf
gSThrs

"#���#$���Zt�u7 (us ) �

B7v1Vv. N, N– �6� =>7\BU<H,

m <H;?.Y2,!1 N, N–�6� =>7�

��#$��d'U7�#$ ��w\�$vZ
t, 8��4.M^U���$���Y( [16]. ]

4;>& N,N–�6� =>73�$�b_;b!
C:8)%&���#$tu��/�+48�7
8. �p�;, )%&���#$tu��/�+`
8<&��3�$�b_;b!C�^_`S], m

?18 4pu_22�=(78. 5; N, N–�6

�=>7���>8%e���$�[>(�>8,

6`>88<&�������Y(.

3�$�b_;b!C:8)%&���#$
tu��/�+�=(78, 5+&3�$�;b!
C�_]$%;><&������\:+7,5;

$�$423�$�;b!C94,)�����
��\:+7.

3 D H
<^6� 49Æ, `VUV�$C�^_, N,

N– �6�=>73�$��e:7^_; <^UV
�$C49Æ, N, N– �6�=>73�$��e:
7`V]V^7�^_`^_. :?�Æ�;, ��

�#$tu��/�+`8<&��3�$�b_
;b!C�^_`S], m?18 4pu_22�
=(78. 5;3�$�;b!C�_]$%;>
<&������\:+7.
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