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The physical properties and drug permeation of nanosize

Calcium-deficient Hydroxyapatite/Chitosan composites

Student : Jo-Hao Li Advisors : Dr. San-Yuan Chen

Department of Materials Science and Engineering
National Chiao Tung University

ABSTRACT

The object of this study was to manipulate the drug permeability of
Ca-deficient  hydroxyapatite/Chitosan:  (CDHA/CS) nanocomposite
membrane for orthopedic™ use. The physical properties and drug
permeation  behaviors of Ca-deficient hydroxyapatite/Chitosan
(CDHA/CS) nanocomposite membrane were systematically investigated
in terms of different synthetic sequence and inorganic filler amount. It
was found that the lowest permeation coefficient was obtained via in-situ
process (P-CS-Ca), which was probably due to the higher crosslinking
extent, better interface between filler and matrix, and smaller particle size,
as well as dispersion. With an increase of CDHA content, both

crosslinking and diffusion path would be increased so that the permeation



coefficient of CDHA/CS composite membrane was reduced compared to
that of pure chitosan membrane. A minimum permeation coefficient
occurs at the CDHA content of 90%.

In order to improve the interface between inorganic filler and
polymeric matrix, PAA was added into the samples prepared through
ex-situ processes. It was found that the permeation coefficient was
strongly affected by PAA adding sequence. The lowest permeation
coefficient was obtained via process E (CDHA-PAA-CS). It was believed
that for composite membranesynthesized through this process, PAA
molecule could provide COO= both to-anchor- Ca2+ and NH3+ of CDHA
nanocrystal and chitosan molecule by electrostatic attraction, respectively.
Therefore, a lower permeation coefficient is obtained in the process E
was compared to other process that was attributed to higher crosslinking
extent, better interfacial interaction and better dispersion. In addition, as
increasing PAA content and molecular weight, the molecule entanglement
in PAA would be enhanced, leading to loose interface of CDHA and
chitosan and increased permeability. However, the lowest permeability

still appears at a specific PAA content and molecular weight.
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Crystal system Orthorhombic
Lattice parameter

a 8.24 A

b 16.48 A

¢ (fiber axis) 10.39 A
p(obsd) 1.44 g cm™
No. of glucosamine residues 8

p(calcd) 152¢ cm™
No. of chains 4

Helix parameters”

n 2

h 520 A

% n = number of glucosamine residues per turn.

h = advance per residue along the helix axis
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Bk A o

AT RpEahe F4at L Rd o AREBRBETRTF A S
LR A PR A @ HE T BT R E SRR g

# #]’fﬂuﬁ&ﬁ—%

|)1’<
F_
(dn
A
v
fet.
beits
o
fom ]
=
|
&
7
&
A
=
=
~mh

=R VETE =S IR BN ST e R H 26-28) , < E"%‘ﬁ'@-}f‘" RpEA
Phes o IR ARF A REARBIRERY A2 JiiER
B o T Adk P IRE T B a1

Molinaro # * # 7 #-#ast AR Y v g1 64H > L H &
T ¢ AT EpE4e b glycerol=2-phosphate( 8 -GP) .5 sol-gel = i

i 3TCRIE > i »02hr JR* 2R o L AT %A 287 BpE

-5 -GP %

n>>

AP E RSN S FIRY AT BpEad ¢ iR AR
SRl R AR > T AR G HRESF A A A2 LA
m_&g‘g}'@(?g) o
2-4-4-2 B3k ~ TRK
Jameela 1 A - BER B H 2 B2 87 BpEMAIE T R AT
WETHREOR S RBE L 2> 7R E A BH o Huang £~

1 FI* spray so i wdt BIM-2 7 Rppsksk » 2t leak? B g 4o 2 P
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BACB BB T ALK s X 2 45 A0 FIP KR P

e??‘é
=g
I
&
#

FoAlr p RN RSN 2 A BPEFRTL S FFFES

Qiu 27— HFTI* 3 K 5 L f2F &+ [buprofen(i f
4l B 5 40um) ¢ Koo IR o B2 g s DY
¢ 3 57 B pE > dextran sulfate ~ carboxymethyl cellulose 1 %
sodium alginate » fI* H & f T w3 b > ¥ - K K
Ibuprofen » & Henk & 5 20560nm > 2R £ 1% UV KR &7 F &%

[Lipi (phl 4 % 7, 4)'—"' rﬂvﬁ%{d; Ao »’é 1;169_&*,, mﬂﬁiiﬁk ERE e I

B

b&

RO TN NG T A T T
b huEEapER

Zanina £/ 7 VBB KRR FNF L LR P4 T o KT K

pE-alginate #czken® it c A7 &% T e Bi0kF ¢ au3 k(Yo

REWRA FIMERRELE R AT A PFERY R 805
AT Ha F R PR PFRS v B R kDA 2 A

BiA TR RPN R TRR @R 3R A RS 2



%ﬁ_(fﬂ) o
2-D 37 RPE-4 5 AR B4 EHPEZFEE

EATRBE-LFABMATHEHP UGS Z 3G AR A

ﬁ_ﬁ;\l,ﬁi, - fEERt L Xyrehg § AL LB A BEER LL:<35~37> ,
Non-in-situ & = » - &5 in-situ WA 28" R R? &4

(38~40)
o

3 AR E
2-5-1 @l AzFt

% Non-in-situ @A 7 ¢ >Viala 27 A5~ RpE7 F pH
BT 5 0 2T pHe A R RATIK AR TIERET 045 A
BEh TR B AT B Ay A 44 o Sunny #~ § 2 S/W/0
(solid-in-water-in-oil)F: few2 8= 8= RpE-2 3 A4 £ ehflk
Ho RHREAST RPE-F F AuA R BH KA STH TS
BT e~ RN R ST BPERE LTS Y A, e
5 125-1000 um> % A 1150°C® & ¥ #5194 § A4 7 ek o

B in-situ @A A > Chen A7 F H IR X 224 K5 2 8 B
EFABAFEYRES B WL - BEBE N/ BARE T
PRI FARGT AR FR A EE A EDGEMET 0 EH

TEARATE R R TIE S BEEA S 3 4 & HRYY - Yamaguchi

=
u
|+

BT ORI A RS T RPE-LF AN AT B H
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B E NS RS BT RS HEF RS B A T
A% 50 nm %~ 230-250 nm £ BB 0 R RS ST RPEATER
BEo A g AT ERDOEN 30 - HRH 10 o B gL
P BT REAS T F o REF ABAT SRS E A
FPE S0 RpEared L famaps £ o § BT RPE 25wth

ok FEEEmEkFEE AT~ 220225 00 &5

| %

Bt b A A T TR I EHE R G S

ok

horx =
T

BN

REZER 0% - d 20 N7 BpEAF ¢ RE RS o ks
R BT R B AR BT S FRERY R T
PR L E RERA O SR § R TS B o Tk
R s FRE Ay BRI A I R SR s TS S
AEHAL > SR AR F A RIFR T E O 3wt T o kAL E

- g BERER Y BREBRAEERIFRIE 2 anse o

\\\

2-5-2 % ¥//is s
McCord # % 11 @i+ 2 ~ § 5+ ¢ > * (T % ch¥ BEF N
FoFBT RSPV ERER XL D v oA EES G B

MAK - LRPIVFRERT &3 ABAE e L o R

I

AP R R hfcaR BT > APRELETEFF » + 2t

BREWFFETES LA ARARET L BRETREF RS
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Hu 1% in-situ R &2 4 & 3 AR e+ 7R84 3 A5
RFIBY LA T RPEAMY BB E R IT LRk REE &

BB HH T BB R AR e PMMA & F kR 0 2 1
Bl dodt L B 2 Hliew v PMMA & % kR B 2-3 8 > ook > 5 §
BT Ebe 2 TR AR E R R s BNV AR Ry en
AT A & PR R e .

[to P B~ RpE-4 5 AN FAFEEWY > & 5 Au e

ﬂ*i‘]’#’f"m ]v} %ﬁ’.,t: 4L f% ‘8 é,\(); ﬁ:&m

E“S‘é
B
\\-‘:t
R
)
1+
R
O’Sd\
R
-_
- N
RS
=)
Ik
A
R
Ry

R~ AR~ ATHES f3RE AR R E R %Y o R~ B
T ERAEL S G e R TE R OPL AR EFLF AR R
PR S 0 BRI SeE )’g;“?) 0
Zhao 3 #-5 7 BPE-P e » & F RN FE 0 5 d 4p 4 3
Fo wHEAE 3D A AL R AL R YRRy

5B BR O FIRAEE ST BRIk R R e S0 B -

#

MY/ /3§ AR T ZRDTE LIPRRATE > e ERIVHR
TR BRARFA B IF IR 90, 6% 2 kg & A F e
L fm e Eé. iﬁﬁ %"13(43) .

Tachaboonyakiat ## 3 Rl & -2 7 RpEIL ~ = FE 2 48 ik B ip
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FURA o 1 F A F N EF R R L § A TRk

T RABURE 4§ A R ¥ AT EH A
ER LARH RS o gt BT RAERR € B TR

I FABATFASE - Bk R T BT 8 §F AR F D
3D B4
2-5-3 B & L F

Mattioli #-& % Ama 4+ HE A7 BRI 4 $
A FHEAAFAEE Y R4 AT BERE Y BES R
Flot B RPE AT R E F A TR EF - B aRe e

A ST REA L PRk B A R AR
B R G  #EF AR MG HE Y o ang %5 R
PRSI CH 5oRip 4r » A JRERRRAT & ALY o 4o 2 T R B
BRI E PR e R EER O A REEAT Y
2-5-4 EF % GO

Sivakumar #-& ¥ ABH4 F e B7 RPES § > A FORE H

LA AT

\\\

A ek 0 R it £ o O 2 SEME A - B G sk
b 18ume ¥ 30335 ¢ e B fcd 8o #Fmig-r
zero-order B2 T EH B FEEF ARG ALY -3

o JAFE MR > TR N AR T et
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Takechi #-% 4 & 730 A4p P » B EF A E kY > M F T
PREIEREE EF g 1% 87 BEER G i & F
TR B A2 R > EFS T RBER TS T
REHERER Y 24 )R FRITPBRBRE CEEFS TR
Rk R B be 0 £ @ dofl FHERaiE B o 5 ARSI R A
WA KRR e 24 P PR EF ST RPERR U e o T LR

BES R PR G B F AT B d PR ARG E

‘Aw
H\v
?m

Ik

CEIR O BT RBERMG O MFELFERS VRS OERAE
| P S it AR R BRI NG AR F g o

Zhang M # 2 A 4 e BBl e S 3L BT RpEL 2
Fu [-TCP B phph4f & (Vg IPA 38 5 Byt i R E By
TREFRL 2 A BHE LR R - BB S Rk

P R RS S AL R R R @ HT 3

I BD o

2-6 K[ FRPAAS T § RB% T &S~ R MA 3
ORI AT RFE-GF AN EHREZ e o FM AT RO
ZRA o e T R fER A FHE-RR ’fyz f& (Polyacrylic acid,

PALD) > # Z35d PAA ez e Recie 87 RpPEZ 4 3 2w 2k o -
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EAT BEPE-PAA A - d 3 PAA AR AR &8
TR LTS ABERERE T A HEFEY 4 @ H 4

Tl ek §OABA T -PAARA CPAAAERET §is ¥4 § RSN T

A

F SRRt 0 214§ ABiA FA) % core-shell BiE 0 FlutF
ZAI* PAAPIR AT RPE2 & 3 AR E R o ifR -
2-6-1 PAAN2 & § A2 P& 3" B2 A%

AKX AE T RE-PA FEHPHA—AT A A fE - BB
RpEe PAA B RAMIRE ™ > ok 2 Q™ § - R
BT BEER R L A BT MYEAE-PAAF S RO

Torre # 3 #-+ % RAF4F & H4L e 50 3 ek R4nd £ @ig
AT RPE-PAN RAFE MR R TS FR YRMERE Y 0 A iR
FIAELHE DB AFTATETIEY A 3 b B 187
o @R Rmiitet o AN pH BB T > d W AR RS B
4+ ¢ Carboxilic A+ » A F A4 F4am i« > L yd-+ &
R EERERBHERE REFAF TR ASAWRE RS LB
Ry o F8FRRN P BB RPE-PAL AF & H#
Fochp-o ¥ PAA B3 B Plai 7 R (5 RIAS BH S PR ER L
o BRI T ELFR YR RF A RS

(Amoxicillin trihydrate ~ Amoxicillin sodium) > L2 &7 F A7
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FPE-PAAAR & T > JEd IR 7 5 SO0 ROR P R TS i)
F-';Zr‘%l)—?/r‘sé}—}ti[@gﬁr‘gé}—}/i}%%ﬁ&f%ﬂf 4 oB LG ETIEY 4
FANST RS AW PAAIS3T ABF - B 5 chif 48k
FAE & AL/ TR o Rt 2t SR e i A2
EREI R > $RGEREFZ R - 33/ I A EHT e 4 ¢
ERELH PR

Ahn A7 687 BEEY B e A T35 BpE-PAA 45 & HiR Y
FT-IR4ph %~ RpE-PAAF B § S b d 2 d & ot @87 K
FE-PAA 3 3 M3 40 > i X B2 X0 R A S PAA chpl I R B A
oA REEPMPUREERPE  RAET BEEHETE
M0 RpE-PAN AT & MR IRR ANEE PAA/ ST RPE K A a &
Bt AR RS B pH EARM Y o - K-S B EE-PAAAF &
HokL TS E s -2 F (Triamcinolone acetonide) -F ¥4 £33 i v

= m

E

3 3

\‘v

BAFREREY 4 50 BRI EL DT Lo
B opH s B4 £ 50 RPE/PAL M f M o X B EH %
non-Fickian #4c# 4] c Hu B &8~ s ” B8 AA B &

FPE-PAA 2483 > BRAERBZRY E 5 242 22

Bl REAITH AR PR PSS BT S R

&
4
Ik

A A B eI 13~ &0 A3 50-400nm 0 H %
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i—i-
\t\:

T? AT

it

EHET T 2 RUE AR AF P
L PR R pll ]E4F3<a6>o

Liou # % ™ in-situ R &4 453 ¥ AR F-PAAAF E 4 - 4
AT G F RN TR 5 £ X 20-80nm~ E /£ 5 5-10nm stk B
PAA 72 %) Inm B & ¢ B>04243 5 A & & > 5 core-shell %
He o 3 R ASRAT & M2 Aspect ratio(AR)£ PAA z £ ~ 3% pH

L
1B

B Mo At pH B2 T o 8 ek £ AR drd] o HEF PAA BB H 4
ERAR F5o @ aded pH B2 T > % PAA R B 4e > d 42 4T
EF AR RS L RE S Bl % RS R AR B e chABE o H Jap)
Tl s PAA MAAI QU EE KRBT § AR TR E B RS
RS b B )% 5% pH R RIPAAGE A& a7 B AR

g AR AT & § AR T -PAMAR & HOR R O F B ARALE B0
2-6-2 & ¥ AR F-H7 RPFE- PAAAE &

R F RARAFE AR T BREE-PAARTBEFEHY > B2

\‘.

T

}B—

R ENIE RISV S KIS Co kR EuE:
R RH RS RPE- PAARE R A H Y § R 5 TONRT Wi igen
RAFHBR - BT T RGBT § R M TR A K

BT 4 B RPALS o T A G HE A

&

157 2iE B

=

g1
¢ HETE F RARAA L AT ST BEE- PAN BT R4 L MR i o
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ARy k- BEEER 2 B F AL RS B
PAA i 0% kg + o

£

g E et

3 ABAE-H7 BPE- PAA F E R e

|

Frhsom® iy

N

&

)

Flent § %o BpE- PAAL S LM 4o r d
FAMA TS FI B PAAZET S AT HRY 0 AN
FFRBAT-NST BEEL AN s PAA j\w:—;ﬁr‘b'ﬁaﬁ‘%\i v 7 31

HpmP Fo @b gg2 g R F i r gyt o
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F 5t % iR e

A7 B pE(Chitosan, CS) |Aldrich 2 ¢ fgi&d 1H NMR |7
2 79. 7% T3s+ £ 35
215. 8K 2% 5 286 cps

’kpr & (Acetic Acid) TEDIA 99. 97 %

it ik 4T Aldrich Ca(CHsCOOH )-

ks Riedel de-Haén HsPO:

7 "k Riedel de-Haén |25 %

= ¥ B+ pr ™ |Sigma

(Tripolyphosphate, TPP)

Vitamin B12 Sigma Mw 1355

P F s Aldrich (CH.CHCOOH)n

(Polyacrylic acid, PAA)

Mw2000 ~ Mw4500000
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45

Y
% R

S
1. % B4 f2 B
2.7 Fp z £

ki3 BRI SRR i 4
A P—CS—Ca IP
B Ca—CS—P IC
C CDHA—CS NI
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2k

1. 7»PE"}77]§4H”'§§-
2. 2 PAM 7 &
3. iz PAAASFE

CDHA-PAA

42 i A=
D Ca—PAA—P—CS PAA-IC
E CDHA—PAA—CS PAA-NI
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>
~

ELYS

wmf wi
A
S
I

TR

g
%

G|
)
A

Y

N
k1 2 F 4o sk R A 7 (FTIR)
x X & gt 4 47 (XRD)

* # £ A 47 R (TGA)

k # fi 4 25 4 47 (DMTA)

* #Fr e 5V T B est (SEMD

* 75 % 5 R akest (TEND)

3-2-2 CS-CDHA % # #F & 3R en®
#-CS 733 10%ps pa-kiz iR ® o fe=ER 5 1%CSHR » 52| PFF
W23 > BipreFE CSBir & * o CDHA 2 45 ~ B Spdr & fif ik
4~ e BB LR o W fe @ 2 0.20M~0.167TM & * (Ca/P v =1.5) -
CS-CDHA % #4F & M2l & = 2 A % in-situ £ Non-in-situ ® & o
Goin-situ R EA » ¥ A A RS  2RE A o LB CSBR
BRI RS o B fd e n EERRATIE I SRR B CS 3R 4 r RS
A Bfs A b » BERLA R o B Non-in-situ B &z & A C B E &

i@ fig pa 4% i ~Brpes e F e = CDHA f2 » 4 » CSB R » iz =
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AUFE Y > R ‘l}/l e R P B “’Kﬁz’-pH BRI 9 & ¥ pHiE
2 9 H X #3 CS-CDHA 2z W /%‘/l o FERMEE A2 ?‘iﬁj_’

%"’ﬁ‘d g CSpRehz & > F3% Bt )2 CS-CDHA 7 s+ 48 £7%

3-2-3 CS-CDHA-PAA % X 4F & 3R en® B

3R ¢ s Loz CS-CDHA 7‘0151/"]‘% PAA i > £ & =
CDHA-PAA 4F & #4488 18 4 4r » CS %% » 5= CS-CDHA-PAA 2 #} 4F &
%% & = CDHA-PAA 4 & 444 FF > =04 % in-situ & Non-in-situ
e o AR DUin-situsRee ) @ AR PARZ i 4 » i ph4TIZ iR P o
F oo~ FRELIR R 0 & & 2 CDHA=PAAAF S 4L » B is L 40 » CSi3 0% S
#2 % E(Non-in-situ % &) > P& %L & = CDHA » £ 4c » PAA AR » &

it n CSBRI A o ptIMA gl 57 F PAABRER ~PAA &

4y
Ik

3-2-4 Eeh g

fefldF b iba s > @ HIFIEIH > AEEE F/ R 6o B

o

R ENCEIZ)IOAE R AL ¢ > TR MHEY R E KA

Fg > FT X418 #E» T H 2 o



3-2-5 FFHIF R
3-2-5-1 ¥ % &4

3R

B L AL A i

H

B2 10%TPP 3% » &2

R
DO
o

PR Ed s I ok 3 R TPP R RS 4 0 B

Jputs
g
oy

W12 ) pE EE .

BERDED WU ek Reniis & BI2A R BIH 3z

I

Bz NEFERHAE THATRER(ALEY |

/L
1A

=

R*>0.99) -
3-2-5-2 BZHF %

e B S EE R N AR Y (Ao R ) 0 2t A endBaTi A 4
>~ 90 FHenPBSAR M E Bl e BI2AR0.2F/FH) #1515
Aks o~ RGP BN PBS AR VR E B TR > kgl

CRETER S F U R RS 00 WS LEF T R L

o

#o o

‘\A ‘*
by Rt
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R |

D} scdfidc 4k
H: A
Vs R REA

Ct 2 C:aplER(CS2ZEHR > CiELR)

3-3 PSR E
3-3-1 X sk st 4 47 (XRD)

by @ @ X k¥stik(X-Ray Diffraction) k g% 4~ 47 %
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o 1B HE ~ AEsnEtAp CDHA 2 & 2 - @ * vk F 5 MAC Science
MISXHF » 3 ¥ 5 2 % ridpde (Cu Axer=1.54054) % X ki » 35 ¥ %

B O50kV  #FFR AL 100mA FHFEFQO)I 1571 607 @

3-3-2 & > ik =tk iks 7 (FTIR)

% &> F e - oh k& (Fourier Transform Infrared
Spectrometer) 2| %m4f & H4L5 @ F iv & > B~ 100mg KBr £2 1-2mg #

ERX 4z Fdw R 5 400 4000 cm' o f247 A& 5 4.00 cm

o dk s 32 o
3-3-3 ## £ & 47 &R (TGA)

F1* 4 & & 47 & (Thermogravimetry Analysis) | %74 "% 28
B~F Rt @ % REBLZ TA2950 > HFivigit 5 ¢ A3 30CHE 1~

45t > 2 10°C/min e & 5 3 900°C 5 o -

4

3-3-4 # B RLE 4 47 (DMTA)

Fi# & s L 4 47 & B (Dynamic mechanical analysis)#
FRBEEER AR FATERER B RES TA Q-800 3%
FiEE L CREARFRS-130 2 250°C - A R#EF L 3C/min s F S

1Hz -
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3-3-5 ¥4 3% T+ B A4t (SEM)

%% d 33 s HF R T 3 & Acé (Field emission scanning
electron microscope, FESEM) L% 3 £ 0 2 g K n > FHRE
5= Hitach S-4000 > i3 B 5 20 keV TR /v 5 10uA -

3-3-6 7 &3 T+ Bas(TEM)

# @ Philips Tecnai 7% % ;% @ + & & & (Transmission

electron microscope)if] CDHA 2. & $TFim il & s < -] » & iTF

B % 200 keV e
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44 >

yr F

i

= Eidw
4-1 B~ XpE2 CDHA 47 & ¥4
BB n - %Y o ER ST REE2 CDHA 548 & Mtz s
> A R R AR G R/ m A e
4-1-1 QA%
#-%- BpEs CDHAR4E > #-% - BpEz CDHA Ba s £59:1>
A et Ry T AR R DT R R e e
PREZLERTVRE LR .
® 4-1 5 Ca/P % Fpim i ik %o g R T o 7 & = e CDHA-CS 47
& ok 0 XRD ¥ebt B4 wd BlLA=T #g b B0 R pE % CDHA »+ XRD
AR o s AT BT 20 & 200K WA chdERSE > gt 5 (102)
(022) ~ (200) ~ (040) ~ (220) ~ (140) 44T 5 %= = » CDHA * 26°~ 28° »

32° ~ 40° ~ 47° ~ 50° % & B 7 s+t > 4 w5 (002) ~ (210) -

o A e

'IB\ “

(211)(112)(300) ~ (310) ~ (222) ~ (213) e & o ¥ ® ¥ 1Y
FrAcE R 3Ry CDHA AR » B g R s & 4 KL B 7 4 >
fRd 3tz 2 At bR s Flp ARY W AROR ARSI
FWARG A ERELMEX IR 2 E LS R CDHA

o AR & At ¢ CDHA Ap endp $os B3R %) o
Bl 4-2 5 Ca/P = %4 27 e 7 Se g BT oo op & 2 e CDHA-CS 47
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&4 FTIR Bl 4 FTIR ¥ 5 910 dici= ¥ >+ 1652 cm™ (amide |,
C-0) ~ 1580 cm™(-NH, bending) ~ 2990 cm™ (methylene, -CH,) % % %

BPENT i A% > @ 1100 cm™ 2 1040 cm™ ~ 600 cm™ ~ 3450 cm™
2 CDHA ¥ PO & OH ey it Ao 2 d Bl 42 % b=z fa il >
¥24 CDHA th7F it A3 &> 2% %7 B pE - CDHA R v > 30
A & #1580 cm™ 2 2 1100 cm™ R A 3R 3 & b et i 0 1580
em® L %7 @t i -NH,bending> m 1100 cm™ p] % CDHA s
A1 A B (-PO,Y) » 4 ip| B.d »+ 8~ B pE? vl (-NH) tiz i 33 Tk
MR & 823 1 T h(-NHg)» E 5 CDHA ¥ i 13(-PO,Y) £
et A @ ajpex > Fltag S R s as o o Wi A BHE S
Wi R E PSR A - AR B R Ed A AR
TR PER SRR R AR > T BT R Rk (-NHp) & g AR
3 (-POM)ehF o B mitgprn > 2 8 i 5 ARt fde ko F R
SR FIMrEAERAR LR od Bl 43V BRI K4
SenS o BPEE N & 1580 cm ™ At (P B o g AT S B
penE av 22-NHp bending » F]pt i ip] &% 4apF > TPP 3 /% ¢ Fafe 194
F (PO B BT in(-NH) A 4 2 4aF b Flm s & 7 i A e
£ oo B nd T REERA Y = B L4EnEAHE o B

MBS AR ier D = B EARY PRERIER G B B0 Rpp
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SRR 0 A MG AL R R A AN MER G LR
Hoe A LERRE BIF o

d Bl 4-4 333 TGA £ #4854 »~ 47-d »> CDHA 5 & #13 Z 4
BAg A g > H TGA 2 € B4 2 5 5%(L B 4-5) > @ 87 &
FEenE B4R A A LA BREE > €100 M43 300 ik EfEenw
— PEE @ %z PEECP] S 300-600 o Ad - FRECY o HBIRIZAS
TREAFRFIEAREREZHEA R SR E AT
(LB 4-4 2 B 4-6) » HRGd TPP 3+ 24ais i £ £ 4 R
L AT RPEE S 10% ARG E o o Ad 2 TPP 3R Y B
Fettdp+ & 87 RpEe vedE o R E R AT S fRche S o o
PR R o Bk dlehz BRI ETY ST AT H 5 - [y Bchig
FRRERRIER Jfupez AUASRET BRES # H
Jghei k> BRGFE RO BALRE > 17 TGA B2 2 4t
S N T RPEE AT o i d TPP 4B iR > A B A A B
Aig A2 X7 BpEEs- 2 W& Be C- 2 B3tz J8p A

4 3% CDHA ehiz o> R EW A TPP AR » Bifeid 2 & B

F_&

AEERE X P n AlE A SRA o d N E RS R RS N
TRPERE  Flet e SA G BRI B A REERA > Tl A ilA

A CDHA @8 @42 B 2 C k] » FI AR A 87 B
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WS APIT o d bk @ Bt A TGA RGP - 219

F Ak g

Jig
e
=
+\4
P

A7 d A DMTA R %5 8 £ B2

~

<3

3

BEE S G o d FE Y ME B R E(DH)E (LB 4-7 %
Bl 4-8) Hpdd R P-Mes v i @B @mCyS B U A
dieBesFofs Az DH @) » d 30l e L ppliar L e
AT REARR O PITREANTEERE L At fAed > CDHA
SRS BFESR G RS AE o ERDH BT 2 FlL L 4aERE R
BoOEREWRLI&RDT A EWE Fla DH &7 % ;3 CDHA &
BT RPERGIHIRE AT NG KRR et &0 BT
g Falh o povauky & TEM BERIEP -7 2 &3 A4
FIDH B A ST BB L seRd TGA ot L 4afe i g &

BAELZA 5oL 7 a4 2 CDHA 87 BaEd A3l |7 4

$3% DH b = o p b2 #h s daip] CDHA 8287 RpE2 ek 5 v

Bl 4-9 % Bl 4-10 % 4f & #4212 TEM ~ SEM BBl % - & TEM
WA A MY 2 CDHA Sk BE W95
80nm ~ 20nm ; ¢k > d TEM 7 @p| 5 & fl42 A P Btz A 5clhik
NHEARBCo B A B SRR 2RI B L o Bl 410 54 & HEE

WERE R RS2 Bk T R A CS Eu fl e A JE a2
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Bo g o a WAaEB-CEW2Z 6 PR3 &g Hitkhs 1t iR

& DMTA #47¢ » & =% B> & K33 : Storage Modulus £ Tan
O oo B 4-11 ¥4 ¥ 8 T o Storage Modulus » H i@ 5 K4 9 2
B A= B @42 C~ %7 Bk - & i Storage Modulus & %
A7 RpEiE > ¥ A2 % > F1L CDHA 2 g #m@ I
Flut 4 » CDHA > & 8 ¢ %3 Storage Modulus + = > b g & 1771 &,
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