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The Coordination Chemistry Studies of Chitosan and
!ts Carboxymethy| Products

Abstract

Complex of chitosan-copper(Il) was synthesized, the influence of deacetylation
degree and temperature to the mass fractions of copper in product were checked, the
’best conditions for synthesis of copper complexes chitosan were Deacetylation degree
of 95%, te:hperatme of 60 ° C, and quality percentage of copper was 11.24%.Release
-controlled capability of product in simulated seawater and its antimicrobial effects to
Escherichia coli was studied, the cumulated release rate of product in simulated
seawater was just 0.76% 15 days later, which indicated the excellent release
-controlled capability of the product. The antimicrobial rate reached 54.5% six days
later.

Carboxymethyl Chitosan(CMCS) was synthesized under conditions of
basification and heat by chitosan and monochloroacetic acid. The product was
analyzed by IR, and its apparent viscosity under certain conditions was determined,
the apparent viscosity of CMCS rised while concentration increased or temperature
declined, thicker solution was affected great when the temperature changed, CMCS's
apparent viscosity declined gently with addition of NaCL

CMCS-GA gel based on CMCS was synthesized by cross-linking with
glutaraldehyde, which was analyzed by'IR. Swelling ratio of CMCS-GA gel in water
solution of different pH and swelling ratio of CMCS-GA gel in distilled water at
different temperature was determined, the results indicated that Swelling ratio of
CMCS-GA gel got to its maximum point at about ph7; Swelling ratio rised with
increased alkalescence under alkaline conditions, and declined with increased acidity
under acid conditions, the gel dissolved while acidity was too strong; Swelling ratio
firstly rised and then declined while temperature changed from 25°C t055°C, and got
to the maximum swelling degree point 13.57 at about 40°C.

To evaluate the adsorption capability of CMCS-GA gel to aspirin and its
application in drug release-controlled system. Aspirin entrapped hydroget was
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synthesized by adsorption effect of CMCS-GA gel to aspirin. The swelling
characteristics and the release behaviors of aspirin entrapped hycirogel in simulated
intestinal juice (pH7.4) have been studied respectively. CMCS-GA in simulated
intestinal juice (pH7.4) got to the maximum swelling degree 1.38 in 2h. The
adsorbing capacity of aspirin by CMCS-GA was 4.6mg/g, the cumulated release rate
of aspirin entrapped hydrogel in simulated intestinal juice (pH7.4) for 96h was
99.91%, which indicated the excellent release-controlled capability of aspirin
entrapped hydrogel. The results also showed that the release profile of aspirin from
hydrogel followed first order kinetic equations.

The compiexes of Carboxymethy! Chitosan with copper(II), cadmium (IT) and
glutaraldehyde have been synthesized, the structures of which were characterized by
IR spectra, the mass fractions of copper in product was also checked. Release-
controlled capability of product in simulated seawater and seawater was studied
respectively, the cumulated release rate of product in simulated seawater wag just
0.2390% 32 days later, and the cumulated release rate of product in seawater was just
0.2112% 30 days later, both of them released steadily, which indicated the excellent
release-controlied capability of the product.

The complexes of Carboxymethyl Chitosan with magnesium(Il), calcium(II),
zinc(1l), iron(Il), aluminum(IIl), cerium(Il) have been synthesized, the structures of
which were characterized by IR spectra. The free radical scavenging effects of
complexes CMCS-Zn( I1), CMC8-Ca( 1l ), CMCS-Ce(II} on superoxide anion radical
by NADH-PMS-NBT system were studied. The results demonstrated that three kinds
of the complexes all showed excellent ability for scavenging the superoxide anion
radical, and the results also showed positive correlation in scavenging ability and
concentration of samples. When mass concentration of samples was 0.004g/1~0.2¢/1,
complex of Carboxymethyl Chitosan with zinc( Ii)displayed the highest scavenging
effects on the superoxide anion radical, while complex of Carboxymethyl Chitosan
with Ca (1) was the next and Carboxymethyl Chitosan with Ce (II)was the lowest .It
was deduced that the metal ion had something to do with its ability to scavenging
superoxide anion radical.

v



AR R ARPEGEYNRLAFRA

Key Words: Chitosan; Carboxymethyl Chitosan; gel; controlled release; complexes
of Carboxymethyl Chitosan



W o#l A M
EAFHREXMN U RIRENESINER THTHIFATHERRBLE
MARR. BRAW, BT XPRAUMUMREMRHEOBL S, RXPAEER
AEBELRARRAEELINFTABRR, ERAFTREB
¥ : )5 ) BRI A H LRI 57 A B 4
Hﬂ%ﬂﬂ'%ﬁ-ﬂlﬁ%ﬂ*ﬁiﬁ%%ﬁ%&ﬂmﬁﬁa&ﬁi*ﬁT%
HORAFRTHE.

%mmwz%\?%}?ﬁa% 200k KA | A

FALESRRE AR
FEMNRXMEERETHERTXRE, FRAZRHME, FHRREH
i B H B XE BT R C EEMRsE, RS ERMER. A
BRERT LU EAR X ERAH ARG YR EHTRR, 7TLLRA
B, BEEAKHSFEHFREE, CRELCRT. (REKFEERIERER
ER AT

Hirk 5505 P PP amg%\’\gg/ L'%

AW IATEER | B EFEM:2097% A /B
HABIEE EALE £ R
TAEEEL: 11

&Rt R 4



EEEEHATEGEMHELFEN R

1.3 #kERIA
1.1 BRE

R E(chiting, NEZLLTH, BEM, R—AXKARSTHLEY, BTER
£V, RAB1A)2-ZHEE-2-RA-D-HEH. TEFETRESEY, R
ThshY, wiF, BRE RN, BREEYNE. BXAREES, EBEHGE
Eﬁﬂi%%mﬁﬁ%ﬁ@Z%m,ﬁﬁﬁ*ﬁﬁ%ﬁn+ﬁmm,%§%ﬂ¢
FERNAFAEZNBE_RATHEERE, FRBR EUEBRENSARRENY
(KR EAR.
L1l BR#ENHE

FRAROBRESENL. BARLAE—R. HEREZELRTARL
ERIAS, BRAMREGRERSR, FMTHKABYDREFER, REEH

KMnO, i GBI 8 65 .
REENHSTRE:
axfa aamz}on
L1517 4 R45 — R ——— BRE
CaCl,CO, A

m1.1 FREEMH &SR
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Figl.3 The process of preparation of chitosan
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Figl.5 The molecular structure of Carboxymethyl chitosan
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Tablel.1 The absorption of the chitosan to metal ions
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1.4.6 S8R Tk 69 R
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JTPark(®55 F i R U GNP A Am 55 pHAZU B B F 2 A DMAPAAMLL97/3
BE/RECIEIR, il T pHANG B BUR KB AL . £ R pHBUS X 774,188 SR K 5370
CRERNBEREEURK. SCESERTAFEERpHNETURLY
PAAC/PNIPAAm IPNZKBREZ, TERRPER T, SEACHE I BB E R E A BT MK
EHWEALET, BERTPNPAAMMIIEREBERE(LCST)H, BKMEKERE
FREM AT, SEEELCSTH, BRREKE S TR, HEHRAE
EFTTT B, Hoffman' "% it B LRt 14 T RA R RpH W E B Kk
B

1t



FEEME IR PR S WA AL S

1.5.2 B REAKBRBE R E SUR M

HHOKRE RIS SR E (RS pH BFERE. R RAEWE
FVMRACT B B R B — KR, B FARBRRRERS TER, K. &
BAER N =S R RBERNAF TROEXTANREN, STHEKE. &
WEFHSEYWAZHUELRFE 2 RIFHNEYHAENE. YREZE 750
W, BRHMFRSZAERE, BEEQREREENEHRETL, BERMAEE
(Volume Phase Transition) (%, BT B XA KBRRE LR D BIBA, 2
MIREEIRE. AR, Eetl. wRER. EWirais. Ry ESk
SIS ST R 2R AR,

19684 Dusek M1PattersonMfE HES T, A KERRTT K ETELH
. TRMEFAAINES TRERETT M ZEHEANDHA, L7057
&, Tanaka® \Te 56 R T R I {5 BUAHAE(Volume Phase Transition, VPT),
ML e IR R R B PR R R, MR Bk £ 8UR.
1.5.2.1 HREEERHIN

FENEMHRHRELED KD FOEOMA. B/ Bokb S HEZR
BRI, DR PEPIER T BRI, X MR HE S IR e A R
BRI, R AR TR, Bk, AR EY AR BA Rk
& BEMRTIRE, RER—TTAESEENAMERES TN, AR
WFRATRE,

R1.2 B RERBRIED RS
Table 1.2 The applications of intelligent gels in different fields

9 Ao

femma oo HHPHETHBBY, REON, NGBS, WS
IR ATHA, @AW

BB AR TR, A AN R

JesfE BB SR, T R BRI

ByBK  EEEBIRE EARR
RAEFES®  BEEK, XKOTRENEER, RigEEn
Lk EAREE, WERRAEYELN, REHEDBELRSREL

12



ERREELRPREITEDNREELERT

R ROTR, FRERAE, HEEH DRER
WML REENTRRR RS
BHREY P MR R AT R
BREEHE  FRTEN. BRXTREMNOERME, HXEN B
BEHAN  REEDERERETLARAR

153 BATRERR IS0

145 B 4 TR T B
(1) BHREIETH

AR BT A —Fhak S F B AR AT A R AL 23 R A 3
AT« 3 T4 A0 A 7T CA (8 FE R RSB0 B A UK S I R SRR 0 8
R R, —BokE, ERRKRRTETEEMADRITRN, &R
RGBHRS, KBA40FHE. B, Wi, BN BT AR TR
SRS RENERER.

@) BAYReE:

MR AR S & AR DB R . RTRETY
EER B AR . BFAEER. SRNE0EES TR, HETHEAER
SYKETRR RN, AR A R A AR T — R B R AR
i, EIRSRA VS TR AU T2 BT AL RRERE. HEKEHEAY
B B S AR, R TR ING R,

(@) BAREEER

KRR O URIR A — LR, 0 T AR BLIR R, WTRUR KSR
BHFAE—TRENRG . ERKRE L 8 B SRR A NIHEEH
KERBHEER, BAT DI REA L, BYERERES & B h%05
B REES, AR, SR THERLETRLE NSRS,

1.6 BPIERER™

LY RSB IMAZ (Drug Controlled Release System) (CRS)JR 254181 &
% (Drug Delivery System) ¥ I —F¥, T 7T LMEZ LA —HIRE M R HULK,
Mk BEHI A 2k T B 0 BHIBREA R RS S bE ity s

13



FRERHRT B LD EHR

EHMEE AR FHRESE—R, FAYER s EYREdY 8%
AE—E MR, UE—ERBHRBFE AR YRR RESER
BARANTESE. ZTSRRRTBECTRORTIE, DEHRBIERSG
WHHROL T EA kI . —MAN, ISR A ERNE E EH T sk,
W, BRNEEHEEEHNR. EEERTEHAMOBRGESR, AR
BEIR AL, FRANEKABM. EHBREARRENRATRLTE, FEA
FRBULIE., RGZRER, 0ENXFHENEZEREE, 10ERTHEFHR
AR K B ARRS 4T B B 25910 % BR) R B I

1.6.1 FEHIB B R

LYAEBEHR S USSR AR B TR, FHRAKEY
WERF—ENHLNBRXR, FAFAREEFRELEEA. 5E408
BHtE 25 A, FERFUTRA:

KRR EITE S M YRR SR E TR, ARER T ANAYKRE
BEAME. EYHAREMYNE. EARRGDRAE, HYORELRE DR
K, REHTRIE. HlRBREERCEE TR, EHRESHERDMEIR
BE5BRRZEREZ B L B, TiZsREmaT IR Mes (] i, R B9
BHEWERFETRRETEEA.

RECRT TR SR 254, WD RZR. d TR HR AR K s HI Y
WESEERAREEN, AYMHEETE 80%-90%.

YA S AFRBER, N TEEMENZHRNELREXSTEHY, 7
ARRFHEYEN, AR EEERNREEREEM.

BERTLBREREY, RERBHRZRE, BEIENSEEDRE, &
DI EEMBRNARNEETER.

HAOTRERE, BREHETHAE.

1.62 §HIEHBRER

FEEHGREFRMNERR. EERE, NHESYZHN—/, B
PASr hGEFER] (Reservoir) P (Matrix) HFAMER . EHERERETHY
RMTEHSTES, BREERHAYET RS TROY BCRES. ERRYRR
B, AYSAETERP, BEEEOBMBLRS TERNT BORER. #

14



FRE R AR AT EDOENLZTR

EYRRFAE-IMBONEE, RRE-BHN, YRS TRMdk, X
EIRENATRBARE, MERT D, HYRUBRRS HNRANESYE
MEGTE—RE . ZFIE R BB U5 A R IR 925 & T DURFBERER, T
BAERZGRERT HABRME, RS EMARN. B 5 nReEsy
sy BOEB BB RE KRR I TR, B3R IRBRAMA MHEKTT
R
163 {LFEHIRHAER

WEEBRERRARE S FERERBIRE DALY R AR R REE 5
BREEN AR, WEERERTUERBEER (Biodegrade System) FMEHER
(Pendant System) FiR. EREBEAERD, AYSHTFIRBESYS, YR
BREIREYHEERIE NN, HEEERAEAYRNER, EMEER
i, GYLMLERERSWS TAIE, HARABELERRBREY, (L
REAFERRENMBERER, BT HY(Polymeric drug) A & 3B FHFER.
HEBEAMLRRAYAGTESRT S 80%U k.
1.6.4 BANELER

BAEL S RARFRARSYBATERIRT RSN, AN ERSY
THREER. BEHE SRR,
165 MIEHIAR

I H R R B BRI RE R AT RS MBS, WiSH4
BTARRAYMEEER. BIZREMER, EEEHHERTRE, SYBREERN
X

L7 RRBERATEYRELELEARER™

Ef% (Free Radicals) RIEHEFARMBTFHIF. BF. RTFHARS
FV, Ak Rr A E B B H%E (Oxygen Free Radicals) ¥, 44
95%. A EHEEEAEBEANNT (O )BRRRAFHEHATE S dZE(HO)-
HEKE (K0, . BEdEE (HO) .« FEEATEHE (ROO) &M, b
H B AT M RNRN 33 e Y5 P A7 4 LR vk A= 40 A e R S
AR MERRA B hEEETRET, HERFRA NN E R
FSIME A WENGERRNRREANER. OUERERERET, &

15



ERBRARTEME DR LTI

HE A BEMIARE EXNBHGER, FHARHRMLESHREBETTER
R, AISBUGMER. HARKEO N, 4B R L XA g™
T, M1956 HFEES¥E Hammar PR FEZM HBEERE, RENTIRBER
BANIT & R ERAEHARERFDYEENERRE . BT FMI R A
RELEAOIFEABEARAATEER Y, SHAAERALSEMESE.
¥, BRFENENEEREEZ—.

BE LTI R R A A S WiEt £ i h A E ORI EULRE 1 . KRBT
SRVUGHATFHRERKBESEREERSEHE BhE. AREER
ESR X RRMEMERALEAMIERST THHENA. AEFE IxH
EERRE SOD EHRMIE LPO & RHTF THIA. B MU 1%L i RAL R
1 E REZNR IR T LA RATHR S M ELEE. Nicolal™
FKRiccarchB 13 SIFIR TH EAFRMRBE RN C" BEEHALREEERE
B (LDL) d#&iBmrE1ER.

KRB REEEAE—RORALEE . #ESPRA TR
ESR) HARMAMEM, FEELEE. TAS TENERETEEHAETAhE
MY R AER H E R B BAMEHER, X Wl A hEAMEIERER
BV NIRRT J5h, TR Z BEAE A3 IR 5 T R IOFEILH TR, im0
HIETHFEHD 700~800 KIKELEPFIRER, KB BIE-F BULETH
HAHRENZEEEBRIER. HAXEMLREN, ARBRATERR
BAARNNEMNER, ERERAnEPELRETEREES (OX-LDL) &
F_Ef (MDA) &8, JRpEitidBaing. MEKEmARs, £%K
PR FmAE SR LPO (lipid peroxidation) KF FHE, EEEEFENER.

BRI EREOAAFBRRE, S HARUHETRBER. ARRGYHIRE
HE B RERY)FX R B HEROGHERRE, $A MRS BIEFH
—AREANE (B) RE, M AaENEREES S TFHEEBENYESR
*. FEVULEOREMEHTREESBRENT X, BHCRIRESH 5
BRI Z B B BT U RO MRS, ARSI S R R E W
FUHRMNEERR. BHKR, NERERAGTEDHEAERNHARS,
BTFRAD BZEBESEREZALENNBARLREINEERE. A% TE

16



ERBEARPEEYNELLERR

HERRER T ERRDMERTIERE, E—FREXAULEESD, BHE
RNE R RE RS — SRR %R,

GLpk, RRERITENSEREYERL FEATHENNANE.
i — S RELEY RS, ARV EREAMETORA SN, ERN
HRCHES A ERINANXR.

1.8 BB, HRAUE., KENHAREX

1.8.1 £ & BF A A S
KRB IE E i

() ERARENE (1D Y, FIHBEAMA&M, HARREATEX
PR R R AT

(2) ERBTFETEE, FERPEXREARE, FREEAYERI KR
k7S .

Q) FRBERERRENS R SYRERNFUAERN, NFEHHEATLSE
KA IR

@) AR ERREERLEY, HSTRIE, A S —PNHEEE R R,
AVARMETERSR P ESRES & NEGEYH &0 RTEY N A

REMBT AT BT . IR L E AR AR

(1) RRERMGSHAKEEATEKFHNEE SMEEERR

Q) RPEREENERERE

(3) BRPERREKERIHE . Wkt ael e X RS EA

(4) RRERRERRH KBREEVHEREBERNK ATHEKPRERIEEH
A

) RPERRBESRBRAENHE. RIERELIERO, B hEEETIR

1.8.2 HEKERENX
BARBESTEAHBNKEERPERREAURE TEARBERHOX

REH. EYEENE. TREESRRERE, TAEERHEYELNE RN

o B, FREMGEYRA AN AR, HFEILBTRMN

EFEMEFNTTEE, AT BHLSRBNSFTNA.

17



ERBMEILARTEGENHRLFHA

RTRFEARBOFRIERERT, BERPESHTE. BEHMA.
UEFAREARESERETFHES L, BEIRPEXREMANEAN, R
FEHWRN S TEAFERREr ZHRAERLYHFRANAS NI TRARR
RENANTA, LTENEHENACHEDENE, EEA. D&, FERF
LHTRNOTIR . BXART REEN. RPEFRKE. RPEARME
WA REE Y, £REFENSFER, #AEFTHEHHSBBNETHK
e BTN R BT
(1) RREFRNEFNHERAEEARRICREEGEDHKEENEEE T
FEERAMEE, AKEFREAGRRERIAAERE. BRI, BEFAP
BENE. WEEN®. REtFORRRERRIERKRE.

() REEARMEARBIEE KRR 7 LHAEA THRET RPN, MA
FXE. T, TEERE. THRERM, REM., EBRTERT ARG,
RIF R LU A SRR F R R RIK B READBAS T I AT
TR .

(3) CMCS-Cu (I )-CABREE A Tk Bl K P ER M REMIATH, N RRAKF=TE
B AERERORANEEL, 8., A3E. FHERENERAS, &R
REAKBRELE, SBAFAEEHE, AREEFRENBENAREDK
PREPRRURERMRM T — 2 HERKE.

@) REEZRBELEYHISRH, MERF RN A RS &0 TR
MR AR TEIRKE, A5 BNARPERRENTEDENER B b
HRGET B g KR,

13



AERRHARTEGTEYNE LT

2. REERNBFHHERENAMSR
E]

pill

FTRWE(CMS) ERRERLIBESY), E—RHRREELHE, REEWT
M. RWEERET. RESH A, KREEETRE, TETLEEY S,
RHRGFWENAETY, BMERR. EH. 54, DR, hAANTERFE
PHBE TR, RERESTEATEHRE, RESFHLE, 54A
BTHBBRMEMLRSD, AXEGRT ARBERARSY, FBLAIERTTR
. ZRTRIGE. BENTRTFHSENEW. FRT =REATERKFH
BT A RAR KR A RENEMR. WP R R R R atE e
RETFHRRBERRES, BEAKFENGFEABRILAHERE. SR,
BEGRPRERTF. HEEER. K2ttt RAENREEREKE.

2.1 WS
2.1.1 B 5EM

VATAR 360 FT-IR B4 50580 (Nicolet), TU-1900 L2360 H (b
FETEAKETRAR), THZ-82 ER &R BEHILLREEERL ), HR
B (GHX-9270B-1 &, FFREELRRFARAF), HREHER(YXQG02)
WAREBESTHHAARALAR, ERIESGHRERALXRELT), REXKER
MLS-3750 84, AF N TR A (DGX-9243B-1 B, F R &4 R A F).

AEBHERECEDTIRAT, RZBE 85%. 90%Kk 95%), KBr(tifst,
EAER LEAEEMNETRAT), TKRRE (ARKE BILEIRERL
7)), BAK BRAETEMRERAE), 40K (BRRETADMENE
BERCHE), AR (BRBFHEMLFRNARAT), HHEMR (AR, KE AL
FRAFRMAF), BKEH (AR BEZMAERFHERAF), VHFZEFE
Bt —BR(BCO) (AR, EEMFELFRAMTRAET), ABRFKE (Escherichia
coli) ATCL-25922, H-fiAF¥A 44k,
212 EREFARAWE&HE

B 2.0 g B ZBEBEN 85% T T UM T, M0 50 mL ZK187K, MA—%E

19



ERMRH AR PR EVNELLFENA

WRE IR, FIRERREWOATY pH £ 3~4, 2HETF25C,30°C, 40 C,
50°C, 60CHERKBPHERN 4 h. RNTHE HABKEEZERTE
SO, (BaClh %) , AIZBHEETLE, Mg, 55 CAZTRAFSREH
EEY.

PR BT 90%. 95%MI R LR PR ITER, BREBHLEY.
213 ESYIHEERMOME

HHRE | g ERBEFEAY, ETEEPF 600 CT£20 CTFHIB 41, KT
A HEEYR N RES Y

Wed(100%) =

WX EE RN IR AR
w—H IR SRR E AL SN R
Wy 43 5 P AL B
2.1.4 45MEE S
A KBr [E 78 4000~400 em™ WHTEEAN, MERHRERBHEAY
HATAAM S 4, BB LA 2.1,
2.1.5 REHARL &Y BB g st
2.1.5.1 BRI ACH)
M4 10 pg/mLCu* R 0.5 g/mL A7 RR ¥, 0.1% BCO ¥ #REX 1.00
g BAH R T 100mL ZBP, 60 CHHER, #H, ¥EBZ 1000 ml FRHTH
KEZ;, AL#K 1000 g: 24.7 g NaCl, 4.0g NaySOy, 13.0 g MgCl-6H,0 ST 959 g
EmAKP.
2.1.5.2 HtRHE HhLE A9 I
£ 25 mL AR MA 10ug/mL §) Cu* $xHERH 1.00~5.00 mL, 1 mL 1748
RV, 2 mL BUKEW (Vmmo:Vino=1:1), 10 mLBCO %, AA T K#HE
ZZIML, BE 15min /5, 200 nn~800 nm £ HKH, RBETR Cu R
TR Mae SE3T IR IERE(E A, 2 HIRAERRER
2.1.6 REEHERERETFR
BB ZBEE S 95%TF 60CTARMARBEHRR AW 1.0 g EF 200 mL 9
AT#EAR, 5@, SR 24h N 5mb, MEEHN, AATIEKINE 25mL,

08— 100
Wi-W

2=

20



FRB M RF BT A MR (LR

FH A SERBIEE A, bR T HE BT R .
2.1.7 REERE S PNEEEHHR®

WRERARA

@ HARHEFFRMG&

WEAK. FAF. 3. SARRROEK: 10/3/15/5). BMEASBIRA
Persh, MAZ b EE, 2 A MEEAMKERAY pH K 7.2~7.4. 4% F) 500 ml
=ZHRMET, BEEHOEH.

@ MAREWR MBS H &
O REH10.20 gmLEREEBME, 25 CTEERE, SWEZ. A . +
ZRMBIRE R .

WEAK, FAE. R SAHERGH: 103/15/5), FBIEKTRIBA
P, MARIRTFHBME (BERKMABREE=, A, L. T=ZXHB
HE) E&, MAEHE, LRINEELMNKERET pH X 7.2~74. HEF
500 ml =MAERS, BELHOEH.

@ EBEKEKE S

I 0.8% A EK 200mE, FABESAHOER.
@ BEBAHE

WEORE. A, SULH. BEKDEANERT, MHEXR, 2Hm
HELPKBERATPH H7.2~74. HFEF250ml =HHERPEMSOml 5
), MORYSHRFEEHOER.
® HFREFE. BHREGOKE

WAREN=AERBABEXRRR P, BFI21C, EHEFELS §20
4, BIRKHE.

R E M H &

KA T-80 CHIEMITATREHE, B TERNGHEN3I7 CHEF24h,
KHGHEFREERDERFERTR, WFRPHEAR AN EEEMNEIEHE,
#E37 CHEFR24 he BEMAEL RG7C, 24h). ALEEKHERRT, Sk
B e v B S H
@ &M

2i



AEWEAR PR EPORALERR

HIEAL TR B R, SR ISR, MB37 CHEBRT, #3240, £H.
I TR &

PRI, 2 PHANIIEEFEFANER LT, BERERLR

S, #EWerh T2 ml MARK LG, RigHEEY. HRIERN
#5, GERWAETE &N THATI4 min, £, |
WBEEBHARSYRHRFE, FERBKEE, RASAMTRES 10 mgml §
B, RA+RBBERBERREE 10% HEAMBBES 0.2 mL % HF
KE=A, B —MEZEXMHE.
@ 37 CIER ISP B E IR 36 h, BUH, WA SmL EEERLK LIRS H
HHBFHANRE B2 A AT REETBE, WEMEEEN SR
B, & FA G ENEE,

MEE=1—N/N,

b N, 3007 TR0 B i S 1 PR T3 N 0 2 3 R AR IR s 7

22 BER5itie
221 REBHRESYPRENSE
HEREZHETIRRNAG TRAYTINESELR21.

£21 FEAKRZBE. TRESEETARERCSOPHENMES %
Table 2.1 The Mass fractions of copper in the Cu(I] ) complex of different

deacetylation and reaction temperature

gk iloliy. F=brg-
R Z B Mass fraction/ %

Deacetylation /%
eation e 30T 4T 0T 60T

85 8.72 9.03 9.18 9.35 10.63
90 8.53 8.30 9.35 10.14 10.04
93 10.52 1080 1114 11.02 11.24

BR 2.1 T4, A—BZBENEREERRBE T AR THRSRIT
B, AR ZBENERAER—RE THEETRRARILEER, 5%
BEHT, MZBER 95%, BAN 60 CHERARMAL SRR ERM.

2



EEEM LR E TS DS HFET R

2.2.2 LA5MEIES AR
TR OB 95%) RERENR SR LB 95%, 60 CHRRILS
FERLHE 2.1,

=y

4T00 3500 3000 2500 2460 1500 1000 500
waverrbers em-'

B2 CMS. CMS-Cu{ll) RILshbil A
Fig2.1 IR spectra of CMS. CMS-Cu(li)

Wi 2.1 AT, 3426.5 om™ AE CMS £ N-H. —OH MigziRz R, 7554
LR AR, T CMS-Cu(IDii% BT MRS B 51 E 3375.3 em™ &b,
ML S AT (L, W CMS LRI-NH, B 586, B6E, vIN-H), WO-H) &
froR g gk, e R W TE-NH. -OH S 5RAEHISS T 4 FHEEEmNK.
£ F 1429.30 cm™ #1 CMS f) C-N e f9 {eh 4 4 5448 th [ K B2 35 31 1367.9 em ™,
HAREES CO*"MESERA, £ C-NRKOBERE T, C-O BRIHAER
A AR 1081.08 cm™ #E 1106.69 em™ &b HIBREMGR % B FIREE LA
REMBETSHROEM, dF5C” B4, C-ORBREEH, L8RS
R ZI BT ARSI 579.2 cm’, 487.1 om™ LIRENEHIINIL, HIESK
AT Cu-N, Cu-O #.CMS 11 891.61 cm™ %80 CMS PHIFR K C-0-C &4,
W TR 5F M CMS TP B ZME, CMS. CMS-Cu(IDRYIEEF 1634.1
et S 2 BHE T e BOFEHETR g™,

2.2.3 FbsETEfE

£ 200 nm~800 nm & K 76 H W X REFITARE, T5E A 603 nm, I

AR CuBm W B IR I Aspsam AR RLOOMR L RE(E A, 2 8IbrdE 4L
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AR EHRPEATEPORANF TR

WEC ug/ml
A 22 Wi
Fig 2.2 Specification curve of Cu(Il)

FIRTHE R M EIA T2, y=0.245x +0.0552, R?=0.9999, 2= BIFH

HBHXR.

2.2.4 REERGREILRS
| OREEHERTERGL LR 23, ARTH, ARESFRESYEALTEK

ceoPooeee

RBUENE ARP/%
O = Mot ) 00

5 10 15
Time/ d

<

B 2.3 ERERARTERME
Fig 2.3 The curve of ARP of the complex of chitosan with Cu{ I[)

PR, 15d MERBRUEN Y 0.76%, AREATLE KD EE HITFHE
BiERE.
225 REBHBMERRTH

BRARREE, KAYNNEEELERE 2.4 iR,

24



RERERARPENEOORIAFTA

70
60 | . —e

*= 50
40 f
# 30

0 5 RERY d 10 15

B24 WEET(LHE

Fig 2.4 The curve of antimicrobialrate change

Bl 24 T ESYESRE—ENMEER, MEEN31.5%. B
WA, REYTNHAETFEERR, BHRETRETFIREYK, NEXR
K, BARNMERIEL 54.5%, BAKRUE, WEEEATFH,

2.3 /NG

REEAE (1D TRREEY. ERIMEN 5%, BE 60 CEHTE
HEAREARSYPFANSRER. SWEATRAREEERITN, 15
K RRBEBEANA 0.76%. FrilBr BB XHEs KEAH BIF0HE
A, MEEARE, MERTE 54.5%, R, ARESTREFERTFLE,
BETRRTOAREER, RAHE: HETUFEANERAT, SHARAYH
#—SER, WALHENE NSRS, YT S B R E R TEKRE
B, IR ARG B FOK PR AR A BN E X,

EREMLEYSBRSYHRE, SENERARNEHITREALES, HEEHE
RERBETELNEE, RAEFRBRIRN—FHUNEN. HETEFAFE—
ERWMEEYE, SRRBARTERRELARSYE, TUXXREERBTHE
BEHE, BOTHEBEREFERNGHEYAE, ANKKBERTOhTFEBTR
KEERAHFRNESBRRRMNFEEROMT, MM SEEHRESHR.
BERAEMNHEER i KSR —E B .
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ARB B HBRFENEYOIRIEETA

3HRPERRAENER RN E
5|

i

REFENLERIEMEELRFLUT LM Bk, B, N, L%, £x2
Lt LR Z —PRFELRAREREH—. RPRETEH (Carboxymethyl
chitosan, CMCS) RARBLBRFEURMEENH—RXRBITEY. ATFREWEIFHAEE
WEEERER, REMNBCETTHAN O (C6) At N (C2) . MMEK=YE O-RFE
P BB (O-CMchitosan)e N-J2 FIE5 % BIN-CMCS)f N,O-3% B2 % B(N,0-CMCS)™),

FRICRAUTIZHREHERTERSERE, NEBBETFES EEFSRIBRMN
BB, XERMY:

[CeH100sN(OH)],+nCICH,COOH+2nNaOH—{CeH1o0sNOCH,COONa], nNaCH2nH0

ﬁ@%ﬁ%%ﬁiﬁﬂ 6 fr LHBRERM 2 i FEESETUA—KZBEERNR, 3 L8R
HHTFAPEARK, FrMRE R, ARERGT, AR 6 L ENBERY, FERELGT,
MEMELERN. —HEREAET 0.6 bLE, REEREBURTFMABHE,

3.1 REES
3.1.1 (SRR

BAER K ST RALEKEET#M), SHB-II BHAREHEERGFM KSR
THHRAT) , pHS-2 MEE I+ (LEFZHER)), NDI-4 ekt (BRI
I7)» VATAR 360 FT-IR &4T 5068 (Nicolet).

EEEFERSWICAEDTIREAT, RIBEE 85%. 90%K 95%), KBrOotifal, Ezh%H
LEAZEESFNERAR), —HZR ARLRAL) , A (ARFHEMNE D . K
2Ly (AR, HAbAR A 414,

312 RPEERECMC)HE

BHS g BB TS0 mLE R, THAMASR LETRMAEEKIOmn/E, MA
w(NaOH)=40% 15 mL, 45 CHHHIIh &, FHERIMAG60g WMZE, 460 CKBSP
{ERERI N B, BARKT, ¥, EBMMZE, HpH HZE7.0, KTHE A
Q(CHsOH)=70%E k- i, IHFATF OB, MARERE, Mg, BXKIEE
BRERK, 60°C HETHRLEBEAECMCS™ M.

3.13 REPEEERME (CMCS)ERE R A Hom £
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FRB B IR TR E YA LB

3.1.3.1 REPEZRECENAIE
FRIN0.S5 g FRTEIEEMRFEXEET250 mLABEP, BES0 mL 0.1 mol- L™ HCI
PR H(E0.1 mol L S T Hcp, 18, 24, 0.1 mol LM AR HFRHER (S
0.1 mol'L "{La)R e, FEMEpH &, HTFRAHEIULE.
DS =0.161A/(1-0.058A)  A=(V2-V))M/W
AP AhEg HAPREENZERY
0.161 AR L BBRAHRHRENEERY;
0.058 W EERSBHRTFEME,;
VihpH 2.1 W EFTHFER S A MR AR,
Vo pH 4.3 B E BTN FERT BUVR AL SR AR A T A 1R
WohHE IR E,
M A S AL PRI M R IR
3132 REESEEEEN X EWER
BRI E H2%~ 8% MR T BRI, 725 CrIAIERIK RERE MR A 93 1L1E
B WA MR EXRREKERNRIAEREER N EHER.
B Rl4% R P EERFKER, MARREE/RKERNCL, ERENRPERRER
MA B e
3.2 R 5t

4000 B0 Pa0 2300 2000 1300 0

Waveaumbers cm™

3.1 CMS. CMCS #4 4h ik ial
Fig 3.1 IR spectra of CMS. CMCS
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RXRWE IR PR EDNAL L FE T

3.2.1 IRAHF
MEBBERNLAGEETLESY, 3457 com™ EHRERERA & HO-HMYEREIHIK
Vi 5 N-HAHAR 3R B T b e 2B B T MG 8 A 2 BB ; 7£1089.37 em™\ 1153.56 cm™ .+ 1656.99
em™ #2875 em™ L4 HIRC-O. -O-MZBEFC=0. C-HHMARBR KA, HF1656.99
em b ZEBEEF C=0 MMHBERFBKSERBE, HPERENNEZEBEEH; 1598.14 cm™
A AAGRE N-H HRE diRzIER Ik, 138130 cm” &% C-H BFI-CH, SH#ERRS
Wi ; 1322, 96em™ &b HIELEH IR EE B IC—N @RMAEIR=4:: 1030.08 cm™ &b 418
WIOR e FRB-1,4 B 4EIRBNTRL4:900.26 cm™ AbHYIE;
R TR R B A AMBORO i P B T 3 P R AR S MR MR 1599.42em ™,
1416.72 e "R i 3457.18 em B HER-OHEN-H R4 IREIE, HABREERTAS,
B A B P i -OHM-NH 3 BUFS; 2872.82 e RS, T RMEREHSS, AR
RS TR, THEENARNE B, BT E R TR R EBI1656.99 cm™
FN.COO i 45 4 5 I 25 -5 AR 30 0 .
3.2.2 WAAERE
A5 B 118 BICMCSF= 8 BB BE 4590.6%-
3.2.3 HEMTE
TE25 CHE, WIS J2%~8% A% FF 2 7 BRI K R 0 R ALK RE BB IR R AR LR R
T
800 !
700 |
o 600 ¢
. 500 |
& 400 |
e 300

£ 200
100

0% 2% 4% 6% 8% 10%
W (%)

B3.2 25 “CHf AR [ iR [ 3R P B BB A A LA JRE

Fig 3.2The influence of concentration on apparent viscosity of CMCS at temperature25 C

R I3.2TT 40, AR RO I SE R PR B, TEMRBE6%HIIE LA RS SURE |
Ft, W TTLE S, BERRFERREARNZAREN I EEEHER.
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3.2.4 A [EIVR B B3 P AL 7R SRR AN R A B A R SRS

1000
800

>
600 |
&
- 100
M I
# 200 | \H\\
M
0 i} 1
o 20 coy B 60
—— 4% ——5% ——7% —M-8%

BH3.3 7N R R R P 5 OB AN R S 0 Rk 1

Fig3.3 The influence of temperature on apparent viscosity of CMCS at different concentration

InE338TR, RI—EER, RTPEAREFRNZWHAEEKENENTHE X, /K
R, RPEREERRNREREA SR, BEENRERK, ARMHES
BEERAKR. LIRS BINS%. 1%HRPERREEEAM, LREMIS CEABS0C
B, WREE A S%B M R T M4 B SE AR A00.2768,  WRAEA 7% IR B TR AL T B Ay
BURASEERI0.3M5 . B A ERREEAE RS RURRAMGER, SREEARLTHR
REER, ARTPEREHNTLFERE, FLUASERA.

325 BEAAAARPESREKSRRNEEL TR

B Hl4% R R R E R BB KB, 2 moll MINaCl KB, MATRFERIINC! KB,

FREA R P ERREAKFRFUM R,

250 ¢

: 200 ‘\\4\_\‘

4 8 8 10
VNac1 (ml)

p * s}

—
o
(=]

L=
<

B viscosity(m
=
(=]

(-]
o
™o

B34 MA NaCl X3P REARKIER I SR

Fig3.4 The influence of NaCl on apparent viscosity-of CMCS
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FERB B P ENENORAAERR

W 3.4 TTBUE M, MIMA NaCl, &tk RRMMEEI T, 3 LRI
i NaCl BRI ATIFE TR, RTERRBEAFRUAEEREEN, HoTHLNR
EMPEMEL AR LROBRRS], BRETNMBEN, YEERPINT AT
BUUS, Cr RE5AERERA, T Na* SHBREREER, JERN S FEZ FHHET
BIARMRT —Efinhids, KFPRESHRTH—FRBNORE, FHSFHENEH, XER
MR T R BKE
3.3 Mg
B LA _E R4S BB AT LU L F 48
1. F—ERAEIR, 3P RN I A F XS R R B H I T K
2. A—RERN, RPERREREGRIN R AR, ERRRRERR, 1R
MEEFEEEHAK;
3. A NaCl B, AmHRTRR AR A RN RIS TR, B0
BEBE AL NaCl BIOH AT T2 F M.
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AEERLRFEGEDORLEERA

4 R BRRAEAER & R BN E
5

il

KERREKPERFRFXENAS X TERGRSY. RS FRKEREHBEDT
B K TRAHEBNZ AR AFTRNS TRORRZEMREH, XFI7 &K
e MR EIRAT, B TSRS ARRSRIERZ, ERRET &M
HARRE R LRI REF

RFRERERERRELARATEAEN -~ AETENRRBTED L —RYTHESE
BB TF(NH") MHEF(—Cco0) EHMMERBMEA AT RIFHAKBERARKIELR
P, B RTH AR R A £ B R A RO 7 0 S S R AR 43 T R e A
BT RO F REP.

4.1 RS
4.1.1 R E5EH)

AVATAR 360 FT-IR R4L5h 6% (Nicolet), TU-1900 SUS KA H (ILRETE
RBERARD, THZ-82 HRKRGBFBEELERNBEFTRAT), WELE .

FAREEDECEDTREAT, BIBEI%), S0%R-B(RETHERLEXATTF
RL), KBrOGisat, EKRE g FERAERAR), HBRFH 4.

4.1.2 HRBPEFRENKER(CMCS-GA) BIE /M

RS g BB T SOmL BAEES, FHAOHHE LFREABKIOmnE, WA
w(NaOH)= 40% 15 mL, 45C #i#mit3n &, 2MBEMAGCog BB, #HK60'C K&
PIEREA3 b &, ENERE, B8, 2SR, B pH EE7.0, KTHE, Fe(cC-
HsOH)=70% ¥tk HiE, BUHPYETLORBKD, MAREITE, Wi FAXKZEtER
£, 60°C HEZFHRIEBEBECMCS =M.

I ERCMCSP=fhiE B, FHlRBIRE HI%HKEMS0 g MERERE, MA—T
RAGSO%MILTEE (GA) , SEBHTHHE, AZXRRENE, BRTRA4h
EEETKFPRE2h, MBEK, HHEEYWES CHTTRIK, BCMCS-GA.

FIKBrE A HE7E4000~400 om i BE B A YT 4L S R B R TE .

4.1.3 CMCS-GA FE R RlpH{E 7K #5325 K B il 52
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K — & R TRREFRFpH—%KS, SR—BatEERN, AEERTEKRE
KSEHREFRR, HTATFEIBIKBE(SR), SR=(W,- Wo) Wy, HAW A EK SR &
Filk(g), Wb iBkATHT RERF R (g).

4.1.4 CMCS-GA £ IR 13 K ¥ o v K Iyl e )

MR —ERTREETAREEN KT, BR—RIEEREY, RERKRTERRE
HARSEHFIEE, BT EHBKE(SR), SR=(W,- Wo) Wo,  HA W RIRIKE BERE
BRE (), WM TRER T & (g).

42 R 5i11e
42,1 RHF

CXS

CHCS

4000 3500 2000 2500 2000 1500 1000 500
HE Viwenmbeia™y

B 4.1 CMS. CMCS. CMCS-GANI#h ik &

Figd.l1 IR spectra of CMS. CMCS. CMCS-GA

417740, TR (CMS) . MAETRHE (CMCS) ML MLEERE BREMET,
{ECMCSHIZL 5 Y i B 7E1618 om ' A R B MISIER B0k, AR FERRECMCSIHAER,
CMCSEIN-HIE (#1413 cm™ . 1326 cm™\ 1066 cm™ S5CMSHRHE — R B354k, X BLBAA
R EEREE-NHEEEE, £UNEYEHRFREIR=YE %, CMCS -GARL S i
B 5CMCSHIZ SR LLEE, 3420 om' ALIG-OH. N-HiSAEHRE1EE LB, 43 B R3604
em’\ 3678 em™, 7E1618 cm RIS BCMCSTERA R, WASChiff RN EE, BT
-C=N9,

422 BRPRZREABRERFpHAKBE P EKEXE (mind 2
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Fig4.2

o

fé 7 ~—e— Ph=1
g 6 —"""ph=3
=5 v ~——ph=b
*‘3 4 : ; ~—ph=7
B3 UE % by
g 2 f; —%—ph=11

i
# 0 %s'\__%
0 50 100 150
B¥1A) t(min)

B 42 F pH T CMCS-GA E7K B Rk ik

Swelling ratio of CMCS-GA in water solution of different pH

Bl4.2% ¥ HpH=78, CMCS-GA AXKPHRKERK, EHERET, BpH¥K
CMCS-GA B P EKE R, ERHEESET, FpHR/MCMCS-GAV K B/ B B8

i, BRI

42,3 CMCS-GA KEBCAEAFIR BB MY AR B
FAREENEARREEN, CMCS-GA BRHIEKEE, k4. 15,

F 4.1 CMCS-GA ZTE—AKFTRIR A B SE

Table 4.1 Swelling ratio data of CMCS-GA in distilled water at different temperature

BIE C 25 30 35 40 45 55
B 6.0049 9.1418 9.4044 13.56%89 9.6321 $.952
16 ¢
's 14 =
g1
o
E 10
= 8t
& 6|
P
Bt
0 1 1 i i
20 30 40 50 60
HF L T

PEl4.3 CMCS-GA #E—IR7K o AN [ A8 1 o T o8 Bl FEE

Fig4.3 Swelling ratio of CMCS-GA in distilled water at different temperature
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B R4, X\ CT~55 CTE, CMCS-GA ZEKPHEMKEXAABERD,
740 CEAIE I B A{H13.57,



FHRERIVRPEATEDBRI L EFR

SHERRRIEKERNEREESYIERPHLEA
5l

bl

RPETRAE(CMCS) BREBRFELENTY, RARTNEYHEY, F4UH
MM RHEYEYE, TELRERNE, THAERSHEEYERRE, BETDXELEEE
M eRl, RAYERNEERE. TENASLKE, EERNKERKZREYE R
EHBEEREER, SRERAE, AYEGE T, TRAEE LaEREXNE BHERENY
RIS, BOMSHRTALHEREES S OERRER, TRBBERTS
Higuchi F#I'%, MPEZTRBEEAS TH LA EREFONHT) FHET(CO0") EHMH
HREMHH AT RIFAKEE, BirHEOKRROTIREEURFEREYFHELR, R
KRES FRERBRAKERNFFERDOERE. FLRWNARBALARFRARRE,
SRV CAIR Z BE A AT BRI & 2 2 S B KRS (CMCS-GA),  [R] i LA ] DT 4k S 4 R 2547,
X EAATRAN, MBEHAREEANTBETEBIITY, MSHRTTEEBNHREE
;%

5.1 REEHH
5.1.1 {28 5k
AVATAR 360 FT-IRBIZT 41 363 4% (Nicolet), THZ-82{E IR % 2% (fe It TR AVBH R A7),
BFRPALHEBEZRGIBRGERAT) , TU-190030 & 496 (LR A8 AR
FMRAE), PHS-3BRMET (LEKAHUBAR), BMMERKESR (HOWERMUEL
&), DIFRERETHA (LEMELRREERAF) , LEREE .
ARB(ESECEYIRAT, RIBF6%), KBr(tisl, EHED L3R
FRAF) » 50%R_BRETHFRAFEEFA RSP L), HREZH (AR, RETKE
HEEHD , BN (AR, RETEMRKXLIFRAF) , pH 74\ LHHK ANa,HPO,
MINaH,POMCH], FIRILHIGE F GRS BAMEFH37023121) , HEEME N4
that,
512 RPERREKERK(CMCS-GA) MA K
CMCS-GAMI& 7 i%/4.1.2,
5.1.3 CMCS-GA 7E AT Hti P ik ik B iy ) 2 s
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EREEERPENEDH A EFAR

KR —ERTEBRETFALRRP, SR—BHRAERY, FERRTRRREKDE
HRAR, HTRXEEBEKEGSR), SR=(W,- Wo) Wo, HFW HBIKEERNARE®E,
Wo o ¥ K BT RO SR 5 B (g)-

5.1.4 BT ILAKZE N LIl h AR i 22 4 2261

(1) FIATHAERRC I ng/m] BT 3 IS ARG

(2) AFIBEO. 1.0, 2.0 3.0, 40. 5.0m! FFHEFRESOM! BT, AATEHHEER
FEUIZ.

(3) FIEAM YR 7ER00 nm-190 nmE AN, B A Kdnax o

(4) PRI E S CRIBIERE, LFIFRHE ML

5.1.5 CMCS-GA X Br] ] LAk 9 W5 bl 2 £ 25 B il s

HHRHER—ERABTERET —SRENIT S LAFRS, ZRTREd FRBEEF
BRBGER. BRI IEEET Thnad b E R REHAIEFED, Rk R EE B35
BILHREE, RIFIMA TR G T LAKRE, ARTUITEEREHE.

5.1.6 B &) UL R4 T RE I 52

HHBN—ERRAER, BETpHTAA LRSS LY, BB RNEEREEERY
#®ep, HEEED C, REEFEAEmin 30K, ER—ERAEBRESREHHS mL, 4
P& BT EAESL, MEE22 bR, MERFEREMBRAZIERERS, R
FARRIEETESO mL. ARk f LT AR B o (Al B AR MR P BRI B R BB, B
PRRE TR QAT T,

Q (%) = (5XCq1y*+50C;) /my

Cih i AR S IO BRI, mok BTANABTE Ak S & .

5.1.7 B ILAkiESMRE R HLE ’

it B 2] DU AR AR MR IR A IR BB h % — R B ¥R iguchi FRREATRIE, ¥15 4 i
FREBHLE
52 £R5ihe
5.2.1 BIR ILARTE A Tk R anaE il 2R £ 221

FARAET WA SR BEVHEE 190nm~800nm 2 H KM, BB ARKBKND 2220m, #
EFFHERFUTE 2220m FHIRIERE, LHIRHEMLE,

36



ERBR IR PRITEWNE L PR

& 5.1 AR R) MLk LA 0 BRI Y BT iR

Table 5.1 The Absorbency data of aspirin at different concentration

Clugmh) 000 001 002 004 005 006 007 008 010

A2220m 000 031 059 115 144 171 199 228 289

hd

[
H

e

W A
-
SN e N RO G AN

0. 05 0.1
PR ILARIREE (0 /1)

B 5.1 FIREHEA TR it h e

Fig 5.1 Specification curve of aspirin in simulated intestinal juice

<

B U9 2 A7 72 24 : y=28.54x+0.011, R*=0.9997, 51 WL &) VE AR 7E A LR i P b vk B 25 A AR
RELHERR.
522 CMCS-GAEAT B HBEKERBRRBAHE ,
CMCS-GATEA TIG# B I M2 i B 2F75K, CMCS-GATE A T2 hik B K
RBKBE1.38, #37 HAZEZ T H CMCS-GARR X B =] UL Ak R BR85S 4.6 my/g.

¥R Swelling ratio

0 3
0 50 100 150
W8 t/min

5.2CMCS-GA TEN T BIvE s AE i 2%

Fig 5.2 Swelling ratic curve of CMCS-GA in simulated intestina! juice

523 BABRRNMEINERSER
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AR EIR T EGTEY DR FAR

BHSRILARR SR A R R RS2, BRERHE S RQEH B0
VRRENE. —EFHHh¥ A Higuchi FRBITHUE, HRMT.

% 5.2 FRIICAREBERF 1k RIVEHE%)
Table 5.2 Release of aspirin from aspirin entrapped hydrogel (%)

BHE t{h) 0.5 1 2 3 6 20 25 7 96

RUFRE Q%) 1793 2115 23.02 2928 4622 6199 68.65 9525 99.91

#s3 FALHERERE BB RENETE
Table 5.3 Release profile of aspivin from aspirin entrapped hydrogel

BA Modet ¥ #777 Maths equation R? B&4R Equation fitted
BN 1% Zero order Q=kt 0.8593 Q=22271+0.0158 ¢
—&Eh 1% First ordes In(100-Q) =kt 0992  1n(100-Q)=4.436 - 0.0007 ¢
Higuchi#7 % Higuchi Q=12 0.9761 Q=1.2617¢"+11.383

BRI, BHMTRLATREERAFNBRAGRAKRS RN ELE.
53 1k |
BHICMCS-GABZIRURAE 3 hitt REENE 4 B4 429.28%, 96 hRBHRE SR A
99%LLE, 1h~96 hESIGHN, BAHRKBMEHE—HehhELH, HY BHICMCS-GA
BB AARRNERELRE, TERYRKRETRMALEKRE, ROBERNRERS

B M FRITALATRERR 7 AR R SRR AT i — 2
BH.
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REERIRPETEVORALERA

6 MBERERER (1D . % () BeYNE. RIiE
5lE
FRWL (Schiff B MAVWTLURHREMN. BEAL BIF. SFRRREDEES
M, #EEAEHEBENA. EEZTR, FARLETNE. X8, ANE, REMNE
WiEt . TR, FRBOHEPARAYEAE D EANER, MRS, #X
WiEh BIFIRG, TUARLSS, SRL4RETAREMTSRETHS B, B,
FUFEFRNF KBS E RN FOEEN. EXSTTENR, RS HEERANS RE
BB MR .
HEERTRFEAGIRARESPRARDOMBITE, FHUK Schif WESYWA
BERMRRER. FEHARAARRSYAETHE. HENURESEEIME, FLaH
e R P AR HERM L SR — 5 R R L%

6.1 LWEHS
6.1.1 {8 5iAH

AVATAR 360 FT-IR {41 4P 4% (Nicolet) ,TU—1900 S K4 (Jbst g7
BEREBRAM

EEBEIBILEYDIRAR, RIBE 96%), S0%REBCRETRERLERAFF
Kby, KBrOotiliol, EER LB RAHERAE), TKREBRE (ARREN RiLF
BAERAT), KRR L.

6.1.2 CoP BRUEF IR BORC I B At h 2R 0 42 40
6.1.2.1 Co TR HER A B

HEBFREN T 21 CuS04-5H,0 0.3929 g T 100mIAFRIEP EZILL, AP RE miZFE 1000
mAREP AR BKREZZE, HEERPC FREN ugml?,

BHER0.S gml EAKEH (Vi VasliD) WA LHE B A R0.1% (FREU1gH
AR 5 F200 mIBEAF M 100 mIZ B, 50~60 CIRAFEBREHBZ1000mIBERT, B
WKBBEEZL) .
6.1.2.2 FrAERERATLH

7 25 ml AEMADHEHBEM 0. 2. 4, 6. 8. 10ml 1.0ugml! 7 C® IR, B2
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RERE LR FAATEYREA LT

M 1 ml PR, 2 ml KEH,10 ml BCO BHRS), BEARBREAM, 15min 5,
190~800 nm AT B AT SRR, BB B AR K, LRI A 3t Cu® RE1EHE,
B iR,

6.1.3 CMCS-Cu-GA BI%I%

B2 g CMCSHI#RTESO mLE B FKF, JTpHE630, WMI5% HICuSOM 22 mL,
BRRMN3h, SEAZEFKEXRETRRFECY, WEERE REMNRRED, B
WP CU MR, BT ECMCS-Cu-GARTR I HCu®* & &.

BRBEREF12mLEEF AP, MAS%NR B mL, ERTFRM3h, S, KEETd
t, WEEKMOLE, 60°C AFTREEE, BCMCS-Cu-GARHK.

FAKBrE K IE7E4000~400 em™ 376 B A X CMCS-Cu-GAHT A S R AT

6.2 BER5VHE
6.2.1 Cu®* ZE— VoK bF At 2

R 5053 66 HH7E 190~800 nm iﬁ%?ﬁ@l’iiﬁﬁé‘@&&ﬁiﬁ, B 603 nm HFR
KIEHETE, B CuP R dax SPLAT A BRI, ARMERHZ L

% 6.1 TR FHRAMREMRAEE A
Table 6.1 The Absorbency of Cu’* at different concentration

€ (ugml™y 0.00 0.05 0.10 0.30 0.40 0.50

Agpaam(x10%) 093 2.00 3.97 5.88 8.01 9.88

0.12 ¢
0.1 ¢
0.08
< 0.06 f
0.04 |
0.02 |

0 g ' i 1 .

0 0.1 0.2 0.3 0.4 0.5 0.6
WE ¢ ug/ml

6.1 Cu®* ZE—YOK P ABRNE 4
Fig 6.1 Specification curve of Cu®" in distilled water




FRE LR AN A PN FERA

[B10 dh £ 7 78 Hy = 0.1986x - 0.0002, R = 0.9998, i FET4, thd B BIFM&HE
xR,
6.2.2 CMCS-Cu-GA I 45 & BRI 2
PR 281 g CMCS-Cu-GABERE T BTR B Cuff) 5 B 240.1040 g.

6.2.3 CMCS-Cd-GA 5 CMCS-Cu-GA 5 IR 44y
FH KBr [EAIEL 4000~400cm™ 5 K75 Bl A 3 B T 0 L itk H 4.

) B 11| B 114 M| S 11 1 | S 11 R {11} M. 1 1

Wavenumbers  cm’’

B 6.2 CMCS. CMCS-Cu-GAMIEL4M it B
Fig 6.2 IR spectra of CMCS, CMCS-Cu-GA
HE62FTELE Y, MFEERERELNR (CMCS-Cu-GA) 5RPEFREN (CMCS) )

L AMEEIME, R T 3457.18 cm bR MO R ARA 522 cm™, B CMCS-Cu-GA TR ifci%
R, PEA-NHHM-OHZ 5 T Ref R, CMCSHILLA B EEL599.42 cm™ R BB IAS AE
Wi, REGECMCSERAR, HRET —EHRE, HUSchiffilRNAE, EHRT
C=N-PL, 616,51 e MG IR IR B HTRME, AL HTRIIE Y &R B T 5CO0 LA K
O- Cu BEETF= /LA Wlicig.
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4000 00 00 0 7000 1300 oW m
Wavenumbers  om™

B 6.3 CMCS. CMCS-Cu-GAMIZL #h it 18
Fig 6.3 IR spectra of CMCS, CMCS-Cd-GA

A 6.3 CMCS-Cd-GA 5 CMCS BRE &L SMEBTT41: CMCS (I F 159942 cm™ &b
B S RGBS HE T 9om™, BERTE: 1416.42 cm™ & COO X FRM IS 1 AR & 10
&, EESFIET Sem’, WHE-COOB 5 TRIAL: 1089.44 cm™ bR AE BRI i Ay —
SENEE, MRS T 19 om™, X CMCS A FRHHFRES 5T RALRMN.1326.05 cm™
SERIRMIE AL C-N RO R4 e B TR g L AL, 9 CMCS-C4-GA BAN ERITE A
E[.
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7. HRERRERALSMEAREATSEKEBKPEREEONR
5l

i

XAREEIAE, ERASHRHARXENRE. BaSH XK ER AE BEMCuSO,.
HENFI B AR Cu™ , LIEWMEAH AW, WEDEAER, HRERBNSZE N
SEEM, BEC® RENHKY, HcuSo, HERARAKS, ZHERFHCE WEKX
#, B AER R AEYIE A K BRI A RIE A

KEFFET AR AEF _SARFERuREL. T, A3dE. FRRAEN
B, BRRBKERETH, BRATFAESEE, .

BRERETRECTS) B—FHEH. X, HERBHRARRS MY, KoTELRY
W1 BE—NH, —OHX—COOH, Bt &% P HER RS R RN EEA. L
X, CENESRETHESRRENETNHTALEF. FLRERT FHHACMCS-Cu
-GA RN LK R AP RBIERE, HRERREREIG BN RAE AR IR Y
WRCRBE R T — MR KE.

7.1 KBRS
7.1 B R

AVATAR 360 FT-IR B2 4P 360 (Nicolet), TU—1900 XU 76 E (LR Hr
BRAMBEAERAED.

ARBELBLCEDTREALAR, HIBE 96%), S0%0L = BE(RE T R F KL 23 FF
Krpay), KBrOtiksl, EAEA LA ERAT), TAHME (ARKEBLE
WHERLAE), NAZFEBR L (AR LERERZFANERAF . KR (ARK
B RAERFERLE) , EXK (ARBESHEFEEAATRAR) , WK (HFRARD,
REEM AT,
| 7.0.2 WA B s A0 T

HERFRE AT A1CuS045H,0 0.3929 g BT 100 mIA BT E X2, AP BI mIFE 1000
ml ZEEFUAEKRBRZLE, HAEEEPC RN ugml’.

Fel 0.5 g/mL AT EMVE A, 0.1% BCO ¥¥: PRI 1.00 g [ fAFE& T 100 mL 282, 60 C
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FRMEHRT R EDNRLLETA

mPER, B, BB E 1000ml BRES, AKENEAELE.

7E 25mL A BTSRRI 1 pg/mL 9 Cu™ FRAERH 1.00~5.00 mL, 1 mL FFEERIAHE
2 mL BKBEHE (Bm-mo:Vino=1:1), 10mLBCO i, FAATH/KHBEZIEL, B 15min
J&s 190~800 nm WK BEEAMITEEKEH, BEBKBKEK Anar BBAR Cu? K E
FIVE A Ao RO 3T Y FIRSERE(EL A, R HIARHE ISR

Cu®* 7EMG /K R (ORRYE 2R () 4 A i A Tk

7.1.3 CMCS-Cu-GA BB H1%

[6.1.3,
7.1.4 CMCS-Cu-GA #BerE A LK REKPIHERHERR

FEY0.5 g CMCS-Cu-GA R4 HIB-F200ml A LTHAKREAKFR, 25 ClEBSEHA
B, SH—BREE, BWSmiER, BRUZAME, RESRKETEEAPESR, U
TARERR PR R BHE. |

Q (%) = (53Cuy*t50C;) /mg
Ch BIREER Cu™ PO, mo BTN Cuft B &

72 SER511E
7.2.1 CMCS-Cu-GA ZEA TH KPR BB A
7.2.1.1 Cu?* ZE A THE/K AR fIATvE 4%

FI4K 553 YE Y6 HHEE 190~800 nm B TE M AT £ K1, W78 QP EAT K
B B KR LK 2 600 nm, Cu™ R FIWEEIT RIEE Ay BRET A ABSEIE MR RATHE B
KT

# 7.1 FFAETREN RN IEE A

Table 7.1 The Absorbency data of Cu”* at different concentration

C (ugmt™) 0.0 02 04 0.6 0.8 1.0 12 L4

A 600nm 0.0 0.2581  0.5258  0.7759  1.0265 1.2692 1.5383  1.8045
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B7.1 MEFENTEKPIRERLS
Fig 7.1 Specification curve of Cu( Il ) in simulated seawater

BETE: y=1.2806x+0.0034, R’=0.9998, 5AkMi& Rt RIFHLE KR,
7212 CMCS-Cu-GATEA LK FHIER
# 7.2 CMCS-Cu-GA 7E A Tk P ERH & IR
Table7.2 The release data of CMCS-Cu-GA in simulated seawater

#¥dt/sample  Bf[8) Time (d) WXE A R c Cugml)  BEERE (%)

} 1.0625 0.184) 0.1411 0.0543
1 1.1875 0.2023 0.1553 0.06107
3 13542 0.2067 0.1587 0.0639
4 1.9792 0.2263 0.174 0.0713
5 22708 0.2274 0.1749 0.0733
6 2.9792 0.2351 0.1809 0.0773
7 3.2708 0.2356 0.1813 0.0792
§ 3.9583 0.2628 0.2025 0.0891
9 5 0.2756 0.2125 0.0949
10 6 0.2796 0.2157 0.0981
11 7.0208 0.2812 0.2169 0.1007
13 9 0.2847 0.2197 0.1038
14 10 0.2607 0.2243 0.1077
15 11 0.2964 0.2288 0.1116

16 12,0208 0.3155 0.2437 0.1195
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1?7 13.0209 0.3256 0.2516 0.1249
18 14 0.3284 0.2538 0.1282
19 15 0.3340 0.2582 0.1323
20 16 0.3377 0.261t 0.1359
21 17 03610 02792 0.1454
22 18 0.3744 0.2897 0.1521
23 19 0.3844 0.2975 0.1579
24 20 0.3018 0.3033 0.1630
25 21 0.4098 03174 0.1713
26 22 0.4162 0.3223 0.1762
27 23 0.4282 0.3317 0.1829
28 24 0.4302 0.3333 0.1867
29 25 0.4349 0.336% 0.1913
30 26 0.4470 0.3464 0.1982
31 27 0.4544 0.3522 0.2038
32 28 0.4790 0.3714 0.2146
33 29 0.4908 0.3806 0.2217
34 30 0.4921 0.3816 0.2257
35 31 0.4924 0.3818 0.2204
36 2 0.5118 0.397 0.2390

0.45

¢4

0.35

6.3

¥ 025

% ¢.2

0.15

0.1

0.05

0

10 20 30
BffA] Time/d
—— —t— AC

B 7.3 Cu® A TR AR BEREM ALK R

Fig 7.3 The concentration of Cu®* and its changing along with time in simulated seawater
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Fig 7.4 The curve of ARP of CMCS-Cu-GA in simulated seawates

B34 b $E AT 40, CMCS-Cu-GA BERTEA THK P8 32 Rif) RV IUE A 0.2300%,
HBHOFE, 04K CMCS-Cu-GA BRIRFEEA TH/K+H RE RIFHERNERE.
7.2. 2 CMCS-Cu-GA 7Eig /Ko R R RERT 5T
7.2. 2.1 Co* K P (K HRAE i £

R 5h43 Y BEVH7E 190~800nm S K BB N T &K, WA ' Bl KPHER
KB ICH KA 598nm, Cu* 78 [RIVKBE B MULE A RS RLHT Agrr ARFEHOEE R RAFHE R Z T

F# 7.3 TRYIE FIRE SR B0 REE A

Table 7.3 The Absorbency data of Cu”" at different concentration

C (ugmi™)

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Asognm

0.0 00216 0.0530 00750 0.0980 01332 0.1584 01792 02107 02333

0.25 ¢
0.2 F
0,15 |
-t

(1 0
0.06

0 1 L L 13 3

0 0.2 0.4 0.6 0.8 1

WE c ug/ml
B 7.5 Al TR KPR

Fig 7.5 Specification curve of Cu (Il ) in seawater
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ERAR: y=0.2631x-0.0021, R?=0.9985, iRtz Bnth RAFHEMXR.
7.2. 2.2 CMCS-Cu-GATE KT I ER 4 R

Z 7.4 CMCS-Cu-GA TEHEK D N BE SR
Table7.4 The release data of CMCS-Cu-GA in seawater

FEfh/sample  WHE) Time (d)  MREE A KE ¢ (ugmD) REBHRE (%)
1 0 0.00523 0.028 0.0108
2 0.0417 0.0059 0.0304 0.0120
3 0.0833 0.0062 0.0315 0.0127
4 0.125 0.0065 0.0326 0.0134
5 0.1667 0.0065 0.0328 0.0138
6 0.2083 0.0087 0.0409 0.0172
1 0.6667 0.0087 0.041 0.0176
& 0.7917 0.0108 0.0492 0.0212
9 0.9167 0.0116 0.0519 0.0227
10 1.0833 0.0119 0.0533 0.0237
11 2 0.0123 0.0547 0.0248
12 2.7083 0.0128 0.0566 0.02605
13 3 0.0148 (.0643 0.02960
14 4 0.0155 0.067 0.03120
15 4,729 0.0167 0.0714 0.0336
16 5 0.0195 0.0822 0.0384
17 6 0.0199 0.0837 0.0398
18 7 0.0211 0.0881 0.0423
19 8 0.0221 0.0919 0.0446

20 9 0.0224 0.093 0.0459
21 10 0.0262 0.1076 0.0524
22 11 0.0264 0.1085 0.0538
23 12 0.0274 0.1121 0.0562
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B 7.6 Cu® ZEM5 K (X1 BE BN 6] 3 A 0

24 13 0.0285 0.1162 0.0588
25 14 0.0305 0.1239 0.0629
26 15 0.0321 0.1299 0.0664
27 16 0.0339 0.1368 0.0677
28 17 0.0371 0.1491 0.0764
29 18 0.0391 0.1565 0.0806
30 19 0.0394 0.1576 0.0826
31 20 0.0410 0.1639 0.0865
32 2} 0.0412 0.1646 0.0883
33 22 0.0472 0.1874 0.0987
34 23 0.0600 0.2359 0.1191
35 24 0.0612 0.2406 0.1232
36 25 0.06617 0.2595 0.1328
37 26 0.0710 0.2778 0.1423
38 27 0.0966 0.3752 0.1825
39 28 0.1005 0.3898 0.1917
340~ ¥ 01079 0418 02063

41 30 0.1085 0.4203 0.2112

0.5

0.4

_’E 0.3

Fo02

0.1

0

10 30
whial Time/d
—t—c —eee AC

Fig7.6 The concentration of Cu** and its changing along with time in seawater
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Fig 7.7 The curve of ARP of CMCS-Cu-GA in seawater

B EHIER S, CMCS-Cu-GA B BKHER 30 KMBRBBENN 02112%, -
BRMTR, RBAE R CMCS-Cu-GA BRI P AH RIFRIZER AL,

73 &

AL A& B ICMCS-Cu-GAR R FEA THK R K P RER BB, AC”
TREN, TRTAEREPEARENGRNBEL. B, . ASEAERE
B, BRBHEKEKELSSE, SRETFRESRM, HHAEEFEMEENAREN
KPR AR BRETHRME T — S AR KE.
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FEHERERPETEYORLLF TR

8 MAEAERERNHNE. RERKMAMERR
5lE _

¥ B B 5 B B8 (Carboxymethyl choose, CMCS) AH G @Y ER, TRITHEBNEK S
BEHRRETMEER, XARGEXAH, 2582 LRITHEEFARRER", BHE
MpAR, FoBREERSEDEHIS 1%, nRLARETREENERRD THE,
R—MRIFAYRBHE, STRPERRE LERTRE, URSEERERBRETEMR
BeY), BMESYNTUEEHEZ LEACREFLAYNA, BLERFERRESE
BETRMNRMERERE. SHELEEX LATERMNGT, RFEREHAGTRBAR
RIER, MEGSNERERTERTENAT REFONANR, SR EFHASEIER,
AL BRI AR ERHNAE: RPESRESTRNS ST THRITSkiEd
Ifii; REEARESENESYETREFORZE B EWEKER. BHEEIEET.
B E . BRI — R ARG,

SREEYRNFEENBEANBETELEO, ), R—HEEHEEYR, RBUE. BX
. B DNA BiIRURBERFEENRENTIEREZ —, SRHBEE TR DNA &
WiR, BERENIEHE, FERERTES. DREAHELETAIRDEER, KT
CAchir IR E(E R, BRI HEH. KE, REEMRENEhEREARANEYR
HEEME N,

HRERFN O WERIIERB > ARFRE, —HREML O Mk, H—
KRR Oy REBMER RN

o RN TFENCBEREFEHE, BNNCELTEHUERAENT
. —MASNERNEEREENERRE. EENEEAEKMRMRE, BRI,
RPN IR ESR BREEES: EREENTEETARERNMREAN, WERAR
RIE R A L SOD &4, % WA H'EM A LB —NBT &%, AEX c ik, HE=
A, NBT BB, hERLE. B LIRE SRAE, Riaaifnglon,

AL FFANBT BT RN E S HESYREAHEEAHSEF B hEMMmHIEN,

REAFH K.
NBT

Eaiiey
L_.H..'f__,, H 0+ 0y

hv

WER BRI

0, 0y —|
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KR BICR PR E YN FEFH A

P EEHEE - BAMAEAGTHITRRTUESEAPBFEH O YERNAR
PINAHEI A (NBT) BY, O HJ{# NBT ERREANLEY. T O & H'ERAT
AT B HoO2: HMRMEART RS SOD BiEtEY e, HARMRE, 4% SOD &
EY e, HARMSENE, AMHES NBT RNARMECLSUNERSHE D
B kBT LAl i 7 — S A T R s S5 7 B R e L B B () A SR R AL B R AL B L
O; “HIiEH KA.

A& T RPEREEE AID. 8D, %A, 8D, S, S,
B T Mt RAERENE, WRPEXRBEEARERESYES B HERRAGHF
R B & CMCS-M KRV EWIEM £ 5 & BT RAMMB T T R B2 2at.

8.1 RIE
8.1.1 (8 AR

AVATAR 360 FT-IR BI4L 4463 (Nicolet), THZ-82 fHIRIRY 22 (b LRACEERA
), 78-1 RMEEB B, TU-1900 KA HNEH Qe ETERNSERARD ;
AXAT .

RPEARBEEH, BOBE 96%), KBrOkikd, EHER LBMFARERAT) ,
FeSO, TH,O(AR, REW KRMAZRAHF) , ZnS047H,0 (AR, REBRKAIER]) ,
Ce(NO3)y-6H,O(AR, LKL THR AR , AlCl6H0 (AR, REFTEMKXUWIHERL
H)) , MgClL6H,0 (AR, KEBLZ AN HERAR) » BHE BRIKRMEENHR
HITHERARE) , EEM BRPERMELANFRE) , FAWELNAMENBT) (BR,
FTREREEALTHRAR) , BEMAZH (AR, RETRELERAF D , B2

(AR, RETEHRETHRAGD , HERABIH 4.
8.1.2 REEREERAEHME &

REHFRRIRE S 1%MRPEFRREAKEE, NSBB8, 23FESAH18.28
M3 S, MIEH CMCS: AlCh*6H,0: NaOH BE/REEN 1:1:2, 2: 1: 1 F 3: 1: 0 I 1, 2,
3B, 81,2, I SEABBIRD AR LB 20 EM 1,2, 3 SRR ABEAXRAR,
AAGEARRE, fHiE AXEN 70%HZEHAKNESHBEREREET CIFE, 55C
HEFREEH, 29)ietE CMCS-AI{OH),, (CMCS),-A1I0H HI(CMCS);-Al.
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BB L R TAERTE AL F T

813 HMPEARERAGEMH &

RCHIF BIKEE A 1%ER P B R REKEMR, % CMCS: MgCly6H,O: NaOH BE/RELA
111 ML ASRAR P, BRI N S LR 2 h FRER S HEAKERNS, 8
AEFEETE, HhiE HXRE 70% ZFRKNESBRREREKRTE CIHE 5 CHE
FHRE™ &, & CMCS-MgOH.

8.1.4 MW RFRAER., . 6., #. BiANHE

PRl 3 g FeSO4TH,0 B F 25 mL £ & FRkH, BT ZMPE 70 CTEIREH. K&
HIFR BTN %R PRAERE KA, FHEAZDEH(CMCS 5 FeSO,TH0 KIBER
H2gR 1), KB 2h BHEBMIRKEE, MARIRE, A 70%80 Z8KERR T ki
W, MIEHLABERA, BRPETREEML, 21F CMCS-Fe(ll). AREFERIAERATTU
BE R PRETREE. S 8. A, 732 7E CMCS-Fe (1), CMCS-Zn (1), CMCS-Ca(1I),
CMCS-Cd(11)-GA, CMCS-Ce(11).

8.1.5 Y& HRE R B R4 AR AE

H KBr Ls F i 4E 4000~400cm™ sk M7S B, LA L& B B e BEBE SR IR AL Sh 0638
Eile
8.1.6 ¥R HEE & KA AW O, iEHEH RN

SRR AR R = R R R A =R S pH=7-8 (50.05 mol L IR &
WA AR OB PRI TEOMTACE LR 373 mg EEAR, FIUALBTRE K28 b v R A R A
0.05 mol-L™ {1 50 ml % #i; FRAK 18.8 mg NBT, FIZm i ACRRIKIE 2 2.3x10% mol L™ %
#& 100 ml; 6.2 mg K& BRCAKE H 1.65x10% mol-L™ K%K 100 ml, BHX 10 ml R E
W, RENERBET 100 ml (AN 1.65%10° mol-L!); FAFTECHERE i r A WAL
e IERHNY (e8P HRER, ,

WE AN TR E L. BEM. NBT BHE Smb, FAEMEEGEE25ml
(LR B DRE KIS Y. BEE: 3.3x10° molL’, EEM: 0.01 molL’, NBT: 4.6x10°
mol-L™). BT 30 CHBLNEESP, BAMEER 20 min, AEHEREHREGHBRENNE
M, #FHEXRART (2W) FHTAE, LB Smin/&, 553 min BRBSER
Adem LLBEIPF 560 nm T R WO RE, L5IMLE MM RN RS,
KB IR CAA S 20 o DU R 2 B8 TR IS & 40y 6P (8 BB R I 1] B A2
H R
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FEH M TR Z TR

4 HIE2 4 0.05 /L i) CMCS-Zn (11), CMCS-Ca(11), CMCS-Ce (IR S, #UE
LRAVNBHZHERE, BERNARGRME—RENREDEN, BRPEREREE25
mi, 4 B0 E ISR A RS I 7R 6 Vo R o B £ B e P 18] ) 28 b, B0 6 SR T Bk R
B CAA/ A1)y, CURHE R INNEL-S Y05 W78 AR R 6 R (2 B ' BR B ) A 3840 B8 T .

2 A nhibition% = {[{ AA/ A00-( AA/ Am) / (AA ] At)e}x100%

(DA 7 A1) o R FTH R L B I b 1) i 2 1L 2
CAA/ A0 miR[E A mA kAP0 6L B FERE R ()T 1L g

KA B A A T 3 BB 1 (R B 28 44 8 e B RS & 4 0D ) B B ok 1 10

L ith £

8.2 ZRE57h
8.2.1 MR HML AN o g

F KBr [T 7% 4F 4000~400 em™ #5055 H A, 3 DA b A RGO B B R JRME R 1R 404 e i
SPHT. S b

Q
2
%
2
£

4000 13500 000 7500 2000 1300 1000 300

Wavenumbers cm’™’

B 8.1 CMCS. CMCS-AI(IIDA 5 il
Fig 8.1 IR spectra of CMCS, CMCS-AL (111

MESITTLALEH, CMCS-AL(IECMCSLLS i EAALL, 589.47 em™ 44 BLEA B R
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72 R S VIR T ORI SO R

g, SLALHIIR I G &R E T 5C00 LA ERO-AIRAF=L MR EE, T 1599.42
em it Bve TR, 5 AL (IEELE 1AL T 50 om 2247, BLF 141642 em'46COO
e % R (AR 58 T 28 cn AR, RB-COOB L TR, XA d TREMEAKLN
WARMOE, SERAAMETRNEN, BPRETRENLEH- COONETHTRE,
C- OB 3%, 7T 1089.44 e b RAFFP R EAIRMSE — T AL, MIRILLE T25
em’, X CMCS #FPHHRESE TRAKN, 1326.05 cm™ Ak BRI % ALC-NFI
GBI R L F R AL, HACMCS-AILL K BRI TFER] .

W .
W .\

W

4000 0 gJa]1] T3 TOW T30 Tonn b5}

Wavenumbers  cm™'

¥ 8.2 CMCS. CMCS-Fe M4 4bikiE

Fig 8.2 IR spectra of CMCS, CMCS-Fe

M 8.2 ATLLEH, CMCS A CMCS-Fe(INESYE, ff F 3457.18 e SRR M kE
AR, WHI-NH, f-OH B5 TRAIRM. 7T 1599.42 cm™ 4bH9 SN-H Wiiig, 5 Fe (1)
BCBLIG ) M ARAL K T 45 e s, RHA-NH, B 5 TERMRA: £F 141642em™, 1326.05
em’ ARSI KA — AL, F AN — Mg, #H-COO K CMCS #4-FPILBEE
4% 5 T RAT: 2T 1089.44 e SR FIEB B RIREE — 2 (L%, ERBB T 35em”,
X CMCS PR s SE TR KA.
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CMCS

Wavenumbers  em”’
K 8.3CMCS. CMCS-Zn RISk IE
Fig 8.3 IR spectra of CMCS, CMCS-Zn(ll)

M 8.3 TTLAE B, CMCS il CMCS-Zn(1)EAW)E, 1T 3457.18 cm™ Loy ig
) & RALE 18 em”, EWRUIETEE, HHA-NH, B-OH 25 TRMRM. f1F 1599.42 cm™
At SN-H B, 5 Zo(1)RALEEMEAABT 1em’ A, HH-NH, 857 8RA KN,
BLF 141642 cm” LEIRMIE K 4 —Efr8E, RBH-COO S5 TRAL. T 1326.05 em”
SR ven WU R 4 —EM#, W CMCS 4 THPHIMERS S TRURN: AL F
1089.44 cm™ LB EHRUEST —ELH, FERSMBT 34 eom™, Xig# CMCS #F$
Fifi ks S TR RN,

*ﬂﬂ CMCS-MgOH

=

4

Wavenumbers cm™
i 8.4 CMCS. €MCS-MgOH R4 4k i el
Fig 8.4 IR spectra of CMCS, CMCS-MgOH
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FRERIRT ENTEREIR A (LF T

MU 8.4 ATLAE tH, CMCS B CMCS-Mg(INEEEYIE, 1T 3457.18 om™ AL AR i ik
R E A BIRLE 18 em™, B CMCS-Cu "RIMtISAER, HBI-NH, MI-OH 25 TRIKA. fiI
F 159942 e 4069 SN-H i, 5 Zo(1HEMEREHLE T Lem! &4, BERYELE
&, #—HRANH, 25 TRERMN: F 1416492 cm™ SRMREEEA B, YW
COOtBETRE: F 132605 cm™ &8 ven BUKIEH R E—ENr %, WA CMCS 4
AP ZBEEB S TRARN: IF 1089.44 cm™ L RIF MR MM EHE — B, W
AT 34em”, XiLH CMS S TFHIMERBES S TR KN,

4000 0 0 TS p11 | R 1) 00 T

Wavenumbers  cm”

Kl8.5 CMCS. CMCS-Ce MI4L4H i I
Fig 8.5 IR spectra of CMCS, CMCS-Ce

MAE 8.5 ATLLEH, CMCS-Ce &5 CMCS L MERML, 612.14 em™ &b H 1A B ARt
e, P AL R WU 45 T8 T F 55 COOT_E B BLTE B O-Ce BT = 4 MR W AL F 1599.42 om”
SOHY S RURHE, 5 Ce(IDBALERMMMMBT 24 em™ 4, BREMAD, HE-NH, 25
TEARR: 1T 141642 cm™ &b COO™ (XTI FAEAAMB T dom™ &6, HIREH
AN, HB-COO S5 TRAL 7T 1089.44 cm” MRTABREMTIET — LB, WILH
fr8 T 30 cm™, X UIH] CMCS 4 FHEABESS TRIKM. 1326.05 cm™ &AM Kk
b C-N it 7 3R 5 W M 8 L P F A8k, B CMCS-Ce LA SR TE AT TR
822 MW ERRWERR SO MGIEEHRA
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AR EYREN R A dEMRIESHFER T

byl
on
—_—

£

inhibition rate
o0
N

1 S IS W SO SUn— N ——" E— — )

5 10
HEL v/ml

—+— CMCS-Ce —x—(CKC5-Ca —+—cmcs-Zn

-3 [+ 7]
o [=]
O e i e
i.

# 8.6 A CMCS-Zn (I, CMCS-Ca (1), CMCS-Ce (A& Yk rT A8 8 5 dy ) &
Table 8.6 The relationship between the inhibition rate to 0y -and concentration

of complexs CMCS-Zn( I ), CMCS-Ca( 1l ), CMCS-Ce( [}

tH P8 8.6 W40, CMCS-Zn (1), CMCS-Ca{1l), CMCS-Ce ()& B &3 Oy -SH i1
WHIER, BASIESKENRESEMXXER. €0.004 g1~02 g/ RETEH RN, 3 HE
W, CMCS-Za(l)ER AW O HILMFEHEE, CMCS-Ca(l)HEEWIRL,
CMCS-Ce( IR &Y & . BIR—MAESARN&REFRME, EREBALNESY, |
HATAI s v, BB Oy B S € B A F R AT IR,
8.3 h&E

ERTRTFEREEREY, WHEHMHEATTANEES, HURFEZREAER
BEMBILEAMNEBRARMET BIRKE. ¥ CMCS-Zn( ), CMCS-Ca(ll),
CMCS-Ce (I =L &Y O RIHIHIERE TERAR, SRR, EESYIRETE 0.004 g1~
0.2 g/l THNE, SREAMI O HFH REFMMEHER, Oy MR SR EYIREEAIEMXR
£, AEMHERSBRUBTHRETX, ASENARPERRETEYEAERA
HEEM EHR O T B KIR
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AREELHRTETEDOELEFETIR

9 BE

0.1 BLEFELER

A EHRTRERESR (1D BeY, ERTRIBRE., BEXN~RPHERAEW. B
RTEREATRBKFHNERTARRM KGER KENHERER, EUEALRKS1S
RE RPN AH0.76%, RAHAFRRIERILE. MEBARN, MERTIEL5%.

DRARES S LREREA G TEIMARE T RPRERREFHE(CMCS), ERTIKE.
B, €RENRPEREIEBHENTW. RPFETREE RIS KM
TR, BEREAAUMAE, BERBIREAR, RRUHEREEZWAKX: MANaCL
SERRPREARBKERE RO R EN TR, 3 BRI EREIN A FINaCLER (K134 KT
FRTHE,

PIRPEZREENBEME, RARCBTBEH&CMCS-GA, X7 Ta4
FRAE. ZFpHR BB FRERE MW, BEEPH 7 ELBRREIKE, EREEET,
BEpHM KCMCS-GABIKBE WD, TEMRIEAH T, BEpHR/NCMCS-GABIREE R, RRIER
BRET, BERCVERE. HBEEE25 C~55 CRUM, CMCS-GA KT X ME D,
 FACELRRBRKELS7,

B A MR B 61 % BT L AR 2 B A2, TSR S 2 B R 7E A LR R 0 e b 3 s B 44k
BIAT A« tEpH 74M N T CMCS-GA 2 hik B X # MK AE1.38. CMCS-GARIE 25 B 4.6
my/g, BREANTHEPEh ) RIRBEMEAH9.91 %, AEHNRNERILRE, AWK
SR ATF & — A hEH R,

BLRCEERERRFEARER. BEAY, BANCEBTEHRIE. MeRP
EAREHPHENR, SHULBREATEKREKPHERER, EATEKPERRX
i BRIV IBUR 50.2390%, TEKPERIORMN BERREH0.2112%, HIRHTF, #HA
HKAFRANE R, _

ERTRPEREREZE (ID . D . H D . % D |\ dD ., & (D
e, RaUAXERTEMRE. 2ENBAAHENMEER, F8XE, #x
CMCS-Zn(1[), CMCS-Ca( 1), CMCS-Ce(IN=#MELA%3 O HIMBIHERIE THA, HRE
B, SEEYX O HHEREMNEIER, O MHRSEEREAIEMRKR, AR
W) R B BETE 0.004 g/1~0.2 g/l T AR, CMCS-Zn( IR B4, CMCS-Ca(1l) H K,
CMCS-Ce( IR, RPESWHEE | hENNHEAERASBEFRHEEX.
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ERBMEILRPEATEDHBRML L EHAR

9.2 XREECHR
EXFHAAAAZR, REUT/LASHA:

1. RXERT ZEEARAY, ERTHRIBE. BREN=RTHSEOE®. HAT
AR TEA K MBAT A RILR K ik A B 3B AR
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