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Table 1 Cu®" contents of copper { I } complex fiber

Fiber Functionzl group (FG) HL content {mmol/g)  Cu’" content {mmol/g}  Cu" /FG {mol ratio)

Sille ~—~NH-- 13.3 0.795 0.0598
Cellulose —OH— 18.6 0.269 0.0145

PVA —OH— 22.7 1.367 0.0602

Fibers soaked in cuprammonium solution {0, 05mol/L, pH 10,5} at 25T for 24h, and the bath ratio is 1: 160
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Table 2 ESR parameters of the copper { [l } complexe fiber

Sample g g, A, (ecm™") o’
Cu'” -Silk_ ) . 2.194 2.066 0.0200 0.81
Cu?* -Celiulose 2.318 2.075 0.0169 0.86
Cul " -CA-Cellulose” 2.278 2.062 0.0174 0.83

* CA-Cellulose expresses citric acid modified cellulose
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Table 3 The antibacterial activity of copper { Il ) complex fiber against staphylococeus aureus

Sample Co** content {mmol/g) Initial bacterial no. (cell/mL)  bacterial no. after culture (cell/ L)
Cotton 2x10° 7% 10°
Co* -Siik 0.323 - 1% 10
Cu* " -Cellulose 0.323 " 2% 10°
Cut7-PVA 0.327 - 1 x 10
Cu'* -CA-Cellulose 0.325 3%10° 7% 10°

By ERAER BZAMFIEXSTRAAENE, EMNE A RA AR
RfrF Co @RS B S EMFERMEETE, EEEMNRA, X2 d TRAA
WBEENARZ . KPR EHSRERTHER. ZHME B4 FNOIASF
X —HER, NG P MBEEART 04 Gl B ERT, ARFIARFHR
ERMHHRERRE. . SHRFORTERFN L E =1 AR, RULHRE
E,Cut* BRI, AHAHES. SHEERRF C,.C UHEELTFRE L. B
ARFEREE ARG AELHRNRAR. Bl C? ' WEREEREX, flE4R. 55,
BRSSO ANTELES RREABERD & EHBAEX, B O AL, B TRIERE,
Cu* " BRRBE S, TR YERR.

2.4 fR(I)BSHRMEMERITIT

W bR % R AR, Rt SRR iR r AR T RERE, SRR, AR
SSHHEIE TR, B—HHE. TUBIK C2* -Cellulose,Cu? " -PVA % & H HEE R LR
PP SE L N E R R W R R A pH R AR E, Mt G EN
Rofes.

FRRARGALEBHEENSREFEAWENHFAREM, —RBERE LAY
ERMERHGSBEFERENESH XIEARAEMNNELARN BRI R L



436 [T S AR S 1998 4

HE RITZ AT RSN AEEAR SRV EHNBREHETHE()E45%
(Cu®" -CA-Cellulose), ¥ E B HFLE 1. Cu’ " -CA-Cellulose B B (CA) 5H B EHF %
RPN (SHP) MIER T RERE, BAFEFEYTER, LR VBT

1) 8RR R B K R ER T

O

'
CH,COOH CH;_—-C\

HO——C——CO0OH N HO—C—'*'C\ +H,0
| | %
CH,COOH CH,COOH

2) ERBEANEAT, I SHRRAHEH CellOH FR ) & E Bk 5L .

7/ O ONa
CH—C ONa i

>0 ’ CHy—C—P=0

HO—C—C  + %P=O—-HO—?—OOOH H
0 | CH;COCH
CH,COOH H
L
CH,—C—P—0 (I:Hzcooceu ONa

AN
HG—(I:—OCX)H H +CellOH— HO—C—COOH + H—EI’-—O

CH,COOH CH,COOH H
3) it —25 B A BR fh 2k BT 1 B 3 B A £ £ B 4 #4E (CA-Cellulose) :
CH2CO0Cel
CH,COOCell 0
/
HO—C—COOH — HO—C——C\ +HO,
CH,COOH A
CH,C
N
0
CH,COOCell
0 CH,COOCell
HO—C—C/ B HO—C—COOH
“ CeliOH
’ A CH,COOCell
CH,C
AN
0

CACellulose § « N RERK, TSHBFERALAEAANRESH. C**-CA-
Cellulose £ & 4144 ESR i E MRS B ES THE 1 M3 2, FH L FEME A CuO, BA
55, 5 Cu®* -Cellulose SB-EH BB, g/ g, B/, A I, o B/, RERMLEH
MRS NN R IR TR RERRLE 3 Z[4]. ML R ANERE N
HERLRABEAGERUTREREHENER —SER, EHCHERRYME
HEEGTFEPAE T HENERYRE TR £ G0, AEEBL2BEFR. Ct-
CA-Cellulose £ & £F 4272 0.2% I BB PR ERY 8h, Cud" BER{U Y B S B
15%, R KL R T



4 @l B (G IDE g 1:i] Rk RSN e 437

FEHR, RNEXFRTHEH(D B EHENHRMASH SHEENXR, B MR
RIS AR TR A, HRERRSFHHRETRNER.
B AR (1) & SR AR AN, TTLRE AR R AR WS %

pH EER R R ET4E.
REFERENCES

Nakazima T. Sen- I Kako, 1993,45:301~ 310

Oku S. Sen- 1 Gakkaish (Sen- I To Kogio), 1993, 46:405—410
Kirimural ], Nippon Sanshi Shikenjo Hokoku, 1962, 17:447 —458

Chen Deyu( BE A . Chemistry( L %818 ), 1992, (7):20~25

Hojo N, Fulaatsu F, Hayakawa T, et al. ] Jpn Chem Soc, 1969, 90:827 ~ 831
Kohn W, Toth [ Z. Naturforsch, 1963, 18A: 112~ 118

Yokoi H, Kawata S, Iwaizemi M.J Am Chem Soc, 1986, 108 ;3358 - 3361
Catterick J, Thornton P. Adv Inorg Chem Radiochem, 1977,20.:291~298
Miyamota [, Inamoto M, Matsui T, et al. Polym J, 1995,27:1113~1122
Kivelson D, Neiman R.J Chem Phys, 1961, 35:149~ 155

Ciardelli F, Tschida E, Wohre D). Macromolecule-Metal Complexes, Berlin: Springer, 1996.23~ 235

I TR N A G R SR

— s
[l —

COORDINATION STRUCTURE AND ANTIBACTERIAL ACTIVITY
OF COPPER ( [l ) COMPLEX FIBERS

CHEN Wenxing
{ College of Textile Technology, Zhejiang Institute of Silk Textiles, Hangzhou 310033}
SHEN Zhiquan
{ Department of Polymer Science & Engineering, Zhejiang University, Hangzhou 310027}
LIU Guanfeng
{ Zhejiang Institute of Silk Textiles, Hangzhou 310033)
SHIRALI Hirofusa
{ Faculty of Textile Science & Technology, Shinshu University, Ueda 386 Japan)

Abstract The copper ( I ) complex fibers were prepared by heterogeneous coordination
replacement reaction of silk fibroin, viscose cellulose and poly(vinyl aleohol) (PVA) fiber in
cuprammonium solution. The coordination structures of the fiber were studied by ESR
spectra etc. The antibacterial experiment shows that the antibacterial activities of these three
copper ( 1 ) complex fibers are in the following order: Cu?* -PVA fiber > Cu? " -Cellulose
fiber > Cu?* -Silk fibroin fiber. It is verified that the antibacterial activity is related with
stability of the coordination structure of the copper ( Il ) complex fiber. That is the more
unstable coordination structure, the better the antibacterial activity. A copper ( Il ) complex
fiber of citric acid modified cellulose (Cu?"-CA-Cellulose) with moderate stability of the
coordination structure which has been designed shows good antibacterial activity and washing

{astness, as expected.
Key words Fiber, Copper (I ) complex, Coordination structure, Antibacterial activity, ESR



