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Abstract: The interaction mechanism between carboxymethyl cellulose ( CMC) and polylactic acid
(PLA) in solution was studied by FTIR, resonance light scattering (RLS), and fluorescence spectroscopy.
The resulis indicated that the CMC and PLA formed a steady homogeneous intermolecular complex
(IPCs) due to the interaction of hydrogen bonding. The effect of mass ratio on the forming of the complex
was investigated based on RLS technology. The interaction process of CMC and PLA in solution was
directly observed by the analysis of changing trends of RLS signal. The average number of bind sites of
the complex was also investigated by self-built mathematical models based on RLS values.

Key words: carboxymethyl cellulose; polylactic acid; interaction; spectroscopy

ARBRR, K55 KO3 Z B0 EAE B
ARG T SR ] B AL AR A, P A LA L
HYR TR R T LB S8 . BT, BT
HRSERE R THESY (1PCs), MIiER
AT T8 — e R M AET o a2k iy JL 4,
IPCs [HHAE R dh . R 25 R B4 RL o i 8 2 17 T 75

« WIFEHD: 2009 -12 - 10
BE&UH: HRARPEEERITHE (50673104)

B TR0, R, ZWENTAY S T A Y
R T AR SR R T IR R R &
PARHE AR B LA S L e g

R 4ER (CMC) R—T ol LS 24y
FEMRHORIRR G, BA MR SN ShREAI T4
¥y, AT S TE MR O A AR, e

EE® . HE (1977 FEa), B PIW; @INEE. Bf; Email; Mxfu@ scut. edu. en



68 iR (B AR

49 %

EHTEAT TGS o 2ET YRR S R
REWREF, BRI (Polylactic acid, PLA) A
HOL R A YRR RE LA S AL 22 R B 15 B 7E
RZ 5 EHRE B TR . Hn7EE 24 Tl b AT
RTEZSRIFE G . AR, 4R TRE SRR
B BERALENN S, B—F RIFMER ST
B HR, BRAMPAKBROEEE, FAkME
%2, BT B SHEeYRNEYASE. FHi, 2
FLERAR TR A Y, BB 3 B A A R BE R B
K, MerEwE, FiA LBEUERARERE, M
T REBE 4 i 2 AR ) B2 R LA BOAMR M RHI TR 22, H
HI, A28 CMC 5 PLA &A= A0 5. /F F i A B 47 18]
A (IPCs) MFLERL, Wik, B9 CMC 5
PLA LW B 45 547 9 8 36 B A S B L1 7
S

1 FRSTTE

L1 {Eg Rk

RF -5301PC B30/ Y06 B (H AR B
Al); Nexus670 B 21 4p Y63 (% (32 E Nicolet 24
"l); PHS - 10A BURE % pH 1 (L% & #0438
J7); FC =204 BF 4R ( RIgERPAER ) o

RIP BT YR WEW (CMC, 1 x107° g/mL)
WERRPRIBOR LA E R (B R 348, i LaEIR
FAT) 0.1 g F/INGEbr R VKRR, SRJE I
HE 90 C H B CMC BEAL I — RIS TR, HE75 I
RGRRE, K CMC BB 5 100 mL 2585,
RZREBKERRAE ., RIMRAB W (PLA, 1
X107 g/mL) . MEFHFREURILER (AN 4 Tk &
25000, E#gEERHIAF) 0.1 g F/ANEHRHA
@ =0.5% I ML s BE T 5 7 5, A IR EME K,
ARG, B 100 mL R B,
AZIRGERRKEREZE,

P A B St S R R a5, IR B
RIS A #E—Hdlifh, LA KN REET
K, BRTCH IR
L2 iRI§ 7%

FARS WS T8k R T8 J5 & b ) i CMC 5 PLA
WWARA (10:90, 20: 80, 30:20, 40: 60, 50: 50,
70:30, 90: 10, F3&), e8P 2B REH:
TEZE MR T — Bl |, #RJ5, 78 10 mL (%
H L, RUCII A2 5 PR i 5 T S e TR 6 2 o T,
FZEIBAKEAAE, GRS, B, A 1emx!
em B, 7E RF - 5301PC BYBEEE A A, =
Aew (B AX =0 nm) 7E 250 ~ 650 nm #1774

i, ASEVR RGN R, PEAETEREN 1.5 nm,
TR ML e 3 MO SR B S
17385 nm, Fil RF - S301PC ZEHA B2
WA MBI WE R STHAE T 3 nm,
R R 256 nm/min, F Nexus 670 BILT 4Pt
IS T A A PR P L P AR
PHS -2C %7 pH it ( g HRENEE) FReEw
WL

2 R3S

2.1 HARSCBISSEIE

CMC. PLA B AVRZ M RLS SLIEME 1 FR,
BT AT, BEERELLEE (MR =meye/mp, ) W
W, PRA R RLS SREEH I T H2e g s,
RLS ZEAIB T A, F88 38 A RLS 55 %
BT E Z R T AT S A, T ABE CMC 5
PLA 2 [A}i8 A0 T B0 A S T A A T 20T PR AR
K% CMC/PLA 5, 48T, WE 1 RIGEFE -
B DR PSR RS, PR R R B 5 Y RLS
FE BT AR E AP, RN A S
CMC 5 PLA Z M FFTEAN—FERY 45 G 4k, H G,
TE MR < 5/5 0, BEEFE LR, a8
RLS 58 B BN ) BT, XA T i 2
BN AR A& SN 2 5/5 <MR <7/3 i, B
HEREHRNIE N, EA Y RLS 5 B #2810
TR, KRBT PEZ s e HsE T —
AR B Bh AP . SR, HPRELERMN 73 T
/1 BF, MRFREY RLS SR EEN B T 2R s,
TR B R R B2 TR LT 70 ) EL 2 P 2 44
Hy, TREARR T H RLS 3RE,

X |

600 |8 s ;
ELH f
e

m(CMC)/m(PLA),
! 8 91
8/2
713
6/4
5/5
3/7
2/8
1/9

450 L °“mEs B Ey

300 |-

Intensity/a.u.

150 |-

7, . _ . \
320 400 480 560 640
A/nm

B 1 FRE RN CMC/PLA &A%Y RLS 383 19520
Fig. 1 RLS profile of CMC/PLA blends in

different of mass ratios



54

B B%. RPEAERSRIARZ MMELIERRGEETR 69

THEAMGE R FCRIGIRE SV RIS 4
b, RIS R A Y RS FAESN A E
T, o THEEHRIT, BEReE kA, REH
BB BN RIERFR, RIS HE L TE — Y%
&l T AR B A IR E B o

RIEE 1, B HEHEF A 2D Shige 4bFHK 1+,
TR TR RN R & LR 2[R 2
RLS 6% &, L& 2 i /R, IR #E Noda #H 3¢ 3
W B2 (a) [P R BTE 438 nm 40H
HA 0 B A OG0, 0 B I A I R WL A X [R) P G
RISSRERAET WEAM, [FBRIMERT GEF
HEE—ERMEIEN. NEE 2 (b) FiEHs
M AR (323 nm/469 nm) PEBB (T 323 nm &b
A4 RLS U 537 T 469 nm 4bfY RLS W25 AL 2 [F]
HH o SEUMHIRIE R 51 R BT 323 nm ALK RLS
W PR AR b EE AL TF 469 nm &b LS, FETF R A9 B
S, #IT 469 nm 4b Y RLS 58 BE AR LR BE— 2553
#r CMC 55 PLA Z JRl AR EAEF

300

400 -

A/mm

500

600+ .

7 ¥

T T
600 500 400 300
(b) 7

300 7

400 - N

=
i g

.~/.

A/mm

500 7

600 1 7

600 500 400 300
A/mm
B2 ANE B IR CMC 5 PLA MHE/E Y
(a) M (b) S iRoEB e
Fig .2 2D RLS correlation spectra of the mixture of CMC and
PLA: (a) Synchronous spectrum and (b) asynchronous spectrum

22 s
CMC 15 PLA ZEVEL P 40 HO 45 £ P T
FFIARIES . 3 B T CMC/PLA 4 T 1)

EA YRGB H R AL R . B 3 HE]
LB, PLA f986EREIETE 448 nm, [RIBTE 428
nm b —AJE I, T CMC JLP R E M58 5
W, BEFERZ B AR BN, Y PLA B8R
PR R TR, T H TR B
TR T, AR CMC 475 PLA 4> T it
S T RER CMC/PLA FHE &%, M
T PLA 2 TR R ST . #5Rn, WE 3
G T AE B, PLA fPECTEREE R R Bt
HYRE DT T RS R b R T — I B 38 . 3%
T JR N S A ) PSR TRV TR LAY 0 1. 408 D) 45
45y, PLA 4y TRk M £ CMC 2 ¥ i (.22,
MBSO BIR R  pi A AR BB 2.

300 F

200
A
m(CMC)/m(PLA)

Intensity/a.u.

100 -

400 450 500 550
A/nm

&3 CMC/PLA B8 W7 R R T 76
Fig. 3 Fluorescence specira of CMC/PLA blends

in different mass ratios

2.3 oMk ‘

LLAMGIE AT DA R S RS BAE , St
o FIE A EAE MR Bo WV VR T I i 1 45 1Y
CMC #FEFI CMC 5 PLA B S5 1 ~ 2
mg MURES, B TP 5 TR R ik
REWE, FHBEWSE, BB #TI6E,
MR 25 R E 4 fros, 2o 63 B 487 v i
CMC 5 PLA YR AR J5 45 4153 T 0 Vg 14 151 B S5
AEIE N, MMULEA CMC 5 PLA 2 [H] B 4H B./E
Pk, AW 4 FHRTLAE W, #Z7E 2 891 cm ™'Y
CMC Zi &3 210 M 4E IR 3h Bl g . SR, FE PLA
B, CMC 4 £ 41 i i [ 1o R 40 4 22 T B
HDIR, 2891 em ' ALIERSFIT 2 874 em ™', FF
H CMC By FR L AN T N B8 . R s 2 48
o XA PLA MIMAE T CMC JRA #Y S 45
W, FEZRETHIBUNERES
2.4 HEMEHENITE

Wik CMC 5 PLA &A1 AE— R E I



70 HILREEEAR (HARRIER)

49 %

0.48

0.44 1M

< 0.40

0.36

0.32

3600 3000 2400 1800 1200 600
viem™

B4 CMC 5 PLA MHEAEFIRTJE LIS
Fig. 4 FTIR specira of CMC and CMC/PLA blend

RIGENFAER AT, IEARR PR AT 20
AR 2 e & 0 S BORAEE B, T
o 4 B 23 AT LA SR A 38 P03 22 1R B 25 L
%
VEZR BBITREE, Lo T AH T A AROEFR S
I Lomptes + Lome + Tora (1)
HH g VW T L CMC/PLA 43 F 81 & A
WIig RLS 3R, oo 2t 7 rh A iz sl 5 CMC
ST H) RLS SR, Ly RW W B B 30 1 B4
PLA 731 RLS 385,
L i ATBE 3-8 9 N A CMC 435 A B N A
PLA 777K RLS Bk 0, R
Lomptex = Newe Lowe + Nora Loia (2)
B (1) AT — 2B AR
Lyw = (Neye + 1) Ieye + (Nppa + 1) Tpa (3)
B2 — A PLA 4-F 7] LGS A 801> CMC 43,
MATRE Nowy = 1, FIRAARK (3) AN T
A=

total T

Lal = 2Ly + (Neye +1) Loye (4)
XA (4) T, THETR
(Newe +1) = (Lga/Tora = 2) = (Toa/Towe)
(5)
XEE, X4 CMC 5 PLA B E R 5N, &
—PLA 5-F 454 CMC 47507 LIE 83, —
feh,, BR— B W) 7 AR R BE VI B P9 A R RLS 55
BEGTRRAN I, BB BE ARG/, WAl AN
T/ Toye /E— 1 H . X HE CMC 5 PLA #£ 5/5 <
MR <2/3 Z 8] W9 29 45 & O O80T DA At A R
(5) IERWIEE, BETEENZENFHEE
RLRBOER R 4, XRIIFES/5 <MR <2/3 JEEIN,
—> PLA 437 P35 4 4~ CMC 40 F & A4 38 A
o

34 8

FHLLAF 63, RLS Jeik. KB HR T
CMC 5 PLA 2 [ AH BLAE FADLEE, BRoTas SRR,
B PLA - FE AR T CMC 272 B AE i A4
B 4TINS R i CMC/PLA B &W) B M 1E
7. Hep, CMC 5 PLA Z [l 5 & Hh 225 HAR
HAEHE R, FE CMC g R msgn,
VEZ Y RLS 58 R H6m B AR 00 T B A3 8,
U CMC/PLA B &Y HIE BN W 43 18] B 48
WL ZER R B TESS A P R, — > PLA 43
T35 4 A CMC 4y F & HESSBRAE R T s
REMDTHESY.

B33

[1] WANG Y, GOETHALS E J, DU PREZ F E. Association
behavior between end-functionalized block copolymers
PEO-PPO-PEO and poly (acrylic acid) [J]. Macromol
Chem Phys, 2004, 205(13) .1224 - 1281.

[2] ETRYCH T, LECLERCQ L, BOUSTTA M, et al. Re-
lease of polyanions from polyelectrolyte complexes by se-
lective degradation of the polycation [J]. Eur J Pharm
Sei, 2005, 25.281.

[3] DRAGRN E S, SCHWARZ S. Polyelectrolyte complexes.
VI. Polycation structure, polyanion molar mass, and
polyion concentration effects on complex nanoparticles
based on poly ( sodium?2-acrylamido-2-methylpropanesul-
fonate) [J]. J Polym Sci Pol Chem, 2004, 42 (10) .
2495 -2505. ‘

[4] WANG Q, DORDICK J S, LINHARDT R J. Synthesis
and application of carbohydrate-containing polymers [ J].
Chem Mater, 2002, 14,3232 —3244.

[5] CLASENI C, KULICKE W M. Determination of viscoe-
lastic and rheo-optical material functions of water-soluble
cellulose derivatives [ J]. Prog Polym, 2001, 26:1839 -
1919.

[6] ZHANG, M Q., RONG M Z. , LU X. Fully biodegrada-
ble natural fiber composites from renewable resources:
all-plant fiber composites [ J]. Compos Technol, 2005,
65.2514 - 2525.

[7] LIUL]J, LIS M, GARREAU H, et al. Selective enzy-
matic degradations of poly (1-lactide) and poly ( e-capro-
lactone) Blend Films [ J]. Biomacromolecules, 2000,
1:350 -359.

[8] KIKKAWA Y, FUJITA M, ABE H, et al. Effect of water
on the surface molecular mobility of poly ( lactide) thin
films : an atomic force microscopy Study [J]. Biomacro-

molecules, 2004, 5.1182 -1192. (TFEEE 76 TH)




76 Pl KSR (B ERERD) 49 %
RN [5] FRERE,FORF, 98 AL. ARHA I i 288 196 U 1 91 58
3 & V (1], BEATFHRBIAE ST, 2002, 18(6) 129,
LT —Fh A 4 T Tk 35 ) T 3 TR B e [6] .XU K, JANES E. .Hyperbranche.d thermosetting poly (im-
e, SERE R e ATOE] AR e TR A 12((1)eo—:st(;r7) ;zylr;t:em:la;r;d properties [ J ]. Macromolecules,
¥ g B ARGk, - ) : - .
ziﬁ%ﬁzﬁmﬁﬁf, ;:?Eﬁiijj%zgﬁ*ﬁiéﬁ%g (71 XUER, ¥ F 0T, sk, 5. R AR Ba R
IAPASR S, S GRS R LI 5 LI P60 2 AL S PR ). 7540 44,2003
BB BRSBTS R B e, e Telbe e )55,
ERBRARISL Ay s AP RO ST R e TR, 5 (8] ks bt S HE 0P L M. e A2 Tl
A FH 3 GO AR ACH ST T — b A 2R IR R SN ft,2006.
PR, ARSI BRI B4 SR (9] T@EWE BTk - fh 4 5k RE I 06 R Jbtbt
REDLTE SO 2 14 30 AR e b (T 3 i [ M. et B th R, 2006.
TIREE) FALSEMEL ALY (B M ferdi)) fry (101 #MAN SefRil, Skoke. TATB SS9UR & 915 Hisk I &
SO, O vk RO ST K 0 — 4 R R TR FAIRIROITSLI]. 2%, 2001,22(1) ;27 28,
= ) T T A e
R TRF B R Ay (1] KR REREERORRAL. Tt
Al IR = .8 +1. N 1, & R i - ]
%{*ﬁx z%igé (821 1) 10 g/mol, By gy = moemom e e & LT AR
E/‘j,\ﬁﬁrﬁ]ﬂ@,.ﬁ%m P ’ ﬁﬁg‘{ﬂngig =T 560 °C SRR L H SRR 2004 ,20(3) . 337 - 338.
TR RLA A F IR E R B ASR (3] BURRELL M C, CODELLA P J, FONTANA J A, et al.
JE L RREREY Interfacial reactions at copper surfaces coated with poly-
) imide films prepared from poly ( amide-acid) precursors
% . prep poly P
S [J]. T Vac Sci Technol, 1989, 7(1) ;55 - 58.
(1] A,y SR 0E B R AR, R R [14] BURRELL M C, CODELLA P J, FONEANA J A, et
[J]. A €4 )R ,2006,27(3) 43 47, al. Interfacial reactions at copper suifaces coated with
(2] BRZER EENG, MR SR T3 b i B ik polyimide films[J]. J Vac Sci Technol, 1989, 7(3):
[J]. P B fRHE A, 2008 ,33(3) :185 — 189. 1780 —1783.
[3] 15FBEA, WK, SR e e BEAR LA [ T]. Epsh [15] HYUNCHEOL K, JYONGSIK. Studies on the adhesion

L E B, 20041039 —43.
(4] A1, 430, Bl 4R B AR RL b D PR 28R 1Y 87
FELT]. #kl Tl ,2007, 35, 46 —50.

of polyimide coatings on copper foil[ J]. J Applied Poly-
mer Science, 2000, 78. 2518 —2524.

N N R A N R\ T S o\ T\ i\ i T i\ e\ R\ I I e I R I\ R R e e\ e e R S R S R R I T S SR R S A N S

( #5570 10)
[9] LUOH Q, LIU S P, LI N B., et al. Resonance Ray-

leigh scattering spectra for studying the interaction of
heparin with some basic phenothiazine dyes and their an-
alytical applications [ J ]. Analytica Chimica Acta,
2001, 499 (1) 261 ~220. '
LI N B, LUO H Q, LIU S P. Resonance Rayleigh scat-
tering study of the inclusion complexation of chloram-
phenicol with B-cyclodextrin [ J]. Talanta, 2005, 66
(2): 495 -500.
LU W, BEATRIZ S, FERNANDEZ Band, et al. Res-

[10]

[11]

(12]

[13]

onance light scattering and derived techniques in analyt-
ical chemistry; past, present, and future [J]. Micro-
chimica Acta, 2006, 158 (1/2). 29 -58.

Wia, 2=, ®IFE, 5 ZHHRIDGERAR
[J]. fk&akR, 2005, 12 (3). 499 -513.

LOH X J, TAN YX, LI Z, et al. Biodegradable ther-

mogelling poly (ester urethane) s consisting of poly

(lactic acid) : Thermodynamics of micellization and
hydrolytic degradation [ J]. Biomaterials, 2008, 29.
2164.






