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AR E (NaCOE R R 8 73R B MO JE, B 8. (1) BN HNE S/ mEr B 1R
BE 060 577 5 6 B OB TE 5 (2) SR o0 T35 b 0 T o T B T R 8 B M 0 3 61 R PGS
B Na* >K'>Bal" >Ca" B, ME T R AR S INEE B 8] Mark-Houwink J7 #2
B o, BAKMEERT 0.5, BATERES THOEEESH BHENF 0.074, KR TR
EMAHRKM S FRAEMBTEERE.
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B KM TR HIH:2.6 X 10°.5.6 X 105.1.08 X 10°, BEREE % 97% . H T4 BB
Wi EMRBNEER AL BT REER R ERKRH, 3 ARRATREER pH
1B 4.6, LAMARESE AN E S B BB T . T I S Fth B RS IR 5 S 43 AT 3

MAHBEE SR EHE 308. 15K THE T A BB SN NERR S FRE
Hy NaCl B HF SR HON BE, W0 THESRL CS-26 4 B 7E48 R & T3 B (0. 06mol/L) T
VU i A 5] B 48 B (NaCl KCL, CaCly BaCly ) 95 W o B WV HOKG B, 31 BE R BT 9148 TE 77 L
R

2 ER5itie

2.1 RARWERFEETRE NaClBR DI EL B 3 538 B A% 5
R B/D SR FE R 6 B F IR A Y NaCl 39K 0 A0 %5 8 303E Huggins 7R
FURRPIRFENR B[ 9] f1 Huggins 23 &, r T BHMLER, KA B M= 1 Firn.

Table 1 The values of intrinsic viscosity and Huggins parameter estimated from the solution viscosity
data at 308. 15K. Chitosan in aq. NaCl solutions with various ionic strengths

System C3-26 C5-56 CS5-108

1{mol/L,NaCl) 0.01 0.03 0.06 0.10 0.01 0.03 0.06 0.10 0.01 0.03 0.06 0.10
[7]1(mL/g) 413.4 340.8 310.2 287.8 76B.0 583.2 490.0 455.2 1244.7 922.0 807.34 697.7

k 0.322 0.416 0.592 0.539 0.067 0.283 0.497 0.492 0.158 0.191 0.120 0.272
r 0.9989 0.9961 0.9994 0.9926 0.9933 0.9987 0.9995 0.9996 0.9973 (.9908 0.9932 0.9989

4 MH &2,
[7] = K,M* (1)

XE o« MK, 5FR MH FREH, BARR S 0E: S T8 E F(0.01.0.03.0.06 &
0.10mol/L)#y MH T B E¥ o« MEH124 0.78.0.70.0.67 # 0.62, F[ . o« R A
P T390 BE B 88 DO /0N, FE AR SCBF 98 9 40 Itk 7 B 98 B M9 L {E B A T Gaussian SE7E 6 &
FTH{E 0.5.#8 Banks Greenwood ® 9 18 £ . B a B2 B F R0 FRRE, 817
HUBATRE S TRHEFRAMAE.

B HACYAHSH T ZHAR S FEHTREERR ETREN NaCl B 597
BHEMESEGUEENRR, TR SIS F—H, 6o TR ENEN, 24 RGHS
HRE, REBRA NS A TFRE TEIME.

HRIER B RAAY Fixman BrPE85 B A Flory H1“FMMR"EEELHFE, B EE
BIFHRERE ) 5B PRE(DMKBLERD, # ¢ X4 T,

[7] = Ky - MY? + cons tanz + Ky - M - (1/ 1) - (2)
REMEBREBANS TR, | EBRMGETRE, K, 2 Flory %%, 3 (2) X4,
LIEE ¥
al91/3(1/VI) = cons tant + M (3)
XEE Y.
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Fig.1 The dependence of reduced viscosity ( 7,/ ¢) on chitosan concentration (c)
Chitosan in ag. NaCl solutions with various jonic strengths (mol/L);0 I=0.01; @ I=0.03; D [=0.06; & fl=0.10

h 2 (3) A1 0, B8 B AR IR A 1 B S5 T W RN T AR A B TR B A AR R 57
X R KRN S, B RARFNS FREX B2 AR THo TENRER
ISR ES NaCl BN BETFRENER, EFNNEREREN, S/ TR RER
MRS ESETRESESBFOENE, St RAsE S 434 17.4,45.7 01 76 .4
(mol/L)Y? mL/g. AR FTE, #% S 5 TFRREEX R B ELAMRY 1L EH3 &
BT IgS 1M Z AR X R, BREA RSN ELE, LAY 1.05, ESERENEF]
KEFHEEESHIREAER OB, HRELIRT REESHENENAHEIER.

[7] (mLi/g)

Fig.2 The dependence of intrinsic viscosity on ionic strength

Chitosan in ag. NaCl solutions, © CS-26; O CS-56; & C5-108
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Fig.3 The piot of 1gS vs.lgM for chitosan
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Table 2 The change of the intrinsic viscosity of chitosan with the ionic strength of solutions

System €526 CS.56 Cs-18

Range of 0.01-  0.03-  0.06- 0.0l 0.03-  0.06- 0.01- 0.0  0.06
I(mol/L) 0.03 0.06 0.10 0.03  0.06 0.10 0.03 0.06 0.10
Al(mel/L) 0.02 0.03 0.04 0.02 0.03 .04 0.02  0.03 0.04
Al gl(mi/g) -72.6  -30.6 -22.4 -184.8 -93.2 -34.8 -322.7 -114.7 -109.6

2.2 ARBSTHMEEEHR
HAGTM BH S S TRM HMIBY KL, Smidsrod B T A F I
BARS FEMEEORRY S FEMAY EERETEDT, MAZHESES FREMHNY S
EmREER HESTRETHE —HERBE ) MY NHS . & v kE
0.10mol/1. NaCl BEF3RE T IR EE (9]0 VM. EHCHB TRET, ¥ MH 7R
RAG), R HHORS I, B,
S = Binl;, (6)
XE BRHFRERUBRN THMMEERGSN, 54 TRTE. B gS 5
lgllo TR B—R B2, ME 4 FFR, BRISH » H1.20, ¥ T 5# B (B4 T Ho &,
W[ 7lo.1 % 100mL/g KERRERY B (51 h BREH S BE, HHEBT B N 0.074. . g
TSR, W% 3 Fx, TUERARES TENEREE 5% HEARZHM, M
HARE D TRARFHIIEMERE.

Table 3 A comparison of the relative stiffness of the molecular chain among various polyelectrolytes

Polyelectrolyte B Reference  Polyelectrolyte B Reference
Poly(sodium acrylate) 0.23 f1) NS =0.94 0.088 [8]
Sodium amylose xanthate 0.22 [10; Chitosan 0.074 This work
Sodivrn cellulose sulfate Sodium carboxymerhyleellulose  0.065-0.078  [11,12]
D.S.=0.91 0.088 i8] Alginate 0.04 [4]
D.S5.=0.95 6.090 [8) DNA 0.0055 (13]

D. 5. degree of substitution

2.3 HRARFRESAMT RRENRESENAR/) S FEEBENNE

AT HEARHEY BRI SRS M BN, £ 4 &5 THEIMFRE
FAF T (0.06mol/ L) M= B W IR WK B B9 Huggins HEFIHR S PN IVE o b
W FRET, KR EREN BN TSI

M 4 FATLUE B AR NrF M ET RN N EWARRBE K, B —
EMER, KRWEIF A Na' >K* >Ba®* >Ca?* . % 4 b3 1 THHEFHKEHMA
BT¥E BB \Na' K", BTFERH AR, BEMW & AP, B WX R w5 4
TEMENHE FEE2H%. HC?" RAGIIh, 2B BB 1K S SR i k. H i
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Tabie 4 The values of the intrinsic viscosity and Huggins parameter at 308. 15K, C5-26 in various

electrolyte solutions with a certain ionic strength {0). 06mol/1.)

. Hydrate number Radius of anion
Electrolyte Kmol/t)  [glmlig} k r of aniont 15! (10-%em) ]
NaCl 0.06 310.2 0.632 0.9924 3.5 0.98
Kt a.86 315.0 0.61% .9598 3.0 1.33
Ball, 0.06 3207 0.491 0.9997 5.0 1.43
CaClk a.06 346.2 9.524 §.9935 6.0 1.06
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Fig.4 The plot of 1g8 ws.1gl 5]

Chitsan in ag. NaCl sofution with 2 certain

jonie strength (0. 1mol/L)
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CS-26 in different efectrolyte solutions with

a certain ionic strength (0. 06mol/1.)
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SENSIBILITY OF THE CHITOSAN TO THE ADDITION
OF SALT BY VISCOMETRY

JIANG Wenhua, HAN Shijun
{ Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract  Chitosan is one kind of important nature polymer. There are amino groups
(—NH;) in the chitosan chains. It can be dissolved in acid aqueous solution, which lead to
—NH;  groups formation, and displays the anionic polyelectrolyte property. The
macromolecule chains are stretched caused by electrostatic repulsion of the groups —NH; on
the chains. The stretched chains will tend to be coiled with addition of salt because of the
charge screening effect of added salt. Since the determination of the intrinsic viscosity of
polyelectrolyte is an effective method to study the sensibility of polyelectrolyte to the addition
of salt, the dilute solution viscosity of three chitosan samples with molecular weight (M, =
2.6%10°5.6x10° and 1.06 X 10°) was measured both in solutions of NaCl with different
ionic strengths (0.01, 0.03, 0.06 and 0.10mol/L) and in those of NaCl, KCl, CaCl, and
BaCl, with the same ionic strength (0.06mol/L) respectively. All the viscosity measurement
is proceeded by a dilute type Ubbelohde viscometer at 308.15K. The intrinsic viscosity of

chitosan is found to be a linear function of 1/¥I( I is the ionic strength)}. It is alsc found that
the response of the intrinsic viscosity of chitosan to the added salts proceeds in the order of
anion Na* >K* >Ba®* >(Ca?* . Accroding to the comparison of the ionic radius and hydrate
number among the four anions, it displays that the influence of intrinsic viscosity of chitosan
on the added salt is due to both the anion radius and anion solvent power. Meanwhile the
parameter & of Mark-Houwink equation is estimated to be 0.78, 0.70, 0.67 and 0.62 in
corresponding added salt ionic strength (0.01,0.03, 0.06 and 0.10mol/L). They are all
larger than 0.5, the value common to Gaussian coils in #-solvent. According to all
hydrodynamic theories, the high «-value must indicate that the chitosan chain is very
extended in aqueous solution. On basis of Smidsrod equation, the value of empirical parameter
B, which is a measure of relative stiffness of different polymer chains, is found to be 0.074.
Parameter B can also be used as a measure of the sensibility of polymer to the added salt.
Compared with the data of other polymers in literature, in can be concluded that the chitosan
has a higher chain-stiffness and a better resistance ability to the added salt.

Key words Polyelectrolyte, Electrolyte, Chitosan, Intrinsic viscosity



