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Abstract-Carboxymethylchitin samples with the average degree of substitution .r = l. i. the average de_rree of
deacetylation z = 0.22, and the molecular mass in the range 40 < M x l0-3 < 240 were studied by the nierhods
of molecular hydrodynamics including the sedimentation velocity, translational diffusion, and intrinsic viscos-
ity measurements in a buffer solution with an ionic strength of 0.2 M. The molecular mass dependences of the
hydrodynamic characteristics rvere determined, and the equilibrium ri-eidity parameters of the carboxymethyl-
chitin chain were calculated from these data. assumins the absence of volume effects.

INTRODUCTION

Chitin, or poly( B- I * z|-1y'-3ggryl-D-glucosamine),
belongs to the class of B-l =* -l--olucans-polysac-
charides that are most widely occurring in nature [1-3].
Both chitin and its soluble derivatives have been exten-
sively studied in a past decades. This is related to some
important applications of chitin derivatives in the phar-
maceutical, food, and textile industries t4-61.

Carboxymethylchitin (CMCT) is a chitin derivative
used as a low-toxicity biocompatible adsorbent, drug
carrier, and thickening and strumurizing agent. Other
properties of considerable interest include the film-
forming and complex-forming properties of this com-
pound. CMCT is an ionic polymer having an
ampholytic structure, rvhich must definitely affect its
equilibrium molecular characteristics. However, the
hydrodynamic and molecular characteristics of CMCT
molecules in solution have not been systematically
studied and only a few data are available in the litera-
ture [7, 8].

The purpose of this work was to study a series of
carboxymethylchitin samples with different degrees of
polymerization by methods of molecular hydrodyna-
mics.

' This work was partly supported by the Russian
Basic Research, project no. 96-03-338-l l l .

Foundation fbr

EXPERTMENTAL

Sample Preparation

The carboxymethylchitin samples were obtained bv
the alkylation of chitin isolated from crab and kdll
shells. The synthesis was performed as described previ-
ously [9, 10]. Chitin was activated by holdin_s in a
NaOH-water-isopropanol solution, follorved by alk.,*-
lation performed in the same mixfure by adding
monochloroacetic acid (lvICAA). The samples with dit'-
ferent degrees of polymerization were obtained by vari-
ation of the chitin : MCAA molar ratio and by using
different initial chitin (Table l). The CIVICT samples
were purified and fractionated by ultrafiltration fol-
lowed by lyophi le drying.

The degree of CMCT substitution with respect to
carboxymethyl and N-acetyl groups was. determined
using the IR absorption spectra [11] measured in acid
sample solutions in DCI + D,O (pH - 0.6). The concen-
tration of carboxymethyl and N-acetyl groups was cai-
culated from relative intensities of the IR absorption
bands at 1728 and 1640 cm-t assisned to C=O and
Amide I vibrations, respectively. f=he correspondin-e
molar absorption coefficients were taken equal to 27 x
103 and 43 x 103 l/(mol cmr), respectivel,v- [12]. Identi-
cal estimates were obtained from results of the
l3C I.{MR measurements. rvhich also shorved that 90Fc
of the carboxymethyl substituents occur in the C6 posi-
tion [l3, 14]. Table 2 gives data on the degrees of sub-
stitution with respect to carboxymethyl groups (x) and
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* Activation srage: chit ir /NaOH/H2O/isopropanol. I  :5.25: '12l.32;T=23-25"C; duration,3 h. Carboxymethylat ion stage: chit iwisopro-
oano l .  I  :40 .

Table l. Conditions of synthesis and some properties of CMCT*

MCAA/chitin, moVmol T , " C Time, h Cltttin yield, Vo Solubility, 7o [q], cmr/g

2.5

1 . 5

2.5

1 . 5

z.)

75
'tn

15

80

75

2

1 . 5

2

2

z

1 . 4

l . l

l . J

| . ,

99

90

95

90

88

145

179

390

304

500

t . t 7

0.63

0.10

0.70

L t 5

0.80

0.52

0.85

0.70

0.80

Table 2. Composition and hydrodr namic and molecular characteristics of fractionated CMCT samples

Sam-
ple MO In l ,

cm3/g
l,l Ss,  Sv

Ks'
1 ,

cm'i -g

Do,
cml/s

L,n
A . '

cml/g

M{o x

x 10-3
x l 0 p, x l0-'

I

z

J

4

5

6

7

8

9

t 0

l l

t 2

r .22

1.30

t . l 5

t . l 0

t .26

l . l 5

t . t 2

1 .08

0.70

t . r 7

l . l )

0.63

0 . 1 5

0 . 1 5

0.20

0 . t ]

0 . 1 5

0.20

0.20

4.25

0.30

0 . 1 5

0.23

0.48

294

301

287

284

298

287

284

zt9

246

290

285

233

550

540

500

+95

-390

-r05

340

3,10

185

r.10

1 3 0

130

0.38

0.36

0.37

0.44

0.56

0.39

0.43

0.35

0.50

0.36

0.40

0.66

5.05

4.29

4.29

4 . r l

4.20

4.26

3.58

J . + 5

3.28

3.09

2.99

z -+J

680

480

500

485

395

435

255

1 8 0

240

185

1 3 5

130

l . 1 2

1.20

t .z7
1.58

1.65

| .79

I . I )

2.59

2.93

0 . 1  l 4

0 .100

0.108

0.100

0 . 1  1 6

0 . 1 1 6

0 . 1 1 9

0.106

0.122

239

190

r86
rn
L I J

178

116

r43

1 1 5

102

l 0 t

OJ

56
) 6

44

5 .  / J

J . O v

J.+/"

4.02

3.69

3.8,1

3.48

3.54

3.45

l . 3 5

1 . 1 9

l . 1 5

1 . 3 8

t . t 2

l � 0 4

1 . 1 0

1.30

1 . 1 5

* Data in the numerator and denominator caiculated by equations (5) and (6), respectively.

amino groups (z) as well as the molecular masses of the
CMCT repeat unit calculated for the empirical formula
c6H7o2(oH)2 _,(ocH2cooNa).1\tHcocHj)r _.(NH2)..

The average values of the degrees of substitution
were ,r = I .1 * 0.1 and z = 0.22 + 0.06, and the average
molecular mass of the repeat unit was Ms=/$l + $.

Solvent

The CMCT samples dissolved in water exhibiting
polyelectrolyte properties. Determination of the molec-

ular characteristics of CMCT by the study of its trans-
port properties requires suppression of the polyelectro-
lyte effects. For this purpose, the CMCT samples were
studied in the so-called Palei buffer with the composi-
tion 0.05 M (NarHPO4 . IZH'O + KH,PO+), pH 7.0.
used for the investigation of protein molecules [5].
However, the ionic strength was increased by adding
0.15 M NaCl, so that the measurements were per-
formed in a solvent with the ionic strength 0.2 M hav-
ing at 25'C the density Po = 1.0060 g/cm3 and the
dynamic viscosity 4o = 0.91 cP.

POLYMER SCIENCE Series A Vol. 40 No. 12 1998
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Experimental Methods

The translational diffusion was studied by the clas-
sical method based on the formation of boundary
between solution and solvent. The boundary smearing
was measured with the aid of a polarization interfero-
meter [16]. The average solution concentration was 3 x
lOa g/cm3. The diffusion coefficient was calculated
from data on the time variation of rhe diffusion bound-
ary dispersion, and the refractir.e increments LnlLc
were determined from the area under the interference
curve. The diffusion process was srudied at26"C.

The sedimentation velocity was studied in a single-
compartment cell on a Beckman Model E analytical
ultracentrifuge operated at a rotor speed of 47660 rpm.
The sedimentation coefficients 5 were calculated by
analysis of the shift of the unimodal Schliren curves
using the QUICKBASIC-NCMH algorithm [17]. The
concentration dependences were studied for all sam-
ples in the concentration range G47) x 104 glcm3.
The extrapolation dependences of the type S-r =

So 
' 
1t + k5c) (Fig. I ) were used ro determine the Gralen

sedimentation coefficients ftr; the average value of the
corresponding dimensionless parameter was ksl[n] =
0.97 + 0.06.

The intrinsic viscosities were determined from the
dependences of 11,o/c on c plotted in the coordinates of
equation rl,p/c = [q] + t'[r1]2c. The solution efflux times
were measured on a Schott-Geraete semiautomated
viscometer (Germany). The averase value of the Hug-
gins constant k' for the CMCT samples was 0.47 + 0.07.

The buoyancy factor or the system density gradient
LplLc = (l - vp') =0.467 +0.005 was determinedfrom
the concentration dependence of the solution density.
The density was measured at 25'C on a Kratky densito-
meter (A. Paar, Austria) [8]. The measurements per-
formed in pure water and 0.05 and 0.2M buffer solu-
tions gave virtually coinciding estimates of A,plA,c
(Fig. 2).

The values of the diffusion and sedimentation coef-
ficients were reduced to 25'C usin_9 conventional pro-
cedures [6]. The experimental data are summarized in
Table 2.

RESIILTS AND DISCUSSION

The set of the hydrodynamic quantities [n], Do, So,
and k5 can be considered as the primary matrix of
experimental data, rvhich can be transformed into a
matrix of molecular masses and hydrodynamic invari-
ants and then into a matrix of h;"drodynamic scaling
indices. These transformations are determined by the
fact that the experimental hydrodvnamic values depend
in a different manner on the molecular mass and the

CHARACTERISTICS OF CARBOXYMETHYLCHITIN 1217

0.1 0.3 0.5

c x l0 l ,  g /cml

Fig. 1. Concentration dependence of the sedimenta-
tion coefftcient for CMCT samples (a) 5, (b) 10, and
(c) l2 (Table 2).

chain dimensions (mean-square distance between chain
ends (ft2)):

Ir:it= QoU2)31M. (l)

Do = kT/fo, (2)

so = M(l - vPo)//oNo, (3)

kr= s(fi)3r2lM, (4)

where/6 = Po\o(hz)ID is the translational friction coef-
ficient; Oe and Po are the hydrodynamic Flory parame-
ters; B is a dimensionless hydrodynamic parameter; k is
the Boltzmann constant; I is the absolute temperafure;
and Na is the Avogadro number. Upon excluding fe

0.5

0.4
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Ap x 104, g/cm3

0.1 0.3 0.5

Fig. 2. rhe plot of Ap vs. c for CMCT -"ronrij-'
(1) pure water. (2) 0.05 M buffer and (3)0.2 M buffer.

from the expressions (2) and (3), rve arrive at the Sved-
berg formula for the molecular mass determination [16],

M so = lRrlQ - vpo)lS/Do = RlSl/[D],

where [S] = SoIo/(1 - ,rpo), [D] = Dol/|, and R is the
gas constant.

Excluding dimensional variables from the rela-
tions (1)-(3) leads to an expression for the hydrody-

Table 3. Scaling parnmeters for hydrodynamic characteris-
tics and molecular masses of CMCT in 0.2 M buffer solution
at25"C

Sam-
n l c

Relation-
ship oi Abi IC ri

I

2

3

/1

5

6

7

so-Do

Do-[q]

so-[q]

krso

tr:|,-M

Do-M

So-M

-0.63

-0.61

0.34

2.88

0.94

-0.60

0.39

0.09

0.06

0.05

0.33

0.08

0.03

0.03

1.08 x 10-17

5 . 6 1 x  l 0 {

5.18 x l0-ra

7.0

5.58 x l0-3

1.87 x 104

,t . l0x 10-15

-0.9385

-0.9681

0.9150

0.9555

0.9672

-0.9908

0.9752

* Coefficient tbr relationships of the rlpe.56 = Ks [q]" .
** Linear correlation coefficients for relationships of the tvoe

l o g [ q J = l o g K 5 +  b 5 l o g M .
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log (Se x
loe [n] log (Ds

1.1  4 .9  5 .1  5 .3
logM

Fig. 3. Plots of the Kuhn-Mark-Houwink-Sakurada
type for CMCT in 0.2 M buffer: (1) So; (2) [q]; (J) Do.

namic invariant [16, i]:

Ao = RlSllnltt3M-2a = {RlDlz[S][n] ] t/3.

Finally, excluding dimensional variables from (2)-
(4) allows us to calculate the sedimentation parameter
B, [20,21]:

Fs = RtSl &j/3 tr4-2t3 = Nn {RlDlzlSlts } 16.

The molecular masses and hvdrodvnamic invariants
for the CMCT molecules are prlsented in Table 2.

The average values of the hydrodynamic invariant
As = (3.65 + 0.08) x 10-10 (erg molr/3)/K and the sedi-
mentation parameter Bs = (1.20 + 0.04) x 107 molril
were used for the calculation of molecular masses of
samples 3,4, and 1 1 (Table 2) using the following rela-
tions 122,231:

Msn= (R/Ad32[S]3Pnft' ', (5)

Mp5=(N{Pr7tz151tz1r!t2. (6)

Using the molecular masses determined uls
described above, we constructed the plots of the Kuhn-
Mark-Houwink-Sakurada type (Fig. 3) and calculated
the corresponding coefficients (Table 3). To within the
rrns errors, the scaling indices obeyed the relations char-
acteristic of the linearpolymer-homologs [16, 24,25]:

b t=b t lbo i  bz=ba/bs i  bz=bt lbs i

ba= (2-3bt)14; lbd= I l3(I  + b);  lbul+ b, = 1.

In interpreting the hydrodynamic data, it is neces-
sary to estimate the role of the volume interactions and

POLYMER SCIENCE Series A Vol. 40 No. 12 1998
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their effect on the dimensions of macromolecules stud-
ied. This problem is solved for every particular poly-
mer-solvent system taking into account the chemical
structure of the polymer chain and the additional infor-
mation available for this system. Within the framework
of the hydrodynamic data, the prevailing volume
effects or competitive intrachain draining effects can be
evaluated only provided that the data are available for a
very broad range of molecular masses (M^*/M^,n =
10r-l0r). Then, using a chan_ee in the slope of the
Kuhn-Mark-Houwink-Sakurada plots (in particular,
of the [q] versus M curves), we may judge on the pre-
vailing ef-fect. This is not the case in our work, because
the CMCT samples available only extend over a five-
fbld range of molecuiar masses. The dominating type
of interactions can be also revealed by plotting Ultnl
versus ,r1ttz 126.271. For our samples, this plot has the
shape typical of the comparatively short linear chains
with the draining effects prevailing over rhe volume
elfects. For this reason, the subsequent interpretation is
based on the theories describing the behavior of chains
with neglect of the volume interactions.

Truns latio nal F ric t ion

Data on the translational friction are considered
within the framework of the Hearsr-Stockmaeyer [28]
and Yamakawa-Fujii t29l theories describing the
behavior of macromolecules usins the models of
wormlike necklace and wormlike 

-cylinder, 
respec-

tively. If the chains satisfy the condition LIA > 2.28,
their properties obey the following relationship:

l s l t / A P 0  :  M I D ] P l k - t  -  1 M  r /  A ) t t 2  M t t 2
(7)

+  (PrM, /3n) |n (A/d)  -  A(0)1 ,

where 9(0) = 1.431 [28] or 1.056 [29].
Figure 4 shows the plot of So versus Mtq, whose

slope determines the Kuhn segment length A character-
izin-e the equilibrium chain rigiditv and whose ordinate
intersect determines the hydrodynamic diameter d. As
a result of this data treatment, we have obtained the
tbllowing estimates: A = 240 x l0-8 cm; d = 13.0 x
l0-B cm [q(O) = 1 .056] or 8.9 x l 0-8 cm [q(0) = 1 .43 1].
These estimates were calculated for the hydrodynamic
Flory parameter Po = 5.1 1.

Rotational Friction

Plotting M/[q] versus Muz according to the Hearst
theory [30] did not allowed us to estimate the equilib-
rium rigidity parameter A from the viscometry data
both because of the insufficiently broad molecular mass
range and because our data fall within the interval
where this plot exhibits a change in the slope (bending).
Therefore, this plot is very sensitive toward features of
the hydrodynamic interactions of the chains with rela-

POLYMER SCIENCE Series A Vol. 40 No. 12 1998

100 300 500

MU2

Fig. 4. Plots used for evaluation of the equilibrium
chain rigidity paramerer A and the hydrbdynamic
diameter d fiom (1) the sedimentation data and
(2) intrinsic viscosity dara.

tive lengths LIA = 3-18 and relative molecular diame-
ters dlA = 0.03-0.06. In this case. rhe viscomerry dara
can be quantitatively interpreted using the method of
Bushin et al. [31], which was successfully used for
interpretation of the experimental data in rigid chain
polymers, including the p-1 ---- 4-glucans [32.33].
This construction is analogous to that used in interoret-
!!g tt" viscometric data c6rresponding ro equarion (7).
The analogy is based on a widely accepted assumption
that the chain dimensions of the same macromolecules
are equivalent with respect to the translational and rota-
tional friction. Analytically, this assumprion is written
in the form

ls]pf,a = (Woofirt))1t3. (8)

Thus, we have processed the viscometric data
according to equarions (7) and (8) in the (luI2l[n])It3 ver-
sus lvIltz coordinates. The correspondin,e plot is
depicted in Fig. 4. The slope of this plot was used ro cal-
culate the Kuhn segment length (An = 240 x l0-8 cm),
and the ordinate intersect yielded the hydrodynamic
diameter (d = 8.6 x l0-8 cm).

Table 4 shows the A and d values calculated in this
work in comparison with the data available for some
other derivatives of B-l-4-glucans, such as cellulose,
chitosan, and methyl cellulose [34-38]. As is seen, rhe
macromolecules of CMCT and chitosan have compara-
ble values of equilibrium rigidity in the solurions of
large ionic strength. A somewhat _greater hydrodynamic
diameter of CMCT seems quite reasonable taliing into
account a greater size of substituents in this compound.

ss, Sv (M2/LnDI13

100
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Tatrle 4. Kuhn segment lengths A and hydrodynamic diameters d for the molecules of some p- f .* 4-glucans in aqueous
solutions

Polysaccharide Solvent Degree
of substitution

Ai x 108dj xr08 Al* x 108 {* x 108
Ref.

cm cm

CMCT

Chitosan

Methyl cellulose

Cellulose

0.2 M buffer

0.33 M CH2COOH +
0.3 M NaCl

Hzo

0. 1 M ITSC***

x  =  1 . 1 ,  z = 0 . 2 2

0.9

1 .68

(0 . l )

240

240

180

170

13.0

I . U

7.0

5 .5

240

r 8 0

1 3 0

1 1 0

9.0

4.0

5.0

2 .5

This work

[3s, 36]

[37, 38]

134,361
* Translational tiiction data; x* rotational friction data; *** iron tartrate sodium comolex

This may be also a manifestation of the intrachain elec-
trostatic interaction between opposite charges present
in the CMCT chains. The equilibrium rigidities of
chitin derivatives are greater compared to those of the
water-soluble methyl cellulose. This is related to
incompletely suppressed electrostatic interactions in
the former case.
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PACTBOPbI

vflK 54 t .64 532.J

ru.q p 0AI,I H AMI,ITIE CKH E Vt M O JI E KyJIfl P H bI E XA P A KTE P I'I CTVIKVI
KAPE OKCI{METVTITXVTTI{HA B PACTB OPE'

@ 1998 r. f. M. flaruron*, E. B. KopueeBa**' f. A. Bnxopena***, S'E' Harding****

*Hayvuo-uccttedoeamenucrcuit uucmumym Quaurci Caurcm-lTemep6ypzcrcozo zocydapcmaeHHo?o yHusepcumema

IgSgM Canrcm-IIemep6ypz, Ilempodeope4, Ynanuoacrcaa yn', I

* * H uc m umy m eweo rcouo neKy n np H b tx co ed uneuuil P occuilcrco i arcad e'uuu nay rc

199094 Caurcm-llemep6ypz, 6onuutoil np',31 
.

*** M ocrcoecrcaa zocydapcmeeHHafl mercimlutunan aKadeilua tu"r. A. H. Kocotzuua

I l7gl8 Mocrcea, yn- Mattaa Kanyxcrcan, I

E N at io na I C e ntre for M ac romo le c ular H ydrodyrnmic s, N ot t i ng ham U niv e r s i ry
Sutton Bonington Campus, LEI2 sRD' UK

flocrynxna B peAqKrII{P 20-01.98 r'
IlPunrra B nerrarb 16'03.98 r. :

O6pasqrr rap6orcruerurxrrrur{a co cpegneft crenerbK, 3aMeulex[c x'= l.l, cpe4uefi cretrenbto Ae3aqe-

Tgnr{poBagrg z=O.22r1MMsrrgTepBaJre 40<M x l0-3 <24OuzytenblMeroAaMI'{MoneKynspnofirrgpo-

Ar{HaMHKu (cxopocnHax ceAHMeHTarI[r, flocrynareJrbHafl glrQQylnt H xapaKTepl{crnqecKac arrxocrs) n

6ySepuou pacrBopHTeJre c uoHnori cnloli 0.2 M. YcraHoBJreHbt Lr fipoaHaJII'I3HpoBaHLI MoneKyntpHo-Mac-

coBble 3aBucgMocrr{ rgApogrrHaMr{t{ecKr.rx xapaKTepncrnK. Ha ocHoBe 3TI{x 3aBl'rcnuosreli B fipeAnonoxe-

Hur{ orcyrcrBu.x o6'reuHrrx a$$extoa o[peAenenbr BeJIHltHHbI paouonecuoft xecrKocrn qenetl xap6ox-

CTIMCTHJIXHTI{HA.

BBEIEHHE

Xnruu (noru-B-l 4-N-aqemrn-D-Mrorosa-
urur) oruocfircfl K zuraccy p-l * 4-rrlrcxasoB - Ha-
n6onee pacnposrpaHeHHblx B npl{poAe rroJlucaxapu-
AoB Il-3]. Xurns rr ero pacrBoprlMble npol{3BoAHble
flBJItTOTCt [peAMeTOM HHTeHCI{BHbIX ECCneAOBaHHft
B nocneAHHe AectTuJIeT[q. 3To cBt3aHo c Bax(HbIMH
npuMenenrrrMr{ [pou3BoAHbrx xHTuHa B QapMaIIeB-
Tr.rqecKorl, il{qeBofi H TeKcrnJr bHoli npoMbllrrJreHHo-
crH [H].

OAHnu H3 trpol{3BolHblx xI{THHa, HaxoAsuIHM
npI{MeHeHHe KaK HI{3KOTOKCHTTHbIft 6nOCOnUegrn-
usrfi agcop6esr, nocnrels nexapcrBenHblx npena-
paroB, 3arycrrrTenb r{ crpyKTypooopa3oBareJrb, sB-
rs.err;s. xap6orcauerllnxnrnH (Klt,Dff). Eonruoft
r{_HTepec Bbr3brBaer ero lrJleuKoo6paryroululs I,I KoM-
nrexcoo6pa3yrou{as cnoco6socT n. KMXT - HoHo-

I Pa6ora BHnoJrHeHa npfi r{acrnquoft Qnxancoaofi noqgepxre
Poccnfi cxoro Qonga QyHnaMeHTzrr bnbrx nccneAosaHr.rft (roA
npoeKra 96-03-33M7a).

renusrft noJIHMep aMOonHTHoro srpoeHnfl, H 3ro

AOnxHo orpaxaTbcfl Ha ero paBHoBecHbIx MoneKy-

nflpubrx xapaKTepnstnrax. OAHaKo rI{ApoAI{HaMIl-
qecKr,re I{ ublexylxpHble xapaKTepHcrI{KH KMXT s

pacTBopax cI{cTeMaTI{r{ecKH He llccnegooaHbl, H B JIH-

TepaType TaKI{e AaHHbIe npaKTuqecKl{ oTcyTcrByror

[7, 8].

B Hacroruleft pa6ote MeroAaMH volerylrpHoft
rnApoAuHaMHKI{ HccJreAoBaHbI o6pa:qst KMXT pa:-

nuqHoft creneHn nonl{MepH3aIII'IH.

9KCNEPI4MEHTAJIbHA' qACTb

O6pae4ot

O6paaqsI KMXT nonyqarn :rnKI{nnpoBaHHeM
KfiT:fc{;1lA;BbIAeneHHoro H3 naHlll{pefi rpa6on ll xpulx.
Cxn'ree ocyulecrBnfl;ru uo MeroAy, onucaHHoMy pa-
nee [9; l0]. Xurnu aKTI{BI{poBaJII'I, BbI[ep)KHBat B
pacrBope NaOH-sona-I'I3onpo[aHoJr, 3areM B gToI{

cMecr{ rrpoBoAI{JII{ anKI{nupoBaHPIe, go6anrtxr

20r'�8
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Tadanrla 1. Ycaost.rq nonyqeHrlr lr HeKoropbre xapaKTepr{crr,rru KMXT*

MXYK,
uoau/llors xw'rull.a I, OC Bpeva, v Burxog, r/r'

XI,ITHHA

Pac'rnopu-
uoctt, Vo [r]1, o.r3lr r |  - < .

2.5

1 . 5

2.5

1 . 5

2.5

75

70

75

80

75

2

1 .5

2

2

2

1.4

t . l

1 . 3

r.2

t .3

99

90

95

90

88

145

t79

390

3M

500

t . t 7

0.63

0.  l0

0.70

l . l 5

0.80

0.52

0.85

0.70

0.80

*F Iac ' ragxnaKTHBaqHf iMoJr r ,HoecoornourexuexHTl rH:NaOH:H2O:r ronponaHor= l :5 .25 : .12 :32 ,T=23-25"C,npeua3v

Ha c'raqur rap6oxcuver'u.ltr.rpoBaHxf, MoJrbHoe coorHo[eHr{e xuru-H : u:onponaHon = I :40.

MoHoxrropyKcycuya Kr{cJrory'(ltD(yK).,[la nony-
qenr{R o6parqoo pasalr.nroli crerlenu rronr.rMepn3arlrtu
BapbupoBaJrn MoJrbHoe oruorrreHxe xr{Tr.rH : MXYK,
a raKx<e Hc[oJrb3oBiuil{ pauu.rHrtft ucxogurtfi xI{TI,rH
(ra6a. 1). Ovncrxy n QparquoHr.rpoBaHne o6pasqon
KMXT ocyqesrBnflJrr{ ynbrpaQunsrpaqueft c no-
cneAyrcrrltrM nl{osrrJrbHbrM BbrcyunBar{rreM.

Crenesr 3aMerrleHr{fl KMXT no rap6orcr{Me-
TrIJrbHbrM u N-aqeru.lrbHbrM rpyrrtraM oflpegeJrfiJrr,r,
r{ccneAys l{K-cnexrpu [ 1] Kr.rcJrbrx pacrBopoB B
DCI + D2O (pH - 0.6). Konqeurpaqurc xap6oxcr.r-
Merr{JrbHbrx u N-aqertrnbHbrx rpyn[ paccqr{TbrBann
la: HHTerpaJr[,Hbrx noJroc uornou{eHr{fl trpu 1728 n
1640 ctrr- I ,  orgocsulnxcf l  K xole6asnsu C=O n
Auuga I, npunnr*.rafl MoJrbuble xoaQQurIHeHTbr
a6cop6quu paBHbrMr{ 27 x 103 n 43 x 103 duols o,l2
coorBercrBeHuo [12]. I,IcoregonaHilc. flMP l3C npn-
BeJII{ K UAeHTHTIHbIM OIIeHKaM CTeTIeHI{ 3aMeuleHHrr.
a raKx<e [oKa3zurn, ,$o 90Vo rap6oxcnuerr,rJrbHbrx
3aMecrr.rreJrefi naxognrcr B noJroxeHnn C6 [13, 14].
Ta6nnqa 2 cogepxur AaHHbre o crenenrx 3aMeu{eHuq
no rap6'oxcuMerr{JrbnbrM rpyrmaM .r }r aMr.rnorpyuraM
zn paecqrTarrnbrx B coorBercrBltr{ c Qopuynoft
C6H7O2(OH)2 -,(OCH2COONa),(NHCOCH3) r _.(NH2).
BeJII{tIuHax MM.uoeroprrotr1erocq 3BeHa Spaxqr.rfi
KMXT.

r @C}egrue 3Haqenrrr sreneueft rauenle Hu;-:nqe1rrtl.ts,
MM,uosroprroqerocfl 3BeHa paBubr: x = 1.1 + 0. l,
z = 0.22 + 0.06 tt Mo- 281 + 6.

Pacmaopumena

B .rusroft noge o6pasqrr KMXT [pornrcror ro-
nl{gneKTponr{Tnbre cnofisrea. flpn nccneAoBaufir.{
TpaHcnoprHbrx cBoficrs KMXT Ars onpeAeJreHnt
ero MoJreKynrpnbD( xapaKTepr{crtrx neo6xo4nrrlo no-
AilBr{Tb noJrrroneKrpoJrnrHbre eQSemsr. [4r eroro
o6pa3r{br KlvD(T Ecc.rreAoBaJru B TaK Harsnaeraou 6y-

Sepe flares: 0.05 uonsfu (Na2HPOa . l-2HrO +
+KH2PO4), pH 7.0, ucronb3yeMoM rrpn H3yr{eHHH
6erxossrx MoJreKyn [15]. I4ouuafl, cuila 6ura yneln-
treHa [o6aBJIeHr{eM NaCl no 0.15 raoniln, H TaKHM
o6paiou r.r3Mepeulrfl rlpoBoAlrnl,t B pacrBopuTeJre c
lroHHofi culoit0.2uonsl\ xotoprrft npn 25oC nuen
nnorHosfb Po = i 1.0060 tlcvl3 u ru.IHaMr{qecKyro Bs3-
Koqlb Io = 0.91 cf[.

METOAbI

flocryna'reJrluyto grQSy:NIo n3yqarn Knaccu-
rrecKnM MeroAoM o6pa3oBaHuq fpaHl{rlbr Me)KAy pac-
TBopoM r,r pacrBopnTeJreM. PacnrtrrsaHr,re rpaHr.rr{br
Bo BpeMeHn QnxcupoBiIJII{ noJlflpr,r3arlr{oHHbrM r,rH-
repQepouerporr.r [16]. Cpegnrn Konr{eHrparlnfl pac-
TBopa cocraBJrrJra 3 x 104 r/o'.r3. KoeQsuqneumr
gHSQy:rlH D paccvrarbrBaJllr r{3 3aBr,rcnMocru AHc-
nepcflr guQSysuottnofi rpaulrqbl or BpeMeHH, a HH-
KpeMeHTbr noKa3areJrr npenoMneHns LnlA,c no [Jro-
rrl&Atr, orpaHur{eHnofi uurepSepeHrlr{oHuofi rpuaofi .
flpollecc gnQ$yrilu Ha6nrcgarn npw 26"C.

Cegnueuraqnrc I,I3yqanI{ Ha aHzur r,rrrvecxoft ynr-
TpaIIeHTpr{Qyre "Beckman Model-E" nplr qacrore
BparrleHr{s poropa 47 660 o6lvruu B oAuoceKTopnort
KroBers. KoeQQnuneHTbr ceAHMeHTarIr{R ^S paccvlr-
TbIBaJrrr rlo cMerrleHrrro yHl{MoAanbHbrx rrrnHpeHoB-
cKlrl( KpuBbIx Bo BpeMeHr,r c ncnoJrb3oBaHr,reM
QUICKBASIC-NCMH anropr{rMa I I 7]. KoHqenrpa-
quonrn6 3aBr,IclrMocr n H3y qanr glx ecex' o6pa3rloB
B rrHTepBane KoHrleurpauvfrr (347) x lf rku3. YIs
sKclpanonrqr{ouublx sasficnr{osreft Tr,rfla sLl =

= .s;t (1 + &rc) (puc. 1) Haxoglrln ceAI{MeHTaI{roHHbre

roeQQuqueHTbr nprr 6ecKoHer{HoM paabaureunn So
r{ KoHr{eHTparlr{oHHbre KosQ+ilrlHeHrsr lpaleHa /cs.
Cpeguee 3HaqeHI{e 6espasuepHoro napaMerpa
ks l [ t t ]=0 .97+0.06 .

9 BbICOKOMOIEKyIflPHbIE COETHHEHH{ Ceorx A 'rou 40 },{! 12 r998
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Ta6nuqa 2. Coqrae, rHApoAHHaMHqecKfie H MoneKynflpHbre xapaKTeprcrnKL{ SparrluoHupoBaHHbrx o6parqon KMXT

O6pa-
:eq, N x z Mo trt l,

cu3lr
K

So, eA'
Cneq6epra

k, cu3/r Ds, cMzl(
L 'n  1 ,

ac ,  
cM" / r Mi, ,

x l0-3
46  x  l 0 l ( x l0-7

4

5

6

7

8

9

l0

l l

t 2

I

2

J

1.22

1.30

r . l 5

l , l 0

r.26

l . l 5

t . t 2

l.08

0.70

r . t 7

1 . 1 5

0.63

0 . 1 5

0 . 1 5

0.20

0.r7

0.15

0.20

0.20

0.25

0.30

0.15

0.23

0.48

294

301

287

284

298

287

284

279

246

290

285

233

550

540

500

390

405

340

340

285

140

1 3 0

130

495

0.38

0.36

0.37

0.44

0.56

0.39

0.43

0.35

0.50

0.36

0.40

0.66

s.05

4.29

4.29

4. t  I

4.20

4.26

3.58

3.43

3.28

3.09

2.99

2.43

680

480

500

485

39s

435

255

180

240

185

135

130

t . t 2

t .20

1.27

1.58

1.65

1.79

r.73

2.59

2.93

0 . 1  1 4

0. r00

0.108

0.100

0 . 1 l 6

0 .1  l6

o. l re  ]
I

0.106 |
I
I

I
I

0. t22  
|

239

190

186
t n

-r73
t78

176

t43

l l 5

102

101

63

56
58

44

3.75

3.69

3.42

4.02

3.69

3.84

3.48

3"54

3.45

1.35

l . l 9

i . t t
1.38

t . r2

1.04

l . l 0

1.30

r . t5

* 3naqenue B rrr{cJrnreJre fion)nreno no Qopr"ryle (5), n sHarr.renareJre - no Sopuyae (6).

XapaxrepnsrrqecKue Br3Kocrr.r onpeAenrnu r{3
3aBucr{Mocrefiqr/c or c, rrocrpoeHHbrx B Koopgr{Ha-

riu( ypaBHeli{us \yJc = [q] + k'lrll,r. Bpeuena reve-
Hrrr pacTBopoB r,r3MeprJlrl Ha rroJryaBToMaTHqecKoM
BrrcKo3r{Merpe "Schott-Geraete" (Germany). CpegHee
3Har{eHr.re napaMerpa Xarrnnca k' gnn o6paaqon
KMXT cocraBrrsrro 0.47 + 0.07.

@axrop nnaBfrecrlr nJrrr r{HKpeMeET rurornocru
crcreMBl LplLc = (1 - vPd = 0.467 + 0.005 Haxogr.rrn
r.r3 3aBrrcr{MocTr{ rrnoTHocrn oT KoHrleETpaqr[n pac-
TBopa. fhoruocrr onpeAenffnu Ha AeHcnroMerpe
Kparxu t18l (A. Paar, Austria) npu Zl"C.Ilsvrepennrr
B qucroft BoAe H s 0.05 MuO.2 M pacroopax rpnBo-
Asr K npaKTuqecK[ coBnaflarou1rlM orIeHKaM LplLc
(puc.2).

Koe$Sr.rqueupr gHQQyaHH r.r ceArrMenTarlnn
flpr.rBoAr{nn x 25"C corJracHo cranAaprHbrM npoqe-
AypaM il61. 3xcneinr'lenralbHbre AaHHbre rpeA-
craBJreHbr s ra6n.2.

PE3YIIbTATbI W I4X OBOTXIEHI{E

CororlmHocrs rr.rgpolnHaMr{qecKnx BernrrxH

[rl], Do, Ss fi kr Mox<er paccMarpr{Barbcq KaK [epB[r{-
HaJr Marpurla aKcflepl{MeHTiurbubrx AaHHbrx. Osa rrlo-
>xer 6rlrr npeo6pasonaHa B Marpnqy MoJreKyJrflp-
Hbrx Macc tr rlrApoAl{HaM[llecKrrx r.rHBap[raHToB, a 3a-
TeM B Marprltly r[IlpoA l{HaMrrqecKr{x cxeft nunronsrx
r{HAeKcoB. 9ru npeo6pa3oBauuq o6yclonrenbr reM,
qTo gKC[epr{MeHTZUrbHbre fIIApoAr{HaMI{lIecKHe Be-

Jrrrq[Hbr pa3rxrrHblM o6pa3oM 3aBI{cflT or MM !r pa3-

MepoB rlenlr (cpegHernagparnqnoro paccrorHr{r'

Me)<Ay KoHrIaMr.{ aeun (h2))

[ri = Qo(hz)3/M (1)

Do= ETlfo Q)

So=M(l -Wi/ff le, 
_ (3)

kr= Bl1Pyzn1Y @)

BbICOKOMOJIEKyflflPHbIE COEtrHF{EHl4fl. Cepur A rorrr 40 ]$ 12 1998



r-r4APotrh H AMVqE CKVTE VI

0. I  0.3 0.5
c x 102, r/cu3

Puc- 1. Kouqenrpaqr{onHbre 3aBr{cr{Mocrn KO3O-
Quqrenra ceAr{Menrarltrs Arr, o6pa:qoa KMXT
5 (a) ,  l0  (6)  n 12 (o) .

3gecrfi = Po"qo(h2>tt2, (Do tr Pe- nrgpogrHaMllqecKlle
napaMerpbr @:ropu, B - 6espaer'.repusdr nrApoAr{Ha-
r*rfi.recxuft napaMeTp, k - noctoqnnas ForsrlMaHa,

/s - xoeQQn+{eHT noq)marenbHoro rI}€HHr, I- reu-
neparypa, No:- vucno Anoragpo.

Hcxr rcq exu e fs nz n u p ax<en uri (2) u (3) rpr{Bog r{r
x $opuyne Cneg6epra Anr onpeAeJreHr{rr MM t16l

M n - tRTl(r - pdlS/Do = RlSl/[D],

rge [S] = So4/(1 - vPo), [D] = Dolo/zlr l? - rasoeaq
nocToflHHaq.

BbtCOKOMOIEKynqPHbIE COEtrI,IHEHI4fl Ceouq

MOJI E K YII' PH bI E XA PA KTEPVICI V[KI4

Ao x l0a, r/o,43

)n

205 I

(s)

(6)

I

L

B 0.5
ro
x
()
O

* 0.4
Iq

0.5

c x 102, r/qu3

Pnc.Z.3asncuMocrn Ap ot c glx KMXT n .{uqroft
sone (1), s 0.05 M (2) us 0.2 M 6yQepHoM pacrBo-
pmere (3).

. I4cxnoqeHr,re pa3MepoB H3 coorHollleHnft (1!{3)
npr4BoArrT K BbrpaxeHilIo AJrt rH[poAHHaMr,rqecKoro
HHBapHaHra fl6, l9l

Ao = Rlsllrlltt3M-26 = {RlDl2[s][n] ]'E

Hcxrlo.{eHue pa3Mepon u: Qopr'ryr (2)-(4) qaer
Bo3Mox(Hocrb paccqnTarb ceAI,IMeHraqnoHHuft na-
paMerp ps[20,21]

Fs = RtSlkjt3 y-2t3 = Nr{R[D]2[s]ks]rB

MorerynapHbre Maccbl I{ n{ApoAI.IHaMrIr{ecKr{e
r{HBapr,raHTbr Arq MoJIeKyJr KMXT rpeAcraBJIeHbI B
ra6t.2.

CpegHee 3HaqeHI,Ie rrlApogl,IHaMr{rrecKofo I.{HBa-

pr,raHra Ao = (3.65 + 0.08) x l0-r0 epr K-r r.rorsr6, a

cpeAHee 3Har{eHI,Ie CeAI{MeHTaIIIIOHIIOTTf, II apa M eTpa

Bs = (1.20 + 0.04) x l0T rrronrrR.SrueeruqrHur 6rurr.r

rcrronb3oBaHbr AJrfl pacqera MM o6pa:qos 3,4 n 1l
(ra6n-- 2) ro cJreAyuqr{M cooruorrr ennau [22, 23):

M sn = (R/Ao)341S1:a1q 1 ta

M^= (Nsl$gtn15fnptt2

Ha ocnose noryr{eHgblx MM 6tutu flocrpoeHbl
3aBr{cHMOCTr.r rHrla KyHa-MapKa-XayBlrHKa-caxypa-
gsl (puc.3) u paccwrraHbl coomercrByloqre KooSSLI-
rlr{eHTbr (ra6r. 3). B npegenzx cpeAHeKBaAparI{qHbIX

0"4

A 'rorr.r 40 Nb 12 1998 9*
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4.1 4.9 5.1 5.3
teM

Pnc. 3" 3asucflN{ocru KyHa-Mapxa-XaynnHxa-
Caxypagur qax KMXT s 0.2 M 6ySepuor'l pacrBo-
pr.rrene: I - Ss: 2 - [r'lJ; 3 - Oo.

norpe[r Hocreri uexgy cxelirnHrosbrMtr r{HAeKcaM H
B brnoJr HqroTcc cooTHo[IeHHq, XapaKTep H bre EJrs, rpr-
serissrx nonuMeproMoJrofoB fl 6, 24, 25]:

bt = b7lb6; bz= blbs; bt= btlbsi

ba = (2 - 3b)lbt: lbd = U3(l + br); lb6l + b, =1

Ta6.nuqa 3. flapar,aerprr cxerirnnrossrx coorHorueunri,
cBf3brBatou{fix rlupoAr.IHaMr.{r{ecKHe xapaKTepl{cTtrKt4 t
MM finq KMXT s 0.2 M 6yQepnor'r pacrdopu.rere npr.r 25"C

* Koe$$nqrleHrsr coorHoueuuft .rnna So = K:[n ]"t.
** KoeSQrqlresrsr .nnHeftxofi xoppearqnlr coo'rHourennfi runa

lg t t t l=  lgKs +  h5 lgM.

fIpr.r uHrepttperaqr.{H ft{ApoII14Har{utrecKux /laH-
sux Heo6xoAr. {N.{o or{eHHTb ponb o6r ,errusrx o3anN.ro-
qelicrelrr 'r H ux BtwsHt4e Ha pa3Mepbr l\.taKpoMone Kyn.
Kaxqr,rfi pa3 [pr,r Lr3yqeHuw rconrperHorl cucreMr,l
[olHMep-pacTBopHTenb 3Ta 3aAaqa pe[aeTcf c
yqeroM xr.rMHrrecKoro crpoeHHr lronrN{epHoil qenu n
nuerorqericr AorroJrHr{Telsuoft uHQoprr.raqun. Ocra-
Barcb B paMKax ToJrbKo fHApoAHHar{r{qecKHx AaH-
Hbrx, or{eH HTb flpe BaJr r4pyrou{ee BrrLrflHVe o6-reuH srx
eS$erron ln6o xourcypnpyrou,(r.{x c HHMI{ :QQer-
TOB BHyTpr{qe[HOfO npoTeKaHHfl MOX(HO B TOM CJry-
gae, ecJrr4 TaKue AaHHbIe oxBaTbrBatoT oqeHb tUHDo-
xnfr nHrepear MM (M^u*lM^in= 102-l0r). Torqa no
H3MeHeHr.to HaKnoHa 3aBr.rcr,rMocrefi runa KyHa-
Mapxa-Xaynuxxa-CaKypaA br, r.r rpexAe Bcero Har{-
6o.nee qyBcrBr,rrerssoft :asncr,rMocru [q] - M, uox-
HO CyAr{Tb O rrpeBaJrupoBaHur.t Toro HJrr.{ nHoro e$-

Sexra. B Haureu cryqae 9To HeBo3Mo)KHo, no-
cKoJIbKy Mbr pacfioJrafaeM ToJrbKO [qTnKpaTHbrM
r,rHTepBaJror,l MM. flpeo6nagaHHe rofo HJrtr KHoro
Tr{rra B3at4MoAeftcrenfi Mo)KHo Bbtf BHTb TaK)Ke C IIO-
Moulbro nocrpoenux 3aBr4cr4Mocru Ml[ri or Mt/2
[26, 27]. 3ra gasucr.rMocrb r.rMeer BHA, xapaKrep-
xsrrir glr cpaBHr{TeJIbHo KoporKLIx luuerinsrx qenefi
npu [peBaJrvpoBatuu eQQexron rporeKaHr,rr HaA
o6'reusslrr,rlr eQQexralan. f loerouy,qalsuefiuraa
rlHTepnperaqnrr f ipoBoAurcrr Ha ocHoBe reopuir,
onncbrBarou{Hx noBeAeune qeneft 6e: o6teuHux
sganN,rotreftc'rsHr?.

II ocnty nameJlbHoe mpe Hue

.[auur,re no fiocrynareJrbHoMy rpeHuro 6yqerr,t
paccMarpnBarb B paMKax reopnft Xnpcra-lllroKMa-
epa [28] n fvaxassr-@ygxnn [29], onucsrBarou{Hx
noBeAeHHe vepeeo6pa:Horo o)Kepenbrr I28l vru4
vepaeo6pa:Horo rlr{rrr4Hp.pa 129). fina qenefi, yAos-
rerBopqnqnx ycJroBrlrc LIA > 2.28, cnpaaeAJrr{Bo
aHaJrrrTHqecKoe Bbrpa)KeHI{e

[ s ]NAPo  :  M [D)P 'k - '  -  1M, , /  A ) " 'M" '  *

+ (PnM,/3n)Un(A/d) - e(0)1,

rAe q(0) = 1.431 [28] unn 1.056 [29].

Ha pnc. 4 npeqcraureHa 3aBr,rcnMocrb Ssor MtP.
Wz ee HaKnoHa Mo)Ker 6tns oqeneHa AnHHa cerMeH-
'ra Kyna A, xapanepu3yroqar paBHoBecHyro )Kecr-
Kocrb qenerl, a r.r3 orpe3Ka, orceKaeMofo Ha ocl,t op-
AHHar, rHApoAHHaMn.{ecxufi AuaMerp d. B petyntra-
Te [oryqaeM cneAyrou{fie or{eHKr,t: A =24O x l0{ cu:
d = 13.0 x l0-8 cu (<p(0) = 1.056) wnu d = 8.9 x l0-8 q,r
(q(0) = 1.431).  Oqeuxn roryqeHbr c HcnoJrb3oBa-
Hr.reM 3HaqeHHrr rr.{ApoAr,rHaMr,rqecrono napaudtpa
Olopu Po = 5. I  l .

lg (S,,  x l0rr)

lg  (Do x  107)

0.6

0.4

0.2

(7)

O6pa
:eq,.lt

Coo'r-
HOt l lCHHE

D i Lbi 4 * *
ri

I

2

J

^

6

7

So-Do

Do-[n]

so-[n]

krSo

lnl-M

Do-M

So-M

-0.63

-0.61

0.34

2.88

0.94

-0.60

0.39

0.09

0.06

0.05

0.33

0.08

0.03

0.03

2.08 x l0-r7

5 .61  x  l0 {

5 .18  x  l0 - ra

7.0

5.58 x l0-l

1 .87  x  lOa

4 . 1 0  x  l 0 - r 5

-0.9385

-0.9681

0.9150

0.9555

0.9672

-0.9908

0.9152
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(tttz/Irl)t/3

floc'rpoeHne 3aBr.{cHMocru Ml[\) or Mtz, cneAy-
rcu1eu u3 Teopuw Xnpcra [30], ue [o3Borqer nony-
qhrb orIeHKy paBHoBecHoft xecrxocrr H3 BHcKo3H-
Merpr{qecKnx AaHHbrx. 3ro csqsauo KaK c y3ocrbro
HHTepBaJra MM, rar H c reM o6croqrerlcrBoM, r{To
Harrru AaHHbre Jrexar s o6racrr,r nepeMeHbr HaKJroHa
(ucrplrnaeHnr) paccMarpr.rBaeuoli 3aBr.tcr{MocrH.
.{auuoe irocrpoeHHe, TaKr{M o6pa:ou, BecbMa qyBcr-
Br,rreJrbHo r oco6esuocrflM .fuApoAuHaMr.rqecKofo
nranuogerlcrBnc B rlerrf,x c orHocurelr,uorl glnnoli
LIA or 3 no l8 H orHocnreJrbHbrMu ronepeqHuKaMH
MoJreKyJrbr dlA or 0.03 go 0.06. flnr xoru.recrgeHHor?
r.rHTepnpeTarlHH Br.rcKo3r{MeTpr.rqecKr,rx AaHHbrx B
oroM cnyqae MoxHo npu6erHyrs K rocrpoeuuro Ey-
uuua [3 l], HeoAHoKparHo fipnMeH.flBrxeMycr npn HH-
TepnpeTal&r.I AaHHbrx Arq xecTKorlerrHbrx noJrr,rMe_
poB, B ToM q[ltcre grx B-1 =_* 4-rlroxauon [32,33].
flocrpoeHne 6 yuuxa flB rrfl.er cfl, aHaJr oroM nocrpoe-
HHr, coorBercrByuqero ypaBHeHr.rto (7) u HcnoJrb-
3yeMof o npr{ HHTep[peTarlr4r.r Br,rcKo3 r,rMeTpuqecKr.rx
AaHHbrx. 3ra aHalofuq ocHoBaHa Ha rxnpoKo Hc-
noJrb3yeMoM npeAnonoxennu o6 3KBr.rBaJIeHTHocrH
pa3MepoB r{errefi oAHHx H Tex xe MaKpoMoJreKyJr B
rBJreHr,rrx nofi"ynareJr bHoFo r{ Bp arrlaTen bHoro Tpe _
Huq. B aHiurrrrr{qecKoM BHAe 3To npeAnoJro)KeHr.re
Moxer 6srrr ganr.rcaHo KaK

lSlPde = Q,tz@JI\DtR (8)

Creqonarelbuo, Br,rcKo3r,rMerpnqeeKr,re AaHHbre
Mofyr 6srrl o6pa6oraHbl coruracHo coorHolreH[qM
(7) u (8) B KoopAr.rHarax (I'?l[q))tR - Mn. Coorser-
crByroqar 3aBr{cr{Mocrb [pegcraBJreua Ha puc. 4.I4z
HaKJroHa sroft gasucnMocrr.r onpeAeneHa AJrr,rHa cer-
MeHTa Kyua (An =240x lOa q"l), a r{3 oTpe3Ka, oTce-

300 500
Mtn

Pnc. 4. flocrpoerure, ucrroJrr,3yeMoe Arq orleHKr.r
paBnoBecHofi xecrxoc'ru qenit A u fnflpogr.rHaMr.r-
qecKoro Ar.raMeTpa d r{3 AaHHbrx IIo ceAr,rMeHTaIIUlr
(1) n no xapaKTepr{cruqecxoli naexocru (2).

KaeMoro Ha ocu opAlrHar" rr,rlpoAr{HaMuvecxr.li gua-

uerp (d = 8.6 x l0r o'.r).

B ra6n. 4 serlyaunbt A *t d, noryrrenHbre B Hacror-
u1efi pa6ore, co[ocraBJreHbr c coorBersrByroulr.rMn Be-
Jrr{qr{HaMr{ AJrff Apyrnx npor{3BoAHbrx p-l --* 4-mrc-.
KaHOB: r{enJrroJlo3br, xr{To3aHa H MeTHJIIIeJIJIIOJIO3bT

[34-38]. 3na.{eHns paBHoBecHoli xesrrocrr.r MaKpo-
MoneKyJr KMXT H xrrro3aHa, Haftgeunlre AJrfl pac-
TBopoB c 6olrrurn"ru HoHHbrMu cruIaMH, conocraBH-
r',r sr. f r,rgpoqr{HaMHqecKr.rrl Anauerp 6ol srue B cJrf{ ae

Ta6.nnqa 4. \nuna cerMeHTa Kyua A tl rr{ApoAlrnarra[qecrfift Ar{aMerp d uotrexytr HeKoropbrx P- I * 4-rrrcxauon s
BoAHbrx pacTBopax

, - i _Yt Aarsbrx no nocrynarenbnoMy x ** rparqarenbnoMy rpenr{ro.** * Xere3osnnno-HarpneBr,rft xoun nerc.

llolr.lcaxapng Pacrnopnrear Ctenesr
3aMeuleHHt

A; x 108d| xtos Al* x 108{* x 108
r.rTepaTypa

CM CM

KMXT

XuroraH

Mernlqeanrouoaa

I{ernrcao:a

0.2 M 6y$ep

0.33 r,aonr/n CH3COOH +
+ 0.3 r'aolu/rI NaCl

Hzo

xRH[1*** 6.1 1un

x = l . l , z = 0 . 2 2

0.9

1 .68

(0 .1)

240

240

1 8 0

t70

13.0

7.0

7.0

5.5

240

180

130

l l 0

9.0

4.0

5.0

2.5

Hacrorrqaa
pa6ora

135,361

[37, 38]

[34,36]
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A-bstract-{arboxy-me-thylchitin samples with the average degree of substirution r = I . I , the.average degree
of deacetylation z= 0.22, and the molecular mass in the range 46 < M x l0-3 <240 were studied by thJmetfoas
of molecular hydrodynamics including the sedimentation velocity, translational diffusion, and inirinsic viscos-
ity measurements in a buffer solution with an ionic strength of 0:2 M. The molecular mass dependences of the
h-ydr-odynamic characteristics were determined and the equilibrium rigidity parameters of the carboxymerhyl-
chitin chain were calculated from these data assuming the absence of voluine effects.
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