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Abstract—Carboxymethylchitin samples with the average degree of substitution x = 1.1, the average degree of
deacetylation z = 0.22, and the molecular mass in the range 40 < M x 10~ < 240 were studied by the methods
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 were determined, and the equilibrium rigidity parameters of the carboxymethyl-
chitin chain were calculated from these data, assuming the absence of volume effects.

INTRODUCTION

Chitin, or poly(B-1 — 4-N-acetyl-D-glucosamine),
belongs to the class of B-1 —= 4-glucans—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 [4-6].

Carboxymethylchitin (CMCT) is a chitin derivative
used as a low-toxicity biocompatible adsorbent, drug
carrier, and thickening and structurizing agent. Other
properties of considerable interest include the film-
forming and complex-forming properties of this com-
pound. CMCT 1is an ionic polymer having an
ampholytic structure. which 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 Foundation for
Basic Research, project no. 96-03-33847a.

EXPERIMENTAL
Sample Preparation

The carboxymethylchitin samples were obtained by
the alkylation of chitin isolated from crab and krill
shells. The synthesis was performed as described previ-
ously [9, 10]. Chitin was activated by holding in a
NaOH-water—isopropanol solution, followed by alky-
lation performed in the same mixture by adding
monochloroacetic acid (MCAA). The samples with dif-
ferent degrees of polymerization were obtained by vari-
ation of the chitin : MCAA molar ratio and by using
different initial chitin (Table 1). The CMCT samples
were purified and fractionated by ultrafiltration fol-
lowed by lyophile 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 DC1 + D,O (pH ~ 0.6). The concen-
tration of carboxymethyl and N-acetyl groups was cal-
culated from relative intensities of the IR absorption
bands at 1728 and 1640 cm™! assigned to C=O and
Amide I vibrations, respectively. The corresponding
molar absorption coefficients were taken equal to 27 X
10° and 43 x 10° 1/(mol cm?), respectively [12]. Identi-
cal estimates were obtained from results of the
3C NMR measurements, which also showed that 90%
of the carboxymethyl substituents occur in the C6 posi-
tion [13, 14]. Table 2 gives data on the degrees of sub-
stitution with respect to carboxymethyl groups (x) and
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Table 1. Conditions of synthesis and some properties of CMCT*

MCAA/chitin, mol/mol | T, °C ‘ Time, h | Chitin yield, % | Solubility, % | [n], cm/g X l1-z2
2.5 75 ; 2 1.4 99 145 1.17 0.80
1.5 70 1 1.5 1.1 90 179 0.63 0.52
2.5 75 1 2 1.3 95 390 0.10 0.85
1.5 80 . 2 1.2 90 304 0.70 0.70
2.5 75 | 2 1.3 88 500 1.15 0.80

* Activation stage: chitin/NaOH/H,O/isopropanol, 1 : 5.25 : 12: 32; T'= 23-25°C; duration, 3 h. Carboxymethylation stage: chitin/isopro-

panol, | : 40.

- Table 2. Composition and hydrodynamic and molecular characteristics of fractionated CMCT samples

An %k
Sam- . [n] ) kS’ DO* o MSD X 10 7
ple X Z IWO crn3/g k So, SV Cm3/g le/S AC; « 10_3 440 X 10 BS X 10
cm’/g
1 1.22 0.15 294 550 0.38 5.05 680 [.12 0.114 239 3.75 1.35
2 1.30 0.15 301 540 0.36 4.29 480 1.20 0.100 190 3.69 1.19
< 186
3 1.15 0.20 287 500 0.37 4.29 500 - - 192 - -
173
4 1.10 0.17 284 495 0.44 4.11 485 - - 73 - -
5 1.26 0.15 298 390 0.56 4.20 395 1.27 0.108 176 3.42 1.15
6 1.15 0.20 287 405 0.39 4.26 435 1.58 0.100 143 4.02 1.38
7 1.12 0.20 284 340 0.43 3.58 255 1.65 0.116 115 3.69 1.12
8 1.08 0.25 279 340 0.35 343 180 1.79 0.116 102 3.84 1.04
9 0.70 0.30 246 285 0.50 3.28 240 1.73 0.119 101 3.48 1.10
10 1.17 0.15 290 140 0.36 3.09 185 2.59 0.106 63 3.54 1.30
5 56
Il L.15 0.23 285 130 0.40 299 135 - - 53 - -
12 0.63 0.48 233 130 0.66 2.43 130 2,93 0.122 44 3.45 1.15

* Data in the numerator and denominator calculated 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
C¢H;0,(0H), _ (OCH,COONa) (NHCOCH,), _.(NHS,)..

The average values of the degrees of substitution
were x = 1.1 £ 0.1 and z = 0.22 £ 0.06, and the average
molecular mass of the repeat unit was M, = 281 + 6.

Solvent

The CMCT samples dissolved in water exhibiting
polyelectrolyte properties. Determination of the molec-
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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 (Na,HPO, - 12H,0 + KH,PO,), pH 7.0,
used for the investigation of protein molecules [15].
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 p, = 1.0060 g/cm® and the
dynamic viscosity 1= 0.91 cP.
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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
10~ g/em?®. The diffusion coefficient was calculated
from data on the time variation of the diffusion bound-
ary dispersion, and the refractive increments An/Ac
were determined from the area under the interference
curve. The diffusion process was studied at 26°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 S 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 (3-47) x 10~ g/cm’.
The extrapolation dependences of the type S-! =

S(;l (1 + ksc) (Fig. 1) were used to determine the Gralen
sedimentation coefficients kg; the average value of the

corresponding dimensionless parameter was kg/[n] =
0.97 +0.06.

The intrinsic viscosities were determined from the
dependences of 1,,/c on ¢ plotted in the coordinates of
equation N,/c = [n] + k'[n]%c. The solution efflux times
were measured on a Schott-Geraete semiautomated

viscometer (Germany). The average value of the Hug-
gins constant k' for the CMCT samples was 0.47 £0.07.

The buoyancy factor or the system density gradient
Ap/Ac=(1-vpy) =0.467 £0.005 was determined from
the concentration dependence of the solution density.
The density was measured at 25°C on a Kratky densito-
meter (A. Paar, Austria) [18]. The measurements per-
formed in pure water and 0.05 and 0.2 M buffer solu-
tions gave virtually coinciding estimates of Ap/Ac
(Fig. 2).

The values of the diffusion and sedimentation coef-
ficients were reduced to 25°C using conventional pro-
cedures [16]. The experimental data are summarized in
Table 2.

RESULTS AND DISCUSSION

The set of the hydrodynamic quantities [n], Dy, S,,
and kg can be considered as the primary matrix of
experimental data, which can be transformed into a
matrix of molecular masses and hydrodynamic invari-
ants and then into a matrix of hyvdrodynamic scaling
indices. These transformations are determined by the
fact that the experimental hydrodynamic values depend
in a different manner on the molecular mass and the
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Fig. 1. Concentration dependence of the sedimenta-
tion coefficient for CMCT samples (a) 5, (b) 10, and
(c) 12 (Table 2).

chain dimensions (mean-square distance between chain
ends (h?)):

[n] = @h2)/M, ' ()
D, = kT/f,, (2)

So = M(1 = vpo)/fyNa, (3)
ks = B(h2Y2IM, (4)

where f, = Pyn(h*)'7? is the translational friction coef-
ficient; @, and P, are the hydrodynamic Flory parame-
ters; B is a dimensionless hydrodynamic parameter; k is
the Boltzmann constant; 7 is the absolute temperature;
and N, is the Avogadro number. Upon excluding f,
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Fig. 2. The plot of Ap vs. ¢ for CMCT solutions in
(1) pure water, (2) 0.05 M buffer and (3) 0.2 M buffer.

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

Mgp = [RT/(1 - vpo)ISy/Dy = R[S]/[D],

where [S] = Sqno/(1 — vpy), [D] = DyM/T, 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 parameters for hydrodynamic characteris-
tics and molecular masses of CMCT in 0.2 M buffer solution
at 25°C

Sglr:- Reslﬁtii;n— bT Ab, [@: r;k*
I | Sg-Dy | -0.63 | 0.09 |2.08x107'7|-0.9385
2 | Dy-[n] | -0.61 | 0.06 |5.61x107°|-0.9681
3 | Sp-[n] 0.34 | 0.05 |5.18x 1074 09150
4 | kS, 2.88 | 0.33 7.0 0.9555
5 | n-M 094 | 0.08 |558x1073| 09672
6 | DM | -0.60 | 0.03 | 1.87x10™* | -0.9908
7 | So-M 039 | 0.03 | £10x 1075 0.9752

b
* Coefficient for relationships of the type Sy = K3[n] ’

** Linear correlation coefficients for relationships of the type
log[n] = logKs + bslogM.
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Fig. 3. Plots of the Kuhn-Mark-Houwink-Sakurada
type for CMCT in 0.2 M buffer: (1) So; (2) M]; (3) Dy.

namic invariant [16, 1]:
Ay = R[S][n]"*M7 = (R[DP[S][n]}*~.

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

1/3

Bs=R[S]ks

The molecular masses and hydrodynamic invariants
for the CMCT molecules are presented in Table 2.

The average values of the hydrodynamic invariant
Ap = (3.65 £ 0.08) x 1071° (erg mol'*)/K and the sedi-
mentation parameter B = (1.20 + 0.04) x 107 mol!?
were used for the calculation of molecular masses of

samples 3, 4, and 11 (Table 2) using the following rela-
tions [22, 23]:

My, = (RIA)P[ST[]"2, &)

M5 = N, {RIDP[Sks} .

Mis = (No/B)SPRks . (6)

Using the molecular masses determined as
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
rms errors, the scaling indices obeyed the relations char-
acteristic of the linear polymer-homologs [16, 24, 25]:

by =bslbs; by =be/bs; by =by/bs;

In interpreting the hydrodynamic data, it is neces-
sary to estimate the role of the volume interactions and
1998
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their effect on the dimensions of macromolecules stud-
ted. 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., =
10°~10%). Then, using a change in the slope of the
Kuhn-Mark-Houwink-Sakurada plots (in particular,
of the [n] versus M curves), we may judge on the pre-
vailing effect. This is not the case in our work, because
the CMCT samples available only extend over a five-
fold range of molecular masses. The dominating type
of interactions can be also revealed by plotting M/[n]
" versus M [26. 27]. For our samples, this plot has the
shape typical of the comparatively short linear chains
with the draining effects prevailing over the volume
effects. For this reason, the subsequent interpretation is
based on the theories describing the behavior of chains
with neglect of the volume interactions.

Translational Friction

Data on the translational friction are considered
within the framework of the Hearst-Stockmaeyer [28]
and Yamakawa-Fujii [29] theories describing the
behavior of macromolecules using the models of
wormlike necklace and wormlike cylinder, respec-
tively. If the chains satisfy the condition L/A > 2.28,
their properties obey the following relationship:

[SIN,Po=M[D]Pk™ = (M/A) " M"?
+(PoM/3m)[In(A/d) - 9(0)],

@)

where @(0) = 1.431 [28] or 1.056 [29].

Figure 4 shows the plot of S, versus M2, whose
slope determines the Kuhn segment length A character-
izing the equilibrium chain rigidity and whose ordinate
intersect determines the hydrodynamic diameter d. As
a result of this data treatment, we have obtained the
following estimates: A = 240 x 10 cm; d = 13.0 x
107* cm [@(0) = 1.056] or 8.9 X 107 cm [@(0) = 1.431].
These estimates were calculated for the hydrodynamic
Flory parameter P, = 5.11.

Rotational Friction

Plotting M/[n] versus M'? 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-
No. 12 1998
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Fig. 4. Plots used for evaluation of the equilibrium
chain rigidity parameter A and the hydrodynamic
diameter d from (/) the sedimentation data and
(2) intrinsic viscosity data.

tive lengths L/A = 3-18 and relative molecular diame-
ters d/A = 0.03-0.06. In this case. the viscometry data
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 B-1 — 4-glucans [32.33].
This construction is analogous to that used in interpret-
ing the viscometric data corresponding to equation (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 assumption is written
in the form

[S1PoN s = (MP@y/[n])'~.

Thus, we have processed the viscometric data
according to equations (7) and (8) in the (M%*/[n])'? ver-
sus M"Y coordinates. The corresponding plot is
depicted in Fig. 4. The slope of this plot was used to cal-
culate the Kuhn segment length (A, = 240 x 107 cm),
and the ordinate intersect yielded the hydrodynamic
diameter (d = 8.6 x 10-8 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-1-4-glucans, such as cellulose,
chitosan, and methyl cellulose [34-38]. As is seen, the
macromolecules of CMCT and chitosan have compara-
ble values of equilibrium rigidity in the solutions of
large ionic strength. A somewhat greater hydrodynamic
diameter of CMCT seems quite reasonable taking into
account a greater size of substituents in this compound.

(8)
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Table 4. Kuhn segment lengths A and hydrodynamic diameters d for the molecules of some B-1 — 4-glucans in aqueous
solutions
Degree A7 x 108 d} x 10°| A7* x 10° | 4 x 108
Polysaccharide Solvent of sibsGition Ref.
cm cm
CMCT 0.2 M buffer x=11,z=022] 240 13.0 240 9.0 This work
Chitosan 0.33 M CH2COOH + 0.9 240 7.0 180 4.0 [35, 36]
0.3 M NaCl
Methyl cellulose | H,O 1.68 180 7.0 130 5.0 [37, 38]
Cellulose 0.1 M ITSC*** 0.1) 170 5.5 110 2.5 [34, 36]

* Translational friction data; ** rotational friction data; *** iron tartrate sodium complex.

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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" O6pa3sibl KAPGOKCHMETHIXUTHHA CO CPEIHEH CTEMEHBIO 3aMELICHHS X = 1.1, cpenHe#t cTeneHsro fe3ane-
tunupoBanus z = 0.22 1 MM B unrtepBane 40 <M x 10” 3 < 240 n3yyeHbl METOAMHU MOJIEKYJIIPHOM MMAPO-
JMHAMHKM (CKOPOCTHasl CeIMMEHTALMS, TOCTYNIaTeIbHAs (Y3 H XapaKTEPHCTHIECKAS BSI3KOCThH) B
6ydepHoM pacTBopuTene ¢ HOHHO#M cunoit 0.2 M. Y craHoBeHbI U IPOAHATH3HPOBAHbI MOJIEKYISIPHO-Mac-
COBbIE 3aBHCHMOCTH IHJPOIHHAMHYECKUX XapakTepUcTHK. Ha ocHoBe aTHX 3aBHCHMOCTEI! B MPEAMNOJIOXe-
HHH OTCYTCTBHS OG'bEMHBIX 3(hEKTOB OMpeNe/eHbl BETHIHHbI PABHOBECHOM XECTKOCTH Lenei KapOok-

CHMCTHJIXUTHHA.

BBEIEHHWE

Xurun (monu-B-1 — 4-N-anetuwn-D-rirokosa-
MHH) OTHOCHTCS K Kjiaccy -1 —»= 4-r/IIOKaHOB — Ha-
ubonee pacnpoOCTPAHEHHbIX B IPHPOJE TOJUCAaXapH-
noB [1-3]. XuTuH 1 ero pacTBOpUMbIE IIPOH3BOAHBIE
SBJISIIOTCS APEIMETOM HHTEHCHBHBIX HCCIIENOBaHHM
B [OCJIE[IHHE JECATUIIETHS. ITO CBA3AHO C BaXHbIMU
NPUMEHEHHSIMH TPOM3BOAHBIX XUTHHA B ¢apMaleB-
THYECKOH, MHIIIEBOM H TEKCTHJILHOU IPOMBILIIEHHO-
ctH [4-6].

OnHuM H3 OpOU3BOAHBIX XHTHHA, HaXONSLIUM
NpUMEHEHHEe KaK HH3KOTOKCHYHBIA OGHOCOBMECTH-
MBIA aficOp6EeHT, HOCHTEIb JIEKADCTBEHHBIX Mperna-
PaToB, 3aryCTHTENb U CTPYKTYpOOOpa3oBaTeb, sB-
nsercs kap6okcuMmeTHAXHTHH (KMXT). Bonbioi
HHTEPEC BbI3BIBAET €r0 IUIEHKOOOPa3yollas i KOM-

[UICKCOOﬁpa3YEOIL[aﬂ cnocobHoctd. KMXT — HOHO-.

| PaGoTa BLIMONHEHA MPH YACTHUHOM tbm{aﬂcoaoﬁ NOAAEPXKKE
Poccuiickoro ¢oHga ¢pyHaaMeHTaNbHbIX HCCJAENOBaHHH (KOX
npoekTa 96-03-33847a).

reHHbIl nmosiuMep aM¢ONUTHOrO CTPOEHHS, H 3TO
[OXKHO OTPa)KaThCs HA €r0 PaBHOBECHBIX MOJIEKY-
NSIPHBIX XapaKTEePHCTHKAX. OnHako THAPOJHHAMH-
yecKUe U MONEKYNApHbIe XxapakTepucTHkH KMXT 8
pacTBOpax CHCTEMATHYECKH He UCCIIE[OBAHDI, H B JTH-
TepaType TaKHE laHHbIE IPAKTHYECKH OTCYTCTBYIOT
[7, 8].

B macrosieil paboTe METOaMU MOJIEKYISIPHOM
CHPOJMHAMHKH HcciienoBanbl 06pasusl KMXT pas-
JIMYHOM CTEINEHHU MOTUMEPH3aLIHH.

3KCIIEPUMEHTAJIbHAS YACTbD
O6bpa3ybt

O6pa3upl KMXT mnonyyanu aJkKuaupOBaHHEM
XUTHHA, BbIJEIEHHOTO U3 NaHUUPEeH KpabOB H KPHIISA.
CHHTE3 OCYLUECTBIISUIM 10 METORY, ONIUCAHHOMY pa-
Hee [9; 10]. XUTHH aKTHBHPOBAJIH, Bbmepx'msaﬂ B
pactsope NaOH-Bojia—130mnponaHos, 3aTeM B ITOH
CMECH TNpPOBOAM/IM aJKHIMpOBaHHE, JO0aBAf
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T’MOPOOUHAMHUYECKHUE U MOJIEKYJIIPHBIE XAPAKTEPUCTUKHA 2049
Ta6auua 1. YcnoBus nonyyeHus ¥ HEKOTOpbIE XapakTepucTukH KMXT*
MOIIb/r\I\;I(i(HZI)((;’ITI/[Ha T,°C Bpewms, 4 B:’(Z‘ﬁf}’{;/r Iifggfg p{;{l) T | lemr By -z
25 75 2 1.4 99 145 1.17 0.80
1.5 70 1.5 1.1 90 179 0.63 0.52
25 75 2 1.3 95 390 0.10 0.85
1.5 80 2 1.2 90 304 0.70 0.70
2.5 75 2 1.3 88 500 1.15 0.80

* Ha craguu akTHBAIMH MOTbHOE coOTHOLIeHHe XMTHH : NaOH : H,0 : usonponanon = 1:5.25:

:12:32, T =23-25°C, Bpems 3 u.

Ha crapnn KapOOKCHMETHIHPOBAaHHS MOJIBHOE COOTHOIIEHHE XUTHH : y3onponaHon = 1 : 40. |

MOHOXJIOpYKCYcHYrO KHcaoTy (MXYK). [Ins nony-
YeHus: 00pa3LOB Pa3jIMYyHOH CTENEHH NMOJTHMEPH3ALUH
BapbHPOBAJIH MOJIEHOE OTHOIIEHHE XHTHH : MX YK,
a TaKXKe MCIOJIb30BaJIM Pa3JIHYHbIA HCXOXHBIN XUTHH
(Tabs. 1). OuncTKy U dpaKkIHOHHPOBaHUE 0OPa3LOB
KMXT ocymectBiasiii ynbTpadunbTpaudei ¢ mo-
CIEAYIOIAM JII/IO(bI/IJIbeIM BbICYIIIHBAHUEM.

Crenenp 3amemenuss KMXT no kap6okcuMe-
THIBHBIM U N-aleTHIBHBIM TPYINaM ONpeaesIsiin,
uccnenys UK-ciekrpsl [11] Kucnbix pacTBOpPOB B
DCl + D,O (pH ~ 0.6). Konuenrpauuto kap6okcu-
METHJILHBIX U N-alleTHIBHBIX FPYIIT PACCYUTHIBAIN
U3 MHTErPAJILHBIX I0JI0C MOrJIOoIeHHus npu 1728 u
1640 cM~!, oTHOCAmMXCs K Kone6aHusm C=0 u
Awmunia I, npuHAMas MosbHbIE KO3(PPHUUEHTHI
a6copOuun paBHbIME 27 X 103 u 43 x 10° n/mMonb cm?
cootBeTcTBeHHO [12]. ccnenoBauus SIMP 3C npu-
BEJIM K HICHTHYHBIM OLIEHKAM CTEMeHH 3aMelleHHs,
a Takxe MnokasajuH, 9To 90% kap60KCHMETHIBHBIX
3aMecTUTeNed HaxouTcs B noyioxkenuu C6 [13, 14].
Tabsiuiia 2 copepXKuT JaHHbIE O CTEMEHSIX 3aMCILECHHUS
10 KApGOKCHMETHIBHBIM PYIIIIAM X H aMUHOTPYIIaM
Z H pacCYHTAHHBIX B COOTBETCTBHH ¢ HPOPMYIOi
C¢H,0,(0OH), _ (OCH,COONa) (NHCOCH,), _,(NH,),
Benu4MHax MM noBropsiomerocs 3seHa ppakuui
KMXT.

- Cpennne 3HaYCHHA CTENICHEH 3aMEILEHHS H CPETHSSL
MM nosTopsiowerocs 38eHa paBubl: x = 1.1 £ 0.1,
2=0.221£0.06 u M, =281 16.

Pacmeopumensw

B uncroit Boge o6pasuel KMXT nposisnsiror mo-
JIM3NIEKTPOJIUTHBIE cBoMcTBa. Ilpum HAccnemoBaHuu
TpaHcnopTHeIX cBocTB KMXT pns onpeneneHus
€ro MOJIEKYJISIPHBIX XapaKTEPHCTHK HEOOXOIUMO MO-
ABUTh MOJNHAJICKTPONUTHBIE 3ddekThl. [INs 3TOro
obpasub! KMXT uccnegoBainu B Tak Ha3biBaeMOM Oy-

9 BBICOKOMOJIEKYJIAPHLIE COEIUHEHUS  Cepust A

tepe IManes: 0.05 mome/m (Na,HPO, - 12H,0 +
+ KH,PO,), pH 7.0, ucnons3yeMoM INpH H3y4YeHHH
OETKOBBIX moutekya [15]. MonHas cuna 6blia yBenu-
yena go6asnenueM NaCl go 0.15 Monb/n, 1 Takum
06pa3oM H3MEepeHHsI MPOBOJMIIU B PACTBOPHTEJNIE C
nouuo# cunoit 0.2 Monb/1, koTophbli npu 25°C umen
IWIOTHOCTH Py = = 1.0060 r/cM> U IUHAMHYECKYIO BS3-
KOCTh My = 0.91 cI1.

METO]/IbI

HocrynaTeany}o umbcpymfo U3y4dalli KJaccu-
YECKHM METOIOM 00pa30BaHUs IPaHHILIbI MEX]Y pac-
TBOPOM ‘U pacTBOPHTENIEM. PaciiibiBaHHe rpaHHLbI
BO BpeMecHH (PUKCHPOBANU MONSIPU3ALUOHHBIM HH-
tepdepomerpoM [16]. CpenHsis KOHLEHTPALus pac-
TBOpa cocrasisuia 3 X 107 r/em®. KoapdpuuuenTs
rupPy3un D pacCUUTBIBAIH M3 3aBUCHMOCTH [HC-
nepcad U Py3UOHHOH rPaHULIBI OT BPEMEHH, a HH-
KpEeMEHTBI TOKa3aTeJIs pesioMierus An/Ac 1o mo-
a4, OrPaHHYEHHOH HHTEP(EPEHIHOHHON KPHBOH.
ITpouecc auddy3un Habnroganu npu 26°C.

CenuMeHTALMIO U3yYali Ha aHATUTHYECKOH YJIb-
tpauentpudyre “Beckman Model-E” npu vacrote
BpaimeHns poropa 47660 06/MHH B OZHOCEKTOPHOM
kroBeTe. KoadhpuuueHTsl cefiuMenTanun S paccyu-
THIBAJIH 110 CMELICHHIO YHHUMOJANIbHbIX HITHPEHOB-
CKHX KpHUBbIX BO BPEMEHH C HCIOJb30BaAHHEM
QUICKBASIC -NCMH anroputMma [17]. KoHueHTpa-
unom{me 3aBHCHMOCTH. H3y4allH AJIsl Bcex 06pa3LoB
B m{'repBane KOHueHTpauHH (347) x 10 r/CM3 %k
3KCTPAMOJISLUMOHHBIX 3aBHCHMOCTell Tuma S = -

=8 : (1 + kgc) (puc. 1) HaXONKUITH CENUMEHTALMOHHbIE
K03 PULUEHTD]I NpH OECKOHEYHOM pa3barJieHHH S
U KOHIEHTpauuOoHHbIe K03 duuueHTsl ['panena k.
Cpennee 3HaueHHe 0e3pa3sMEpHOro mnapameTpa
kg/[n]=0.97 £ 0.06.
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2050 [TABJIOB wu ap.
Ta6auua 2. Cocras, rHAPOAHHAMHYECKHE H MOJIEKYJISIPHbIE XapAKTEPHCTHKH (DPaKIIMOHHPOBAHHBIX 06pa3oB KMXT
O6pa-| z M (], K S0, 14 end/e|Dy, MY 2R oMY Msp x Ag % 1019B¢ x 1077
sen, Ne 0 oM Caepnbepra|" 0 Ac’ 103 | ° s
1 1.22 0.15 294 550 0.38 5.05 680 1.12 0.114 239 3.75 1.35
2 1.30 0.15 301 540 0.36 4.29 480 1.20 0.100 190 369 | 1.19
186
3 1.15 0.20 287 500 0.37 4.29 500 - - 192 = =
173
4 1,10 0.17 284 495 0.44 4.11 485 - = 178 — -
5 1.26 0.15 298 390 0.56 4.20 395 1.27 0.108 176 342 1.15
6 1.15 0.20 287 405 0.39 4.26 435 1.58 0.100 143 402 1.38
7 1.12 0.20 284 340 0.43 3.58 255 | 1.65 0.116 115 3.69 1.12
8 1.08 0.25‘ 279 340 0.35 343 180 1.79 0.116 102 3.84 1.04
9 | 0.70 0.30( 246 285 0.50 3.28 240 1.73 0.119 101 3.48 1.10
10 I 1.17 0.15 290 140 0.36 3.09 185 2.59 0.106 63 3.54 1.30
' 56
11 1.15 0.23 285 130 0.40 2.99 135 - - 33 - -
12 0.63 0.48 233 130 0.66 2.43 130 2.93 0.122 44 345 1.15

* 3HavenHe B YHCITATENE NONYYeHO Mo dopMyie (5), B 3HamenaTesne — no ¢opmyie (6).

XapakTepUCTHYECKHE BSI3KOCTH OMPENENSUIH U3
3aBHCHMOCTEH 1),,/C OT ¢, HOCTPOEHHBIX B KOOPHHA-
Tax ypaBHeHHMS T\, /c = [N] + k'[N]°c. Bpemena Teue-
HHSL PaCTBOPOB H3MEPSUIH Ha MONYaBTOMATHYECKOM
BUCKO3uMeTpe “Schott-Geraete” (Germany). Cpeninee
3HaYeHHe mapameTpa XarTHHca k' i o6pa3ioB
KMXT cocrapasino 0.47 +0.07.

PaKkTOp IUIaByYECTH WJIA HHKPEMEHT IUIOTHOCTH
cucreMbl Ap/Ac = (1 — vp,y) = 0.467 £ 0.005 maxogunu
M3 3aBHCHMOCTH IUIOTHOCTH OT KOHLEHTPAIMH pac-
TBOpa. IIOTHOCTh ONpefeNsiiy Ha JEHCHTOMETpE
Kpatku [18] (A. Paar, AuStria) npu 25°C. U3mepenus
B yncToi Boje B 0.05 M 1 0.2 M pacTBOpax npuBo-
BAT K MPAaKTHYECKH COBNAJAIOIIUM OLIEHKaM Ap/Ac
(puc. 2).

Koadppuuuentsl muddy3un 4 cemaMeHTALHU
npusoun K 25°C COracHo CTaHAapPTHBIM IIpolie-
nypam [16]. BKCHebmeHTaanble HNaHHbBIE TOpef-
cTaBJIeHbI B Tab. 2.

BBICOKOMOIEKYJISIPHBIE COEOUHEHHA

PE3YIILTATHI I UX OBCYXIEHUE

COBOKYNHOCTb THAPOAMHAMHUYECKHUX BEJIHYHH
[n], Dy, Sy ¥ kg MOKET pacCMaTPUBATHLCS KaK IIEPBHY-
Hasl MaTPHUIIA IKCIIEPUMEHTANIBHBIX JaHHbIX. OHa MO-
XKeT ObITh MpeoOpa3oBaHa B MATPHUIy MOJIEKYJSp-
HbIX Macc 4 THAPOJAMHAMHYECKHX HHBAPHAHTOB, a 3a-
TEM B MaTpHUIy THAPOIAHAMUAYECKUX CKEHIIHHTOBBIX
HHJIEKCOB. DTH NpeoOpa3oBaHust OOYCIOBIEHBI TEM,
YTO 3KCIEPHMEHTAIbHbIE THAPOJHHAMHYECKHE Be-
JIMYUHBI Pa3INYHbIM 06pa30M 3aBuCAT oT MM H pa3-
MEPOB LieNH (CPEAHEKBAAPATHYHOrO PAaCCTOSTHHS

mexny KoHuamu uemd (h2))

[] = Dok /M (M

Dy = kT/f ¥)

o= M(1— WDl L ®

kg = B(h232IM 4)
Cepus A ToM 40 N 12 1998



TMAPOOUHAMMWYECKHUE U MOJIEKYJISIPHBIE XAPAKTEPMCTHUKH

0.1 0.2 0.3
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~

S7!, en. Ceen6epra™

I A 1 1 |

0.1 03 05
¢ x 102, r/fem3

Puc. 1. KoHueHTpauuoHusie 3aBHCHMOCTH K03¢p-
¢uimenTa cefuMeHTanue s o6pasuos KMXT
5 (a), 10 (6) u 12 (B).

3pecs f = Pgno(h2) 2, @y u Py — ranponMHaMHYecKye
napaMmeTpel PiiopH, B — 6e3pa3MepHbIil THAPONUHA-
MHYeCKUH napaMeTp, k — nocrosinias bonbiMana,
fo — K0apduLmeHT noCTynaTe bHOro TpeHus, T — TeM-
neparypa, N, — 4aciio ABoragpo.

Hcknrouenue f u3 BoipaxkeHuii (2) u (3) IPUBOJIUT
K ¢popmyne Ceenbepra s onpenenenus MM [16]

Mg = [RT/(I - vpe)1Sy/Dy = R[S]/[D],

rae [S] = Sno/(1 - vpy), [D] =

MOCTOAHHAA.

Dmo/T u R — razosast

BBICOKOMOJIEKYJISIPHBIE COEMUHEHUSA

Cepust A

2051
Ap x 10%, r/em?
o/
20 ~ DZ
a3
15
10
5
1
0.5

¢ x 102, r/em®

Puc. 2. 3aBucuMoctu Ap oT ¢ g KMXT B uuctoit
sojie (1), 8 0.05 M (2) u B 0.2 M 6ycdepHOM pacTBo-
purene (3).

HckiroueHne pasMepoB M3 cooTHoLIeHH#H (1)—(3)
HpHBOIII/IT K BBIPAXXEHHIO [JIs1 THAPOLHHAMHUYECKOTO
uHBapuaHTa [16, 19]

Ao = R[S][M]'”M~2P = {R[DI(S][n]}'?

Hcknrodenue pa3mepoB u3 ¢opmyn (2)—(4) maet
BO3MOKHOCTh PacCYUTaTh CEJUMEHTALUOHHBIA Ma-

pametp By [20, 21]

Bs = R[S1ks”’ M2? = N,(R[D]Y[Slks}

MornekyssipHble MacChl H THAPOJHHAMHYECKHe
uHBapHaHThI 151 Montekyll KMXT npejcrasieHs! B
TabiI. 2.

CpenHee 3HaueHHE THIPOJMHAMUYECKOrO HHBA-
puanTa A, = (3.65 + 0.08) x 1071% spr K! mons!?, a
CpefiHee 3HAYCHHE CEAMMEHTALMOHHOIO MapaMeTpa
Bs = (1.20 £ 0.04) x 107 Mon'3. DT BeTHUHHBI GbLTH
HCIIONIB30BaHbI I pacyeta MM 06pa3uos 3,4 u 11
(TabJ1. 2) mo CIEefyIOLHM COOTHOIIEHUsM [22, 23]:

My = (R/AQ)P[S12[m]'? ®)

i = (NA/B) 2SIk (6)

Ha ocHoBe nony4yeHHbIX MM ObLIN NOCTPOEHBI
3apucuMoctd Thna KyHa-Mapka—XayBunka—Cakypa-
11 (pHC. 3) M pacCIUTaHbl COOTBETCTBYOIIHE KO3 du-
uueHToI (Tabsn. 3). B npepenax cpefHeKBaipaTHYHBIX
1998 9*
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2052
lg (S, x 10')
lg [n] lg (D, x 107)
—40.6
2.7 +
H0.4
25+
0.2
23+
—H0

Puc. 3. 3aeucumoctn Kyna-Mapka-XayBunka—
Cakypann! ans KMXT B 0.2 M GycdepHoM pacTso-
putene: [ ~Sg; 2 - [n]; 3 - Dy,

NOTPELIHOCTER MEXY CKEHJIMHMOBLIMHM MHAECKCAMH
BBIMOJIHSIOTCS COOTHOLLEHMS], XapaKTePHbIe 15 JIH-
HEMHBIX MOJTUMEProMoJioros [16, 24, 25]:

b| = b']/bﬁ, b2 = b6/b5, b3 = b7/b5,

by=(2=3by)lby |bgl = 1/3(1 +bs); |be| + b, =1

Ta6muua 3. [lapaMeTpbl CKEMJIMHLOBBLIX COOTHOLIEHHIA,
CBSI3bIBAIOLUMX HAPOJMHAMHYECKHE XapaKTCPUCTHKH H
MM ans KMXT 8 0.2 M 6ycepHoM pactiopurene npu 25°C

e Njwomene| b1 | 8b | K|
I | S¢-Dy | -0.63 | 0.09 |2.08x10"'7| -0.9385
2 | Dg-{n] | -0.61 | 0.06 | 5.61x10° | -0.9681
3 | Se-[m] 034 | 0.05 |5.18x 107" 0.9150
4 | kS, 2.88 | 0.33 7.0 0.9555
5 | Mml-M | 094 008 |558x107 | 0.9672
6 | Dy-M | -0.60| 0.03 | 1.87x10* |-0.9908
7 | Se-M 039 | 0.03 | 4.10x 1075 0.9752

b
* KoappuuuenTst cooTHowennit tuna Sy = K3[1 ] '

** KoappuuueHTsl THHERHON KOPPENALUH COOTHOLIEHHIT THIA
lgn] =1gKs + bslgM.

BbICOKOMOJIEKYTSIPHBIE COEJTMHEHW

[TABJIOB u jp.

[Ipy uHTEpNpETAUMH THUAPOMHAMUUCCKUX JlaH-
HbIX HEOOXOAMMO OLUEHUTL POJIb OO0 BLEMHbBIX B3aHMO-
NEACTBUI U UX BJHUSAHHUE HA PA3MEPbI MAKPOMOJIEK YT,
Kaxaeli pas npu u3yuyeHHUH KOHKPCTHOH CHCTEMBbI
MOJUMEP—PACTBOPHTENIL 3Ta 3ajaya peliaeTcs c
YyYETOM XHMHUECKOrO CTPOEHHS OJUMEPHOM ey 1
UMeEIoLIENCca NOMONHUTENBHOR HHpopMmanuu. Ocra-
BasCb B paMKax TOJIbLKO THAPONMHAMHUYECKUX [aH-
HBIX, OLIEHUTH NPEBATUPYIOLIEE BIAUSIHHE OO BEMHBIX
a(ppekTOB MO0 KOHKYPHUPYIOLIMX ¢ HUMU 3ddek-
TOB BHYTPHLEIHOTO MPOTEKAHUS MOXHO B TOM CJIy-
yae, eC/IM TaKUe JlaHHbIE OXBAThIBAIOT OUYEHb LIKPO-
KMl uHTEepBan MM (M, /M,... = 10-10%). Torna no
M3MEHEHUIO HaKJIOHa 3aBUcuMocTell Tuma Kymna—
Mapka—-Xaysunka—Cakypajbl, U Ipex/e BCEro Hau-

" Gosiee 4yBCTBUTENLHOM 3aBUCUMOCTH [N] — M, MOX-

HO Cy[UTh O MPEBATHPOBAHUU TOTO UIU UHOTO 3h-
(pexkTa. B HauieMm cilydae 3TO HEBO3MOXHO, MO-
CKOJIbKY MbI PacloJlara€M TOJIbKO MSATHKPATHLIM
uHTepBaioM MM. [IpeobnagaHue TOro UM HHOrO
THIIA B3aUMOJICUCTBUI MOXKHO BBISIBUTh TAKKE C IMO-
MOIIBIO NOCTPOEHUs! 3aBUcUMOCTH M/[n] oT M'~
[26, 27]. DTa 3aBUCMMOCTb MMEET BHJ, XapakTep-
HBIU JJIs1 CDABHUTENBHO KOPOTKUX JIHHERHBIX LeNeil
OpH NpeBaJUpOBaHUU 3(PEKTOB NMPOTEKAHUS HaJ
06 beMHbIMH 3 dekTaMu. [ToaToMy panbHelimas
MHTEPIPETALMUA MPOBOJUTCS HAa OCHOBE TEOpPHH,
OMUCBLIBAKOIIUX MOBEcHUE Lerned 6e3 06 bEMHBIX
B3aUMOJIEUCTBUH. :

HocmynameﬂbHoe mpeHue

HaHHble 10 MOCTYNaTenbHOMY TPEHHIO OyaeM
paccMaTpuBaTh B paMKax Teopuil Xupcra-IllTokma-
epa [28] u SIMakaBbI-Pymxuu [29], onuchIBarOMWIHKX
[OBEJIEHHE 4EPBEOOpPA3HOro oxepesbs [28] wuiu
yepBeoOpa3Horo uunuuapa (29]. [Ins uenei, ygos-
JIETBOPAIOIMUX YCIOBUIO L/A > 2.28, cripaBeyinBo
AHATUTHYECKOE BblpakeHHe

/2

[SIN\Po=M[D]Pk™ = (M, /A)"*M'
+(PM, /31)[In(A/d) - ¢ (0)],

(7

rae ©(0) = 1.431 [28] nnu 1.056 [29].

Ha puc. 4 npencrasieHa 3aBucumocts S, ot M'72,
M3 ee HakIOHA MOXET OBITH OLIEHEHA [IJIMHA CErMEH-
Ta KyHa A, xapakTepusyrolas paBHOBECHYIO XECT-
KOCTb LENEH, a U3 OTPE3Ka, 0OTCEKAeMOro Ha OCH Op-
OHHAT, THIPOAMHAMMYECKUI THaMeTp d. B pe3ynbra-
Te MoJy4yaeM clenyrouue oueHku: A = 240 x 1078 cm;
d=13.0x 10" cm (©(0) = 1.056) unu d = 8.9 x 108 cm
(0(0) = 1.431). OueHKH MONYUYEHbI C HCIOJIL3OBA-
HHEM 3HAYEHHUs THAPOJMHAMUYECKOrOo MapameéTpa
$nopu Py=5.11. '
Ne 12 1998
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'MOAPOOUMHAMUYECKHUE U MOJNEKYJIIPHBIE XAPAKTEPUCTHUKH

Bpawamensvroe mpenue

[Tocrpoenne 3aBucumoctu M/[n] ot M'72, cneny-
toweit u3 reopun Xupcra [30], He mo3BossieT nony-
YHUTb OUEHKY PaBHOBECHOH >KECTKOCTH U3 BHCKO3H-
METPHYECKHX JaHHBIX. DTO CBA3aHO KaK C y30CThIO
uHTEpBana MM, Tak u ¢ TeM 06CTOATENLCTBOM, YTO
HallUY IaHHbBIC JIeXKaT B 00JIaCTH NepeMeHbl HaKJIOHa
(MCKpHMBIIEHHsI) paccCMaTpUBAaeMON  3aBUCUMOCTH.
HanHoe nocTpoenue, TakuM 06pa3oM, BECbMa YyBCT-
BUTEJIbLHO K OCOOEHHOCTSIM THAPOAMHAMHYECKOIrO
B3aUMOMEHCTBHA B LEMSIX C OTHOCHTEJIBbHON MJIMHOH
L/A o1 3 110 18 ¥ OTHOCHTENBHBIMH MONEPEYHUKAMH
moJiekyabl d/A ot 0.03 go 0.06. Insa KonuyecTBeHHOH
HUHTEpPNpEeTallid BHCKO3UMETPHYECKHX MAaHHBIX B
3TOM CllyYyae MOKHO NPHOETHYTH K NOCTpOeHHUo By-
muHa [31], HEOTHOKPATHO NPUMEHSIBLLIEMYCS TIPH HUH-
TEpHpEeTalUH NaHHBIX IJIS KECTKOLEIHBIX IOIHUME-
poB, B ToM uncne pist B-1 — 4-rmrokanos [32, 33].
ITocTpoenue ByiuHa sBNsieTCS aHAIOrOM NMOCTPOE-
HHSL, COOTBETCTBYIOLIErO YpaBHEHHIO (7) M MCIOJb-
3yEMOr'0 NPH HHTEPHPETALMH BUCKO3UMETPHYECKHX
MaHHbIX. JTa aHAJOTHs OCHOBAaHAa Ha IIMPOKO HC-
[OJIb3YEMOM MPENIIONOKEHUU 06 3KBHBAJIEHTHOCTH
pa3MepoB Lenei OHUX U TeX XK€ MaKPOMOJIEKYJ B
SIBJIEHHSIX [IOCTYNATEIBHOIO M BPAIlATENBHOTO TpE-
HUSL. B aHalMTHYECKOM BHE 3TO NPEANOIOXEHHE
MOXKET OBbITh 3aIUCAaHO KAK

[S1PoN, = (M*®y/[M])'? ®)

CnemoBaTebHO, BHCKO3MMETPUYECKHME JaHHbIE
MOryT ObITH 06pabOTaHbI COTIACHO COOTHOIIEHUSIM
(7) u (8) B xoopuuHaTax (M?/[n])'A — M'2. CootseT-
CTBYIOLIasi 3aBUCHMOCTh NPEACTaBNIeHa Ha puC. 4. U3
HAKJIOHA 3TOX 3aBHCHMOCTH OIpeJe/ieHa IJIMHA Cer-
menTa Kyna (A, = 240 x 1078 cm), a w3 oTpeska, orce-
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So. ea. Ceenbepra (M)~
- 500
- 300
100
| i |
100 300 500
Ml/2

Puc. 4. IToctpoeHue, ucrnons3dyeMoe sl OLEHKH
PaBHOBECHOM XECTKOCTH LeNd A U rHAPOIMHAMH-
YeCKOro JuaMeTpa d U3 JAHHBIX MO CEAMMEHTAIMH
(/) 1 o XxapakTEpUCTHYECKOH BA3KOCTH (2).

KaeMOr'o Ha OCH ODJIMHAT, THIPOAMHAMHYECKHI [IUa-
meTp (d = 8.6 X 1073 cm).

B Ta6n. 4 BenuunHbI A U d, nonyyeHHbIE B HACTOS-

e pa60Te, COIOCTaBJIEHBI C COOTBETCTBYIOUIUMH BE-

JIMYHHAMH [T APYTHX IPOU3BORHBIX B-1 —= 4-rmio-
KAaHOB: LEJITIONIO3b], XATO3aHa U METUIIIEITIONO03b]
[34-38]. 3Ha4eHUs paBHOBECHOM XECTKOCTH MaKpO-
moniekyn KMXT u xuTo3aHa, HalieHHbIe [UIsi pac-
TBOPOB C OOJIBIIMMU HOHHBIMH CHJIAMH, COIOCTABH-
Mbl. 'nipogMHaMHU4ecKuil fMaMeTp 6OJblIe B Ciyyae

Ta6nuua 4. [Inuna cermenta KyHa A v ruppognHaMudecKuil puaMeTp d MOJIEKY HEKOTOPBIX B-1 —= 4-r110KaHOB B

BOJIHBIX pacTBOpax

A7 x 108 d} x 108 A7 x 10%| %% x 108
IMonucaxapun PactBopurenn Crenenb ! " " JTurepaTypa
oP 3aMelleHus
cM cM
KMXT 0.2 M 6ydep x=1.1,z=0.22]|. 240 13.0 240 9.0 Hacrosimas
pabora
XuTo3aH 0.33 mons/n CH;COOH + 0.9 240 7.0 180 4.0 [35, 36]
+ 0.3 Monb/n NaCl . '

MeTunuemnionosa [ H,O 1.68 180 7.0 130 5.0 [37, 38]
Ilenmonozé XBHK*** (0.1 M 0.1 170 5.5 110 2.5 [34, 36]

* M3 aHHBIX MO NOCTYNATENBHOMY H ** BpalljaTEIbHOMY TPEHHIO.
*** 2Kene30BHHHO-HATPHEBLIH KOMILIEKC.
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KMXT, uto npepcraBiaseTcss pa3yMHbIM, YYHTbIBast
donbuit pasmep 3amectuteneit 8 KMXT. 3t1o mMo-
XKET OBITb TaKXe MPOSIBJIEHUEM BHYTPHULIEMTHBIX 3JIEK-
TPOCTATHYECKUX B3aUMONEHUCTBUHN 3apsAJOB pas3HbIX
3HAaKOB, npucyTtcTByromux B uenax KMXT. XKectko-
CTH NPOU3BOAHBIX XUTHUHA OOJIbLIE, YEM XKECTKOCTh
yened BOAOPACTBOPUMOHM METHIILETIONO3bL. DTO
MOXKET OBbITh CBI3aHO C HEIIOJIHOCTHIO MOJaBJICHHbI-
MH 3JIEKTPOCTATHYECKUMH B3aUMOIEHCTBUSMHU B Lie-
Ms1X MPOU3BOJHBIX XUTHHA.
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Hydrodynamic and Molecular Characteristics of Carboxymethylchitin in Solution
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Abstract—Carboxymethylchitin samples with the average degree of substitution x = 1.1, the average degree
of deacetylation z = 0.22, and the molecular mass in the range 40 < M x 1073 < 240 were studied by the methods
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 were determined and the equilibrium rigidity parameters of the carboxymethyl-
chitin chain were calculated from these data assuming the absence of volume effects.
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