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Abstract—New systems suitable for determination of molecular characteristics of cellulose, mixtures of ionic
liquids based on 1-n-alkyl-3-methylimidazolium with pyridine, were found. In ionic liquid—pyridine mixtures,
cellulose is dispersed on the molecular level. The cellulose—ionic liquid—pyridine systems with 1-ethyl-3-
methylimidazolium acetate and 1-ethyl-3-methylimidazolium diethyl phosphate are stable in time. The dynamic
viscosity and refractive index of the mixtures can be controlled by varying the ionic liquid to pyridine ratio.
The viscometric and dynamooptical properties of cellulose in these mixtures were compared with those in

Cadoxen.
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Researchers working in various fields of chemistry
and materials science display steadily growing interest
in cation—anion compounds with relatively low melting
points conventionally termed ionic liquids (ILs) [1-4].
This is primarily due to possible applications of ILs as so-
called “green” solvents combining high solvency with low
vapor pressure and infinite miscibility with water. These
properties allow ILs to be considered as environmentally
safer liquid media for industrial use, compared to common
organic solvents.

Ionic liquids used in place of volatile, dangerously
explosive, environmentally harmful, and carcinogenic
solvents can be a versatile medium for performing
chemical, biochemical, and electrochemical reactions [3,
4]. They can also be used as catalysts [S] and as stationary
phases in chromatography [6]. Wide application prospects
stimulate synthesis of new ILs [1, 2]. Today the number
of published procedures for IL synthesis apparently
exceeds the number of papers concerning determination
of the main chemical and physical characteristics of ILs
(such as melting and decomposition points, miscibility
with other solvents, density) and of their stability and
solvency, which certainly hinders introduction of ILs
into practice.
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Recently low-melting (room-temperature, RTILs)
ionic liquids with the melting point close to or below 20°C
have been of particular interest [ 7]. One of the causes of
increased interest in RTILs is their capability to dissolve
native cellulose. The capability of high-melting ILs (at
temperatures of about 180°C) to dissolve cellulose was
demonstrated as early as the middle 1930s [8], and up to
the beginning of the XXI century ILs were considered
only as exotic, having no practical significance, solvents
of polyglucans. However, with the development of RTILs
and of processes for their regeneration [9, 10], these
compounds came to be considered as promising cellulose
solvents for industrial use.

It is well known that cellulose is difficultly soluble
to the molecular level because of the high degree
of crystallinity, caused by inter- and intramolecular
hydrogen bonds [11]. Complex organometallic systems
dissolving cellulose without degradation such as copper—
ammonia and cadmium—ethylenediamine (Cadoxen)
complexes or systems containing aggressive salts such
as dimethylacetamide—LiCl and dimethyl sulfoxide—
tetrabutylammonium fluoride cannot be used on the
commercial scale because of high toxicity and lack of
feasible regeneration procedures [11]. This fact strongly
restricts the use of cellulose as renewable natural polymer.
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Table 1. Melting point of ILs based on 1-n-alkyl-3-methylimid-
azolium; density p,, viscosity 1, and refractive index n, of the
initial ILs, their mixtures with pyridine with various weight
ratios of components, Cadoxen, and pyridine at 21°C

Ionic liquid Ty, °C sg’fg; Mo, ¢P| 1o
[EMIM]OACc 17 1.05 | 180 |1.4932
[EMIM]Et,PO, 19-20*| 1.16 | 460 |1.4743
[BMIM]CI 70 - - -
[EMIM]O Ac/ pyridine:

1:1 - 1.03 | 4.9 |1.4975
2:1 - - 6.4 -
[EMIM]Et,PO,/ pyridine:

1:1 - 1.10 | 8.6 |1.4749
1.5:1 - - 10.0 -
[BMIM]C1/ pyridine:

1.4:1 - 1.06 | 5.0 |1.5093
2:1 - - 6.5

Cadoxen - 1.06 | 4.40 [1.3969
Pyridine — | 0.982 |0.974 |1.5095

2 The melting points of the ILs are taken from Sigma—Aldrich data,
and the other characteristics of the solvents have been determined
in this study.

As compared to organometallic complexes, ILs are
considerably safer for the environment. Therefore, they
deserved the reputation of “green” solvents [12].

A series of recent studies convincingly demonstrated
the high solvency of ILs toward cellulose of various
origins and molecular weights [9, 10, 13, 14]. Recent
success in the development of processes for large-scale
synthesis of ILs by microwave methods [15] and for
complete regeneration of ILs by distillation [ 16] open real
prospects for the development of new environmentally
safe and cheap technologies for processing of cellulose
raw materials using ILs. Therefore, it becomes topical
to study the behavior of cellulose macromolecules in
these new solvents. However, aggressive properties and
relatively high dynamic viscosity n, of ILs (Table 1)
strongly restrict the use of many traditional methods for
studying macromolecules in ILs.

The goal of this study was to find systems free of
these drawbacks and suitable for controlling the state
and studying the properties of cellulose dissolved in ILs.
We took advantage of such an important property of ILs
as miscibility with organic solvents and experimentally
chose organic additives that would not significantly impair
the thermodynamic conditions and cause precipitation of
the polysaccharide.

EXPERIMENTAL

Preliminary tests showed that, on adding pyridine
to solutions of cellulose in ILs based on 1-n-alkyl-3-
methylimidazolium as cation and various anions, the
solutions remain stable and suitable for studying the
molecular properties of the polysaccharide. Furthermore,
by varying the composition of mixtures, it was possible
to control the viscosity and optical properties of the
medium containing dissolved cellulose. To determine
the molecular characteristics of cellulose by methods of
viscometry and dynamooptical Maxwell effect in mixed
solvents, we chose as ILs 1-butyl-3-methylimidazolium
chloride ([BMIM]CI), 1-ethyl-3-methylimidazolium
acetate ((EMIM]OACc), and 1-ethyl-3-methylimidazolium
diethyl phosphate ((EMIM]Et,PO,), dissolving cellulose
at 80-100°C [9, 13, 14]:

N

N @ N~ NN
\ / CI”
[BMIM]CI
\N/@N/\ o)
A
[EMIM]OAc
\_/ 0 N0~
A
[EMIM]Et,PO,

We took a sample of microcrystalline cellulose
(Avicel RN-101 no. 11363, Sigma—Aldrich, Germany).
[EMIM]OACc and [EMIM]Et,PO, were purchased from
Sigma—Aldrich (nos. 51053 and 671541, respectively).
The compound [BMIM]CI] was synthesized at the
Technological University of Eindhoven (the Netherlands)
by the procedure described in [15]. Pyridine (Merck) was
used without additional purification. The characteristics
of the solvents used, determined at 21°C, are given in
Table 1.

Solutions of cellulose in IL—pyridine mixtures were
prepared by the following procedure: Powdered cellulose
was added to a heated ILs with continuous stirring.
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Fig. 1. Two measurements of the temperature dependence of the
dynamic viscosity 1, of 2 x 10-2 g cm3 cellulose solutions in
(1, I [EMIM]Et,PO,—pyridine (1 : 1) and (2, 2') [EMIM]OAc—
pyridine (1 : 1) mixtures, made at an interval of 3 months.

After the crystals disappeared (visual monitoring) and
transparent solution was obtained, it was cooled to room
temperature, and pyridine was added dropwise at room
temperature. Cellulose dissolved in the heated IL within
5-7 min, and the whole process for preparing a solution
of cellulose in an IL—pyridine mixture took 20-25 min.
The intrinsic viscosity and birefringence of solutions
of cellulose in the mixed solvents were measured
immediately after preparation (within 1-2 h).

For comparison, we performed measurements for
solutions of cellulose in Cadoxen of the following
composition, %: Cd 4.65 and ethylenediamine 25.8. The
physical characteristics of the Cadoxen used are given in
Table 1 together with those of the other solvents.

The molecular weight M = 40 x 103 of the initial
cellulose sample was determined from its intrinsic
viscosity in Cadoxen and the Mark—Kuhn—-Houwink
relationship known for the cellulose-Cadoxen system:
[n] =4.5 x 10-4MO0.74 [17].

The densities of mixtures p, were determined in
a 5 cm3 pycnometer. The dynamic viscosity 1, of ILs
and 2 wt % solutions of cellulose in ILs and IL—pyridine
mixtures was determined with an AMVn Anton Paar
microviscometer (the Netherlands) in which the viscosity
is determined from the time of sphere travel under the
action of gravity in a capillary filled with a liquid. To
evaluate the stability of cellulose in the new solvents, the
temperature dependences of the dynamic viscosity were
recorded during a period of 3 months.

The refractive indices n, of liquids were determined
with an Abbe refractometer.

The intrinsic viscosity [n] of solutions of cellulose in
IL—pyridine mixtures and Cadoxen was measured with
an Ostwald capillary viscometer calibrated using water,
benzene, and toluene. The viscometer constant at 25°C
was 0.140 £ 0.0008 cP cm? g-1 s-I. When measuring [n],
solutions prepared by the above-described procedure were
diluted with a separately prepared IL—pyridine mixture
with the same component ratio. The intrinsic viscosity
of the polymer [n] was determined by extrapolation to
infinite dilution, i.e., at c — 0, of the quantity (n —1y)/Mmec =
(1 —1/1y)/c, where n and 1), are viscosities of the solution
of concentration ¢ and of the solvent, respectively; t and
1, are the flow times of the solution and solvent through
the viscometer capillary.

The flow birefringence (FBR, Maxwell effect) was
measured on a compensation-type installation with
photoelectric recording and modulation of polarized
light [18]. As light source we used a laser unit with the
wavelength L= 6500 A, and as elliptic compensator, a thin
mica film with the intrinsic birefringence AA/A=0.04. To
create a dynamic flow with a constant velocity gradient,
we used a titanium dynamooptimeter with an internal
rotor, having a height of 3.38 c¢cm in the direction of the
light beam. The clearance between the stator and rotor
was 0.02 cm. The rotor rotation rate was measured with
a frequency meter with an accuracy of 0.005 s-1.

The birefringence in cellulose solutions was character-
ized by the quantity [n] =lim__,,An/gn,c,, where An is the
difference between the refractive indices of the ordinary
and extraordinary beams and g is the rate gradient,
and also by the reduced FBR [n]/[n] and optical shift
coefficients An/At = An/g(n — ng) = An/gny(t/ty — 1),
related by [n]/[n] = lim_,,An/g(n —n,) [18].

The choice of pyridine as an additive for decreasing the
viscosity of cellulose solutions in IL was governed by the
structural similarity of IL cations and pyridine ring. The
stability of IL—cellulose—pyridine mixtures was confirmed
by measurements of their dynamic viscosity in time
(Fig. 1). The dynamic viscosity usually rapidly decreases
if cellulose starts to degrade in IL solution; in the process,
the solution becomes colored. Such phenomena were not
observed in solutions of cellulose in pure ILs chosen for
this study. The measurements in cellulose—IL—pyridine
solutions at a polymer concentration of 2 wt % and IL to
pyridine weight ratiosof 1 : 1, 1:2,and 1 : 3 showed that,
after storage of the mixtures for 3 months, the dynamic
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viscosity remained unchanged within the measurement
error. Thus, the cellulose-[EMIM]OAc—pyridine and
cellulose—[EMIM]Et,PO,—pyridine systems are highly
stable in time. The cellulose-[BMIM]Cl-pyridine system
appeared to be less stable, and at an IL to pyridine ratio
of 1 : 2 cellulose started to precipitate within 1 month.
However, at an IL to pyridine ratio of 2 : 1, this system
also remained stable for 3 months.

The characteristics of the solvents used in this study
(Table 1) show that addition of pyridine to [EMIM]OAc
and [BMIM]CI to 1 : 1 weight ratio decreases their
viscosity to the level of Cadoxen of standard composition
[11], which stimulated us to make a comparative study
of the molecular properties of the same cellulose sample
in Cadoxen and in the new solvents.

The results of measuring the intrinsic viscosity [1]
of the cellulose sample in various solvents are given in
Fig. 2 and Table 2. As seen from Fig. 2, the concentration
dependences of the specific viscosity (1 — 1y)/meC of
cellulose in Cadoxen and in 1 : 1 [EMIM]OAc—pyridine
and 1.4 : 1 [BMIM]Cl-pyridine mixtures are similar, but
differ from that in the more viscous 1 : 1 [EMIM]Et,PO,
mixture.

The close values of [n] obtained for cellulose in
solvents that are different in nature but have similar
physical characteristics suggest the similarity of the size,
shape, and hence conformation of the polymer molecules
in Cadoxen and the new media, 1 : 1 [EMIM]OAc—
pyridine and 1.4 : 1 [BMIM]Cl—pyridine. This fact also
suggests that interaction of IL with cellulose is similar to
interaction of Cadoxen with cellulose.

The different [n] of cellulose in 1 : 1 [EMIM]Et,PO,—
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Fig. 2. Specific viscosity (1 — ny)/nyc of cellulose sample in
(1) 1: 1 [EMIM]OAc—pyridine mixture, (2) Cadoxen, (3) 4 :
1 [BMIM]Cl—pyridine mixture, and (4) 1 : 1 [EMIM]Et,PO,—
pyridine mixture as functions of the cellulose concentration
in solution c.

pyridine mixture (by a factor of 2 compared to Cadoxen)
is fully consistent with differences in the dynamic
viscosity n, of these solvents (Table 1).

The similarity of the behavior of cellulose in IL—
pyridine mixtures and Cadoxen is also manifested when
varying the mixture composition. The intrinsic viscosity
[n] only slightly changes with a change in the content
of pyridine in the mixtures by a factor of 1.5-2. Similar
behavior of [n] of cellulose was noted when diluting
solutions of cellulose in Cadoxen with water [17], which
can also be considered as analogy in the mechanism of
interaction of Cadoxen and the ILs chosen for the study
with hydrogen bonds of cellulose. Apparently, solvation
of the cellulose chain at first contact with solvents
breaking its hydrogen bonds can be preserved upon
subsequent dilution of the initial solution with another
solvent and upon variation of the solution composition

Table 2. Intrinsic viscosity [n], intrinsic FBR [#], optical shift coefficient An/At, reduced FBR [n]/[n], and optical anisotropy P
[calculated by formula (2)] of cellulose in Cadoxen and in [L—pyridine mixtures at 25°C

Solvent [n] % 10’2, cm’ g’1 [m] x 108, cm? g’2 s? (An/Ag}sLO 10’ cm ([n:gr[;]g,f( s’l 010’ p f:é]?”’
Cadoxen 112 22 20.0 19.7 2.5
[EM1M]OACc:pyridine :
1:1 1.14 4.1 3.5 3.6 0.46
2:1 1.18 - - -
EMIM]Et,PO,: pyridine:
1:1 2.23 3.8 2.0 1.7 0.22
1.5:1 2.26 - - -
[BMIM]CI1: pyridine:
1.4:1 1.10 4.1 3.5 3.7 0.48
2:1 125 - - -
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within certain limits.

The Maxwell effect, being optical, is sensitive to
the presence of aggregates or associates in the polymer
solutions [18]. All the obtained dependences of the
birefringence An (FBR) (Figs. 3a, 3b) and orientation
angles y =45° — ¢, where ¢ is the direction of the optical
axis of the solution (Fig. 4), on the flow velocity gradient
g were linear, suggesting the molecular level of dispersion
of cellulose in the examined IL—pyridine mixtures. This
level of dispersion is also indicated by the coincidence,
within 10—15% error, of the optical coefficient An/At and
reduced FBR [#]/[n], averaged over the concentrations.

The molecular properties of celluloses of various
origins and molecular weights varying in a wide range

4.5 @
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An x108
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Fig. 3. Birefringence An as a function of the flow velocity gradi-
ent g for cellulose in (a) Cadoxen and (b) 1 : 1 [EMIM]OAc—
pyridine mixture. (a) Polymer, g cm=3: (/) 1.042, (2) 0.581,
(3)0.317, and (4) 0.223 x 10-2. (5) Solvent contribution to the
total dynamooptical effect, subtracted in determination of the
parameters given in Table 2. (b) Polymer concentration, g cm3:
(1) 1.195, (2) 0.844, (3) 0.465, and (4) 0.389 x 10-2. In this
case, as for the other mixtures of ILs with pyridine, the solvent
contribution to An was low, being within the determination
error, and therefore was neglected.

in Cadoxen solutions were studied previously by
hydrodynamic and FBR methods [17]. Hydrodynamic
studies showed that the equilibrium rigidity A of cellulose
in Cadoxen of the above-given composition and in
1 : 1 Cadoxen—water mixtures was 95 A, suggesting
the occurrence of correlation interactions between
approximately 19-20 glucopyranose rings in cellulose
chains. Measurements of FBR in cellulose solutions
in Cadoxen showed that the reduced birefringence
[7]/[n] = 20 x 10-10 cm g-! s-2 was independent of the
molecular weight of the sample and was determined
by the contribution of the microform effect due to high
increment of the refractive index, dn/dc = 0.18, for this
system. The intrinsic anisotropy of the polarizability of
the cellulose chain was not determined in [17].

The quantity [n]/[n] obtained for cellulose in Cadoxen
(Table 2) fully agrees with data of [17], and the conclusion
made previously on the basis of viscometric data that the
conformational properties of cellulose in Cadoxen and in
the new solvents are similar suggests that the equilibrium
rigidity of cellulose in IL—pyridine mixtures is also close
to 95 A.

The data given in Fig. 5 and Table 2 indicate that the
dynamooptical properties (Table 2, [n], [n]/[n]) of the
examined cellulose sample in IL—pyridine mixtures are
very close, but at the same time they differ essentially
from those in Cadoxen. This is associated with the
difference in the optical characteristics of the solvents,
because it is known [ 18] that, along with the contribution
of the intrinsic optical anisotropy of the polymer f; to
FBR, at strong difference between the refractive indices
of the polymer and solvent it is necessary to take into

gx10-3, s
1 2 3

x» deg
=
1

2.0

T
o,
o

Fig. 4. Orientation angle y as a function of the flow velocity
gradient g for cellulose in 1 : 1 [EMIM]Et,PO,—pyridine mixture
at a polymer concentration of 1.05 x 10-2 g cm3.
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account the contribution of the microform [second term
in braces in relationship (1)] and macroform (last term
in braces) effects:

dn(n2 +2)2 (dn/de)2 M
[n)/n] = Ap; +
45kT 2nvNy
2.610(dn/dc)®> M
_} s
’N% ]

where k is the Boltzmann constant; 7, absolute
temperature; N,, Avogadro number; f; = Aa/A, optical
anisotropy of unit length of polymer chain; A, equilibrium
rigidity of the polymer chain; Aa and A, optical anisotropy
of the monomeric unit (glucopyranose ring in our case)
and its projection onto the direction of chain propagation;
v, specific partial volume of the polymer in solution; M,
molecular weight of the statistical segment; and @ =
2.87 x 1023 mol-1, Flory parameter.

For the same reason, to determine f3; of a polymer
from FBR data, it is necessary to choose a solvent with
as low dn/dc as possible.

Comparison of the refractive indices n, of 1 : 1
IL—pyridine mixtures (Table 1) with those of solvents of
other polysaccharides and cellulose derivatives for which
the refractive index increments di/dc are known and are
low (Table 3) shows that n, of the 1 : 1 [EMIM]Et,PO,—
pyridine mixture is close to that of polyglucans and their
derivatives in organic solvents. This means that, in the
[EMIM]Et,PO,—pyridine mixture, the contribution of
the microform effect to the measured FBR value should
be minimal. If the increment of the refractive index
of the polymer—solvent system is low, relationship (1)
transforms into

[\
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0.5 1.0 1.5

¢x102, g cm=3
Fig. 5. Plots of An/gnyc for the examined cellulose samples
in (7) 1 : 1 [EMIM]Et,PO,—pyridine mixture, (2) 1.4 : 1
[BMIM]Cl-pyridine mixture, (3) 1 : 1 [EMIM]OAc—pyridine
mixture, and (4) Cadoxen vs. cellulose concentration c.

1 = dn(n +2)? )
()] = W

The optical anisotropy of cellulose chain in the 1 : 1
[EMIM]Et,PO,—pyridine mixture, evaluated from FBR
data, according to (2) should be determined only by the
intrinsic optical anisotropy of the glucopyranose chain.

The parameters B for the cellulose chain in IL—
pyridine mixtures, obtained using relationship (2) at 4 =
95 A, are given in Table 2. As can be seen, in the 1 : 1
[EMIM]Et,PO,—pyridine mixture  =+0.22 X 10-17 cm?
is, indeed, minimal compared to the other solvents. As
known, the consequence of the small value of the intrinsic
polarizability anisotropy of the glucopyranose unit is
strong dependence of B, of polysaccharide derivatives on
the structure of side substituents (Table 3).

CONCLUSIONS
(1) On dilution of solutions of cellulose in ionic

liquids based on 1-n-alkyl-3-methylimidazolium with
pyridine, the polysaccharide does not precipitate. Systems

Table 3. Optical anisotropy of unit length of the chain B (3;) of polysaccharides and cellulose derivatives according to FBR data
in polymer—solvent systems with the refractive index increment dn/dc < 0.06

a 17 b 17
Polymer Solvent o dn/dc Bx 107, | > B-x 10, References
cm
Methylol cellulose DMF 0.03 0.7 +0.4 [19]
. 1.427
triacetate
Methyl cellulose DMSO 1.478 0.02 1.4 - [20]
Pullulan (1,6-glucan) DMSO 1.477 0.04 1.7 - [21]
Dextran DMSO 1.477 0.04 2.4 - [21]
Nitrochitin DMF 1.427 0.06 -23 -3 [22]
Nitrocellulose (DS¢ CH 1451 0.04 -1.3 -2 [22]
12.5%) '
Nitrocellulose (DS DMAA+6% 1.456 0.055 0.3 -0.2 [22]
7.5%) LiCl

a Calculation by formula (1). b Calculation by formula (2). ¢ Degree of substitution.
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cellulose—1-ethyl-3-methylimidazolium acetate—pyridine
and cellulose—1-ethyl-3-methylimidazolium diethyl
phosphate—pyridine at ionic liquid to pyridine ratios of
1:1,1:2,and 1 : 3 are stable in time in the temperature
interval 20-60°C and are characterized by molecular
dispersion. Monitoring of their dynamic viscosity for 3
months revealed no signs of cellulose degradation in these
systems. The cellulose—1-butyl-3-methylimidazolium
chloride—pyridine system is stable at ionic liquid to
pyridine ratios of 2: 1 and 1.4 : 1.

(2) The dynamic viscosity and refractive index of the
medium containing cellulose dispersed on the molecular
level can be controlled by varying the ionic liquid to
pyridine ratio.

(3) 1-Ethyl-3-methylimidazolium diethyl phosphate
is a unique cellulose solvent with respect to optical
properties, as its refractive index is close to that of
the polyglucan itself. The previously unknown optical
anisotropy of cellulose polarizability per unit chain
length, +0.22 x 10-17 cm2, was determined in the 1 : 1
1-ethyl-3-methylimidazolium diethyl phosphate—pyridine
mixture.

(4) Mixtures of ionic liquids based on 1-n-alkyl-
3-methylimidazolium with pyridine allow direct
determination of the molecular characteristics of cellulose
without using a traditional procedure for preliminary
chemical modification and subsequent study of properties
of cellulose derivatives.

ACKNOWLEDGMENTS

The authors are grateful to A.K. Khripunov (Institute
of Macromolecular Compounds, Russian Academy of
Sciences) for submission of Cadoxen and to A.Z. Khru-
stalev (St. Petersburg State University) for technical
support.

REFERENCES

1. Buzzeo, M.C., Evans, R.G., and Compton, R.G., Chem.
Phys. Chem., 2004, vol. 5, no. 8, pp. 1106-1146.

2. Greaves, T.L. and Drummond, C.J., Chem. Rev., 2008,
vol. 108, no. 1, pp. 206-237.

3.

EVLAMPIEVA et al.

Barthel, S. and Hienze, T., Green Chem., 2006, vol. 8,
no. 4, pp. 301-306.

. lonic Liquids in Synthesis, Wasserschied, P. and Welton,

T., Eds., Weinheim: Wiley—VCH, 2003.

. Stark, A., MacLean, B.L., and Singer, R.D., J. Chem Soc.,

Dalton Trans., 1999, pp. 63—66.

. Turner, E.A., Pye, C.C., and Singer, R.D., J. Phys. Chem.,

2003, vol. 107, no. 13, pp. 2277-2288.

. Krossing, 1., Slattery, J.M., Daguenet, C., et al., J. 4m.

Chem. Soc., 2006, vol. 128, no. 41, pp. 13427-13434.

8. US Patent 1943176.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Swatloski, R.P., Spear, S.K., Holbrey, J.D., and Ro-

gers, R.D., J. Am. Chem. Soc., 2002, vol. 124, no. 18,
pp- 4974-4975.

Zhang, H., Wu, J., Zhang, J., and He, J., Macromolecules,
2005, vol. 38, no. 20, pp. 8273-8289.

. Cellulose and Cellulose Derivatives, Bikales, N. and Segal,

L., Eds., New York: Wiley, 1971.

Biodegradability and Toxicity of lonic Liquids: Proc.
Workshop, Berlin, May 6-9, 2007.

Cuissinat, C., Navard, P., and Heinze, T., Carbohydr.
Polym., 2008, vol. 72, no. 4, pp. 590-596.

El Seoud, O.A., Koschella, A., Fidale, L.C., et al.,
Biomacromolecules, 2007, vol. 8, no. 9, pp. 2629-2647.

Erdenberger, T., Paulus, R.M., and Schubert, U., Aust. J.
Chem., 2008, vol. 61, no. 2, pp. 197-203.

Varma, R.S. and Namboodiri, V.V., Chem. Commun., 2001,
no. 7, pp. 643-644.

Lyubina, S.Ya., Klenin, S.I., Strelina, LA, et al., Fysokomol.
Soedin., Ser. A, 1977, vol. 19, no. 2, pp. 244-249.

Tsvetkov, V.N., Eskin, V.E., and Frenkel’, S.Ya., Struktura
makromolekul v rastvorakh (Structure of Macromolecules
in Solutions), Moscow: Nauka, 1964.

Pogodina, N.V., Evlampieva, N.P., Lazareva, M.A., et al.,
Vysokomol. Soedin., Ser. A, 1989, vol. 31, no. 5, pp.1070—
1075.

Pavlov, G.M., Kolbina, G.F., and Shtennikova, I.N., Zh.
Prikl. Khim., 2000, vol. 73, no. 6, pp. 1011-1014.
Yevlampieva, N.P., Pavlov, G.M., and Rjumtsev, E.I., Int.
J. Biol. Macromol., 1999, vol. 26, no. 4, pp. 295-301.

Evlampieva, N.P., Flow Birefringence in Solutions of Ring-
Containing Polymers, Cand. Sci. Dissertation, Leningrad,
1990.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 4 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


