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The structure of a semidilute solution of mercerized cellulose (CC1m) in 8% (w/wjyMAc, which contained

some aggregates, was investigated using static and dynamic light scattering measurements. The static scattering
function of the polymer solution containing a small amount of aggregates can be separated into fast- and slow-
mode components by combining static and dynamic light scattering measurements. The osmotic modulus was
identical for the fast-mode component of the CC1m solutions and the native cellulose (CC1) solutions, in which
cellulose is dispersed molecularly. This indicates that the molecularly dispersed component of the CC1m solutions
has an identical conformation with the cellulose molecules in the CC1 solutions. The correlation length was also
identical for the fast-mode components of CC1m solutions and the CC1 solutions, indicating that these solutions
have the same mesh size of the polymer entanglement. These observations for the fast-mode components are
consistent with the concentration dependence of the zero shear rate viscosity and the plateau modulus estimated
in the rheological measurements. The slow-mode component, on the other hand, gave information on the aggregate
structure in the CC1m solution. The radius of gyration of the aggregate structure estimated from the slow-mode
component was about 70 nm, which is independent of the concentration of the solution. The plots for particle
scattering factor of the slow-mode component lay between the theoretical curve of a sphere and a Gaussian chain,
implying that the structure of the aggregate in the CC1m solution is like a multiarm polymer. A characteristic
time of the slow-mode component calculated with the translational diffusion coefficient and the radius of gyration
were almost identical with the relaxation time of the long-time relaxation observed in the rheological measurements.
This indicates that the long-time relaxation of CC1m solutions originates in the translational diffusion of the
aggregate structure in the solution.

Introduction of the aggregates. Dynamic light scattering (DLS) measurement
is one of the most common methods for the analysis of the
Light scattering measurements are very sensitive to somesolution containing aggregate structures. It is very convenient
large structures in the solutions, so that aggregate structuresfor qualitative analysis such as the confirmation of the existence
formed in the solution sometimes make the characterization of of aggregate structures but is not for the quantitative analysis.
the polymer solution difficult. For example, the enhanced low- For example, an accurate hydrodynamic radius may not be
angle scattering of polystyrene semidilute solutions, which estimated using the viscosity of the solvent and the diffusion
cannot be explained by the theories available at present, werecoefficient evaluated from the DLS measurement, because of
reportedt—* These anomalous low-angle scattering results were the interference in the diffusion of the aggregate structures by
thought to be derived from the aggregate structures in the the surrounding dispersed polymers.
solution. For some polysaccharide solutions which form ag-  Recently, on the basis of the dynamic mean field theory,
gregates with increasing polymer concentration, the “true Kanao et al. suggested a new method to separate a static
molecular mass at the concentration” was estimated from the scattering function into two components of different mobility
osmotic modulus ratio of a master curve, which was derived by combining SLS measurements with DLS measurements. This
from the data in the nonaggregating concentration region, to method makes it possible for the scattering function of the
the measured value in the aggregating concentration region usingnolecularly dispersed component and the one of the aggregate
SLS measurement$.However, this method assumes the same structure to be analyzed independently. Such a separation had
fractal dimension of the polymer molecule and the aggregate been performetbefore Kanao et al.; however, the physical
structure. Moreover, the estimated value is the weight averagemeanings had not been clarified theoretically then.
of the molecularly dispersed component and the aggregated We have reported the differences in the solubility and the
component. Thus, this method is not suitable for the charac- rheological properties of the cellulose solutions derived from
terization of the each component separately especially thedifferent biological sources (plants, bacteria, and ascidians) in
molecularly dispersed component. 8% (w/w) LiCI-DMAc or 8% (w/w) LiCl/1,3-dimethy-2-
In colloid science, it is one of the most important themes of limidazolidinone (DMI)?~1 In particular, the differences in the
fundamental researches to determine the form and the dimensiorconcentration-dependence of the zero shear rate viscosity
indicate that these celluloses take different conformations in 8%
* To whom correspondence should be addressed. Ph¢®84:75-753- (w/w) LiCI-DMAc. Moreover, we have investigated the effect
6249. Fax: +81-75-753-6300. E-mail: daiske9@kais.kyoto-u.ac.jp. of mercerizatiort?2 immersing solid cellulose in an alkaline
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solution such as NaOHagq, on the cellulose solution in terms of measurements. The value of the specific refractive index increment,
rheological and dilute solution properties in 8% (w/w) LiCl  dn/ac, used was 0.0575 mL/g, which is given by McCormick et®al.
DMACc.13 From the viscoelastic measurements of the semidilute  Dynamic light scattering (DLS) measurements were performed with
solutions, a long time relaxation was found only for the the same light scattering photometer as SLS measurements equipped
mercerized cellulose solution; this indicates that some hetero-Wwith an ALV-5000/E correlator (ALV Co.) at 25C. The distribution
geneous structures such as aggregates were formed in thef the decay rateG(I"), was estimated by the regularized fitting with
mercerized cellulose solution. These celluloses with different the CONTIN methot#**from g®(q, 7) obtained by DLS measurements.
solution properties should have different molecular properties Dynamic viscoelasticity measurements were performed with a cone-
and structures in the solution; however, the details are still Plate type rheometer Rheosol-G2000 (UBM Co., Ltd.). Radii of the
unclear. For the wider applications of these celluloses, it would cone and plate were 50 mm, and the angle of the cone Wwashe
be useful to clarify the structures and properties in solutions. Neometer was equipped with a reservoir to prevent sample drying

. . . . during the measurements. The dynamic viscoelasticity measurements
In our previous papek;we In_ves_tlgated the structural analysis were performed at various temperatures ranging frabd to+80 °C.
of c_otton Ce"u'_ose (CC1), W_h'Ch 's_th_e most CQm”_‘O” cellulose All of the data were reduced to the data at a reference temperature of
derived from higher plants, in semidilute solution in 8% (W/W) 30 °C py the time-temperature superposition princigfe.
LiCI-DMAc by static light scattering (SLS) measurements. The  Anayysis of the Data from SLS MeasurementsThe results of SLS
data from SLS measurements are excellently related with thosemeasurements were analyzed using the apparent molecular mass,

from the rheological measuremett8by the scaling relation- MapdC), and the apparent radius of gyrati®p{c), defined as follows:
ships, and the conformation of the cellulose molecule in CC1

solutions was discussed. Mercerized cellulose solutions, how- Kc 1 (61T 1

ever, contain some aggregate structures, and this method cannot Ry (0 = RT %) =V © 1)
be applied because the scattering function of the solution 0 an

contains a contribution from the component of molecularly Kc 1 1. 1 o s )
dispersed molecules and the one from the aggregate structure. R, Mapp(c)( 3Ro.app (00 ) 2)

In this study, the structural analysis of a mercerized cellulose
semidilute solution in 8% (w/w) LICDMAc was done usin i
SLS and DLS measureménts)The static scattering func%ionsWhereK’ Ri(0) R T, I1, andg represent the optical constant, the excess

: Rayleigh ratio of the solution at a scattering andglg the concentration

estlm_ate_d from SLS measurements were separated into the(c), the gas constant, the absolute temperature, the osmotic pressure,
contribution of the molecularly dispersed component (fast-mode _ 4 ihe magnitude of the scattering vector. As shown in édak{c)
component) and one of the aggregate structures (slow-modes 5 guantity proportional to the osmotic modulug/gIT). RyapdC)
component) using the method suggested by Kanao %t al. indicates thez-average mean square radius of gyratior at 0 and
the mesh size of polymer entanglement in the semidilute region.
. Ry.ap{C) is equivalent to the correlation length,given by the Ornstein
Materials and Methods Zernike equationI(g) = 1(0)/(1+&2?) and they are related in the

following equation:
Materials and Preparation of Solutions. Cotton cellulose (CC1)

was used as a native cellulose sample. The characteristics of CC1 -3

obtained from the light scattering measurements are as foftbivs; ngaprfc) =v3

=82.5x 104 A, = 8.55x 10* g~2mL-mol, Ry = 61.3 nm; where

Mw, Az, and Ry represent the weight average molecular weight, the Separation of Ry(c)/Kc Combining SLS and DLS Measurement.

second virial coefficient, and the-average mean square radius of On the basis of the dynamic mean field theory, Kanao et al. showed

gyration. the following? when a bimodal distribution is observed by DLS
Mercerized cellulose sample (CC1m) was prepared from the CC1 Measurements for the polymer solution containing a small amount of

using the following procedur&the CC1 was soaked in 17.5% (w/w) adgregates, the monomer-unit static structure fadgfq) (= Ro(c)/

sodium hydroxide solutions (bath ratio: 1 g of cellulose/100 g of KcMo, where Mo is the molecular weight of the monomer unit),

NaOHagq) at room temperature for 1 h. NaOHaq was subsequently estimated from SLS measurements can be separated into two compo-

removed by filtering through 1G2 glass filter, and the swollen cellulose Nents with different mobilities as

samples were washed in 10% (w/w) acetic acid followed by enough

washing with distilled water until the electric conductivity of the Sasl(q) = Sn(Q) AT 3)

washing water becomes is equal to that for distilled water. Water was iETast

then removed by soaking in methanol and filtering through"eHBer R R

funnel. Siold) = Si(9) AT) (4)
The dissolution of cellulose in LIEDMACc requires a pretreatment ieslow

of cellulose!®>*" In this study, the solvent exchange method consisting R )

of the sequential soaking cellulose in water, acetone, and DMAc was Where Sn(Q)st and Sn(Q)sow, represent the fast- and slow-mode
employed. The procedure was performed as described in the previouscomponents of the static structure factI") is the normalizeds(I’;)
paper’1°To obtain a completely dissolved state, the solutions prepared as follows: 3! A(T%) = 1 (i.e., A(T') = G(I')/ 3, G(T)). Ro(c)/Ke (=
were allowed to stand at room temperature fef32months before the MoSn(0)) can be separated likan(q) as follows becausk, is constant:
measurements.

Measurements.Static light scattering (SLS) measurements were (Ry(C)/KC)sas: = (Ry(C)/KC) A (5)
performed with a light scattering photometer SLS-5000HM (Otsuka iefast
Electronics Co., Ltd.) under the following conditions: wavelendth,
= 632.8 nm (He-Ne laser); scattering angles, 3& 6 < 150; (Ry(©)/KC) g0 = (Ry(C)/KC) AT (6)
temperature, 25C. The sample solutions were filtered by PTFE jesTow

membrane filters (Toyo Roshi Kaisha Ltd.) with pore sizes of 0.2 or
0.45 um, sealed up, and allowed to stand overnight before the As reported in our previous pap€rthe CC1m solution in 8% (W/WbDV
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Figure 1. Zimm plot for the CC1m solution in 8% (w/w) LiCl-DMAc.

K, ¢, and Ry represent the optical constant, the concentration of the
polymer, and the excess Rayleigh ratio at scattering angle, 6.

LiCl-DMAc showed the bimodal distribution & (I';) in the semidilute
region. In this study, eqs 5 and 6 were applied to the CC1m solutions
to separate the scattering function into the fast- and slow-mode
components, and each component was analyzed, respectively.

Results

SLS Measurements.The Zimm plots,Kc/Ry(c) obtained
from SLS measurements plotted versug §i2), for CC1m
solutions are shown in Figure 1. The concentratmmanged
from 3.05 to 10.0 mg/mL (corresponding to 6:8.0% (w/w)).

The slope of the plots became larger with increasing concentra-
tion of the solution, and the plots at higher angles deviated from
the straight lines that are fitted for lower angles (solid line).
This observation is different from that obtained from CC1
solutionst* in which both liner and parallel sit9/2) dependence
were observed up to the highest concentration exammagB¢o
(w/w)). This indicates that the aggregate structure, which is
larger than the molecularly dispersed cellulose, was formed in
CC1m solutions.

DLS Measurements.Figure 2 showsG(I';) for the CC1m
semidilute solutionsay = 0.3~1.0% (w/w)) obtained from DLS
measurements &= 30°. The apparent hydrodynamic radius,
Ry, calculated with the EinsteinStokes relation represented
by eq 7 is also shown in the top axis in Figure 2

ks T
6‘7”73DT

Ry = (7)
wherekg, T, 75, andDr represent Boltzmann constant, absolute
temperature, viscosity of the solvent, and the translational
diffusion coefficient.Dt was calculated aBt = T'i/¢?, and in
Figure 2,G(I) was normalized at the maximum and sifted
vertically. The bimodal distribution o& (I'j) was observed for

all of the samples corresponding to our previous sttidihe
peak of the higher decay rate (fast-mode)d(’;) tended to
shift to larger’ (i.e., smalleiRy) with an increase in the polymer
concentration. In contrast, the peak of slower decay rate (slow-
mode) tended to shift to smalldt, (i.e., largerRy) with an
increase in the polymer concentration. The data in Figure 2
shows a minute relaxation between fast and slow mode.
However, these peaks were very small and showed low
reproducibility especially at higher angles. Then, these peaks
were ignored in the analysis in this study.
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Figure 2. Decay late distributions, G(I')), plotted versus the reciprocal
of decay rate, Ffl, for CC1m solutions in 8% (w/w) LiCI-DMAc. G
(I") for each concentration was normalized at the maximum and sifted
vertically, and each scale unit on the y axis represents 1. Apparent
hydrodynamic radius, Ry, calculated with the Einstein—Stokes relation
Dy = kgTI6mnsRy is shown in the top axis. Here kg, T, and #s are
Boltzmann constant, the absolute temperature, and the viscosity of

the solvent. Dy is the translational diffusion coefficient calculated with
Dr =T
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Figure 3. Mean decay rates for the fast-mode, Tras, plotted versus
the square of the magnitude of scattering vector, 2.

The mean decay rate of a peakG(l;), I', was obtained by
the following equation:

ZG(Fi) InT,
InT = I

= 8
3 G(r) ©

Figures 3 and 4 show thg? dependence df for the fast- and
slow-mode calculated with eq 8. In both the fast- and slow-
modesI" was proportional ta? within the measured range,
though some data points varied. The slopes in Figures 3 and 4
give the cooperative diffusion coefficient for the fast-mode
components D s{C), and the mean translational diffusion
coefficient for the slow-mode componeniBr siou(C), respec-
tively. The apparent hydrodynamic radi, fas(C) andRe siow(C),

were calculated byDtasfC) and Dt sion(C) USINg €q 7. The
diffusion coefficient and the apparent hydrodynamic radius for
each mode obtained by the DLS measurements are shown in
Table 1. CDV
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8 . . . . Slow-Mode Component.(Ry(c)/Kc)siow Obtained from the
CC1m/LiCl-DMAc 25°C separation oRy(c)/Kc using eq 6 should represent the scattering
Slow mode function of the aggregate structures in the CC1m solution. The

Cul% v Guinier equation is more suitable for the estimation of the size
6ro 1.0 1 of aggregate structure than the Ornstefirernike equation (eq
z g'; v 2), which is suitable for the estimation of the characteristic
v 03 v Y length of “cavity structure” such as the size of coils or mesh:
v v

1
IN(Ry(C)/KC) i = IN My, siow™ §Rg,s|o L (9)

A
2t v A . Figure 8 shows the Guinier plot, plotting Ry(c)/Kc) versus
g?, for the slow-mode component of CC1m solutions. In Figure
v A 8, the plots were shifted vertically by a factd, to avoid the
overlapping of the plots. The mean square radius of gyration
0 2> 4 6 8 10 for the aggregate structures in the CC1m solutiggsiow(C),
14 2 2 was estimated from the extrapolated straight line in Figure 8
107" q°/m using eq 9 (Table 1). The value Bj siow(C) was almost constant
Figure 4. Mean decay rates for the slow-mode, Tsiow, plotted versus (Rg,slow(C) = 70 nm), though the value d®sou(C) estimated
the square of the magnitude of scattering vector, ¢2. from the DLS measurements was increased remarkably with
. . increasing polymer concentration. This implies that the correct
Discussion Ru.siow(C) is not evaluated by eq 7 using the viscosity of the

solvent,zs, because of the interference in the diffusion of the

Fast-Mode Component. Figure 5 shows the si(6/2) aggregate structures by the surrounding dispersed polymers
dependence dKC/Ry(C)ast for CC1m solutions obtained from Then, we calculate® sow(C) again using the zero shear rate

the results of the DLS and the SLS measurements using eq 5. . : X -
When a slight peak was observed between the fast- and slow-VISCOSIty of the solution,o, instead ofz7s. However, an
mode, the peak was ignored, aAdl;}) was renormalized as abnormally small Va“ﬂeﬂ*ﬁ'w(_c) < 1 nm) was estimated.
Sictast ACTH) + Sicsiow AN = 1.7 The particle scattering function of the slow-mode component,

The dependence oKc/Ry(C)rast ON sir?(6/2) for CC1im P(0)siow, Was estimated by the following equation to examine
solutions was almost liner and parallel, which was similar to the shape of the aggregate structure in the CC1m solution:
the results for CC1 solutiorid.

Figure 6 shows the concentration dependendégf(c) (= 1 ([Ry©)
(811/3c)/RT) for CC1m solutions and their fast-mode component P(O)sion = M- VKe Jsiow
estimated from the extrapolated straight line in Figures 1 and 5 app.sio
using eq 1. The data obtained from the CCL1 solution are also
plotted in Figure 6. The value of Wh,dc) for CC1m was a
little smaller than that of CC1 for all of the concentration region
examined. This should be the effect of the aggregate structure
in CC1m solutions. However, Ws,4c) for the fast-mode
component of CC1m solutions was almost identical with the
data from CC1 solutions, and they were proportionatté?. ' o
This indicates that the molecularly dispersed component in the (Rgsionl(C)>-0” > 2) were a_llttle scattered. Th.'s indicates that
CC1m solution takes the same conformation as CC1 moleculesthe aggregate structures in the CC1m solution have an inter-

mediate shape between a Gaussian chain and a sphere, that is,

in 8% (w/w) LiCI-DMAc. This is consistent with the same | .
concentration dependence of zero shear rate viscosity for cculike a branched polymer. Single CC1m molecules and the slow-

and CC1m solution® In our previous papef the exponent ~ mode components have almost the sap¢61.3 and 70 nm)
of 1.16 gave the relationship between the radius of gyration Ut Show quite different relaxation times in the semidilute region
and molecular weight &&, 0 M°®2using the scaling relationship (Flgu_re 2). The_ difference in the relaxation times also indicates
(m= 1/(3v — 1)) derived by de Gennés. the difference in the shape of each component.

Figure 7 shows the concentration dependendg,gfc) for Itis reported in many polymer solutions containing aggregates
CC1m solutions and their fast-mode component estimated fromthat the size of the aggregate tends to be larger as the polymer
the extrapolated straight line in Figures 1 and 5 using eq 2. concentration is increaséd’ In contrast, the size of aggregates
The data obtained from the CC1 solution are also plotted in in the CC1m solution is almost independent of the polymer
Figure 7. For all of the concentration regions examined, the concentration. This will be caused by a mechanism of aggregate
value of Ry apfC) for CC1m was larger than that of CC1. This characteristic of the mercerized cellulose solutions. However,
could be caused by the aggregate structure, which is larger tharsome factors such as the molecular weight of the polymer will
the mesh size of polymer entanglement, in CC1m solutions. influence the size and the shape of the aggregate. For example,
On the other handRyap{C) for the fast-mode component of itis reported for polyg-hexyl isocyanate) (PHIC) solutions that
CC1m solutions was almost identical with the data from CC1 the lower the molecular weight of the PHIC sample, the larger
solutions. This indicates that the mesh size of polymer entangle-the aggregates formed in the solutfofherefore, the compara-
ments is almost identical for CC1m and CC1 solutions. This is tive study using various samples with different molecular weight
supported by the result of the rheological measurements whereor pretreatment of the solution is necessary to examine the
the plateau modulus of CC1m solutions was identical with that characteristics of the aggregate behavior in the mercerized
of the CC1 solution$? cellulose solution. cDV

(10)

Figure 9 showsP(6)sow for CC1m solutions plotted versus
Ry slow(€)?02. Solid curves in Figure 9 represent the theoretical
curves for a sphere, a Gaussian chain, and a rod, respecévely.
For all of the samples examined (6:3.0% (w/w)), P(6)siow

was plotted between the theoretical curves of the sphere and
the Gaussian chain, though the data points for higher angles
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Table 1. Diffusion Coefficient, Dr(c), Apparent Hydrodynamic Radius, Ru(c), and Mean Square Radius of Gyration, Ry(c), of the Fast- and

Slow-Mode Component for CC1m Solutions

fast mode slow mode
cl DT,fast(C)/ ’_?H,fast(c)/ Rg,app(c)/ DT,slow(c)/ l‘_?H,slow (C)/ Rg,slow(c)/
mg-mL~1 10-8cm2-s~1 nm nm 10-%cm?2-s~* nm nm
3.05 2.36 13.8 29.0 7.65 425 75.2
5.04 2.90 11.2 22.8 2.71 1200 78.7
7.04 3.99 8.14 18.5 1.35 2410 70.0
10.0 5.32 6.11 22.2 0.455 7150 59.0
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Figure 5. Zimm plot for the fast-mode component of the CC1m

solution in 8% (w/w) LiClI-DMACc. Kc/Ry(C)sast represents the fast-mode
component of Kc/Ry(c) for CC1lm solutions estimated by eq 5.
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Figure 6. Reciprocal of the apparent molecular mass, 1/Mapp(c) =
(8I1/3c)/RT, plotted versus the concentration of the polymer, c, for
CC1m and CC1 solutions. The values for the fast-mode component
of CC1m are also plotted.

Long-Time Relaxation Observed in the Rheological Mea-

Figure 7. Apparent radius of gyration, Ryapp(C), plotted versus the
concentration of the polymer, ¢, for CC1m and CC1 solutions. The
values for the fast-mode component of CC1m are also plotted.
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Figure 8. Guinier plot, plotting In(Ry(c)/Kc) versus @2, of the slow-
mode component of the CC1m solutions. Plots are shifted vertically

surements.The relationship between the long-time relaxation py a factor, X, to avoid the overlapping of the plots.

observed in the dynamic viscoelastic measurements for CC1m

solutiond® and the diffusion of the aggregate structure in the of the data points was also performed by averaging the
solution was investigated. To estimate the relaxation time of neighboring 25 data points before and after taking the

the long-time relaxationy,, the relaxation spectra of CC1m
solutions Hi(t), were calculated from the storage mod@i(w),
obtained from the dynamic viscoelastic measureniénising
the first-order approximation equat®ras follows:

dG'(7)

Hl(r) = —l llw=t

dinw (1)

difference to avoid the emphasized noise in the measured curve.
Figure 10 shows the relaxation spectra of CC1lm solutions
calculated by eq 11. The long-time relaxation was observed in
the spectrum as a shoulder in the flow region. To determine
the position of the shoulder, the first derivative of the curve in
Figure 10 was calculated (Figure 11). The shoulder in the spectra
was observed as the distinct downward peak in Figure 11
(arrowed in the figure). The relaxation time at the minimum of

The derivation of the measured curve was performed by taking the downward peak was taken as the relaxation time of the long-

the difference because the data points were discrete. Smoothindime relaxationr, .

Ccbv
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Figure 9. Particle scattering function of the slow-mode component,
P(0)siow, for the CC1m solutions plotted versus Ry siow(€)?G?. Solid
curves represent the theoretical curves for sphere, Gaussian chain,

and rod, respectively.??2 The dotted line represents the fitting curve
for all of the data points from CC1m solutions.
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Figure 10. Relaxation spector for CC1m solutions calculated from
the storage moduli, G'(w),® using the first-order approximation
equation,?° eq 11. Plots are shifted vertically by a factor, Y, to avoid
the overlapping of the plots.

A characteristic time required for the aggregate structure in
the CC1m solution to move the same distance as the diameter
by translational diffusionzy, was calculated by the following

equation:

v ZDT,S|OV\XC)TX = 2Rg,S|OV\(C) (12)

Figure 12 shows the concentration dependenas afhdz_ for
CC1m solutions. Bothy andz. were proportional ta,? and

are on an identical straight line in Figure 12. In other words,
the two kinds of characteristic times, estimated from the SLS
and DLS measurements, and estimated from the rheological

Aono et al.
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Figure 11. First derivative of the logarithm of relaxation spectra. Plots
are shifted vertically by a factor, Z, to avoid the overlapping of the
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Figure 12. Relaxation time of the long-time relaxation, 7, and the
characteristic time required for the aggregate structure in the CC1m
solution to move the same distance as the diameter by translational
diffusion, 7, plotted versus the weight concentration of the polymer,
Cw-

Conclusion

Ry(c)/Kc estimated from the SLS measurements for CC1m
semidilute solutions was separated into fast- and slow-mode
components by the ratio of the bimodal peak aredaf ).

The values oMapdC) andRy ap(C) for the fast-mode component

for CC1m solutions were almost identical with those of the CC1
solution. This indicates that the molecularly dispersed compo-
nent of CC1m solutions has the same conformation and the same
mesh size of polymer entanglements as CC1 solutions. These
are consistent with the same concentration dependence of the
zero shear rate viscosity and the plateau modulus for CC1m
and CC1 solutions estimated by the rheological measurerifents.
The values ofRygson(C) estimated from the slow-mode

properties, obey an identical concentration dependence. Thiscomponents of CC1m solutions were almost constaid(nm),
indicates that the long-time relaxation observed in CC1m though the values ofRygon(C) estimated from the DLS

solution is the relaxation originating from the translational

diffusion of the aggregate structures in the solution.

measurements increased remarkably with the polymer concen-
tration. This indicates that the size of the aggregate structu&ei:)i(l/



Structure in Mercerized Cellulose/LiCI-DMAc

Biomacromolecules, Vol. 7, No. 4, 2006 1317

the CC1m solution does not depend on the polymer concentra- (5) loan, C. E.; Aberle, T.; Burchard, Wlacromolecule2001, 34, 326.

tion, and the accurate size of the aggregate structure in the CC1
solution cannot be estimated only by DLS measurements. The

Ry.slow(€)?q2 dependence d®(0)siow for CC1m solutions was an

intermediate between the theoretical ones of a sphere and a
Gaussian chain, indicating that the shape of the aggregate
structures in the CC1m solutions has an intermediate shape (11,
between a Gaussian chain and a sphere, such as a multiarm

polymer. A characteristic time,, estimated fronDr giow(c) and

Rg.slow(C) showed the same concentration dependence as the

relaxation time of the long-time relaxation,, indicating that

the long-time relaxation observed in CC1lm solution is the
relaxation by the translational diffusion of the aggregate structure

in the solutions.
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