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ABSTRACT: Some structural features of aqueous (aq.) alkali solutions with specific con­
centration (2.5 mo! I- 1 ), in which cellulose shows maximum swelling or dissolution, were 
investigated by analysing electrical conductivity, 1 H and 23 Na NMR, solvation and Raman spectra 
of aq. alkali, especially aq. sodium hydroxide. Cellobiose solution in aq. alkali was also subjected to 
1 H NMR and specific rotatory angle measurements to elucidate the dissolved state of cellulose. It 
was found that in the specific alkali concentration, electrical conductivity, 1 H and 23Na chemical 
shifts and 1 H relaxation time became smaller and the number of solvated water molecules per I 
mole of alkali hydroxide became larger than those simply expected from their alkali concentration 
dependence in the outside range of specific alkali concentration. Raman spectra revealed that the 
peak giving maximum intensity of OH-deformation is energetically weakest at the specific 
concentration of aq. alkali. When cellobiose was added to the aq. alkali solution it was found that 
proton chemical shift of the system becomes larger especially at 4°C over the all alkali concentration 
range and its dependence on alkali concentration was almost linear. Based on these experimental 
facts some structure models of aq. alkali solution with specific concentration and the dissolved state 
of cellulose in the alkali solution were proposed. 
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For many years it has been widely known 
that natural or regenerated cellulose swell at 
least partially in aqueous (aq.) alkali solutions. 
In this case cellulose shows maximum swelling 
at a specific concentration of aq. alkali so­
lution: 8-10 wt% for aq. sodium hydroxide 
(NaOH) and 5-10wt% for aq. lithium hy­
droxide (LiOH) at comparatively lower tem­
perature.1-6 Recently, Kamide et al. demon­
strated that cellulose samples, regenerated 

under certain conditions, can completely dis­
solve in 8-10wt% aq. NaOH solution at 4°C 
and in 6wt% aq. LiOH. 7 They successfully 
correlated the solubility of cellulose in aq. 
alkali solution with the degree of break-down 
of an intramolecular hydrogen bond 
(03 · · · 0 5 ') of cellulose as determined by 
CP/MAS 13C NMR method.7 Natural cel­
lulose, if exploded or extruded after treatment 
with water under high pressure for a relatively 
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short time, 8 - 10 can also dissolve perfectly into 
aq. NaOH solution below 7°C. The alkaline 
solubility of the treated natural cellulose is also 
closely correlated with the degree of break­
down of an intramolecular hydrogen bond11 

and it seemes that almost complete dissolution 
of cellulose into aq. alkali with specific con­
centration at low temperature requires the 
break-down of intramolecular hydrogen bond 
at C3 and C6 , as determined by CP/MAS 13C 
NMR, by at least 45%. Therefore, one of the 
most important factors controlling the max­
imum swelling or solubility of cellulose in aq. 
alkali solution at specific alkaline concen­
tration is the structure of the aq. alkali 
solution. 

In this article, we report some structural 
characteristics of aq. alkali solutions with spe­
cific concentration, in which the maximum 
swelling or maximum solubility of cellulose is 
attained, and propose a tentative structure of 
cellulose/aq. alkali solution systems. 

EXPERIMENTAL 

Materials 
Guaranteed grade NaOH and LiOH, both 

supplied by Wako Jun-yaku Co. (Japan) were 
used as recieved. Aq. alkali solutions were 
prepared by dissolving the alkalis in purified 
water (Aoi Jun-yaku Co., Japan). An alkali­
soluble pulp having cellulose I crystal (the 
viscosity-average degree of polymerization 
DPv = 380, determined from the Mark­
Houwink-Sakurada equation established for 
cellulose/cadoxen system12 and the degree of 
break-down of intramolecular hydrogen bond 
at C3 and C6 XNMR(C3 +C6)=48, determined 
by CP/MAS 13C NMR) was prepared by 
physical treatment8 - 10 to break-down the in­
tramolecular hydrogen bond to some extent 
and employed for the further dissolving test. 
As a cellulose model compound cellobiose 
(supplied by Kishida Chemicals Co., Ltd., 
Japan) was also utilized for 1 H and 23Na 
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NMR and the specific rotatory angle measure­
ments. 

Measurements 
The solubility of cellulose in aq. NaOH and 

LiOH solutions s. was measured as follows: 
5.43 grams (g) of cellulose (water content 
8 wt%) were dispersed in 95 g of a given con­
centration of aq. alkali, precooled at 4"C, 
stood for 8 h with occasionally mixing with 
home mixer and the insoluble part was sepa­
rated by centrifuging at 3,000 rpm for 20 min. 
The insoluble part was neutralized with hy­
drochloric acid to precipitate the cellulose 
completely. The cellulose was washed with 
water, dried first in air and finally in vacuo and 
weighed (w g). s. was defined as 100 x (5-w)/ 
5(%). 

Electrical conductivity a was measured for 
aq. alkali as functions of alkali concentration 
c. and temperature on a Conduct-O-meter 
model CM-2A (Toa Denpa Co., Japan). 

1 H and 23Na NMR spectra were recorded 
for various aq. alkali solutions on a FX-200 
type FT-NMR spectrometer (JEOL, Japan) 
with multi-nuclei measurement system, in a 
C/H 10 mm¢ probe and a tunable 10 mm¢ 
probe, respectively. For this purpose, a co­
axially centered sample tube was employed for 
FT-NMR measurements; Deuterium oxide 
(D2O) as external lock signal was placed in the 
outer tube and aq. alkali solution sample was 
placed in the internal tube. Various cello­
biose/aq. alkali systems (20 g of cellobiose in 
100 g of aq. alkali) were also subjected to 1 H 
and 23Na NMR measurements. Operating 
conditions used are as follows: 

1 H : Frequency 199.5 MHz, flip angle 
n/2, pulse interval 5 s, internal ref­
erence trimethylsilylpropionic acid 
sodium salt (TSP). 

23 Na: Frequency 52.8 MHz, flip angle n/2, 
pulse interval 5 s, external reference 
sodium chloride. 

For evaluating spin-lattice relaxation time T1 

of the 1 H and 23Na peaks of aq. alkali so-
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lutions the peak intensity Ar at given pulse 
interval r was measured using a n-r-n/2 FID 
pulse sequence and T1 was calculated from the 
following equation by the inversion-recovery 
method: 

where A205 and Ar mean peak intensities at r = 
20 s and r, respectively. 

The optical rotatory angle a was measured 
as function of Ca and temperature for various 
cellobiose/aq. alkali systems (20 g of cellobiose 
in 100g of aq. alkali) at the wave number of 
the incident light J=436nm (Hg lamp) by a 
DIP 181 type instrument (Nihon Bunkou Co., 
Japan). a for these systems has proved to 
decrease with time, obeying almost first order 
kinetics and therefore, the measurements, 
which required 2 s, were done 2.5 minutes after 
the solution preparation. Specific rotatory 
angle [0] was calculated from a using the 
relation [0] =a/(/· c), where / and c represent 
the length of the pass (cm) and cellobiose 
concentration (moldl- 1). 

Raman spectra were recorded for aq. alkali 
solutions with various Ca on a spectropho­
tometer (JRS-400D Laser Raman Spectro­
photometer, JOEL, Japan) at room tempera­
ture. Laser light with ). = 541.5 nm generated 
under 150mW was passed through the sample 
solution and the intensity of the vertically 
scattered Raman light was recorded. Half val­
ue width L'.1 112 of the Raman absorption band 
in question was determined as follows: For 
OH stretching a base line was set between 
3800 cm - 1 and 2400 cm - i and from the peak 
having maximum intensity of scattered Raman 
light (point P) a straight line parallel to in­
tensity axis was drawn on the base line. The 
crossing point was denoted as 0. A straight line 
parallel to the base line passing through the 
middle point of line PO was drawn and the 
wave number at the crossing points (Mand N) 
with the peak in question was determined. 
Difference in the wave nuinber at Mand N was 
regarded as L'.1 112 (see Figure 7). For OH defor-
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mation, the procedure was the same as that 
described above except that a base line was set 
between 1800 cm - 1 and 1550 cm - 1 • 

Sound velocity v was measured with a Pierce 
type ultrasonic interferometer, constructed by 
Nomura and Miyahara, 13 operating at 
4.999985 MHz. The temperature of the so­
lution was controlled to ± 0.005°C by circulat­
ing water around the cell of the interferometer. 
The density p of the solution was measured 
with an Ostwald type pycnometer. The adia­
batic compressibility f3 was calculated by the 
Laplace equation. 

f3 = l/(pv2 ) (2) 

The number of solvated water molecules per 
l mo! of alkali (NaOH) S was calculated using 
Passynsky's equation14: 

S=(l-/3//3s)(l00p-C/)/C/ (3) 

Here, f3s denotes the adiabatic compressibility 
of water and C/, the concentration of the 
alkali expressed in mol I - 1. 

RESULTS 

Figure l shows the solubility Sa of a cel­
lulose sample at 4°C as a function of alkali 
concentration Ca. Sa was found to attain al­
most 100% at specific concentrations of aq. 
LiOH (about 5.8 wt%) and NaOH (about 
9 wt%) solutions. These two concentrations, 
interestingly fall on about 2.5moll- 1 . We 
believe these are the first experimental results 
demonstrating that cellulose having crystal 
form I dissolves completely in aq. alkali so­
lution, if the intramolecular hydrogen bond of 
cellulose sample is appropriately broken down 
in advance. 

Figure 2 shows the electrical conductivity CJ 
(expressed in SI unit 10- 1 Q- 1 m- 1) of aq. 
solution of NaOH (a) and LiOH (b) plotted 
against the concentration of alkali Ca at a 
given temperature. The positive Ca and tem­
perature dependences of CJ(OCJ/oCa"?:0 and 
OCJ/oT >0) were observed over the Ca range 0-
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Figure I. Solubility s. of cellulose at 4°C as a function 
of alkali concentration C.: O, aq. NaOH; e, aq. LiOH. 
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Figure 2. Dependence of electrical conductivity a of 
aq. solution of NaOH (a) and LiOH (b) on alkali 
concentration c •. 

15 wt%. However, the gradient of (J vs. Ca plot 
became nearly zero in ca. 9-12 wt% of aq. 
NaOH in a lower temperature range, where 
cellulose exhibited the maximum swelling or 
solubility. Aq. LiOH exhibited the same 
phenomena. 

Figures 3a and b show the proton chemical 
shift bH (a) and 1 H spin-lattice relaxation rate 
1/Trn (b) of aq. NaOH solutions as a function 
of Ca at 4°C (circle) and I0°C (triangle), 
respectively. The figure also contains the data 
(closed symbols) for a cellobiose solution in 
these alkali. Ca dependence of bH is almost the 
same but its temperature dependence is re­
served as observed for (J-Ca relation. 
Contrarily, 1/Trn of aq. NaOH exhibits a 
remarkable sharp increase in almost the same 
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Figure 3. Dependence of proton chemical shift "" (a) 
and 1H spin-lattice relaxation rate 1/Trn (b) of aq. 
NaOH solutions and cellobiose/aq. NaOH system on 
alkali concentration c.: O, aq. NaOH at 4°C; e, 
cellobiose/aq. NaOH at 4°C; !::,., aq. NaOH at I0°C; A, 
cellobiose/aq. NaOH at I0°C. 

Ca region observed for bH-Ca relation. When 
cellobiose was added, a gradient of bH vs. Ca 
plot increased abruptly approaching nearly 
zero in the above plateau region and the region 
of sharp 1/Trn increase shifted to higher Ca at 
4°C and to lower Ca at l0°C. Both bH and 
1/Trn values of the cellobiose/aq. NaOH sys­
tem at 4°C were always higher than those of 
aq. NaOH at l0°C over all Ca region. 

Figures 4a and b show 23Na chemical shift 
bNa (a) and 23Na spin-lattice relaxation rate 
1/TlNa of aq. NaOH (b) as a function of Ca at 
4°C. bNa shows a similar Ca dependence on that 
observed for bH: A reflection point appeared in 
the Ca range 8-14 wt%. When cellobiose was 
added, bNa almost linearly increased with Ca 
and bNa values below Ca= 8 wt% were almost 
equal to those for the aq. NaOH system. 1/ 
TlNa values for both aq. NaOH and cellobiose/ 
aq. NaOH systems increased monotonically 
with an increase in Ca over entire Ca range 
examined, but the absolute value for the latter 
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Figure 4. Dependence of 23Na chemical shift .5Na (a) 
and 23Na spin-lattice relaxation rate 1/T!Na ofaq. Na0H 
at 4°C on alkali concentration c.: O, aq. Na0H; e, 
cellobiose/aq. Na0H. 

system is considerably larger than that for the 
former system. Absolute 1/TiNa was found to 
be far larger than I/Tm, 

Figure 5 shows the number of water mol­
ecules solvated to an NaOH molecule Sas a 
function of c. at 4°C (open circle) and 20°C 
(open triangle). S generally decreased linearly 
with increasing in c. at 20°C. But, c. de­
pendence of S at 4°C was roughly approxi­
mated with two linear lines above 11 wt% and 
below 6 wt% with different slopes. A signifi­
cant deviation from these two lines attained 
maximum at c. = 8-9 wt%. It can be con­
cluded that one mole of NaOH solvates with 
about 8-9 mo! of water, which is larger by 
about 0.2 mo! than the value expected from the 
two linear c. dependence lines, over the c. 
range 8-10wt% at 4°C. 

Figure 6 shows the specific rotatory angle [0] 
of the cellobiose/aq. alkali systems as a fun­
ction of c. at 4, 9, and l5°C. [0] seems to 
decrease with increasing c. but exhibits a 
relatively sharp peak at c. = 9 wt% for aq. 
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Figure 5. Number of water molecules solvated to an 
Na0H molecule Sas a function of alkali concentration 
c.: o. 4°C; 6, 20°c. 
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Figure 6. Dependence of the specific rotatory angle [ 0] 
of the cellobiose/aq. alkali systems on alkali concen­
tration c.: Numbers on the lines denote temperature. 

NaOH and 5 wt% for aq. LiOH. Absolute [0] 
value was always higher at lower temperature, 
when compared at same c. level. 

Figures 7a and b show the Raman spectra in 
the OH-stretching and -deformation regions 
for aq. NaOH with various c., respectively. 
The maximum scattering peak positions and 
the spectra shapes change remarkably depend~ 
ing on c.: In the OH-stretching region, the 
shoulder peak located at higher wavenumber 
region in the maximum peak became weak 
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{a)OH Stretching {b) OH Deformation 
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Figure 7. Raman spectra in the OH-stretching (a) and 
-deformation (b) regions for aq. NaOH: Numbers on the 
lines denote c. (wt%). 

over Ca range 8-9 wt% and again became 
distinct in Ca range 10-ll.5wt%. In the OH­
deformation region, the shape of peaks is very 
complicated when Ca is around 7-9 wt%. 

In Figure 8 the half value widths L'.1 112 of 
scattering peaks for OH-stretching region 
and OH-deformation region are plotted 
against Ca. In the OH-stretching region L'.1 112 

remained practically constant up to ca. 
IO wt%, and in particular, in range 5-11 wt%. 

L'.1 112 increased linearly with an increase in Ca in 
the range Ca> 11 wt%. In contrast to this, in 
OH-deformation, a gradual decrease of L'.1 112 

was observed for Ca< IO wt% and L'.1 112 in­
creased slightly after passing a minimum L1 112 

at ca =8-10wt%. 
Figure 9 shows the dependence ofwavenum­

bers at peak 1/.l. corresponding to the OH­
stretching (denoted as circle) and the OH­
deformation (denoted as triangle) on Ca. The 
1/.l. of the OH-stretching decreased with 
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Figure 8. Dependence of the half value width L1 112 of 
scattering peaks for OH-stretching region (0) and OH­
deformation region (6) on alkali concentration c. 
complicated when c. is around 7-9 wt%. 
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Figure 9. Dependence of the maximum peak position 
(wave number J) in the OH-stretching (0) and OH­
deformation (6) on c •. 

increase of ca until ca= 20 wt% and after 
passing through minimum increased much. 
The peak position of OH-deformation clearly 
shows a minimum at Ca= 9 wt%. The shift 
width for the peak position giving a maximum 
intensity for OH deformation range amounts 
to as much as 40 cm - l. For example, the 
above-mentioned peak appeared at 1627 cm - l 

and 1670cm- 1 at Ca=9 and 30wt%, respec­
tively. The former peak is also located at a 
considerably lower wave number, compared 
with that for pure water (1640 cm - 1 ). 
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Table I. Specific features observed for aq. NaOH and LiOH solutions 

Temp Specific c. range/wt% 
Physical properties 

oc NaOH 

Solubility of cellulose (S0 ) 4 9.0 
Electrical conductivity ( o-) 0-15 9.0-12.0 
1H Chemical shift of H20 (<l") 4 7.5-12.0 

10 7.5-12.0 
1H Chemical shift of H20 4 8.0-11.0 

with cello biose ( "") 10 7.5-12.0 
1 H Spin-lattice relaxation 4 6.5- 8.0 

rate of H20 (1/Trn) 10 8.0-10.0 
1 H Spin-lattice relaxation 4 10.0-12.0 

rate of H20 with cellobiose 10 7.0- 9.0 
23Na Chemical shift 4 8.0-14.0 

of Na+ (<lN.) 

23Na Spin-lattice relaxation 4 
rate of NaOH (1/T!N.) 

Solvated water molecules (S) 4 8.0- 9.0 
20 

Specific rotatory angle 4-15 9.0 
of cello biose ([ 0]) 

HVW of Raman peaks (Ll'112) 

(--0 H stretching) 25 
(--OH deformation) 25 8.0-10.0 

Wavenumber of Raman peaks (.l.) 
(--OH stretching) 25 
(--OH deformation) 25 9.0 

DISCUSSION 

The characteristic features of aq. alkali so­
lutions observed in this study are summarized 
in Table I. The experimental facts observed 
here point out that one of the most important 
factors controlling the dissolution of the cel­
lulose, whose intramolecular hydrogen bond 
has been adequately broken, into aq. alkali is 
the structure of the alkali with specific con­
centration. Therefore, it is useful to clarify its 
structure. Hereafter, emphasis is placed on aq. 
NaOH. 

In the c. and temperature range where 
cellulose shows maximum swelling or disso­
lution, <J is around 130 -150 mQ- 1 cm - i, ir­
respective of alkali species. However, an ex­
plicit appearance of plateau region (about 
2.5 moll - 1) in <J-C. relations (Figure 2) im­
plies that there is some metastable state which 
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Figures Remarks 
LiOH 

5.8 Figure I 
4.5-6.0 Figure 2 Low cationization of Na+ 

Figure 3a Weak; hydrogen bond 
of OH-

Figure 3a Strong hydrogen bond 
of cellobiose 

Figure 3b Strong interaction 
(hydrogen bond) of OH-

Figure 3b Strong hydrogen bond 
of cellobiose 

Figure 4a Weak hydrogen bond 
of Na+ 

Figure 4b 

Figure 5 Extra solvated H20 
molecules 

5.0 Figure 6 Specific configuration 
of cellobiose 

Figure 8 

Long life time 
Figure 9 

Weak hydrogen bond 

restricts to some extent ionic transportation. 
The restriction of ionic transportation means 
that the degree of cationization or anioniza­
tion of the masses in the system is smaller 
than those simply expected from their c. 
dependence in the outside of the plateau re­
gion. A higher absolute <J value at higher 
temperature is probably due to a larger dis­
sociation constant of the system at higher 
temperature. 

H + and OH - in H20 and NaOH exchange 
rapidly, so that we can not distinguish these 
hydrogen species separately only knowing the 
time-average state. Two different physical 
meanings of proton chemical shift JH can be 
considered: JH is a measure of the average 
hydrogen bond strength or the degree of 
cationization of the hydrogen: In the first case, 
it is expected that the higher the JH, the 
stronger is the hydrogen bond. The plateau 
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region of the bH vs. Ca plot suggests the 
existence of a state where the strength of the 
hydrogen bonds of the system became less 
than the value extraporated from the experi­
mental relation in the region of Ca below 
7.5 wt% or more than 12 wt%. In the second 
case, cationization of hydrogen, judging from 
the results for bH, should be higher at lower 
temperature, which is in sharp contrast to the 
results obtained by electrical conductivity 
measurements. Thus, a simple cationization 
concept cannot be accepted. The existance of 
plateau region for Tm in the same Ca region 
observed for bH is an indication that a ro­
tational motion of the proton as a whole is 
more or less restricted and the life time of a 
given state is shortened more than anticipated 
from the extrapolation of experimental Tm-Ca 
relations below Ca= 7.5 wt%. In other words, 
in this Ca region, a proton excited by an NMR 
field more easily transfer its energy to the 
lattice (for example, surrounding H 20 mol­
ecules). Therefore, it is probably true to say 
that if cellulose is added to the aq. NaOH 
solution with a specific concentration, cellulose 
can easily accept energy from the system. 

23Na chemical shift ()Na vs. Ca plot reveals 
again a small plateau as observed for bH. The 
OVer-all absolute Value Of ()Na at 10°C, Ob­
tained in a separate experiment, was almost 
equal to that at 4°C at same Ca, showing that 
bNa is independent of temperature. Then, it is 
conceivable that ()Na is not a measure of the 
degree of cationization but a measure of the 
degree of hydrogen bond strength of the whole 
system made through interactions of the sol­
vated water molecules. Since 1/T1 Na monotoni­
cally increases with Ca, the system has no 
specific state where 23 Na excited by an NMR 
field more easily transfers its energy to the 
lattice in a specified Ca range. The life time of 
Na+ in a given ionic structure is far shorter 
than that of H+, judging from l/T1Na and 1/ 
Tm. It is obvious therefore that Na ion does 
not play a very important role. in the disso­
lution of cellulose in aq. alkali. 
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The number of solvated water molecules on 
Na+ in the Ca range 6-11 wt% is slightly 
larger (about 0.2 mol/mol of NaOH) than 
that extrapolated from the experimental re­
lations over the range of Ca below 6 wt% and 
more than 11 wt%. This explains the results 
obtained for a, bH, Tm, and ()Na· Solvation of 
extra water molecules on the totally cat­
ionized or anionized mass (Na+ or OH­
solvated with a definite number of water mol­
ecules) through hydrogen t;,onding may de­
crease its cationic density and weaken the 
hydrogen bond, resulting in a decreasing of a 
and bH. In this connection, H + and OH - ions 
in solvated water molecules are to some extent 
mutually interchangeable and can also easily 
interchange with free water molecules. The 
extra solvated water then makes weak hy­
drogen bonds against original free water in the 
system and this leads to decrease in T1 H of the 
system through dipole-dipole interactions be­
tween OH - and H +. The extra solvated water 
molecules can thus act as an energy transfer 
media between the masses and free water. 

The experimental results for the half value 
widths of the maximum Raman peak L1 112 of 
OH-stretching and -deformation indicate that 
these vibration states have longer life time at 
Ca< 10 wt% than those at Ca> 10 wt%. But, 
similar results on the maximum Raman peak 
1/). of the OH-deformation suggest that the 
strength of hydrogen bond formed in the di­
rection of OH-deformation vibration is weak­
est at Ca= 9-10 wt%. Raman spectra due to 
the OH-deformation reveal that there are 
several OH vibration states, each having a 
different strength of hydrogen bond at Ca= 

7-10 wt%. These results are very compara­
ble to the results on a, bH, Tm, and S. 

When cellobiose as cellulose model is added 
into aq. alkali solution, the total strength of 
the hydrogen bond of the system becomes 
greater as judged from an increase in bH and 
this tendency is somewhat more in the speci­
fied Ca range where cellulose shows maximum 
dissolution. At 4°C, where cellulose shows 
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more preferred dissolution than at !0°C,15 Trn 
vs.Ca plot gives almost a linear relationship 
over the all Ca region, excluding the existence 
of the specific Ca region observed for aq. alkali 
system without cellobiose. This means that 
cellobiose takes part in hydrogen bond for­
mation with the cationized or anionized mass 
strongly solvated with water excluding a part 

of the extra solvated water molecules. In this 
connection, an acid-base reaction concept for 
the dissolution of cellulose can be denied be­
cause if such a reaction should take place, JH 
would decrease reflecting a decrease in the 
strength of base. The existence of cellobiose in 
the system also lowers Trn, suggesting that 
cellobiose can easily form hydrogen bonds 

a) ,-·-·-. ,,. --/ 0-y. 1--f-O '· 
1 >t;-~· 
,~_li' o..~· -r.\ ' I \ I o, ·, . - -r. 

1:s:,o ~'H µ i 
\ I • • 

:S:1- .. / \b% v,/ 
. H'o • .1. , / ' 'H T'-o . ·, _.,, . .._ _.,, ·--·-·--· 

b) 

~~---,,!;___ ,l-y. ®i;e!__ (' ~,O~z···:-Oit ~~----,f,H 
l~\'H ,d t .t l : 11···0' t): \ , • , H 'H ,_,,6, , I H , 
, H • 6H ,., , 'HI 

H, \ ·/,- 6 , + 3 OH l H,'I-'· ,tfi-
'l-'----~ ~4 Hz O '1-q HO~O' - ·---H' 

HYH :r '(' Iyo~' ~:o----:i:.-o ::c:o····::C, 
i=i H 'o-·"- • oH 1 4 ~Hz ,::c , ::c ,o ,, , ... ::c H a ::c 

0 ; -~ d 1,- ' : : , , ,_, :r .,Ji " 1-. ,%··-o-~ 6 
::c ?-~.- ~,O ~-o... 9-lt~ 'y------. ··o, H' 'H 

d y. er·· It : , \ 'H % 

'::c H' 'H o-~ • o--v 9'~ t - i 11-0..,_, 9- \>-~ 
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Figure 10. Schematic representation of tentative structure of aq. NaOH solution with specific con­
centration (9 wt%) and the dissolution state of cellulose in the system. 
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with surrounding water resulting in a shorter 
life time of the existing state of the proton in 
the total system. The use of cellobiose as 
cellulose model is reasonable since we discuss 
only a time-average state of the system induced 
by the -change in total hydrogen bonds. 

It is not clear at present whether the abrupt 
increase in specific rotatory angle [0] of 
cellobiose/aq. alkali solution systems in the 
specific c. range suggests that cellobiose takes 
a specific conformation in the system. How­
ever, if so, the aq. alkali with specific concen­
tration may have some specific interaction 
with intramolecular hydrogen bond in cello­
biose. 

In the sixth column of Table I, the above 
discussions are briefly given as remarks. A 
tentative structure of aq. NaOH solution with 
specific concentration (9 wt%) and a dissolved 
state of cellulose in the system are illustrated in 
Figure 10. Total 8 mo! of water solvate with a 
Na+ ion and a OH - ion (i.e., 4 mol/each ion) 
forming the cationic and anionic masses, re­
spectively. Around these masses 0.2 mo! of 
water on the average forms the 2nd solvation 
area (extra water solvation area) and the outer 
of the area is surrounded by about 22.8 mo! of 
free water. Since any cellulose will swell con­
siderably by the alkali and be converted to 
alkali cellulose, intermolecular hydrogen 
bonds might be raptured easily. For the com­
plete dissolution of cellulose, the breakdown 
of intramolecular hydrogen bond to some ex­
tent is the minimum necessary condition. In 
the first approximation, the interactions of aq. 
alkali with specific concentration with OH 
groups in cellulose, which do not participate 
in intramolecular hydrogen bond might de­
termine the dissolution of cellulose into the 
aq. alkali. Thus, as shown in Figure 10, cellu­
lose strongly interacts with both cationic and 
anionic masses and also forms relatively 
strong hydrogen bonds with free water origi­
nally existing in aq. NaOH. The free water has 
some tendency to make hydrogen bonds with 
each other through interaction between cellu-
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lose and the ionic masses. In this process, it 
is plausible to consider that the existence of 
2nd solvation layer in original aq. NaOH so­
lution may play a very important role in 
maintaining the electrical · and hydrogen 
bonding nature of the system and in replac­
ing the layer with cellulose. 

Na cations do not directly play an important 
role in the dissolution of cellulose and this has 
been proved by Kamide et al.,16 who experi­
mentally verified that Na ions did not show 
affiliation to the specific OH of cellulose in 
its aq. alkali solution and in contrast to this, 
the "so-called alkali cellulose" has Na ions to 
the OH group at the C2 position of a gluco­
pyranose unit. 

Summarizing, we confirmed the existence of 
the structure of aq. alkali solution with specific 
alkali concentration (2.5 mol l- 1) in which cel­
lulose shows maximum swelling or maximum 
dissolution, by analysing the alkali concen­
tration dependence of electrical conductivity, 
1 H and 23Na NMR, solvation and Raman 
spectra of aq. alkali. 
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