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Su~nar~ 

Solid state 23Na- and 13C-NMR spectra of alkali cellulose are 
presented as a function of NaOH-concentration of the steeping 
lye, steeping temperature and amount of adhering lye (press 
factor). Results are discussed with regard to "chemical bind- 
ing" of NaOH to the cellulose chain in the system cellulose/ 
NaOH/H20. 

Introduction 

The interaction of cellulose with aqueous solutions of NaOH has 
been known for a long time and is one of the most important 
technical reactions of cellulose. Depending on NaOH-concentra- 
tion and temperature, alkali celluloses (soda celluloses) of 
different lattice modifications are formed. In spite of a 
large number of experimental investigations on this topic, 
mechanism of formation and structure of alkali celluloses are 
not completely known. Purther progress in this field depends 
largely on progress in analytical methods for investigating 
this highly swollen system o~cellulo~q, NaOH and water. In 
solving analogous problems, ~C- and ~Na-NMR measurements 
in liquids and solids have proved to be efficient analytical 
tools. This article is concerned with some results on alkali 
cellulose obtained with these NMR-methods. 

Experimental 

Bleached and scoured cotton linters (DPm~ 1600) were trea- 
ted with aqueous NaOH-sclution in the r~ge of concentration 
from 3 to 45 weight % at a temperature of 298 K. Subsequently, 
the adhering lye was removed to a varying extent by pressing. 
The alkali cellulose obtained was sealed in a polyethylene 
foil for further investigation. 

23Na-NMR spectra were obtained with an instrument SXP 4-100 
(Bruker) by using ~he P~T-technique and a resonance frequency 
of 23.8076 NHz (90 pulses, pulse duration ca. 6 ~s). 

The 13C/CP/DD/MASS/NNR spectra were recorded with a pulse 
spectrometer operating at 15.087 MHz. The spectra were ob- 
tained by use of a single coil. The sample was rotated around 
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an axis at 54.7 ~ ! 0.1 ~ with respect to the static field. 
The spinning rate was ca. 2 kHz. 

13C-NMR spectra of the system cellobiose/Na0H/D~O were ob- 
tained with a Bruker-spectrometer HX-90 operating at 
22.635 MHz. 

Results of 23Na-NMR spectroscop 2 of alkali cellulose 

Due to a spin number of 3/2 sodium-23 has an electric quadru- 
pole moment e~Q. If an asymmetric charge distribution in the 
coordination sphere of the NaT-ion provokes a gradient in the 
electric field e~q, this gradient interacts with the sodium 
nucleus. This interaction is characterized by the quadrupole 
coupling constant: • = (eQeq)/h. 

The linewidth of the 23Na-line in liquids is given according 
to the equation I (extreme motional narrowing) /3/: 

= (I) AV�89 (2W/5) (e2qQ/h) 2 T c 

where T is the correlation time of the quadrupole inter- 
action, c 

The chemical shift of the 23Na-line is determined by the 
donicity of the environment of the sodium nucleus. Increas- 
ing donor strength results in a line shift to lower field 
strength. In the system cellulose/Na0H/water t~o states of 
the NaT-ion may be assumed: the state of an NaT-io~ closely 
associated to the cellulose and the state of an NaT-ion in 
the volume phase of the lye. These two states lead to a 
different linewid~h. If a fast exchange between the two bin- 
ding states of Na can occour, a single line with an average 
width according to equation 2 is obtained: 

(AV�89 = (Av�89 XI + (Av�89 XII (2) 

where x are the mole fractions; I, II are the binding states. 

In Figure I the 23Na-NMR spectra of alkali cellulose samples 
are shown. These were prepared by steeping with 18 weight % 
Na0H-solution and pressing to a different degree, resulting 
in a different loading of the sample with the steeping lye. 
Generally, the linewidth increases from "a" to "g" when the 
relative amount of the lye decreases in the same order. These 
results can be interpreted by equation 2, as here the second 
term of this equation can be neglected due to the large ex- 
cess of the adhering lye. In samples "e", "f", "g" (Fig.l) 
the adhering amount of steeping lye is very small. The spec- 
trum is determined by the Na-ions associated with the cellu- 
lose and showing only a low mobility. Additionally, a trend 
to line splitting can be observed. This may be interpreted 
as an immobilization of the Na -ions and an inhibition of 
the exchange between the two binding states. Additionally, 
some kind of anisotropy of relaxation within the solid phase 
may be assumed. 
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With increasing Na0H-concentration in the steeping lye an 
increase in linewidth has been observed (Fig. 2). Also, a 
more distinct line splitting as compared to Figure I has 
be~n found. These results indicate an increasing amount of 
NaT-ions firmly bound to the cellulose at higher concentra- 
tions of Na0H in the steeping lye. Also, with decreasing 
steeping temperature, s broadening and a more distinct 
splitting of the line result (Fig. 3). This may be due to a 
decrease ~n the rate of exchange between "associated" and 
"free" NaT-ions. 

Figure I. 
~lationship between the 
JNa-NMR spectrum and 

the amount of solution 
$ken up by cellulose. 
slues (ppm) relative 

to an aqueous solution 
of NaC1 = 0; concentra- 
tion of Na0H: 
18 weight % 

a - 311.1 g lye 
b - 248.4 g lye 
c - 21 6.0 g lye 
d - 213.1 g lye 
e - 195.9 g lye 
f - 107.5 g lye 
g - 80.8 g lye 

(relative to 100g 
cellulose) 

-100 IUU ~ m  LUU -200 
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Figure 2. 2~a-NMR spectra of alkali cellulose prepared 
by various concentrations of alkali, dvalues (ppm~ re- 

lative to an aqueous solution of NaC1 = 0. Concentrations of 
sodium and amount of solution taken up by cellulose: 
a - 7 weight % 53~ g lye) 
b - 18 " " 131.8 g " ) 
c - 33 " " 185.1 g " ) 
d - 35 " " 181.8 g " ) 
e - 40 " " 222.8 g " ) 

(~elative to 100 g cellulose) 
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Figure 3. Effect of temperature on the 23Na-NMR spectrum. 
Concentration of NaOH: 30 weight %. 
Amount of solution taken up by cellulose: 
231.6 g lye/100 g cellulose, 
Temperature: I - 252 K; 2 - 303 K; 3 - 343 K 

Results of 13C-NMR spectroscopy with Alkali Cellulo@e 

High-resolution 13C-solid st~te-NMR may provide information 
on the interaction of the NaT-ion or the NaOH ion pair with 
the different C-atoms of the anhydroglucose unit. In the case 
of a selective interaction of NaOH with the OH-groups of the 
anhydroglucose unit, chemical shift and change in linewidth 
may be different for each line to be associated with appro- 
priate C-atom. 

According to ATALLA /I/, already with chemically unmodified 
cellulose, chemical shifts and in some cases a line splitting 
was observed as a function of lattice type and state of order 
of the cellulose sample. Obviously, changes in chain confor- 
mation and chain packing exert a rather strong influence on 
the electronic environment of the differen~C-atoms. Accord- 
ing to our results shown in Figure 4, the ~C-NMR spectrum 
of cellulose remains unchanged up to a steepin~ lye concen- 
tration of 9 weight %. As shown in Figure 6 /2/ in the same 
range of concentration no lattice conversion is indicated in 
the X-ray diffractograms. With steeping lye concentrations 
above 9 weight % the different lines of the spectrum are 
shifted and changed in width to a different extent. Changes 
in susceptibility due to the varying lye concentration can 
be excluded according to tests with an internal standard. 
With the sample treated with a steeping lye concentration of 
12 weight %, a mixture of cellulose I and soda cellulose I 
is indicated by the NMR spectrum as well as by the X-ray 
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Figure 4. 

13C/CP/DD/M~SS/ 
NMR spectra of 
alkali cellulose 
prepared by vari- 
ous concentration 
of alkali 
(chemical shifts 
in ppm relative 
to TMS = O) 
i indicates the 
concentration of 
NaOH (weight %) 

6 
4 CH20H I 

1 CH20H 

Figure 5. The structure of cellulose 
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Figure 6. 
Lattice conversion as 
indicated by the X-ray 
diffractograms /2/ after 
treatment of cotton lin- 
ters with aqueous Na0H 
solutions of different 
concentrations 

diffractogram. A second transition process is observed in 
the NMR spectrum within the concentration range between 18 
and 24 weight %. 

Results of 13C-NMR spectroscop2 in the cellobiose/Na0H/D00 
system ' ' 

In contrast to the results obtained with alkali cellulose al- 
ready a low NaOH-conc~tration of 5 weight % caused a signi- 
ficant change in the #C-NMR spectrum of the cellobiose in 
DoO. At a NaOH-concentration $~gher than 9 weight % the con- 
o~ntration dependence of the ~C-NMR spectrum of the cello- 
biose solution was rather similar to that found with alkali 
cellulose (cf. Fig.7). 

Conclusions 

According to the results presented here, 23Na-RMR and 13C- 
high-resolution solid-state NMR are efficient methods for a 
further elucidation of alkali cellulose structures and may be 
promising also for structural investigations of similar high- 
~ swollen polysaccharide systems. By the application of 
~Na-NMR data on the state of association of Na T or Na0H 

resp. and on the structure of the cellulose moiety are ob- 
tained, which are essential for a better understanding of 
lattice transformations in the mercerization process and of 
the chemical reactivity of alkali cellulose as an intermedi- 
ate in the viscose process and in cellulose etherification. 

By 13C-NMR, details of interactions between Na0H and the 
different C-atoms, resp. the different 0H-groups of the 
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Figure 7. 

13C-N~R lines of 
cellobiose dissolved 
in caustic soda/ 
heavy water solu- 
tions 

indicates the con- 
centration of NaOH 
(weight %) (chemical 
shifts in ppm rela- 
tive to TMS = O) 

anhydroglucose unit can be revealed as well as conformatio- 
nal changes due to this interaction. Concerning the effect 
of NaOH-concentration, ~ data are1~onsistent with WAXS-dia- 
grams. According to the results of #C-NMR spectroscopy, an 
impeding influence of the supermolecular order of cellulose 
on alkali cellulose formation is evident at an NaOH-c~cen- 
tration <9 weight %, while above this concentration ~C-NMR 
spectra of the heterogeneous system "cellulose/NaOH/water" 
and of the homogeneous system "cellobiose/Na0H/D20- show 
rather similar changes with NaOH-concentration. 
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