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the general mechanism can be solved for the case of an 
initial “most probable” distribution and the connections 
between moments of the molecular weight distribution are 
known for the general mechanism and arbitrary initial 
molecular weight distribution. 

The Simha, Wall, and Blatz mechanism was formulated 
in terms of kinetic rate equations. Alternatively, a sta- 
tistical description may be used and this approach was 
used by Simha and Montr011~~~ much earlier for discussing 
stepwise scission as opposed to chain depolymerization. 
Gordon3 used the statistical method in his treatment and 
thus made the important contribution of establishing the 
equivalence between the approaches. 

With respect to explicit results for other than the initial 
“most probable” system the situation is the following. 
Numerical results were obtained by Simha, Wall, and 
Bram’O by direct numerical solution by computer of the 
rate equations for the case of scission initiation and an 
initial monodisperse distribution. Inaba and Kashiwagi’ 
also performed numerical integration and included initial 
distributions other than monodisperse. Boyd and Lin 
assumed a flexible analytical form for the molecular weight 
distribution (the Schulz-Zimm distribution) through the 
course of the degradation and used their general moment 
equations to derive a set of three coupled differential 
equations for the sample weight, molecular weight, and 
molecular weight distribution or polydispersity parameter. 
These were solved numerically for an extensive set of initial 
polydispersities (from very broad to very narrow) and zip 
lengths for both end-group initiation6 and scission initia- 
t i ~ n . ~  In addition to their numerical integration calcula- 
tions, Inaba and Kashwagi’ introduced the simplification 
of regarding the polydispersity parameter as remaining 
constant through the degradation and arrived at equations 
representing the molecular weight and sample weight. 
They presented results for a log normal distribution. This 
simplification however is not a justifiable one. The effect 
of chain scission on any initial distribution is to cause it 
to approach the “most probable” one. The effect is very 
rapid vs. conversion for short zip lengths and slower but 
nevertheless inexorable for longer ones. Thus regarding 
polydispersity as constant is at best only an approximation 
appropriate at low conversions and long zip lengths. The 
work of Boyd and 

A summary of much of the previous work on the theory 
of thermal depolymerization can be found in a review 
article. l1 
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Reply to Comments on “A Calculation of Thermal 
Degradation Initiated by Random Scission. 1. 
Steady-State Radical Concentration” 

We greatly regret our inaccurate and incomplete effort 
in referring to previous works. We appreciate very much 
the excellent review by Professors Boyd and Simha, which 
summarizes the previous theoretical studies of thermal 
degradation based on the free radical mechanism. 

Thermal degradation based on random scission initia- 
tion, depropagation, and termination reactions with var- 
iable polydispersity can be calculated only numerically. 
However, the numerical solutions cannot be used widely 
by other people. For this reason, we used the approxi- 
mation of a constant polydispersity (initial polydispersity) 
to obtain an approximate analytical solution, although we 
are aware that polydispersity changes significantly during 
degradation for the case of small zip length as shown in 
Fiure 10 in our paper. The key question is then how bad 
or good the approximate analytical solution is compared 
with the numerical results without any approximation. 
This comparison was made in our paper and the results 
are shown in Figures 2, 3, 6, and 7 .  The results shown in 
Figure 3 summarize the comparison. In the Z/xo range 
of 10-2-102, the results based on the approximate analytical 
solution are reasonably close to the numerical results 
(roughly at  most a 7% overestimation). Considering the 
difficulty in precise measurement of the degree of polym- 
erization, we believe that our approximate analytical so- 
lution is useful and can be used by other people. This 
indicates that the change in polydispersity during degra- 
dation appears not to be significantly important if the 
degradation is based on random scission initiation, de- 
propagation, and termination reactions. 
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Transformation of Native Cellulose Crystals from 
Cellulose Ib to I, through Solid-state Chemical 
Reactions 

In the preceding paper’ we reported that CP/MAS 13C 
NMR spectra of the crystalline components of valonia and 
bacterial celluloses differ from those of cotton and ramie 
celluloses. On the basis of this finding, it has been con- 
cluded that there are two types of crystalline spectra for 
these native celluloses, cotton-ramie type and bacterial- 
valonia type, which are simply referred to as cellulose I, 
and cellulose Ib, respectively. However, the intensity ratios 
of the subpeaks of the triplets representing the C1 and C4 
resonances cannot be described in terms of simple integers. 
In addition, I3C spin-lattice relaxation times TIC and line 
widths of the subpeaks are significantly different from each 
other. These suggest that the crystalline regions of native 
cellulose may be composed of different crystal structures, 
in accord with previous  proposal^.^-^ I t  may be difficult 
at present, however, to explain the origin of the composites 
of the different crystal forms, particularly because the 
cause of the fine splitting of the resonance lines is not well 
understood in solids. Therefore, in an attempt to obtain 
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Figure 1. 50-MHz CP/MAS 13C NMR spectra of the original 
cotton and the cotton regenerated from the triacetate. 
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further information about the crystal forms of native 
cellulose, we have examined the possibility of intercon- 
version between cellulose I, and Ib 

A large number of CP/MAS 13C NMR studies5 have 
already been carried out on cellulose polymorphs and their 
derivatives, but no one has focused on the problem of the 
transformation between cellulose Ia and Ib There are 
several ways to regenerate cellulose I after converting it 
to other crystal forms of cellulose or cellulose derivatives! 
Of these processes, solid-state triacetylation followed by 
saponification has been extensively studied by many in- 
vestigators.6 Under conditions of moderate swelling the 
acetylation of native cellulose with the crystal structure 
of cellulose I yields cellulose triacetate I (CTA I), and in 
turn cellulose I can be regenerated by solid-state saponi- 
fication under low swelling. In this paper we report 
CP/MAS 13C NMR studies of cotton, bacterial, and va- 
lonia celluloses that were regenerated from their triacetates 
with such solid-state reactions. 

Heterogeneous acetylation of cotton, bacterial, and va- 
lonia celluloses was carried out by a procedure described 
by Sprague et al.' This procedure involves the pretreat- 
ment of the cellulose in 80% adetic acid followed by ace- 
tylation in a 50150 mixture of acetic anhydride and amyl 
acetate, using 0.2% perchloric acid, for 5 h at  20 OC. The 
triacetylated samples were also saponified heterogeneously 
for 19 h at  80 "C in an aqueous solution containing 1 wt 
5% NaOH and 10 wt % sodium acetate. CP/MAS 13C 
NMR measurements were carried out with JEOL JNM- 
FX200 spectrometer equipped with a CP/MAS unit op- 
erating under a static magnetic field of 4.7 T, using the 
same experimental conditions as in the previous work.' 

Figure 1 shows the CP/MAS 13C NMR spectra of ori- 
ginal cotton and cotton regenerated from the triacetate, 
respectively, which were measured in the hydrated state 
using an MAS rotor with an O-ring ~ e a l . ~ , ~  As already 
r e p ~ r t e d , ~ J + ' ~  the respective resonance lines are assigned 
to the C1, C4, and C6 carbons from the downfield side 
except for the cluster of resonances at  70-80 ppm which 
belong to the C2, C3, and C5 carbons. Of these resonances 
C4 and C6 split into two components, a sharp downfield 
and a broad upfield component. These sharp and broad 
components have been assigned to the crystalline and 
noncrystalline components, respe~tively.'~-'~ Although two 
such components cannot be explicitly observed in the C1 
line, their existence has been confirmed by 13C spin-lattice 
relaxation ana1y~is.l~ The relative intensity of the non- 
crystalline components of C4 and C6 carbons against the 
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Figure 2. 50-MHz CP/MAS 13C NMR spectra of the crystalline 
components for original cotton and regenerated cotton. 
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Figure 3. 50-MHz CP/MAS 13C NMR spectra of the crystalline 
components for original bacterial cellulose and its regenerated 
cellulose. 

crystalline components increases when compared with that 
of original cotton; namely the crystallinity of the regen- 
erated cotton is lower than that of the original cotton. 

I t  has been found that 13C T1 values of the crystalline 
and noncrystalline components of cotton are 140-230 and 
14-40 s, respectively. On the basis of the large difference 
in Tl values, we have recorded the spectra of the crystalline 
and noncrystalline components of both samples, as shown 
in Figure 2. The chemical shifts of both samples are the 
same, although the fine splitting of each carbon of regen- 
erated cellulose is more clearly recognized. It is, therefore, 
concluded that the cellulose regenerated from triacetylated 
cotton has the same crystalline regions, cellulose I,, as that 
of native cotton. 

Figure 3 shows the spectra of the crystalline components 
of the original bacterial cellulose and its regenerated cel- 
lulose, respectively. As is clearly seen in Figure 3a, the 
spectrum of the bacterial cellulose is different from that 
of cotton. We have already designated this crystalline 
spectrum as cellulose Ib, which has been also found for 
valonia celluloses.' In contrast, the spectrum of the re- 
generated bacterial cellulose is completely different from 
the original spectrum but almost the same as that of cotton 
and the regenerated cotton (cellulose I,), as shown in 
Figure 3b. Almost the same result was obtained also for 
valonia cellulose having cellulose Ib. It can be, therefore, 
concluded that cellulose Ib is converted into cellulose I, 
through solid-state acetylation and saponification. 
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Figure 4. 50-MHz CP/MAS 13C NMR spectra of the tri- 
acetylated samples from cotton and bacterial celluloses. 
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Figure 5. Transformation processes of cellulose crystals by 
heterogeneous acetylation and saponification. 

Marrian and Mann16 has found the same type of spec- 
trum change in infrared spectroscopy for bacterial and 
valonia celluloses regenerated from cellulose triacetate, 
which is in good accord with our results. The same con- 
version in infrared spectra has also been observed in the 
case of the regeneration from cellulose 1111, which was 
prepared by treatment with liquid ammonia at  about -50 
OC.16 The examination of the latter process is in progress 
by CP/MAS 13C NMR spectroscopy.” 

In order to confirm at which stage the transformation 
from cellulose I b  to cellulose I, occurs, we have measured 
X-ray diffraction patterns and the CP/MAS 13C NMR 
spectra of triacetylated cotton and bacterial celluloses in 
the dry state. From X-ray analysis it was difficult to 
distinguish between the two acetylated samples, and both 
samples were assigned to cellulose triacetate I (CTA I).19 
Moreover, as shown in Figure 4, the CP/MAS I3C NMR 
spectra of both samples are almost the same. Thus it has 
been confirmed that cotton with cellulose I, and bacterial 
cellulose with cellulose I b  produce the same crystal form 
CTA I by the, heterogeneous acetylation. Chanzy and 
Rochez0 studied the change in Valonia ventricosa micro- 
fibrillar morphology upon the acetylation and saponifica- 
tion by electron microscopy. The structure and orientation 
for the acetylated and deacetylated microfibrils were 
identified by selected area diffraction. However, no change 
could be observed in the fibrillar morphology in both re- 
action processes. Some significant change in chain con- 
formation and/or packing may occur during solid-state 
acetylation in the case of bacterial and valonia celluloses, 
but it is difficult a t  present to discuss in detail this 
structural change because the cause of the multiplicities 
of the resonance lines is unknown and the X-ray diffraction 
method has not clearly detected such a difference. 

In Figure 5 ,  we summarize the transformation process 
of ceklose I, and Ib  for native cellulose. Cotton and ramie 
celluloses belong to cellulose I,, while bacterial and valonia 
celluloses are assigned to cellulose Ibl The heterogeneous 
acetylation transforms both groups of native celluloses to 
the same crystal form CTA I, and these CTA I samples 
are regenerated to cellulose I, by heterogeneous saponi- 
fication. Thus the structural difference in cellulose I, and 
Ib disappears during acetylation under the low swelling 
condition. 

Registry No. cellulose, 9004-34-6; cellulose triacetate, 9012- 
09-3. 
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New Initiator System for the “Living” Anionic 
Polymerization of tert -Alkyl Acrylates 

The elegant dem~nstrationl-~ by a Du Pont Co. research 
team that the nucleophile-assisted “group-transfer” reac- 
tion4 of silyl ketene silyl acetals could be turned into a 
“living” polymerization process for alkyl acrylates (and 
other a,p-unsaturated carbonyl monomers) challenged us 
to revisit possible pathways toward a “living” anionic po- 
lymerization of such monomers. Owing to the general 
importance of poly(acrylates), it would indeed still be 
desirable to extend such a “living” control to a higher 
molecular weight range and especially make it  compatible 
with monomers lacking carbonyl conjugated groups (Le., 
styrenes, dienes, heterocyclic monomers, etc.), in order to 
easily synthesize the corresponding and still unknown 
block copolymers. 

Although many attempts to solve that problem have 
been reported in the l i t e r a t ~ r e , ~ - ~  none of them has been 
really successful as yet. In this preliminary communica- 
tion, we describe a possible answer to that challenge.’O 

The strategy followed here has been to minimize the 
relative importance of the secondary transfer and termi- 
nation reactions (usually ascribed to the presence of the 
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