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Preface

The broad aims of this series have been stated in Volume I. This vol-
ume presents many of the specialized methods needed in work with cellu-
lose. The numerous procedures which have gradually evolved over a long
period of time are described in a wide literature. Following the central pur-
pose of this series the specific methods assembled here have been prepared
by expert investigators. Methods of cellulose chemistry only are presented,
and all methods concerned with related plant and microbial polysaccha-
rides are retained for inclusion in Volume V.

Dr. John W. Green alone handled the correspondence with authors
and did the initial copy editing. His excellent work and especially hig fine
cooperation, helpful advice, and wise counsel are greatly appreciated.

Roy LesTer WHISTLER
January 1963



Foreword

In contrast to reactions of the simpler carbohydrates, cellulose reac-
tions are generally heterogeneous and are therefore governed to a great
extent by the physical nature of the starting material. The reactions are
often incomplete, and the products obtained may have only a portion of
their functional groups converted to the desired condition. Therefore
quantitative methods are needed to characterize cellulose or its reaction
products both chemically and physically, and a great portion of this book
is concerned with this aspect. .

Only a minimum of background material is given in the various experi-
mental procedures. Therefore the use of a standard text in cellulose chem-
istry is recommended (1-4), ot else reference to the more specialized litera-
ture cited with each method.

The present volume is restricted closely to the subject of cellulose.
Plant and wood chemistry are only briefly considered, as in the isolation
of a cellulose. The hemicelluloses are dealt with only as impurities to be
removed during the purification of a cellulose. Applications to textile and
paper technology have been omitted, and therefore such subjects as mer-
cerigation, vulcanization and parchmentization have received scant atten-
tion. Again the reader is referred to standard texts for these broader fields.

In recent years the techniques of paper and column chromatography
have been developed and several applications of these techniques have been
presented., :

Various types of cellulose are mentioned as starting materials in the

several procedures. These are generally available. The International Com-
mission for Cellulose Analysis has limited quantities of cotton linters and

wood pulps (termed “Standard ICCA Samples”) for distribution.! While
the principal use of these materials has been for the development of analyti-
cal procedures, they may aleo be valuable for other aspects of cellulose
research.

The writer is indebted to the Administration of the Institute of Paper
Chemistry for permission to work on this book as an official project of that
organization. He is also grateful to B. L. Browning, E. E. Dickey, H. A.
Swenson, K. Ward, Jr., J. Weiner, and L. E. Wise for helpful suggestions.
The cooperation of D. G. 8achs in making several of the drawings for the
book is appreciated.

t Correspondence should be directed to E. E. Hembree, Director, Technical
Service, The Buckeye Cellulose Corporation, 2809 Jackson Avenue, Memphis 8,
Tenn., for details about the Standard ICCA Samples. :

ix



X FOREWORD

Acknowledgment is made to T. N. Kleinert of the Division of Indus-
trial and Cellulose Chemistry, McGill University, Montreal, Canada, and
to F. R. Charles of Industrial Cellulose Research, Limited, Hawkesbury,
Canada, for helpful comments on the section concerning xanthation. The
help of Derek Horton of Ohio State University concerning certain terminol-
ogy is appreciated.

The cooperation of M. L. Wolfrom and R. L. Whistler, editors of this
series of books, is appreciated, and especially that of J. N. BeMiller, who
did the secondary reading of the manuscripts. Finally the writer is very
grateful to the authors of the various sections, those whose whole-hearted
cooperation has made this book possible.

Appleton, Wisconsin Jonn W. GREEN
References

(1) E. Heuser, “Cellulose Chemistry,” John Wiley and Sons, New York,
N. Y., 1944,

(#) “Cellulose and Cellulose Derivatives,” E. Ott, H. M. Spurlin, and
M. W. Grafflin, eds., Interscience Publishers, Inc., New York, N. Y.,
1954-1955. :

(3) “Chemistry and Chemical Technology of Cotton,” K. Ward, Jr., ed,,
Interscience Publishers, Inc., New York, N. Y., 1855.

(4) “Wood Chemistry,” L. E. Wise and E. C. Jahn, eds., Reinhold Pub-
lishing Corp., New York, N. Y., 1952.



Contents of Volume III

ContriBuroms To VoruMme IIL...... ... .. ... ... . . . . .. . .. . ... v
PREFACE. .. .. vii
FOREWORD . . ... . e i

Section I. Preparation of Cellulose

1. Purification of Cotton Cellulose W. M. CorBETT 3
2. Bacterial Cellulose SaLomo HesTRIN 4
8. Wood Cellulose Joun W. GrReEn 9
4. Holocellulose From Annual Plants Roy L. WraisTLER and J. N. 21
BeMiLLER
8. Cellulose From Bleached Wood Pulp W. H. RapsonN 22
Section II. Chemical Analyses
6. Determination of the Alpha-cellulose Con- W.M. CorBETT 27
tent of Cotton and Wood Cellulose
7. Determination of Cellulose HurpeErT F. LAUNER 29
8. Determination of Carboxyl Groups OLor SAMUELSON 31
9. Determination of Uronic Acid Groups T. P. NeveLL 39
10. Determination of Reducing End-groups T. P. NEveLL 43
11. Determination of Carbonyl Groups Joan W. GreEN 490
12. Sugar Units Present J. F. BamMaN, W. E. Moore {4
and M. A, MiLLETT
13. Preparation of Cellobiose Octaacetate as Joun W. GreeNn 70.
a Diagnostic Test for Cellulose
Section III. Physical Analyses
14, Celluloge Solvents G. Jayme and F. LaNg 75
15. Intrinsic Viscosity and Ite Conversion to HaroLp A. BweNsoN 84
Molecular Weight
16. Molecular Size Distribution in Cellulose = HaroLp A. BwENsoN 91
17. Drying and Reactivity of Celluloge JouN W. GrREEN 95
18. App}ication of Infrared Spectra to Cellu- 8. A. BARKER 104
ose
19. Fine Strueture of Cellulose J. MaxN and A. SHARPLES 108
20. Crystallinity of Cellulose J. MANN 114
21. Sorption of Water by Cellulose R. JEFFRIES 120
Section IV. Degradation of Cellulose
22, Hydrocellulose J. F. SaxMaN and M. A. M- 131
LBTT
23. Cellodextrins Gair Lorenz MILLER 134



xii CONTENTS OF VOLUME III

24. Enzgxeﬁe Hydralysis of Cellulose and Its
rivatives

25. Acetolysis
26. Mercaptolysis

27. Alkaline Degradation
28, Oxidation

29. The Effeet of Ioniging Radiation on Cellu-
lose and Its Derivatives

ELwyn T. Rsmse and Many
MANDELS

M. L. WoLrros and A. THomP-
80N

M. L. WorrroM and A. THOMP-
SON

G. N. Ricaaros
T. P. NeveLL

W. D. BeLramy and A, A,
MiLLER

Section V. Cellulose Eaters: Preparation, Properties,
Reactions, and Analyses

Celluloze Acetate
30. Acetylation of Cellulose

31, Hydrolysig of Celiulose Acetate

32. Determination of Acetyl Content and De-
gree of Substitution of Cellulose Ace-
tate

33. Determination of Hydroxy! Content of
Cellulose Acetate

84, Determination of Primary Hydroxyl Con-
: tent of Cellulose Acetate

35. Intrinsic Viscosity, Approximate Degree
olymerization, and Molecular
Weight of Cellulose Acetate

Cellulose Nitrate

36. Nitration With Mixtures of Nitric and
Sulfuric Acids

37. Stabilization of Cellulose Nitrate

a8. Nitration With a Mixture of Nitric and
Phosphoric Acids

89, Nitration With a Mixture of Nitric Aecid
and Acetic Anhydride

40. Denitration of Cellulose Nitrate

41. Analytical Procedures for Cellulose Ni-
trate

42, Solvents for Cellulose Nitrate and Viscos-
ity Measurements

Other Esters
43. Xanthation

4. Sulfonylatien
48, Halogenation

Lxo J. TangHE, Leo B, Gen-
une, and J. WARREN MENCH

Leo J. Tangre, Leo B, Gen-
UNG, and J. WARREN MENCH

Leo J. TancgHE, Lo B. GEN-
uNg, and J. WaARrEN MENCH

Leo J. TaneeE, Lro B. GEN-
UNG, and J. WARREN MENCE

Leo J. Tangax, Leo B, GuN-
unaG, and J. WARRRN MENncu

Leo J. Tanaue, Leo B. Gen-
UNG, and J. WARREN MENCH

Joun W, GREEN

Jorn W. GaseN
Joun W. GreenN

Jogrk W. GRERN

Joun W. GrERN
JouN W. GrenN

Joun W. GRERN

T. E. MuLLke and C. B.
PURVEs

Evexxs Pacsu
Eveene Pacsu

139
43
180

154
164
185

103
198

201

203
208

210

213

§N}
ot
Go

By

251



CONTENTS OF VOLUME III

46. Sulfation

xiti

Roy L. WaistLEr and W. W. 265
SPRENCER

Section VI, Cellulose Ethers: Preparation, Properties, Reactions,
and Analyses

O-Methylcellulose

47. Water-soluble O-Methyloellulose
48. Complete Methylation
49. Methoxyl Determination

50. Position of Methoxyl Groups in O-Methyl-
celluloses

51. Bolvente for O-Methylcellulose
52. Methods for Determining the Degree of
Polymerization of O-Methyleellulose

Other Ethers

53. Ethy! Ethers and Their Analytical Deter-
mination

54. Hydroxyethyl Ethers of Cellulose and
Their Analytieal Determination

85. Cyanoethyl Ethers
56. O-Carboxymethylcellulose
57. Triphenylmethyl Ethers

I. Croon and R. St. J. MaNLRY 271
1. Croon and R. S7.J. MANLEY 274
I. Croon and R. 87.J. ManLEY 277
1. Croon and R. St. J. ManLmy 280

I.CrooN and R. St. J. MANLEY 287
R. St. J. MANLEY 289

I. JuLLANDER and O. Lager- 303
STREM

E. D. Kvve 316
Jack CoMpPTON 317
JouN W. GREEN 322
JouN W. GREEN 327

Section VII. Microscopy

58. Light Microscopy of Cellulose and Cellu-
lose Derivatives

59. Electron Microscopy of Cellulose and
Cellulose Derivatives

Mary L. RoLrLins and V. W, 335
Tr1PP

Mary L. Roruins and V. W. 356
Trirp

Section VIII, Laboratory Epuipment

60, Laboratory Equipment

Joun W. GREEN 367

Section IX. Preparation and Analysis of C'*-Labeled Cellulose

61. Cie.Labeled Cellulose From C!-Labeled
p-Glucose

62. Determination of C14-Label Distribution
in Cellulose

F. Suarizapes and M. L. 375

WoLPROM

F. SmarzapEr and M. L. 377
WoLyROM



Section 1. Preparation of Cellulose
Articles 1 through 6






[1] Purification of Cotton Cellulose

By W. M. CorseTT
Imperial Chemical Industries Ltd., Harrogate, Yorkshire, England

Introduetion

Although cotton is the purest form of naturally occurring cellulose, it
contains several impurities, such as wax, pectins, and coloring matter.
Any method of purification must aim at removing these impurities under
conditions which are not sufficient to bring about any fundamental change
in the cellulose structure, for example, introduction of groups such as car-
bonyl and carboxyl. It is essential that the initial cotton is free from ex-
traneous impurities, such as boll particles, stalk, leaf, and 8o on, since these
are resistant to subsequent treatment. Cotton in the form of card sliver is
an especially good starting material. Normally, the waxes are removed by
extraction with organic solvents, pectins by hot alkali, and coloring matter
by bleaching, but, if the conditions of purification are not rigorously
controlled, considerable degradation of the cellulose may occur as shown
by low viscosity and «-cellulose content. In order to standardize the pro-
cedure so that, as far as possible, different workers may use the same cel-
Iulose, the Cellulose Chemistry Division of the American Chemical So-
ciety (1) introduced a method for the preparation of “Standard Cellulose.”
This method describes the precise manner in which cotton linters were to
be extracted with alkali followed by bleaching with hypochlorite. A study
of this method by Corey and Gray (2) revealed that the bleaching eaused
considerable degradation and that cellulose of exceedingly high purity
can be obtained without bleaching. Present day practice is not to use
bleaching agents. The alkaline treatment causes degradation of about 2%,
but, in the absence of oxygen, this is of a stepwise nature and causes no
detectable decrease in D.P. However, it does modify a few reducing ter-
minal groups (3), converting them into p-glucometasaccharinie acid with-
out cleavage from the cellulose molecule. This type of molecule (1) is
stable towards further attack by alkali.

CH,OH CH,OH
H
~ H
o OH H
H
H OH




4 PREPARATION OF CELLULOBE

Procedure

Carded cotton sliver, cut into short lengths, is extracted, preferably in
a Soxhlet apparatus, for 18 hr. with chloroform, followed by 95% ethanol
for a further 18 hr. It is vigorously boiled for 8 hr. in an atmosphere of
nitrogen with 1% sodium hydroxide with a liquor ratio of 50 ml. per g,
washed with water until free from alkali, and then washed sequentially
with acetone, ethanol, and ether. The cellulose is then dried under reduced
pressure at 20°,

References

(1) Report of the Committee of the Division of Cellulose Chemistry of the American
Chemical Society (H. Hibbert, W. F. Henderson, B. Johnsen, W. O. Mitscher-
ling, and L. E. Wise), Ind. Eng. Chem., 16, 748 (1923).

(#) A. B. Corey and H. L. Gray, Ind. Eng. Chem., 16, 853, 1130 (1924).

(3) G. Machell and G. N. Richards, J. Chem. Soc., 4500 (1957).

[2] Bacterial Cellulose

By Suromo HestrIN?

Department of Biological Chemistry, The Hebrew University,
Jerusalem, Israel

Introduction

Processes involving synthesis effected by a growing culture have been
used most widely as the means of preparing bacterial cellulose. A typical
procedure of this type is detailed. A process involving the use of suspen-
sions of stable washed cells (I, 2) is particularly suitable for cases in
which a labeled compound in limited supply has to serve as the substrate
of the synthesis.

Procedure

Maintenance of Bacteria

Cellulose-forming Acetobacter strains are supplied by Type Culture
Collections generally under the name “Acetobacter zylinum.” Such stock
can have a heterogeneous composition and comprise numerous individuals
which have lost heritable capacity for cellulose synthesis (8, 4). It has
been a frequent experience that repeated passage of such a stock through
a quiescent liquid p-glucose medium as deseribed below improves the cel-
lulose-forming capacity significantly. Culture vessels should have a geom-

1 Deceased, 1962.



[2] BACTERIAL CERLLULOSE 5

etry which permits a membrane formed at the surface of the medium to
adhere to the walls of the vessel. Test tubes are entirely suitable from this
point of view.

A satisfactory culture medium has the following composition: bacto-
peptone (Difco) 0.5%, yeast extraet (Difco) 0.5%, p-glucose 2.0%, potas-
sium monohydrogen phosphate (anhydrous) 0.1% ; pH 7.0. The solutes are
stirred in water with heating and the insolubles are removed by passage
through an asbestos pad (Seitz). The solution is sterilized by autoclaving
it 20 min. at 1.0 atmosphere. Cultures are incubated at 30°. Within a day,
a pellicle appears at the surface of the liquid. It contains almost all the
cells and formed cellulose. Since cells near the surface are ensured of a
good oxygen supply and can grow readily, any shaking which might dis-
lodge the membrane from the surface should be avoided. Oxygen has, how-
ever, the undesirable effect of promoting a proliferation of “cellulose-less”
mutants (4), and these can be expected to be relatively numerous in the
surface pellicle. Inoculum for subtransfer is therefore taken from the liquid
phase of the medium. Intervals between subtransfers may range, as con-
venient, from 1 to 14 days. About 1 ml. of inoculum is added to 10 ml. of
fresh medium. A culture has been restored to full vigor when it is able to
form a readily discernible but transparent surface membrane within 15
hr. following the inoculation.

Convergion of p-Glucose Into Cellulose

Medium of the composition described in the preceding section is dis-
tributed into Roux flasks or other suitable covered, flat containers in a
liquid layer about 1-em. thick. The system is sterilized by autoclaving it
20 min. at 1.0 atm. Heat-sterilized aluminum trays are a convenient cul-
ture vessel for large-scale work. Inoculum (liquid phase of a 24-48-hr.
culture) is added in a proportion of 1:10. During undisturbed 15-hr. in-
cubation at 30°, a transparent membrane appears on the surface of the
liquid. With further incubation, the membrane increases in mass and tensile
strength and assumes a turbid appearance. The pellicles are ready for
harvest after about 5 days. Cellulose yields at this time are generally in
the range of 0.5 to 1.0 g. per liter of medium. A second orop of pellicles can
be taken several days after the removal of the first crop. Yields as high
as 40% on total p-glucose supplied have been accomplished in systems in
whioh the initial concentration of p-glucose was lowered (5).

If it is desired to obtain the final product in the form of an unbroken
membrane, a process for purification which does not destroy the existing
organization is advantageous. A membrane which is colorless and trans-
parent is afforded by prolonged rinsing in flowing water followed by soak-
ing in 4% sodium hydroxide for 7 days at room temperature. To free the



6 PREPARATION OF CELLULOSE

membrane from alkali, it is rinsed successively in water, 0.5% acetic acid,
and again in water until the washings are neutral. Membranes prepared
in this manner contain 0.2-0.4% of nitrogen by dry weight, After drying in
air, the material can be converted into a powder by milling.

1f the produet can be in the form of dispersed fibers, the procedure de-
scribed below is employed. The membranes are first allowed to drain and
are then disintegrated under water in a Waring blendor. This process
yields a cellulose-rich foam over a cell-rich liquid phase. The latter is
discarded. The foam is diluted in water and subjected to further blending.
The suspension is then passed through several layers of cheesecloth. The
fraction on the cloth is scraped off, resuspended in water, and collected by
centrifugation (5000 X g for 10 min.). This process is repeated several
times until centrifugates are solute-free. Relatively few cells and some in-
soluble protein contaminating the product are removed by soaking the fiber
3 days in 4% sodium hydroxide at room temperature. Alkali is removed in
a stream of water over a suction funnel. The fiber is then rinsed in 0.5%
acetic acid and finally in a stream of water until a neutral effiuent is ob-
tained. The product tends to settle in water but can be kept in relatively
stable suspension in this medium after treatment at a concentration of
20 mg. per ml., first for 15 min. at high speed in a Waring blendor and
then for 30 min. in a sonic oscillator (Raytheon, 10 kilocycle).

Characterization of Cellulosic Product

The x-ray diffraction pattern and infrared absorption spectrum of puri-
fied bacterial cellulose indicate it to be native crystalline (type I) cellu-
lose, like the «-cellulose of cotton hair (3). Analytical recoveries of -
glucose from hydrolyzates of bacterial cellulose have been nearly 90% of
theoretical value (6). On a basis of yield of trinitrate ester afforded by a
bacterial cellulose, this fiber preparation is estimated to be at least 956%
cellulosic (5). The degree of polymerization of the nitrated derivative, as
estimated by viscometry, is about 3000 (5, 7). The electron microscopic
image of bacterial cellulose is that of a system of threads sometimes sur-
rounded by an apparently amorphous phase (8). It has been found that
the threads are composite in structure and can be seen to be built up out of
a still thinner unit (9) (Fig. 1).

Analysis of Bacterial Cellulose for p-Glucose 8)

This method consists of three stages: (1) partial acetolysis of the poly-
saccharide, (2) acid hydrolysis to p-glucose, and (3) colorimetric determi-
nation of the glucose, The combination of acetolysis and hydrolysis is
used instead of a single hydrolysis step (see also Vol. III {12]).



