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“TTHODUCTICH

ILigquid Sulfur Dioxide as a Solvent and Non-agueous Reaction Medium.

Sulfur dioxide as a compound has been known since the days of the
elchemists. However, its use &s a solvent, and non-aqueous reaction medium,

is of comparatively recent date.

Pure liquid sulfur dioxide has a boiling point of -10.02t0.01°C.
as determined by Bergstrom (2 ), end a density given by the expression,

D=2.122 - 0.00232T. Where "T" is the temperature in degrees absolute.

The work which has been done on the use of liquid sulfur dioxide
&s a solvent, and non-agueous reaction medium, for chemical compounds is not
as exfensive es that which has been conducted with liquid emmonia. However,
sufficient inventigations have been carried out to show that liguid sulfur
dioxide resembles to a large extent both liquid smmonia and water in its

- properties &s & solvent.

In one of the earliest publications concerning the use of liguid
-sulfur dioxide as a sclvent, Ephrain and Kbrnblum.(lO) have shown that some
metallic salts, particularly the alkali halides and isocynates, form addition
products with the solvent similarly to the hydrate of copper sulfate which is
formed when anhydrous copper sulfate is dissolved in water. Three years later

DeForcrand snd Tcboury ( 7 ) showed that the seme addition products of sodium,




:ub%?ium, and cesium could be formed by passing dry sulfur dioxide gas over

the corresponding iodides.

In 1$20 Bagster and Cooling (1) carried out experiments on the
electrolysis of hydrogen bromide in liquid sulfur dioxide in which they
showed that liquid sulfur dioxide is not acidie in nature, but on the con-
trary is slightly basic. They found that although hydrogen bromide is
solublg in liguid sulfur dioxide that it is not appreciably ionized; yet a
solution of hydrogen bromide ges in liguid sulfur dioxide dissolves exacily
one mole of water for every mole of hydrogen bromide dissolved and the sol-
uvtion is an excellent conductor. When the sulfur dioxide solution of hydro-
gen bromide and water is electrolyzed, weter is set free at the cathode by
discharge of the hydronium icn. Furthermore, Bagster and Cooling found that
the amount of water set free at the cathode is in excellent agreement with
Feraday's laws, i.e. one mole of water is liberated for every faraday of elec-

tricity passed through the solution.

More recent experiments on the use of pure ligquid sulfur dioxide as
a scolvent, and & non-agueous reaction medium, heve been conducted by Jander
gn& his coworkers (20) in which they show that liquid sulfur dioxide is a
comparatively good solvent for both orgeanic and inorganic compounds, and that
pure liquid sulfur dioxide 1s a poor conductor of electricity Wﬁereas its sol-
utions are relatively good conductors just as is the case with pure water and

- &gueous solutions. However, since the pure liguid does conduct electricity to

. @ small extent Jander and Wickert have proposed the following dissociation scheme:




—

2 805 == (0-505) (so)++: (SOS):-f- seytt.

Which is comparable to the dissociation of water and liquid ammonia.

Thus:
2 H0 &= (0H) + (HH0) = (0E) + (Hz0]
e - + . — 4
2 NE; = (Nﬁg)_d- (E1H;) = (M) + (W) .

The positive (SO)++'ion corresponds to the hydrogen ion in water, while the

negative sulfite ion is the anion corresponding to the hydroxyl ion in water.

Using this dissocietion scheme as a basis, Jander &nd Ullmann (21) assumed
thet thionyl campounds (eg. thionyl chloride) should ect es asecids in liguid
sulfur dioxide, and sulfites as bases. This they found to be the case, The
two types of compounds will react in liquid sulfur dioxide forming a salt and
sulfur dioxide. The reaction between potassium sulfite and thionyl chlorice

for example is:

KsSOz 4+ SOClg —> 2 KC1 + 2 S0y

- Which is compareble with that between an acid &nd a base in water, or between
en esmide &nd an ammoniunm salt in liguid ammonia. Furthermore, Jander, Inoli,
end Ullmarn (24) have set up a system of compounds which is strictly analogous

to the smmonie system and the aqua systen.

The reaction tetween ammonia and liguid sulfur diocxide is alco anal-

b

Jiclert (22} heve slhotm
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that it yields & thionyl diammoniunm sulfite, S0(ITHy)oSO0z, which can react
with thionyl chloride in liquid sulfur dioxide just as ammonia dissolved in

water reacts with an acid. 'hus:
((1333)296)805 + socl, —> ((Iraz)zsc)clz-f- 2 S05.

VWiickert (38) hes shown further that liquid sulfur dicxide resem-
bles water as a solvent in that neutraligatiion results in reactions of basic

cxides with thionyl chloride in liquid sulfur dioxide.

The fect that oxidevion-reduction reactions cen take place in
licuid sulfur dioxide has been established by Jander and Immig {23) in which
they show that oxidizing sgents will liberate iodine frbm potassium iodide.
Thus antimony pentachloride will liberate iodine'accsrding to the following

eqguation:

6 XK1 + 2 Sb015 - 3 I, + SbCl5 -+ 6 KCI.

-Similerly iodine will coxidize sulfites to sulfates. For exemple, the basic
ompound formed when triethyl emine is added to liguid sulfur dioxide,

. ((CoEg) =) pSC)S05, is readily oxidized by iodine to a sulfate as shown by

~the following equation:

6]
o

fav]

I, + 2 f((cm,) W) s¢]s0, —> [ € 3, ) oT0) zso]so +[(c2: ) o) ] I, +

As & final exemple of the analogy between agueous systems and

liguid sulfur dioxide, the emphoteric behavier of aluminum sulfite mey be




considered. Jander and Wickert (22) heve shown that aluminum sulfite is
obtained as a white precipitate on edding tetramethyl ammonium sulfite %o
a solotion of aluminum chloride in liquid sulfur dioxide as shown by the

following eguation:
2 A1C1; + 3 (N(CHz),)S0; —>» 2 A1,(SCz)5 + 6 (N(CHz),) C1

On addition of an excess 6f reagent the precipitate redissolves forming the

compound, (N(CE3)4] Alz(sog)z, while reprecipitation of the sulfite can be

brought about by adding thionyl chloride. These reactions are very similar
to the dissoluticn of eluminum hydroxide by an excess of sodium bydroxide

and its reprecipitation by the addition of an ecid.

A large portion of the work described in the preceding peges heas
been summed up in a review by Emeleus (9 ) in which he describes‘the most
_important reactions which take place in both liguid ammoniayand in liquid
sulfur dioxide; and in & publication by Jander (25) in which he describes

the basis of the chemistry in ligquid sulfur dioxide.

In the preceding_pages the close anaslogy cf the action of liguid
sulfur dioxide to that of water as & solvent and as a non-acueous reaction
medium has been shown. However, in sharp contrast to the action of water
. &8s a solvent, liguid sulfur dioxide serves a&s a good solvent for some of
- the erometic and aliphatic hydrocarbons which are completely irmiscible

- With water. In genmeral the investigations (39) which have been conducted



on the use of licuid sulfur dioxide as a sclvent for both paraffin and arcma-
¥ic hydrocarbons show that absolutely water-free liquid sulfur dioxide serves
as & good solvent for a large number of these compounds. Also, that fatty oils
containing hydroxyl groups have relatively higher solubilities £han those which

do not contain the hydroxyl group.

S¥ructure and Properities of Cellulose

Cellulose constitutes the major portion of the plént world. It is =2

colloidal material which is generally aliphatic in chemical action. Cellulose
is not a single chemical ccmpound, but is a class of substances possessing many
chemical and physicel properties in common. Fure celliulose does not occur as
such In nature, but is slways found to be in cambination with cothier svbstances
such as lignin, pectin, or other non-céllulosic‘m&terials. Whether these non-
cellulosic materials are in actual chemical combination with the cellulose, or
are held in combination with it by purely physical forces, is a subject which is
:‘still under consideration. However, in general, it may be said that three types
»of compound celluloses exist. They are:
) Lignocellulese. Exemple - wood.
2} Pecto, or muco, cgllulose. Exanple - cotion, flaxbrh&mie.
) 4dipo cellulose. Exemple - cork.

The purest Torm of naturally occurring celliuleose is found in the cotton
plart; which contains over ¢0% of pure cellulose, The other sources of celluloce

14

004, rhamie) al. contain less ilwn tals. When obteined in the pure gtete
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Carbone e ... 44,47
o)

CXyEER. e rea.. £9:45

HyCTogeNeesee  Be2%:

which corresponds to an empirical formula of (35510052X3 where x varies fronm

fifty to three thousand.

The most widely accepted formula for cellulose is that proposed by
Baworth and Machemer (15),‘pr kave shown that ecellulose is made up entirely
of anhydro-beta—glucose“ﬁnits connected together through an oxygen bridge
joined to carbon atoms number 1 and 4. Thus:

T 73203 q : CHoCH

C=—C
e \~{ H/H \Iol /c‘iﬁ\ i/E \CIOL-_-

E\Ié /1I\uh3/ \Ig /1I\o:1h

}I cu ‘

CE.0% CiL,0x
e ~

=

O

<
zu

Further eviﬁencé of this structure for the cellulose molecule is

. shown by the X-ray measurements of Sponsler and Dore (55) who have shown
“that two anhydro-beta-glucose units will fit along the fiber axis of the
cellulose crystal. A4Alse, IMonier and Williems (31), and many other investi-
gators too numerous to mention here, have shomm that an almost quantitative
yvield of beta-glucose is obtained on complete hydrolysis of cellulose. There-
fore, it is logical to assume from the work wiich nhas been Gone that the cell-

ST

which are counected

0]

ulose molecule is compceed of enhydro-beta—-glucose unit



through an oxygen bridge joined to carbon atoms number one and four ito give

a long chain molecule of colloidal dimensions.

Chemical Reections of Cellulose

- From the above siructure eof celluiose it ecan be seen that there are
three hydroxyl groups per Cg unit- which contain four hydroxyl groups. There-
fore, one would expect the reections of cellulose to be analogous to those of
the polyhydroxy aleohols. This in practice has been found to be true as shown
by the following examples:

I Action of Alkalies and Alkali letals

Cellulose Torms alcoholates with alkalies, and alkaii metals, as shown by

the following ecuations:

a) Cell(OH)5 + 3 NaCH —» Cell(CH) (ONa)z + 2 Hs0
- and,

In ligquid
b) & Cell(0B)z + 6 Na ————> 2 Cell(ONa)xz + SHZ.

Ammonia
The reaction listed under "&am" tekes place in & water solution, and it is not
Gefinitely known whether two hydrogen atoms are displaced per Cg unit or
whether one hydrogen is displaced in one unit while three hydrogen atoms &are
8isplaced in snother Cg unit to correspord to the analysis of the compound
" formed when an agqueous solution of sodiwg hydroxzide is allowed to act on cell-

ulcse. Cn the other hand, it appears guite certain in the reaction listed

under "b" that three hydrogen atoms are displaced per Cg unit when an alkali



metal is allowed to act on cellulose in & medium of liquid ammonia (32).

2) Esterification

Cellulose forms esiters with both orgenic and inorganic acids under
the proper conditions. Cellulose nitrete is the oldest and by far the most

important ester formed by the action of &n inorganic acid on cellulose.

Therefore, a discussion of its formation will serve as a representative ex-

ample *for the formation of the cellulose esters of inorganic acids.

The general method for the preparation of cellulose nitrate is es-—
sentially the same as that for any other esterfication, that is, the elimin-
etion of a molecule of water between the alcoholic hydroxyl groups &nd the

reacting acid as shown by the following equation:

CellQl=E + HOI‘TOZ — CellON02 + Egz0.

Schnbein (33) in 1845, indicated that the most suitable nitrating
agent was a mixture of nitric and sulfuric ascids. Since this time é very
large amount of work has been done cn the preparaticn of cellulose nitrete,
but the present dey method of preparstion remzins essentially the same as

-that proposed by him.

From the above equation, it can be seen that for every nitro group
introdueced into the cellulose moclecule, a molecule of water is formed, end

since the extenit of nitretion, is {to a large measure, dependent upon the
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emount cf water present in the nitrating mixture (28), it is egsential
that the water be removed as rapidly as it is formed. This is eccom-
plished by the use of some dehydrating agent such as sulfuric acid, phos-

" phorus penthide, phosphoric acid, or, in some cases, glacial acetic acid,
or acetic anhydride. Ienze and Rubens (27) have shown that a cellulose
nitrate containing epproximately l4£§nitrogen can be prepared when phos-—
phorus pentoxide is uded a&s the dehydrating material. However, exXperience
haé shovn (17) that one ofvthe best methods for the production of the high-
est nitrated cellulose, gunecotion, is by treating one part of cotton with

thirty parts of a bath having the following compositicn at 15°¢;

HpSCp  evsseveeecenees 75,009
HNOg eeecececcenese 15,753
B:N’Oz se s s 0088 escennse 10305’3

HBO LA I B A B 7.9‘4‘/"{!

During the process of nitration the temperature is allowed to rise to around

25°c,, then toward completion of the reaction it #£alls to about 2000..

In the nitration of cellulose, the nitration takes place along the
entire length of the chain. 4s in the case of the sction of an alkali on
» cellulose, there is no indiecation that thé same number of hydroxyl groups
“on each Cg unitv is nitrated during the process, and the resultant product
is probably & mixture of all stages of esterfication. The percentage nitro-

gen obtained depends upon these mixtures; the pure nmono, di, or trinitrate
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never being isoclated. Eowever, on the basis of a glucose residue, the three

nitrates should have the following theoretical nitrogen content:

Trinitrate Ceeeeiscesanan 14.2%
Dinitrate * H 8 5800088 e ll.l%
Mononitrate cessciseccanan 6.8%

In the case of the esters of organic acids of cellulose, cellulose
acetate is by far the most important ester of this grcup. Therefore, a dis-
cussion of its formation will serve as a representetive example for the pre-

peration of the cellulose esters of organic ecids.

As is tne case ir the preperation of the nitrate, the formation of
cellulose acetate is essentislly a reection in which a molecule of water is
eliminated between the elcocholic hydroxyl groups and the reescting acid. How-
ever, in sharp contrast to the method of preperation of the nitrate, cellulcse
ecetate can not be prepared efficiently without the use of a suitable catalyst
such &s zinc chloride, phospheric ecid, sulfuric acid, or chloroacetic acid.
‘The general method of preparation {8 ) is to treat cellulose of the right
-moisture content (around 5%) with a mixture of acetic anhydride and glacial
‘acetic acid containing one of the above mentioned catalysts, and gllowing the
‘rTeection to proceed at & temperature of sbout five to twenty degrees centi-
grade uﬁtil all of the cellulosic material has dissolved. ¥Water is then added

to the mixture to promote the nydrolysis of the primary acetate to the second-

ery acetate.
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In passiné, it is important to note that the primary acetate;
having an acetyl content of €2.5% corresponding to the triecetate, and
solﬁble in such solvents as chloroform, formic acid, acetic acid, and an-
iline; has very little commercial value due to the fact that threads and
films formed from it ere weak and brittle. In order to obtain the apetate
used in industry today, it is necessary to hydrolyze the triacetate to one

soluble in acetone &nd heving an acetyl content of 54.5% corresponding to

the diacetate.

3) A final example of reactions typicel of polyhydroxy alcohols and
exhibited by cellulose is the formation of ethers when an alkyl halide such

&s methyl iodide is allowed to react with the alcoholate, as shown by the

following eguetion:

CellCNa <+ CHSI — CellOCHs -+ Nal.

Both aliphetic end aromatic, and also mixed ethers of cellulose have been

< prepared by using the ebove method of preparation.

1Eﬁ@:olysis cf Cellulose

The Tirst recorded attempts to produce sugars and aleohols fronm
% vegetable fiber were those of Braconnet (3 ) in 181¢. Since this time an
- enormous amcunt of work has been done on this problem, using in general the
- following means: 1) use of water and pressure alone; 2) use of certain

salts, with and without pressure; 3) use of acids, with and without pres-



sure; 4) by regeneratiocn from esters; and 5) use of alkslies. The suthor
will make no attempt %o list each investigetion sepearately due to the fact
that such a task would be almost unlimited, &nd, therefore, beyond the scope
of this work. ©Suffice it teo say here thet most of the references to the

earlier work can be founé in & btook by Schorger (%9), and in a publicetion

by The United States Department of Agriculture (26).

TheAessential chenistry of the hydrolysis of cellulose to glucose
involves the degradatioﬁ ;; the large cellulose molecule first to‘hydrocellu—
loses, then ic cellobicse, &nd firally to glucose by the breaking of the oxy-
gen bonds between the anhydro-glucose units. Theoretically, on the complete
hydrolysis of cellulose, 100 grems of cellulose should yield 11l1.1 grams of
glucose. In ectuel prectice, this figure has been approached close enough
td show that under the proper conditions a quantitative yield of glucose can
be obtained upon the ceomplete hydrolysis of cellulose.

Liguid Sulfur Dioxide as a Solvent and Non-agueous Reaction liedium for
Cellulose and Cellulose Derivatives.

Up to the present time, very litile work has been done on tihie use
of liguid sulfur dioxide as & solvent and es & non-agueous reaction medium
for cellulosic materials. Tre first recorded work is that of Clancy (s} in
1625, who obtained patents oz the use of liguid sulfur dioxide as a solvent

for both cellulose nitrate and cellulose acetate. Two years later, chemists

of The I. G. Ferbenind Compary (11) succeeded in preparing cellulose aceteate
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in a medium of liquid sulfur dioxide by the action of acetic anhydride, in
the presence of a catalyst such as zinc chloride, on cellulose. The next
recorded werk is that of Mattox (50) in 1938, whose investigations were pri-
mérly of & preliminary nature. Kevertheless, one important fact is contri-
buted by his work; that is,'that cellulose is inaolﬁble in, and is unaffec-

ted by liquid sulfur dioxide.

Object of this Investigation

In view of the fact that a very meager amount of information wes
available.concerning the use of liquid sulfur dioxide &s a solvent end as
& non-aqueous Treaction medium for cellulose end ecellulosic materials, it
wes decided by this laeboratory to conduet a thorough investigation on the
subject. In carrying out the work, the following typical reactions of cellu-
lose, and cellulose derivatives, were investigaeted: 1) esterification,

2) etherification, 3) xmanthation, and 4} hydrolysis.
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Laterials and laboratory Procedure

I. Materials

The sulfur cdioxide used during the course of this investigation
was, of & necessity, water free and of the purest grade obiainable. The
ma jority of the sulfur dioxide used was obtained fram the Virginia Smelt-

ing Company of West Norfolk, Virginie, and labeled &s extra dry essotco.

The smmonia used was of the ordinary technical grade of anhydrous
gmmonia prepared by the E. I. Du Pont National Ammonia Division of Frankford,

Priladelphie, Pennsylvenia.

The cellulose used during the course of this investigation was of
two wvarieties. 1) Well-fluffed, well-dried, spruce sulfite pulp of & high
alphe-cellulose content prepared by Thé Brown Company of Berlin, New Hamp-

shire, and having the following composition for an air dried sample:

Llpha=celluloSe ciicieessne  95.60%

Moisture tecesenanne 3.98%
Lignin ceersseneas 0.50%
Ash ceecceanane 0.14%

and, 2) well-dried regenerated cellulose, rayon, prepared in this leboratory
from the sulfite pulp by the well-known viscose process.

The anhydrous soda cellulose used during this investicatlion was pre-

: ammonia
pared in tris leboratory by the action of metallic scdium in liquid,on & sample
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of well-dried sulfite pulp. The sodium cellulose prepared by this method
hed a sodium content of 27.43%; which corresponds fairly closely to that of

30.20% sodium for the trisodium cellulosate.

The cellulose acetate used was obteined from the Hercules Powder
Company of Parlin, Rew Jersey, and had an acetyl content of $4.5%, corres-

ponding to the cemmercial grade secondary acetate.

The cellulose nitrate used during the course of this investigation
weas also obteined from the Hercules Powder Company, and hed a nitrogen con-

tent of 13.44¢; corresponding very closely to the trinitrate.

The wood used in the hydroclysis experiments was welli-dried, sea-
soned, seconl-growth Southiern Tellow Fine sewéust; having the following com-

position on &n air dried sample:

Total cellulose  .eveee.. £3.0%

CcCl, extract tecaanae 4.0%
Lignin ceeesaes  B4,27F
Lioisture cecaccnn 5.1%
Ash S X1

The cellulose weas determined by Browmley (5 ) according to the method of Crcess

end Reven {18}, aud the lignin was determined by tle proecedure devised by

i Becker (19).

The nitrogen  tetroxide used in the nitration experiments wes pre-~
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pared in tais leboratory by hegting leed nitrate. The gas was dried by
passing it over calcium chloride, and then over phosphorous pentoxide,
then condensed by means of & sali-ice bath to a reddish-brown liguid and

reserved for use.

The nitric acid used in the nitrating experiments was prepared
in this lsboretory by the distillation of the nitric ascid from a mixture

of sodium nitrete and concentrated sulfuric ecigd.

The sulfuric acid used for the hydrolysis experiments was of two
varieties: 1) Twenty per cent fuming, chemically pure grade sulfuric acid,

and 2) +the ordinary chemically pure concentreted sulfuric acid.

The other chemicals used during the course of this investigation
were, unless otherwise specified, of the highest chemically pure grade ob;

teinable.

II. Laboratory Procedure

The laboratory procedure, unless otherwise specified, was as
Tfollows: A large test tube, 30 by 300 mm., was immersed in a salt-ice

bath and sulfur dioxide condensed in the tube. The material or materials
1o be investigated were then edded to the liguid sulfur dioxide and allowed
to remain in contact with it for a specified time with agitation, either
with the tube still irmersed in the salt-ice bath, or while subjecting the

reaction mixture to room temperature by closing the end of the reaction
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tube with an appropriaste device. At the end of a specified time the reac-
tion mixture was snalyzed to determine what reaction, if any, hed taken

place.

JII. Methods of Analysis

The methode of enalysis will be discussed under each separate

investigation.
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Experimental

A). Preliminary Experiments

1) Aetion of Sulfur Dioxide on Cellulose

A oné grem sample of cellulose was introduced into the reaction
tube, and 50 ml. of sulfur dioxide condensed upon it. The reaction tube was
closed and allowed to stand at room temperature for 48 hours. At the énd of
this time the sulfur dioxide was distilled off, and the laét traces removed
by meens of & vecuum. A sodium fusion test on the cellulose was negative,

showing that no sulfur had been introduced into the cellulose molecule.

2) Action of lietallic Sodium on Cellulose in Sulfur Dioxide

The procedure was the same as that for experiment one, except
that about one-half a gram of finely-cdivided metallic sodium was added to
the sulfur dioxide-cellulose mixture. The sodium did not dissolve in the
sulfur dioxide, but remsined as a suspensicn. At the end of 48 hours, the

~§u1fur dioxide was allowed to eveporate, and the residue of eellulese angd
sodium was washed thoroughly with ethyl alcokbol to remove all treces of
metallic sodGium. The cellulose was dried in an oven at 160°C, for two hours,

end the following test macde on it:

a) Fleme test for sodiwm, and (b) sodium fusion test for sulfur. Both of

the ebove tests were megetive, and since the cellulose in &ll &ppearances
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was unchanged, it can be said that metallic sodium bas no effect on cellu-

lose dispersed in a medium 6f liquid sulfur dioxide.

B). Nitration

1) Action of Nitrogen Tetroxide on Cellulose

Experiment I

Nitrogen tetfoxidé; prepared as described on page 16 arnd 17 was
passed through a drying tube containing phosphorous pentoxide then bubbled
into 80 ml. of sulfur dioxide conteined in the reaction tube, which was im-
mersed in & selt-ice bath &t -15°C. ¥he gas appeared to be completely sol-
uble in the sulfur dioxide, A deep red to brown solution was foarmed. Tke
end of the reaction tube was closed and the solution of nitrogen itetroxide
in sulfur dicxide allowed to stend at room terperature for two hours. IO
sign of & resction was evident &t the end of this time; the homogeneous,
brown solution rem&ining &s sueh in the reaciion tube. The resciion tube
was trensferred to & salt-ice bath at -15°C., and the pressure releaced by
. opening the end of tlic reaciion tube o tlie eatmosphere. Two grams of cellu-~
lose were then added, in smell quantities with stirring, to this brown, houo-
geneous solution. At first no reaction was evideni, the cellulose appeared
to be unaffected. AT the end of Ten minutes & vigorous reaction tock place.

The reaction, which lasted gnout Tive wmiiuvtes, lefi & wiite sclid in tle

Tecction tulc £11 except traces of the sulfur dioxide end the nitrogen tetra-

xide were driven off due to the heat of reaction.
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The white so0lid obtained above was washed with S0 ml. portions
of sulfur dioxide until the nitrogen tetroxide was completely removed, as
shown by the lack of coloration in the sulfur dioxide wash. The last
tracés of sulfur dioxide were removed by meens of a vacuum. The white
solid obtained in this way was tested as follows:
1} A small portion of the solid was exposed to the atmosphere. A viscous
solution formed after &n hours standing. On allowing the solution to stand
for ean edditional two hours charring was observed.
2) The rest of the solid left from "1" was added, in small quantities, with
gtirring, tb 200 ml. of water. TUpon contact with water a vigorous reection
resulied with the evolution of brown fumes of nitrogen diéxide. A émall
emount of solid materiel, having all appearances of highly degraded cellu-
lose, was left undissolved, this was filtered off and washed free of acid
as shown by & litmus paper test on the wash waiter, dried in an oven at lOOOC.
for two hours, and a sodium fusion {test made for nitrogen. Results showed

that po nitrogen was in the final product.

The filtrate obtained from dissolving the original solid in water
was evaporated to about one half its wvolume, and a test made for the sulfate
ion with barium chloride solution, a heavy white precipitate, insoluble in

hydrochloric acid, wes formed, showing the presence of the sulfate ion.

Tne sulfur dioxide wash solution containing the nitrogen tetroxide

was evepcrated to dryness. No residue was left in the beaker.
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Experiment II

The procedure for this experiment was the same as thet for Ex-
periment I with the exception that the cellulose was edded to the sulfur
dioxide before the nitrogen tetroxide. The results were identicel with
those of Experiment I except thet the reaction took plece while the re-
action tube was still immersed in the salt-ice bath after a period of

fifteen minutes.

Experiment III

The procedure for this experiment was identical with that of
Experiment I with the exception that insteed of passing the nitrogen
tetroxide into the sulfur dioxide as a gas, 5 ml. of the liquid nitro-
gen tetroxide were sdded to the sulfur dioxide. The results were iden-

tical with those of Experiment I.

Experiment IV

The procedure for this experiment was identical with that of
Experiment III with the exception that the cellulose was added to the
sulfur dioxide before the nitrogen tetroxide. The results were the same
as those of Experiment I except that the reaction took place while the
reaction tube was still immersed in the salt-ice bath after a periocd of

fifteen minutes.

The resulits of the foregoing experiments indicate thet it ig
probably impossible to nitrate cellulose in a medium of sulfur dioxide

with nitrogen tetroxide due {o the fact that the primery reaction is
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that of the formation of the compound, NoS,0g, &8s shown by the follow-

ing equation: (29)

3/2 NoOy + 2 SO0g —>» NgS50g + NO

Briner and coworkers (4 ) have shown that the above reaction is exother-
mie, and that the product rescts with water with an evolution of nitro-
gen dioxide and the formation of sulfuric acid. These results agree with

those obteined during this investigation.

2) Action of Nitric Acid on Cellulose

The experimental work cn the action of nitric acid on cellulose
was divided into four separate series of investigations in which varying
emounts of nitric ascid were used. 1) The action of nitric ascid alons,

2) the action of nitric acid in the presence of phosphorus pentoxide,
3) +the action of nitric acid in the presence of concentrated sulfuric acid,
and'4) the action of nitric acid in the presence of phosphorus pentoxide,

and chlorine gas.

The experimental procedure for each of the above investigations
was essentially the seme.
1) fThe required amount of sulfur dioxide was introduced into the reaction
tube, which was immersed in a salt-ice bath et —l5OC.

2) The dehydrating agent used, was added to and mixed well with the sulfur

dioxide.



3)

4)

5)

6)

7)

8)

e)
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The required emount of nitric acid was added to and mixed well with
the mixture of sulfur dioxide and dehydrating agent.
One gram of cellulose was added to and mixed well with the contents
of the reaction tube.
The reaction mixture was allowed to remain for two hours, with inter-
mittent stirring, in a salt-ice bath at -15°C.
The liquid portion of the reaction mixture was éecanted, evapcrated,
end tested for solid matter. The solid meterial left in the reaction
tube was added ceutiocusly, with stirring, %o 500 ml. of water.
Solid meterial filtered off.
Solid portion, if any, washed free of acid to litmus, and dried at
100°¢c. for two hours.
Quelitative test for nitrogen made on the cellulosic residue by means
of the sodium fusion method.
A qualitafive test for the sulfate ion was made on the filtrate with

10% barium chloride solution.

The results of each of the four investigations are listed sep-

arately in TABLES I, II, III, and IV.



~25=

TABILE T

The Action of Nitric Acid on Cellulose Pulp
in Iiquid Sulfur Dioxide at - 15°C.

Number Vol. of HNOs Volume Time of Qualitative
of in ml./gram of Reaction test
Experiment of Cellulose S0pin ml. In Hours for Witrogen
1 1 29 2 Negative

2 2 © 28 2 "

3 3 27 2 "

4 4 26 %— "

5 S 25 * b
TABLE IX

Action of Nitric Acid on Cellulose Pulp in Ligquid Sulfur Dioxide
containing one Gram of Phosphorus Pentoxide at - 15°%.

Number  Vol. of HNO, Volume Time of Qualitetive
of in ml, /gram of Reaction test
Experiment of Cellulose S0, in ml. in Hours for Nitrogen
h § 1 80 2 Negative

2 2 50 2 "
3 3 50 2 n
4 . S S0 2 A
5 10 o0 * "

*A very vigorous reaction tock place on the addition of the

Cellulose to the reaction mixture.
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TABLE IIT

Action of Nitric Acid on Cellulose Pulp in Ligquid Sulfur Dioxide
containing 3 ml. of Concentrated Sulfuric Acid at -15°cC.

Gk

Rumber Vol. of ENOZ Volume . Time of gualitative
i of in ml./grem of Reaction test
o Experiment of Cellulose  S0p in ml. In Hours for Nitrogen
4 1 1 50 2 Regative
i
b, . n
;% 2 3 ’ 50 2
3 5 50 2 "
4 7 50 ‘,%" nX
TABLE IV

Action of Nitric 4cid on Cellulose Pulp in Licquid Sulfur Dioxids
containing One Grem of Phosphorus Fentoxide, and saturated
with Chlorine Ges.

2 Fumber Yol. of HNO Yolume Time of Qualitetive
| Y of in ml./grem of Reaction test
; g? Experiment ©f Cellulose S02 in ml. in Hours for Nitrogen
1 1 40 2 Neeative
3 2 2 40 2 oo
3 3 40 2 "
4 4 40 2 n
5 5 40 2 "
6 6 40 5 wk

7 7 40 ¥ ¥

*produet completely water soluble.

*¥p yery vigorous rection took place on the addition of the
cellulose to the reaction mixture.
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Fraom an inspection of TABIES-I to IV inclusive, 1t can be éeen
that it was found to be impossible to nitrate cellulose in a medium of
liquid sulfur dioxide either with fuming nitric acid elone, & mixture of
fuming nitric acid and phosphorus pentoxide, a mixture of fuming nitric
aecid and concentrated sulfuric_acid, or with a mixture of fuming nitric
ecid, phosphorus pentoxide, and chlorine. This is attributed to the fact
that in each-case the primary reaction is that of the formation of the com-

pound, NgS20g, a&s shown on page 23, -

In each of the four sefies of experiments on the use of fuming
nitriec acid as & nitrating agent for cellulose iﬁ é medium of sulfur di-

oxide, the important facts observed were as followéﬁ

1) Fuming nitric ecid is soluble in sulfur dioxide, and reacts with it to
form the compound, N2Sg0g.
The higher the concentration of nitric escid, the greater the degrada-
tion of the cellulose, and the shorter the time of formation of ths
compound, NgS50g.

3) Concentrated sulfuric acid is soluble in sulfur dioxide.

4) Phosphoruskpentoxide is insoluble in sulfur dioxide.

5) Chlorine gas is soluble in sulfur dioxide, and gives a homogeneous, yellow

solution similar to that of chlorine in water.
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III Action of Liguid Sulfur Dioxide on Trisodium Cellulosate

a) Preliminery Experiments

1) One gram of soda cellulose was added fo liquid sulfur dioxide.
The soda cellulose was charred immediately upon contact with the sulfur
dioxide fumes, and to a greater extent when it came in contact with the

liquid.

2) One gram of phosphorus pentoxide was added to, and mixed well,
with 3C ml. of sulfur dioxide, and one gram of soda cellulose was added
to this mixbture. The cherring of the soda eellulose was greater than when

only sulfur dioxide was used.

3) ALbout 5 ml. of methyl icdide was dissolved in 30 ml. of sulfur
dioxide, &and one gram of soda cellulose was added to this solution. The
soda cellulose wes charred immediately upon contact with the sulfur dioxide

fumes.

4) One gram samples of soda cellulose were moistened with the follow-
ing reagents: 1) benzens, 2) carbon disulfide, 3) methyl alecohol,

4} ethyl alcohol, 5) chloroform, 6) carbon tetrechloride, and 7) methyl

iodide. On sdding to liguid sulfur dioxide results showed that no charring

occurred in any of these samples even after standing an hour.

S) Two grams of soda cellulose were moistened with benzene, end added

to 50 ml. of sulfur dicxide with stirring, end ellowed to remain in the sul-
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fur dioxide, with intermittent stirring, for two hours. At the end of this
tine, the solid material was separated from the sulfur dioxide by filtration
with a fritted-glass, pressure filter. The 1ast‘traces of sulfur dioxide
were removed from the residue by means of a vacuum, and the following tests

made on the product.

1) A-qualitative test for sulfur by the sodium fusion method was positive.
2) About %-gram of the residue was bolled with methyl alcohol for one hour.
The insoluble material, seperated by filtration, was washed several times
with boiling methyl alcohol, dried at 100°C. for two hours, and a éualita—
tive test for sulfur made on it. Results showed that sulfur was still in

the residue.

The filtrete from the boiling methyl] alcohol extraction of the
splid was eveporated to drymess. A small amount of a yellow residue re-

mained in the eveporating dish,

From the results of the four preliminery experiments on the action

of sulfur dioxide on trisodium cellulesate, the following facts are evident:
1) Trisodium cellulosate is charred upon econtact with sulfur dioxide fumes.

2) When trisodium cellulosate is moistened with either benzene, carbon di-
sulfide, methyl alcohol, ethyl alcohol, chloroform, carbon tetrachloride, or

with methyl iocdide, and then sdded %o liquid sulfur dioxide, no charring



results.

3) When trisodium cellulosate is moistened with benzene, and subjected to
the action of liquid sulfur dioxide for two‘hours, a suhstancé econteining
sulfur is obtained.

4) Boiling methyl alcohol extracts part of the sulfur content from the
Eubstance obtained by the ac¢tion of liguid sulfur dioxide on trisodium

cellulosate.

In order to determine what compound, if any, was formed by the
action of sulfur dioxide on trisodium cellulosate, an investigation wes

cerried out in which the following procedure was used.

1) TFive grams of trisodium cellulosate were moistened with benzene and
added to the reaction tube (immersed in a salt~ice batk at -15°C.) contain-

ing 200 ml. of sulfur dioxide.

2) The reaction was allowed to proceed for two hours with intermittent

stirring at -15°C.

3) The end of the reaction ftube was closed, and the reaction allowed %o
proceed at room tempereture for 10 hours.
4) The reaction tube was immersed in a salt-ice bath at -15°C., and the

pressure releesed by cpening the end of the tube to the atmosphere. The

reaction was allowed to proceed, with intermittent stirring for six hours.
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8} The end of the reaction tube was closed, and the reaction allowed to

proceed at room temperature for five hours.

6) The reaction tube wes immersed in a salt~ice bath at -15°C., and the
pressure released by opening the end of the reaction tube to the atmos-~

phere. The reection was allowed to proceed for one hour.

7) The now powdery substance, was separated from the sulfur dioxide-
benzene solution by filtration with a fritted-glass, pressure filter, and

washed with several portions of sulfur dioxide.

8) fThe filirate was tested for any solid meterial after the sulfur 4i-
oxide was evaporated. Resulis showed that only benzene, which burned with

e sooty flame, remsined from the evaporation.

9) The residue obtained in step seven was freed of the last traces of sul-

fur diexide by meens of & vacuun.

10) The sulfur dioxide-free semple was passed through a 60 mesh screen,
dried et 100°C. for two hours, and four separate samples subjected to the

following quentitative analyseé.

Sample #1
« A weighed portion of the product was refluxed for one hour with
100 ml. of methyl alcokol. At the end of this time, the cellulosic material

was filtered off by means of & fritted-glass filter, washed with six sep-
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arate 10 ml. portions of boiling methyl alcohol, dried,l00°C. for two

hours, and reserved for analysis. The filtrate, including the wash por-
tions, was diluted with water to exactly 250 ml., end reserved for an-

alysis.

Semple #2
The same procedure as that for semple #1 was followed with the

exception that the extraction was carried out &t room temperature.

Semple #3
The seme procedure as that for sample #1 was followed with the
exception that water was used &s the extracting agent instead of methyl

alcohol.

Sample #4
The same procedure &s that for sample #1 was followed with the
exception that extraction was carried out &b room temperature with water

as the extreecting agent.

Analysis of Filtretes

a) Volumetric Determipation of Sulfur

4 measured amount of approximately 0.1 N stenderd iodine sol-
ution was made ecid with sulfuric acid, and a sufficient amount of each

of the filtrates was &dded to titrate the iodine.



From the volume of the filtrates required to use up & known ¥v61-
ume of the standard iodine solution, the smount of sulfur present in each

of the filtrates was calculated as per cent sulfur.

b) Gravimetric Determination of Sulfur

The procedure for the gravimetric determinetion of sulfur was the
same as that ussd by Gétsch (14). A measured volume of each of the filtrates
was added to 100 ml. of Gﬁ\sddium hydroxide contained in & 400 ml. beaker.
Approximately 2 ml. of bromine were added to the alkaline solutions, and the
ccntents kept just below the boiling point for one hour. At the end of this
time, the solutions were mede acid with hydrochloric acid, and the excess bro-
mine expelled by boiling. The::slightly ecid solutions were filtered, if nec-
essary, and diluted to exscily 200 ml. A4Aliquot portions of 50 ml. of each of
the filtrates were then heated to boiling, end aﬁ excess of barium chloride
golution edded to precipitate the sulfur as berium sulfate. The solutions
were ﬁept hot for at least ten hours, then filtered while hot. The precipi-
tate was weshed free of chloriées with boiling water, transferred to a weighed
crucible and ignited at 9000C. for two hours. The per cent sulfur was calcu-

leted from the weight of barium sulfate,

G} Gravimetric Determination of Sulfur in the Original Product and in eech
: of the Extrected Residues

The seme procedure as thet for the gravimetric determination of sul~-
fur in the filtrates was used with the exception that a weighed semple of the

so0lids were used.



The results of the investigation of tihe aetion of llguid sulfur

dioxide on trisodium cellulosate are given in TABIE V on page 5.
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TABIE V

Action of Ligquid Sulfur Dioxide on Trisodium Cellulosate

Totel S Total S Total S in Total S
in Product in Product Filtrates Accounted
in Per Cent in Per Cent In Per Cent for in %

17.91 17.91
1) From Boiling CHz0H 9.13 6.92 17.05
2) From R.T. CHz0H ceee 10.43 6.60 17.03
3) From Boiling Hs0 17.03 0.00 17.03

4) TFrom R.T, Hy0 cens 17.51 .00 17.51
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From an inspection of TABIE V, it cen be seen that a substance
containing 17.91% sulfur was obiained from the actionm ﬁf liquid sulfur di-
oxide on trisodium cellulosate for 24 hours. The expefimental value for
the amount of sulfur obtained agrees remarkably well with the value, 17.97%

sulfur, calculeted for the compound, trisodium, disulfito cellulosate, heving

the formula cell(uﬁa)(csozﬁa)a.

Also, from TABIE V, it can be seen that the filtrate from the ex~
traction of the semple with weter at room temperature contains gll of the
sulfur. Therefore, it can be sald that {the compound, which is formed by the
action of liguid sulfur dioxide on trisodium cellulosate is completely hydro-~
lyzed by the ection of water with the regeneration of cellulose, and the for-
mation of one mole of sodium sulfite and one mole of sodium ecid sulfite, or

two moles of sulfur, per mole of trisodium, disulfitc cellulosate, as shown
by the following equations:
HOH
Cell(ONa) (0SOyNe), —> CellCH + NeOH + 2 NaBESOz

NeOH + 2 NaBSO3 —> NagSO3 + NeISO,+ Hz0.

A simple calculation shows that 1.83 moleé of sulfur per mole of

- trisodium disulfito cellulosate were obtained by experiment. Therefore it

appears quite probable that a compound containing at least 17% sulfur is

formed by the action of liquid sulfur dioxide on trisodium cecellulesate.
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IV Esterification Reactions in Liguid Sulfur Dioxide

Due to the fact that trisodium eellulosate reacts with liquid
sulfur dioxide, the ordinery type etherificetion reactions with dimethyl

sulfete, methyl iodide, etc., and the xanthation reaction carbon disul-

 fide were not attempted. However, an attempt was mede to prepare mixed

esters of cellulose. According to F.P. 702,116 (13), and U.S.P. 1,785,466
(37), both aliphetic and aromatic mixed esters of cellulose have been pre-
pered by reacting cellulose acetate, or some other organie ester of cellu-
lose, with en organic &cld of higher ionization constant. Preferably, the
ecid used should be one in which the initial ester is soluble. Now, since
cellulose ecetate is soluble in liquid sulfur dioxide, it appeared possible
thaet the sulfur dicxide might be used instead of the acld as a dispersing
medium, and that solid orgenic egcids with higher ionization constants could
be reacted with cellulose ecetate. With this idea in mind, several experi-

ments were carried out with the use of organic acids, some with higher and

‘some -with lower ionization constants than acetic acid.

The procedure for each of the experiments was essentially the
seme. Three greams of cellulose ecetate were dissolved in 25 ml. of sulfur
dioxide, and a definite emount of the acid to be investigated was added to
this solution, end the contents allowed to remein at ~15°C;, with intermit-

tent stirring, for & specified.time. At the end of the resction time, the
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entire contents of the reaction tube were added to approximately 600 ml.
of water, the so0lid material filtered off, and washed free of the acid
used either with water, or some solvent, in which the particular acid
was soluble. The solid material was dried, &nd & sodium fusion test

made for the identifying element.

The results of the above group of experimeﬁts are given in

TABIE VI.

TABLE VI

Action of Different @rganic Acids on Cellulose Acetate Dissolved in
Liquid Sulfur Dioxide after 15 Hours at -15°C.

Number ' Solubility Grams of Qualitative Test
of Acid Used of hcid Acid/grem for Identifying
Experiment in SOg of Acetate Element
1 Chloroacetic s.s* 2/3 Negative
2 Trichloroecetic c.s ¥* n "
3 Picric c.S. " "
4 Uric SeSe " n
5 Nitrobenzoic 8.8. i n
6 Sulfanilic S.S. " "
7 3, Ritro-
phthalic SeSe " "
8 1 Amino,
2 Napthelie,
4 Sulfonic SeS. " "

* S1lightly soluble
**completely soluble
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Experiments were carried out to investigate the action of thionyl
chloride, phosphoric acid, perchloric ecid, chloral hydrate, and phosphorus

oxychloride on cellulose ecetate dissolved in liquid sulfur dioxide.

The procedure was identical with that for the investigation of the
action of the different organic acids on cellulose acetate dissolved in sul-

fur dioxide.

‘The results of the sbove group of experiments are listed in

TABIE VIT.

TABIE VII

Action of Different Reagents on Cellulose acetate Dissolved in Iiéuid
Sulfur Dioxide after 12 Hours at -15°C.

Number Solubility Grems of gualitative Test
of Reagent Used of Reagent Resgent/gr. for Identifying

Experiment in SOy of Acetate Element

1l Thionyl chloride C.S. 1l Positive for S

2 Phosphoric acid - ™ Negative

3 Chloral hydrete CeSe " "

4 Phosphorus 0Oxy-

chloride . SeS. n n
5 Perchloric Acid C.Se n "
54 Urea 2 m. of sul-

furic acid S.Se " "
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From an inspection of TABLES VI and VII, it can be seen that omiy
the product from the acticn of thionyl chloride on cellulose acetate
dissclved in sulfur dioxide gave a test for an identifying element.

A sulfur eanslysis on the product obtained from this reaction showed
thét the product contained pnly 0.65% sulfur. Therefore, since the
product wes acetone soluble, and burned és does cellulose acetate, it
wes cancluded that the thionyl chloride was not in actual chemical com-

binetion with the cellulose acetate molecule; but was merely adsorbed

by i%.
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f. HBydroiysis ot Cellulose

During the course of this investigation it was found that con-
centrated sulfuric ecid is miscible with sulfur dioxide in all proportions,
and that glucose is insoluble in, and apperently unaffected by suliur di-
oxide. It appeared, therefors, that it might be possible to first degrads
cellunlose in liguid sulfuf uioiide with concentrated suliuric acid, then
remove the sulturic acid by washing with sulfur dioxide. Thus, it should
be possible to cobtain the glucose in a pure form by using & simple extrac-
tion method. With this thought in mind, & thorough investigation of the

problem was carried out.

A) Preliminary Experiments

Experiment I

Ten ml. oi concentrated sulfuric acid were added to the reaction
tube, immersed in a salt-ice bath at —lSOC, end 40 mi. of sulfur dioxide
condensed on it, The sulturic acid and the suwlfur dioxide farmed a water-

clear, homogeneous solution. One gram oif cellulose was asdded slowly, with

stirring, to the sulfuric ecid-sulrur dioxide solution. The cellulose was
not charred. The reaction was asllowed to proceed for two nours, with inter-
mittent stirring, and at the end of this time, the cellulose material had a
light brown color. The sulrur dioxide-sulfuric acid solution was decanted,
ana the resicue washed with six 25 ml, portions of sulfur dioxide. The fi-

nal sulfur dicxide wash did not give a precipitate irsoluble in hydrochloric
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écid when the sulfur dioxide was evaporated end the residus dissolved in
weter and tested with 10% barium chloride solution.

The residue from the sulfur dioxide wesh, which was a brown semi-
golid, was transferred to a vecuum desiccator, and sllowed to remain under
vacuum over night., Examinetion of the product showed that it hed charred
to a bleck mass. A sulfate test with 10% barium chloridé solution on the
product dissolved in water gave a heavy white precipitate insoluble in hy-
drochloric acid, which showed that the product still conteained sulfuric

scid.

Experiment II

Exectly the seme procedure as that for Expefiment I was followed
with the exception that the cellulose was allowed to remain in contact with
the sulfur dioxide-sulfuric acid solution for six hours. The results were
identical with those of Experiment I with the excepticn that the cellulose
had lost all of its fiber form, end instead of obteining a semisolid as in
Experiment I, a brown, viscous syrup, insoluble in sulfur dioxide, was ob=-

tained.

Experiment IIT

Three grams of cellulcse were dissolved in 10 ml. of concentrated
sulfuric acid at —1500. As soon as all of the cellulose had dissolved, the
resction tube was trensferred to en ice bath at OOC., and the reaction al-

lowed to proceed for ten hours at this tempersture. At the end of this time,
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the brown, viscous syrup was washed with six separate 25 ml. portiomns of
sulfur dioxide. The brown, viscous syrup formed a froth with the sulfur °
dioxide when egitsted by mesns of a mechanical stirrer, but, on standing,
the syrup egain settled to the bottam of the reaction tube. A barium
chloride test on both the sulfur dioxide wash, end the brown;‘visccus syr-

up gave 8 heavy wnite precipitate insoluble in hydrochloric acid.

Experiment III

Approximetely five grams of cellulose was moistened with sulfur
dioxide then edded, with étirring, to a large test tube containing 40 ml.
of concentrated sulfuric acid. The reaction tube was immersed in an ice
bath and the sulfur dioxide ellowed to eveporate. The reaction mixture
was kept at OOC. for twenty bours. At ths end of this time, the following
series of experiments were carried out on the brown, viscous sclution.
1) About 5 ml. of the syrup were added drop by drop, with stirring, to
400 ml, of sulfur dioxide. The syrup appeared to form a homogeneous solu-
tibn with the sulfur dioxide. However, on standing the brown, viscous syr;
up settled to the bottom of the reection tube. The upper layer of clear
solution was decanted, aml the syrup treasted with three additional 200 ml.
portions of sulfur dioxide. Each time, the viscous, browvn syrup settled to
the bottom of the reaction tube on asllowing it to stend several minutes. A
sulfate test on both the suWlfur dioxidé wesh, and on the brown, viscous syr-
up was positive.

2) About 5 ml. of the brown, viscoué syrup were added to 100 ml. of sulfur



dioxide, and spproxrimately 5 ml. of ether edded to this mixture. A brown,
homogenecus solution formed, On the sdditicn of more ether, a brown pre-
cipitate tormed. This precipitete was dissolved by the sddition of more
sultur dioxide with the formetion of the brown, viscous syrup. More ether
was added, and esgein the brown precipitate formed. This precipitate was
filtered off, and washed several times with ether. A brown gum, which
cherred when left exposed to room tempereture, wes formed. This indicsted
thet &1l of the sulfuric scid had not been removed., A sulfate test on the
etber-sulivr dioxide wesh, end on a water solution of the residue was pos-
itive, showing that one pert ¢f the sulfuric acid hed been removed from the
product,

3} About 5 ml of the brown, viscous syrup were added to 100 ml. of sulfur
G¢ioxide, and enough ether wes added to form & hamogeneous solption. The
solution wes agiteted by meens of a mechenical stirrer for rive minutes,
then sufficient ether to form a precipitate wes sdded. The liguid portion
in the reaction tube was decanted, and 100 ml. of sulfur dioxide added to
the precipitate., The gummy precipitate iormed a brown, viscous syrup which
settled to the bottom to the resction tube when allowed to stand several min-
utes. The foregoing process of 1irst forming & homogeneous soluticn by the
addition of ether, then the formetion of a precipitaté by the addition of
an excess of ether, Tollowed by decanting the liquid, amd redissolving the
precipitete with sulfur dioxide was repeated four times. The final pre-
cipitate was trensferred to & vascuun desiccator and allowed to remain un-

der vacuum over night in arder to remove the last traces of suliur dioxide.
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Exemination of the product showed thet it hed charred to & black mess, in-
diceting the presence ol suliuric acid,

4) About 5 ml. of the brown, viscous syrup were added to 100 ml., of sul-
fur dioxide, and 25 ml. of benzene added to the mixture a little at & time.
The benzene formed & clear, homogeneous solution with the sulfur dioxide,
but did not seem to affect the brown, viscous syrup in any way. Nore ben-
zene wes added slowly with stirring until ebout 200 ml. had been added.
The brown, viscous syrup remained as such et the bqttom or the reasction
tube., The sulfur dioxide-benzene solution was decanted, end the syrup ex-
posed to room tempersture. Examination of the product after two hours
snowed that it had charred to a black mass, showing thet swifuric acid wes

still precent.

4 series of experiments, identical with the above preliminary ex-
periments with the exception that fuming sulfuric acia wes used insteed of
concentrated sulfuric ecid, were carried out. The results were identical

with those of the four preliminery experiments just described,

From the foregoing prelimisery experiments, it can be seen, that
although some of the sulruric escid is removed from the degradation preduct
by weshing with sultur dioxide, it eppears impossible to remove &ll of the
sulfuric ecid either with sulfwr dioxide alone, & mixture of suliur dioxide

end ether, or with & mixture oI benzene and sultur dioxide.
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Degradation of Cellulose with Concentrated Suliuric Acid Dissolved in Sul-~
fur Dioxide.

In order to determine the emount of glucose fomed by the a¢tion
of concentrated sulfuric acid dissolved in sultur dioxide on cellulose a
series of experiments were carried out in which e known volume of sulfuric
acid dissolved in & known wvolume of sulfur dioxide wes allowed to act on

cellulose for various periods of time,

The procedure ror each of the experiments waes as follows:
1) Ezactly three grams of regenerated cellulose (rayon) were edded to a so=-
lution of 10 ml. oi concentrated suliuric acid snd 50 ml., of sulfur dioxide,
end allowed to remain in contect with it at -1500. for a specified time, with
intermittent stirring.
2) At the end or the reaction time, the sulfur dioxide-sulfuric acid so-
lution was decented, and the product washed with sulfur dioxide until the
wash sulfur dioxide gave no test tor the sulfate ion.
3) The sulturic acid remsining in the product was neutralized by the care-
ful addition of a suspension ol 20 grams of calcium carbongte in 100 ml. of
water. The contents or the reaction tube were kept at -15°C., by means of
a salt-ice bath throughout the neutralizetion of the suliuric acid.
4) The excess calcium carbonate and caleium sulfate was removed by filter-
ing under suction. The precipitete was washed with five separate 10 ml. por-

tions or cola distilled water,
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5) The filtrate was transferred to 250 ml. volumetric flask and diluted '
to the merk with distilled water,
6) The emount of glucose in the semple was determined by means of a po-

lariscope which had been calibrated with a standard glucose solution.

The results of the investigation of the ection of concentrated
gulfuric acid on cellulose in a medium of sultur dioxide are given in

TABLE VIII, and represented graphically on pege 51,

From an exeminetion of TABIE VIII, it ecan be seen that the opti-
cal ectivity of the prouuct is at 1rirst negative, then passes through zero
end becumes positive, end increases rapidly up to a degredation time of 25
hours, After which time, only & smaill incfease in the optical sctivity
of the promuct is shown with an increased time of degredation, These re-
sults seem to be contradictory to the fact thet cellulosé is made up of
beta-glucose units. However, Honig and Schubert (16) have shown that on
the hydrolysis or cellulose with concentrated sulfuric scid at low temper-
etures, suliuric ascid esters of cellulose, wiich heve & negative optical
ectivity, are first formed. Honig ana Schubert have shown further that
on prolonged hydrolysis, these sulfuric acid esters ol cellulose are
broker down with the formation or glucose. Therefore, in view o1 the
fect that the investigation was carried out et -1500., it is not surpris-
ing thet the precauct has 2 negative optical activity Tor the first few

hours of degradation.
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Degradation or Cellulose with Concentrated Sulfuric Acid Dissolved in Stl-
fur Dioxide followed by Hydrolysis oi the Product with Dilute Sulfuric Acid

Stern (35) has shown that the sulfuric acid esters of cellulose,
which ere formed at low temperatures by the action of concentrated sultrur-
ic ecid on cellulose, can bé hydrolyzed to glucose by boiling with ailute

sulfuric acid,

In order to see if the water soluble produgt cbtained from the ac-
tion of concentreted sulruric acid dissolved ih sulfur dioxide on regenerated
cellulose could be hydrclyzed to glucose by boiling with dilute sulfurie
acid, & series of expsriments were carried'out in which the procedure was
identical with that for the degradation of cellulose with a soluticn of sul-
furic acid in sulfuvr dioxide with the exception that the filtreate fror step
4 on page 46 was diluted to approximately 200 ml., and refluxed for five
hours with 2 ml. of concentrated sulfuric ecid. At the end of this time,
the solution was neutrelized by the carefﬁl addition oi iour grams of cal-
cium carbmete, clerified by the addition of one grem of activated cher-
coal, filtered, transferred to & 250 ml., volumetric flesk, amnd diluted to
the mark with distilled water. The emounmt of glucose obtained was deter-

mined by means or a polariscope.

The results ot the degradation of cellulose with concentrated
sulfuric acid dissolved in sulfur dioxide followed by the hydrolysié of the

water-soluble product with dilute suliuric scid are given in TABLE IX, and
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vepresented graphically on pages 51 and 58,
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TABLE VIIT

Data for Degradation of Regenerated Cellulose in Ligquid Sulfur
Dioxide with Concentrated Sulfuric Acid.

Number Time of Optical Grams of Per Cent Fer Cent
of Degredation Activity Glucose Yield Yield
Experiment in Hours in Degrees Obtained  (ictual) (Theory)
1 6 -0.17 e . e
2 10 -0.21 .o ‘e cee
3 15  0.10 . . e
L 20 0.10 0.40 13.33 12.0L
5 30 0.25 1.00 33.33 30.03
6 40 0.28 1.12 37.33  33.63
7 50 0.32 1.28 L2.66 38.43
TAEBLE IX

Data for Degredation of Regenerated Cellulose in Liquid Sulfur
Dioxide with Concentrated Sulfuric Acid Followed by Hydrolysis
with Dilute Sulfuric Acid for Five Hours.

Number Time of Optical Grams of Fer Cent Per Cent

of Degradation Activity Glucose Yield Yield
Experiment in Hours in Degrees Obtained (Letual) (Theory)
1 6 0.14 0.56 18.66 16.81

2 10 0.18 0.72 24.00 21.62

3 15 0.21 0.8L 28.00 25,22

L 20 G.25 1,00 33.33 30.03

5 30 0.25 1.00 33.33 30.03

6 L0 0.32 1.28 42,66 38.43

7 50 G.32 1.28 42,66 38.43
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From an exsminaticn of TABLE IX, it can be seen that although ell
of the water-soluble product, obtained by the action of concentrated sul-'
furic ecid cissolvea in sulfur dioxide on cellulose, &ppears to be hydrolyzed
to glucose, the yield obteined was not sufficient to warrent further study
of the problem. Therefore, the use of sulfur dioxide as a solvent far the
concentrated sulfuric scid -aduring the actual degredation of cellulose wes

discontinued,

Degradation of Regenerated Cellulogse with Concentrated Sulfiric Acid

A series of experiments, identical with tnose or the degradaticn
of cellulose by the use cf concentrated sulfuric acid dissolved in sulfur

dioxide, were conducted in which only concentrated sulfuric acid wes used,

The procedure for easch of the experiments, both before end after
hydrolysis, was the same &s that for the degradation of cellulose in the .
previous series with the exception that the ectuel degradation was carried

out at 0°C, instesd of at -15°C,

The results of the degredation of the regenerated cellulose with
concentrated sulfuric acid ere given in TABLES X and XI, and represented

graphically on page 54 in Graph No. II.
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TABLE X

Data for Degradation of Regenerated Cellulose with Concentrated Sulfuric

Acid
Number Time of Optical Grams of Per Cent FPer Cent
of Degradation Activity . Glucose Yield Yield
Experiment in Hours in Degrees  (Obtained (Lctual) (Theory)
1 2 0.1 0.56 18.66  16.81
2 6 0.81 3.24 1C8.00 97.26
3 10 1.28 5.12 170.06 . 153.75
L 15 l.42 5.68 189.33 -170.57
5 20 1.49 5.96 198.66 176.98
6 30 1.56 6.24 208.00 187.38
7 LO 0.68 2.72 90.66 81.63
8 57 1.28 5.12 17C.06 153.75
TaBLE 2

Datza for Degradation of Regenerated Cellulose with Concentrated Sulfuric
Acid Followed by Hydrolysis with Dilute Sulfuric Acid for Five Hours

Number Time of Opticel Grams of Per Cent  Fer Cent
_ of Degreadation Activity Glucose Yield Tield
Experiment in Hours in Degrees Cbtained (4ctual)  (Theory)
1 2 0.25 1.00 33.33  30.03
2 6 0.64 2.56 85.33 76.87
3 10 0.78 3.12 104.00 93,69
L 15 0.81 3.24 108.00 97.26
5 20 0.8l 3.24 108.00 G7.26
b 30 0.78 3.12 1CL.CO 93.69
7 L0 C.71 2.84 94,66 E5.28
8 50 0.6 2.56 §5.33  T6.87
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From an examinstion of‘iABIE X, it can pe seen that the
optical activity or the product, before ‘hydrolysis, is greater by
far, than that of pure glucose. This phenomenon, as explained by
Stern (36), is ettributed to the formation of cellulose esters of
sulfuric scid, which have a much greater optical asctivity than theat
of glucose. Stern points out further, thét on prolonged hydrclysis
with coneentrated sulfuric acid, or on hydrolysis with dilute sulfuric
acid at a high temperature, the cellulose esters of sulfuric scid are

broken down with the formation of glucose.

From en inspection of TABLE XTI, it can be seen that on
tydrolysis of the water-soluble product obta ined by the ection of
concentrated sulfuric acid on regenerated cellulose with dilute
sulfuric acid an almost quantitastive yield of glucose is obtained
after a degredeticn time of 15 hours. After this time, the emount of
glucose obtained is seen to decrease gredually with an increased
time of degredation. This is attributed to the fact that the glucose
Tormed is broken down into further degradation products by the pro-
longed action ot concerntrated sulfuwic acid.

Degradation of Celluloeic content of Southern Yéllow Pine, and cf Vood
Pulp with Concentrated Sulfuric Acid.

A series of experiments, identical with those of the previous

investigation with the excertion thet Southern Yellow Pine sawdust was



used instead of regenerated cellulose, were carried out,

The results of the above investigetion are given in TABLE

X1I, and represented graphicelly on pege 58 in Greph No. III.



TASLE XTI

Data for Degradation of Southern Yellow Pine with Concentrated
Sulfuric Acid Followed by Hydrolysis with Dilute Sulfuric Acid
for Five Hours

Number Time of Opticel Grams of Per Cent  Per Cent
of Degradation Activity Glucose Yield Yield
Experiment in Hours in Degrees Obtained (Actual)  (Theory)
1 10 0.14 0.56 18.66 35.22
; 2 15 0.21 0.8y  28.00 52.83
% 3 20 0.32 1.28 L2.66 80.50
L 30 0.35 1.40 L6.66 88.05
5 10 0.32 1.28 12.66 £0.50
6 50 0.28 1.1 37.33 7044,
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From en investigation of TABLE XII, it can be seen that the
degradation of the cellulosic content of Southern Yellow Pine with
concentrated sulfuric acid, followed by hydrolysis of the water-sclubls
product with dilute sulfuric acid, follows a similar course to that of
the degredation. of regenerated cellulose treeted in the seme manner. -
The essential difference being that the optimum time of degradetion of
the wood is twice that of regene;ated cellulose. The greatexr emount of
time regquired for the degradation of the cellulosic cantent of the wood
is atiributed to the following facts:

1} Regenereted cellulose has a lower dégree of polymerizetion then
does the cellulose found in woed,

and

2) In order to obtain gluéose from wood, it is pecessary to first free

the cellulose from the non-cellulosic materials.

Similar ezperiments on the degredation of wood pulp with con-
‘centrated sulfuric scid showed that an almost theoretical yield of
glucose was obtained after a degradstion time of 21 hours, asshown in
Graph No. III, and in TABLE XIITI, This is to be expected in view of the
fects that wood pulp is essentially free of all non-cellulosic materials,
end that it has a higher degree of polymerization than does regenersted

cellulose.
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TABLE XTII

Data for Degredation of Wood Pulp with C oncentrated Sulfuric Acid
Followed by Hydrolysis with Dilute Sulfuric Acid for Five Hours.

Number Time of Optical Grams of Per Cent

ot Degredation Activity Glucose Yield
Experiment in Hours in Degrees Obtained {Theory)

1 21 0.82 3428 98.43

2 26 0.75 3,00 £8.88

Extraction of Cellulose Dextrins with Liguid Ammcnie

In the foregoing experiments on the degradation of cellulose
with concentrated sulfuric, no attempts were made to isolate either the
cellulose dextrins or the glucose. From an examinetion of the problenm,
it can be seen thet in order to isolate the‘celluiose dextrins in a
pure form it is necessary to first neutralize the sulfuric acid, then
separate the dextrins from the sulfate formed. A logical way of
separation would be to use & liquid medium in which the dextrins were
soluble, and the sulfate insoluble. Franklin (lZ),Vin his book on

The Nitrogen System of Compounds, reports that practically all sul-

fates and sulfites are quite inscluble in licuid emmonias. Therefore,
liquid emmonia should serve as a good medium for the separation of the
cellulose dextrins from sulfuric acid, provided that the dextrins are
soluble in this solvent. With this thought in mind the following

experiments were carried out:
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Experiment I

Lpproximately 10 grems of glucose was edded to 100 ml. of
liquid ammonia. Results showed that glucose was completely soluble

in, and apparently unaffected by liquid emmonia.

Experiment II

The procedure for this experiment was s follows:
1) Threé gram samples of regenerated cellulose were degraded with
concentrated sulfuric acia for 15 hours.”.
2) The degradation mixture from ™7 was washed with sulfur dioxide
until the sulfur dioxide wash gave no test fortihe sulfate icn with 10%
barium chloride solution.
3} Ten ml. of methyl alcohcl were added to the degredstion mixture
in order to brezk up the very viscous syrup farmed.
4) The degradation mixture was added cautiously to 200 ml. of
ligquid emmoris, and the ligquid separated from the precipitate of
-srmonium sulfate end ammonium sulfite by filtering through a fritted-
gless, pressure filter.
5) The precipitate fram "4" was trested with three sdditional 200 mi.
portions of emmonia,
6) The combined filtrates from "™ and "5'" were subjected to a vecuum
until all of the ammonis hed been removed.
7) The methyl slcohol solution remaining from step "6" was diluted to
approximetely 200 ml, with distilled water, and refluxed for five hours

with dilute sulfuric acid.
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8) 4t the end ot five hours, the sulfuric ecid was neutralized by the

. carbonate
addition of four grams of calcium carbonate, the excess calcium,and
calcium sulfate filtered off with suction, and the filtrate transferred
to a 250 ml. volumetric flask and diluted to the mark with distilled
weter,

8) The amount of glucose in the semple was determined by means of a

poleriscope.

The results of Experiment II are given in TABLE XJIV.
TABIE XTIV

Deta for Ixtraction of Cellulose Dextrins with Liquid Ammonia

Number Opt. Activity Grams of Grems of Glucose Per Cent
ot of Extracted Glucose that should have of Glucose
Experiment Semple in ©°.  Extrected been Obteined Extracted
1 0.49 1.97 3.24 61.11
2 0.46 1.85 3.24 57.09
3 0.49 1.97 3.24 61.11

From an inspection of TABLE XIV, it can be seen that &n
average extraction of 59.77% was obtained by thé use of methyl alcohol
and liguid ammonia. The low yleld is attributed to thefact that on the
addition of the methyl alcohol soluticn of the degredation mixture to

liguid emmonie, some ofthe glucose is charred due to the heat of neutra-

lization of the concentrated sulfurie acid.
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Experiment IIT

The procedure for this experiment was essentially the same as
that for Experiment II with the exception that after the degradatiom
mixture had been washed with sulfur dioxide umtil the wesh sulfur dioxide
geve no test for the sulfate ion, 50 ml. of sulfur dioxide were condensed
on the degradation mixture and 25 grams of sodium sulfite added. At first
the scdium sulfite seémed'to-dissolvé, then on standing a feW'minutes,

a heavy precipitate formed. The excess sulfur dioxide was removed by
decantation, end the precipitate transferred to a wvacuum desiccator

and subjected to a vacuum until the last traces of sulfur dioxide hed
been removed. The product obtained in this mapner did not char when
exposed to roaw temperature, showing thet sulfuric acid was not present.
The product was extracted with four separate 200 ml. portions of 1iouid
ermonia. Upon ellowing the am:onia to evaporate, end drying the residue
" over phosphorus pentoxide, a light brown, powdery substence was obtained.
This 1ight brown powdery substance was dissolved in exactly 250 ml. of
distilled water, and the amount of glucose extracted detefmined as

in Experiment II.

The results of the above investigetion snowed that 3.14
grams:of glucose, corresﬁonding to a 96.91% extraction, were extracted
by first neutralizing the sulfuric acid with scdium sulfite in a medium
or liquid sulfur dioxide followed by the extrection ofthe product vith

liguid ammonia.
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It is believed that the reactions which teke place when
suwlfuric acid'is neutralized with sodium sultfite in a medium of sulfur

dioxide are as follows:

1) Ne SO + H SO —Na SO + HCO
2 3 2 4 2 4 2 3 )
and
2) Na SO + H CO — 2 NsHSO .
23 23 3



SUMMARY AND CONCLUSIONS.

1) It appears impossible to nitrate ceilulose in a medium of
liquid sulfur dioxide eithef with Tumipg nitric aéid, a nixture of
fuming nitric ascid and sulfuric acid, a mixture of fuming nitric scid
and phosphorus pentoxide, a mixture of fuming nitric acid, phosphorus
pentoxide and chlorine gas, or with nitrogen tetroxide. This is
attributed to the fact that in each case the primery reaction isthat

of the formetion of the compound NoSg0g.

2) : It appears quite probable that a compound having at least
17% sulfur is rormed by the sction of sulfur diozide on trisodium

cellulosate.

3) It was 1ound to be impossible to prepare mixed organic
esters of cellulose by first dissolving cellulose acetate in liquid
sulfur dioxide, then edding some organic ecid with a higher ionizatioun

constant then scetic ecid.

4} Hydrolysis of cellulose to glucose with concentrated sul-
furic acid can be carried out in a medium of sulfur dioxide. FHowever

the yield of glucose is poor for the times used.

5) Liquid sulfur dioxide can be used to remove some of the sul-
furic zcid fram the product obtzined by the degradation of celliulose

with concentreted sulfuric acid.
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6) An almost quantitative yield of glucose can be obtained by
the cereful degredation of regenerated celluloss, wood pulp, or
Soutbern Yellow Pine sawdust with concentrated sulfuric acid
followed by hydrolysis of the weter-soluble product with dilute

sulfuric acid for five hours.

7) The cellulose dextrins formed by the action of concentreted
swifuric acid on cellulose ere soluble in liquid ermonie, and can ﬁe
separeted from the sulfuwric scid by first neutralizing the sulfuriec
acid with sodium sulfite in a medium of liguid sulfur dioxide followed
by extracting the residue with liguid ermonia. The dextrins can be

obtained in a pure form by merely allowing the emmonia to evaporate,
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Liguiu Sulfur Dionccf_g_g Solvunt i:!ﬁ kw-&gu»usﬁuctlon iim‘.ium N
Although weny izxmtigo.tions on the use of liquid tulft:r
ciexiaa a6 & solvm‘h anc & non-eouaeus ructia“ Méitm aave ‘b-un carmed
aﬁt aimm the turn of th& lkst carkur}, it was xmt thi. 1986 that Ja.m:m
and his voom:ere (7 } pointsa ozz" the true natnre of thia tu’bx‘unce &8 &n
im:izing medium, Emcs 1936 Jnmmr ana emkcrs b&ve uae & thnroug}
inwutigttxon o“ tne use of licnié sult‘ur czioxitm &8 & snlmt uul & nozi-
aqueons roaction nodium fer both ergn.m.c and inorganic au:;aomds, c.né |
heve shown thn.‘- it rosmblea tc & h.rge us:tont hth lim& amnia ané
weter, in its prcperties &S e; aolve:xt (S). In brief, it mey be szid
that Janucr's work showe Lhet 1iquid sulfur cioxide serves &5 & reletively

good solvent for & large number of both ergenic &nd imorgeric sompowads,



.and that abselutely pure, déry liquid sulfur diexide i¢ & poor eanductor
. qt'doctricity--iacrus its sclutions are relstively-good confuctors.

A tnlﬁta m‘bﬂ ei":én‘upémda has best built wp in & mermer
‘amalogous to the aguo in.whick the sulfur dioxide donizes eseordirvg to

the following eguetion: - ol

Rt o = "“'; ++ =
280, —— ‘(so) + (c.80,) ———_{ﬁ’  (§.;} + (so.).
In this scheme, mbstmces such as thicnyl ehloride ect & aclids end
‘nctgllic tmfztes ere beees, in nddition tc: nwtrglimazons rb is poesible

to cam out oxi&atzona, r«metm. ané. mmv cthcr rmtmns.

.;; . - v

The u:t recorded wnrk imlmg the wuse of iiqula ‘sx..xfm-
dﬂis:ine a:z & sclvert usdxum,fc* ecellulose dnrxvatlvwa WES tn&f cf Claﬁc* {1},
’Géililoua &c§t&t¢s (2) were érbpared in ligquid sulfuor dicxide in 1927,
Ko other work was found Tecerded in tils field, and in view of the fect
thet suwoh & meager amount of information was eveiisble on the use of
liquid sulfur dioxide s & solvent and resciion mediun for vellulcse, &n
investipgation into this field wie carried out. " The foliowing ¢yplcal re-
sctione of celiulese and celiuloss éaritatim ware inwvestigetodl:

1) esterificetion, 2) etherificeticn, %) mths.ticz., &nd & ;m-dro-rtis.

Msterisis aud Laboratery Frocedure

The sulfor dioxide end emmonia used were ¢! the ordinery technicel

erhy€rous grece. The cellulose used was cf twe werieties. 1) Well-flufled,



G

wsll-dried, spruce sulfite pulp of o high aipha-sellulose eonteut prepered
by the Erewn Compary of Berin, New Hampshire, ané heving the follewing

composition for mn eir dried emmpler

o - ‘ﬂyh&-cellulm jesewe et %tm , Do il
o ﬁcis’c\u‘e . eeeeseessocs s.gv;x) 4
: R R T R VUM S !
s e, o Ligain T desscssestae 0059/})
(RPN T T S o
Ash ‘ weeeseovesnr 0.14;;

2) Welledried recenerstod cellulose, reyon, prepered it this leborstory

from the sxlfite pulp by the welleknown visocose procesc.

" "'The wood wsed in the kydrelysie experiments wes well=-cried,
sucanec., aecond-g*ewtn Eouthern Yellow Yine ssawduei; having the following

cuupositxon on e&n air dried sample

i - .
1A% Tl w4 L

?GWI 0‘11“1058 sosese 5300:2

CClé Wﬁc‘t evsecssse i.Oﬁi
Ligni‘:l scecesseccacvns 5402?;

Neisture  e®sesescsccse 5.1{;

. -
BB seeevsrevsscnssses Oeb%

The ceiluloze was determined mceording ‘to the method.of -Cross exd Beven (&),

end the 1ignin wes determinec by the procedure devised by becker (&),



“FThe trisodiom eellulosate used was prepared in this laborstory

by m..ﬁthod of Seherer and Husssy (10).

-rmuixummuu.dmmmmm%

Fowier W of ?arlin. Few Jerzcy, and hsd mmvbyl mbm‘t of Sé.&,..

- -

“* o o LS L D Lg,u Bl sinie t.,J.:: ek LLFOA &rUL4 .

Sae nitrogantwa and the nitrie aoid wsed in the mitreting
experiments wers preparsd iu this leborstery.. The former by besting lesd
nitraie, and the latter by distilling the nitric socid from & mixture of

sodiom nitrate and oconcentrated sulfuric scid,

‘The other cnemieals used were nf‘ the highost ahmiully purt.

grm.e obteinable,

Luborstory Procedure

The lt’bcntory pmmm-e, vm}.us othcmae spocifma, WweE K&
t#lldlm‘z A lo.rge test tube, 50 by SGQ m‘, wag i.mr:ed in e :&.I‘b-ice
beth and sulfur dicride condensed in the tube. The meterisl or materials
to be investigated were then added to the liqui¢ sulfur dioxide end &llowed
%o remeir in eomtact with it for e specified time with egitation, either
with the tube stiil immersed in the salteice bath, or while subjecting
the reaction mixture to room tempersture by clesing the end ¢f the reaction
tube with & pressure ¢ep. Lt the end of e specified time the sulfur dioxice
wes ecompletely removed by mesns of & wacuum, end the reacticn mirture

enclyzed to determirie whet reection, if erny, hsd teken plece.
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"!imﬁéhvg_{ Cellulese

. -.. . The experimental wark on the nitration of -sellulose was @ivided
into two separste seriss of imvestigetions.: .ln'the first eeries:nitric
acié wes used &s the mitrating sagent, end involved, . 1) the wotien of
mitric aeid mlene, 2) the #etion of nitric scid in the presence of
phosphorus pentoxide, &) the metion of nitric ecid in the presence of
-soncentrated sulfuric scic, aud 4) the action of mitric meid in the
presense of phospborue pentoxide end chiorine gus,. - do the second series
.at'bnp'ts were mede to us¢ liguid nitrogen tetroxide as the mitrating cgente
In each esse the nitrating resgents were mixed with the licuid sulfwr
dioxide end ther the cellulose wus edded. - in genertl, there wes no re-
action until the addition of cvellulose whioh n.ppurod»-»te initisete e wery
vigorous reesticu. ¥%hen the reactlon sppesred to be.complete the lest
trace of sulfur dicxide wes removed by e vacuun, snd the weshed residue
tested for nitretec. In no ouse‘ had any nitrogen beexn introduced into

the esllulose melecule,

During the reection in suifur dioxide a white solid formed
which was lster identified from its properties et prebebly the snhydro

ritroeyl sulfuric acid, ¥pSnlg, reported by ﬁancimt exd Sehmidt {¢).

ra



It wes concluded that the heat of intreduction of eellulose into the liquid
selvunt“‘ts sufficient to initiate the reaction betwesn the mitric acid,

or ‘bhe nitrogen tetroxidc, and the sulfm' &iaxide by Ihzcn the sclwn'c wes
exidized, It should be moted that tho sbove t:perimnnts r.homd tha‘
nitric acid, sulfuric acid, nitragen tetrnxide (liqp:d lnﬁ gas), end
chlarine ZRE were q:htczol:blc in iquid anlfm éicxide, but that phés-

phorus pentoxide wec not,

Eﬁt&tﬁftocticnlgg Celluliose

" The péeparaticn'df'éellnloss”ncetstts~%yfthe action of socetic
enhyéride with o smsll amount of concemtrated sulfuric ecié in liquid
sulfur éioxide et & solvent, «s Geseribed-im Brit. F. BO1,086 (2) wes
oonfirmed, All ctier ettempis st ssterificetion with other orgenic ecids,
tnhyﬁridés,\;né sctelrets felled as ¢id experinents in-which cellulose
soetete d;xcolvvc in l.q i€ su‘fnr dzoxidghg:s troatca wztn arg;nic acids

highsr icnization eonst&nts than acct‘o as*c. ke mixeq tsters were

formels

Etherificstion ef Cellulose

Attempts were mace to remct on triscdivm celliviceste with methyl
sné ethyl halider and culfeter in order 4o obtein the correespondin; ethers,
¥o ethers were obteined; but it was notecd that the triscdium sellulosete

lest ite Tibrcus form end became £ white amorphous powler. Suspecting a
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reaction between the solvwent end the vellulosaie il free gulflur diexide
"s rmvtﬁ from tae pmrée:r by & weouwz, enc the preduct subjecied to

cal.lyuis "

R

& wcighod sampie of tie product wes oxidised iz sikslime hypo-
mus@iuum end the sverage per eeut afmltarm{am& to e 17.9i.
This walue ugress clesely with .o theorstical. valus of 17.87% sulfur for

& compound of the formuis Cell(Cls) (050,Ma),.

L weighed sempls of the war‘@ummg with water, the
residue filtere off, and the filtrate divided imto aliguot portions.
0u ome portion the totsl sulfite sulfur was Getermined by titration
with .iaﬁine RO BT ‘zm.zgfs--mﬁ&%&f-i&’a.éﬁ el i wni®er wme Toaul.
The seoond portians was sualysed for suifete suifuwr by presipitstion
with beriuc ekioride, . .and no suckh sulfur was Lounc presext., It wus &ppsr-

snt that ell of the sulfur in the powder was pressnt as the sulfite fora.

It is auggsm thet mo cthcri isstion of trisedius cululasate
coowrres in liquic sulfur ai.cxiae cming to & rm.wzs wf;-voen tha uuvem
and adlu}.ntste precmir,.g & mmﬁ ﬁzie-h w5 no lmgsr :mep.ihla to
etkcrifxution. The rn.etion wney proceed it e manmer zisz&lar to the resction
between scds cellulose and -aarben disulfide o give the mfitc proéuc;tg

1) ZXentbation, Cell«OKa 4 §5G2E <> CelleO-CaSKa
Santheie

2; Cellimobit. + (=80 s Cellef=G=0t



Hyédrolysis of Cellulose

Buring the eourse of this imtig;uticn it was i‘mﬁ thet eon~
m‘:rttad mlfnri.c acid is nizci‘ble with sulrnr é.imdc in all propertions,
md th-:h glmse is moluble in, axd app.ranf.ly mﬂ’m by sulfur
diexides It mppesred, therofcre. thet it ni,,ght be poseible to first
degrste sellulose in liguid-sulfur diuzi&c !ith soncsntrated sulfuric
&cidé, then remove the sulfuric ac’id by nshing with suifur dlexide. It
shouic be poseible to obtein the glmse 5.n a ymre form by using this
simple extrnc'cicn wethod. Vith thas thcught m u:inc., &8 thorotzg,h inverii-

gatien of the pronlezz whE cerried out.

Preliminers experimente, ir which ‘eslluiose wae degraded £ll
the w2y t2 & btrovm, Tiscous syrup ir v sclutiern ef concentreted sulfuric
&cic in sulfur dicxide, showed thet elthough some of the sulfuric scic
sould ‘be removed from tke éegraéafion zixture by usﬁag rtr. alftr
c-.iczice‘ thet tne procuc‘c charred te -y bl&ck mEES theﬂ allm to gtand
et room tempereture, showing tnat :alfr:ric &cic was stzll ;:res&x:‘t. it
wee &lgc showm thet a mixtere cf liquié sulfur diexice arc ether of tle
right proportions oculd dispereec the brewn, viscous eyrup into & homo=-

- genecus sclvticn, andé that cn the eddition efv'van excesa.cf‘ 6ither sulfur
cicxice, or ether, the brown, viscous syvrup erein settled cuf. On

repected solution end precipiteticn by the use of ether it wes found to

<



be i«qwnihie to remove gll of the sulfuric scid from the degradeiion
nixtm-'&. &11 of the frec sulfuric .scid wus rescvec us shown by & barium
) chlorﬁ.ﬂe test on the wueh sulfnr cioxide and the suifuwric asid rmg

wag either chemicelly bound or very strongly «dm.fed on the resciicn

W of Cellulose srit’“ 'Gmwtuted $m£~a:ia &ci& uistclved in
mf‘"z‘ Tioxiee

’ in ardw' to m«mne the asount of glusose fermed by the ection
af mmtra-beé ml.furie ecic é.ssalred in sulfur dioxide en esilulosg,

: serics ef mmma wers carried out in whieh & koown wolume of
sulfuric scic dissolved in & known velume of eulfir diuxice weE ulmu.

tc sct on cellulose for warious perloé.a of ti:.w.

o ?hq pm._;inre for mn of ﬁw Axparinents wae as follows:
1) wa:;- three grams of rwnm celiulose (rayon) were added tc &
solution of l(ml. of conventrated sulfuric seid snd 6C xl. of sulfer
dioxide, and nllowsd to remein in esntest with it at =15 G. fer &
gpecified time, wih inlermitvent stirring,
2} &t the end of the resction tisc, the swlfur dicxide-suifuric ecid
scltulon wes desmated, snd the product weshed with sulfur diozf.cie until
the wesh sulfur dicxide geve no test for the suifete ion.

£} “Yhe sulfuric ecid remeining in the product wes neutraliged bty ihe cerc-



ful sdditicn of a suspension of 20 grems of.mleim esrbenete in 100 ml,
ef ‘weter. 'fhe eon‘bmta of ths rn.ction tube were kn'pt ut -15 Ces b; '
means cf & nalt-d.ce beth, - t&-enghut the mmliutian of the lulrm'ic
ui.d. ‘ _ ’ 7

;4) th excess ulciun wbumu and euhriun mau us mﬁ bv
filtering uno.er_ sustion, The pracipiteté wes weshed nth five aeparate
10 mia. partions. of sold distilied water. |

E) The filtrate was transferred to & £50 ”nl. volumetric flaesk and diluted
to the merk with distiiied water. -

€) The mmount of plusose in the sample was determined by meens of =2

poieriscope which hed been erlibrated with & stendard glueoose sclution,

The resulis of the investigation of the action of concentreted
suifuriec acid dissolved in sulfur dicxide on eellulose sre giver in

TAELE I, end represented graphieally in Greph ¥o. I.
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ELE I

A———

Bt‘ba fez' Kbgrudltion of chmrstcé Ocllulosa in Liqni& &ulfur Dio:d.ée with

| sm | tiuec? o -O;rhiee.i Grams ef Per C#nt” ,, Peé Cent
« of | . .Degradatien. .hsctivity - Glwecse . .. .-Yield . -~ Yield
n;pcrianst in Hours in Degress Obteined {Aotusl) {Theery)

1 e 0T e .ee .o

2 A0 T | S eeBl 0 | cow ... sae .. Lews

5 15 - . om0ed0 . ese . ises . e

4 20 . 040 - Dek0 . 1 1E.E3 - L.12,01-

E 80 C.25 1,00 83.35 30403

6 40 Ge28 1.12 Z74E3 BZ.62
0.32 1428 42.66 3643

-3
Cfn
(&)

from en mmiaatien cf I&BLE I, it etu be seen tht.t the opti,cal
activit:, cf the yroawct waE ot rirst ugativc, then passed ﬂu-ough gore
end bessme pesi'tiva, md inerenaod rapidly up tc & «grsut.an tine ef
25 hourse. Aftc* this m only & sull immse s.n tm opt:.eal utivity
of tne proenct wet shown vrith an incrmea tiae cf degrnﬁation. ‘.{‘hese
results seen to be cez:tra.motcry to the feet thet eallulosc ig mace up
cf beteeglucose units, However, Honig &nd Schubert (4) heve shmm that
cu the hydrolysis of eellulose mth conpentreted gulfuric ecic &t low

temperetures, suifuric ecid esters of cellulose, which have & nerstive
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eptiocel motivity, ere firet formed, Hounig erd Schubert heve shown further
tbat -on prolenged hydrolycis, these sulfuric seid esters of oseliulese &ro
- broken down with the formation of glucose. . Thersfore, in weiw of the
«fwet thet the Mmmmmmn%%”mm Bt sur- .
grising thet the product hes & segative eptiecsl metivity for the first

fow hours of degradation,

.Stern (11) hes showu that the sulfurie acxavnater: of eellue
Iose, which ere fcrneé &t lae»tonparnturaa by tha tctéon of coaaentrttea’
sulfuric acid on cellnlose, can be hvdra&y&td to glwoose by boiling with

dilnte an;fur;c nezd.

In order teo gee if the weter aoluhle prcduct ebta*nea from the
action of concertretec eulfuric acic eisso*vsd in sul{ur cioxide on
regenersted oeliuloue could be'hyﬁrolyzedkéo glusose by boiling with
dilute tulfuricktﬁid, & seriec of experiments were e@rried out in whioh
the procedure war idemtiosl with that for t}m é.gn;é;tigu of sellulose
with concertretec sulfuric mcié discelveﬁ in s for éioxiuo with the
exception that the filtrate from step 4 wes ciluted to approx::nt&;y 200 nl.,
end refluxeé {0r five hours with 2 ml. of eonsentrsted suifuric ecidse Ab
the enc ¢f thie time, the soivticr was neutral‘zed,bﬂ the esreful edcition
of four grexs of eelcium ecsrbonete, clerified by the eddition ¢f one pram
of activitatedvchaécc&l, filtereé; trensferred to & S50 wl. vniumeuric'
flesk, end diluvted to the merk with dietilled weter. The amcunt of

glucese obtained wes deterwined by memnc of & poleriscope.
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The results of the decrsdation of -esllulose with concentrated
sulfuric weid dissclved in sulfur-dioxide Pollowed by the hydrolysis of
the ‘water Soluble product’with'#ilube sulfuric écid are giwem:dn =~ "
| TABLE II;" and ‘repressuted graphiedlly 'in‘Graph Soi<T-ail Noi LTI+ 1%
o POEELATw LAY BELAUASE. 0 Weed Wik, s ‘»%1 Bautiern Saile s

mﬁéﬂmy; " ren PYEEBEDTE Soo m!"}cxxﬁviv*‘ Wi‘-‘ﬁ;‘@fﬁ" GBI . YL B L I T
E——

L oeeew . ooz . , P LR ) s °
L ywy ("’“" I ‘&:-»«;- e ETIHT &Y Saa T o Lioe SRR LA Gl T

Dats for Dogrudntiun of nganaratod Celluloss in Ligquid Sulfur Biexide tith
Concentrated Sulfuric fosd Pollowsd by Hydrolysis with > Dilvte Sulfurie- Acid
fnr Five Kom's.
Number Time of Gptieal Grams of Per Cent Fer Cext
of Degradation  Activity Glucose Yield Yield
Experiment ~“in Hours “ in Degrees ~Obtained “-{Actuel) ““(Theory)-

E L tw T Faga BT

Ry g e L G e FYET 0486 Y STERB 86 - . 4116481
LR RS { IR+ % U- SRR X 26.00 21.62
5 15 0.21 08¢ £8.00 26,22
4 20 0425 1.00 33.33 $0.03
5 %0 0.25 1,00 83.35 30,03
& <0 0.82 1.%8 42,66 88,48

From an examination of TAELE II, it oan be seen that sithough
tll of the weter~solutle product appears to be hydrolyred to glucose, the

yield obtained was nct sufficient tc werrent further study cf the problem.
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A eeriec of experiments identioul with those of the degradeticn

of rcgmm esliulose with mmw mlfuriz ecid dissolwed in
Pl

sulfur é.i.cxido with 'l:hc mcytﬂon thtt thc crigiul dcgrté‘ti.on wes

\

midmtdthemmt‘wtcuxﬂdm,

e Ly s b PR embAIGR Y val"‘“ R T 'iaé‘ ‘?'s'f;“ -
1) F&éﬁcatod ooihilm. 2) wood pnlp, “and 3) m !onow Pim

,.e: ©

sawdust, Thﬂ proeodm-e far mh of tha axperimta, bcth bcferc and
after hydrolysis, was the seme &8 that t‘or the uugméntion o:!‘ ullnlose ‘
in the prcvicus series with the oxoapticn that the .aem dngrcdntxcn

was nrriod out t.t 0 C. instead of ct: -15 Co

R

" The results of the sbove investigstions are listed separstely
in TABLES III to VI inoclusive, uni represented graphiesliy in

Graphs Ko, Il andé Ko. III. e



- TABLE 11X

M for &mtion of aqm Celluloss- mmmm
mturic Leiu CR e et st :
m  Time of Optieal Grams of . FPer. Cant Per Cemt
RERTe © o Inpudntionuw&uvity £ ppyng GIUOOSe ¢y Hileld | 3
Experiment in ‘Hours ., im- Bogou me W}

R BoooLrn v Gplpbwan | jbmEEn Lo
s S *‘m“‘“*z S "”"‘“'D M V.88 15.6§ 16.81
T ' b Loa EAON - C e [LEp
2 € 0.81 ‘Bel2é 108.00 £7.26
o S &< gk i ey o

10 ‘ 1.23 6.2 1?0.06 " 163.75

5 S £
s T

3
. 15 - 1.42 .68 189.55 170,87
5

‘26 " 1.0  E.86  198.66  198.98

& 50 T186 | 8.2 208400  187.38

-~

7 %0 T 0.88 272 20.66 B1 .68

8 ¥ 1.28 bel2 170,66 188.75

GRE L T et L v TABLE AV . oo e b
: : —

Dats for Degredstion of Rogmé‘;{-d?bwcnnlo-e with Consentrated Sulfuric
- Acid Followsd by Bydralysic with Dilute 8n1£‘nra.u Acid for Fiﬂ Bours

AT"?' .

E:_.:;:;-iwer | Tiu ef @icl.l : ﬂrnl ef Par Cent . Fer Cent

ROR - S Dogrndttion ”‘""Acti'ri‘ty Glmsou Yield = Yield
Experiment in Hours -du Dsgress ‘Pbtained (Actusl)} (Theory)

1 2 . 025 1400 85.38 50,02
2 R 0464 2.56 85.35 76,87
5 10 0.78 5.12 104.00 93,69
4 15 o812 5.2¢ 108,00 87426
5 20 Oe81 Se24 108,00 £7.26
6 =0 0478 5.12 164400 §8ES
7 40 071 2464 84466 BE.2Y

8 &G C.6¢ £.56 853 TE€ET



v PABLE ¥ o

R Date for Degrsdation -of Southern ‘Tellow Pine with Concentreted -
. Mfm"ic “iﬁ Fbllmﬁ by Eyéreolysis Iith Dilm ﬁnlfur:.c Aeid
i éwﬁ»r,a.- T3 AT e e I r’f’“n'" m b3 RGP S SO (T S e

ST

¥ Hamber v Thee T It Optieal ¢ ¥ Qrems @ #svifer«Cent ... PerCent
. ef Jﬁogruh.tien Astivity Gluscse - Yield Yield
‘ w - mt L -Ain%‘ “"‘(h m fim “EF ?t”tml) S {!m E)

et d 21 aUTE BGLND D ‘?15 WU, R *0.'14 o Qo B L f “iBeBE . it PB22

LHE e e W BT ULl A OeBl < v 25 LiB8J00 - ¢ BEGB3S

SR U s RUIIPR ¢ b khieQeBR il 1.BB ¢ 1 1 4Be8B - -+ cB8€e60

wERLLIAE Rt Ly T (BB TERH ATR 40 Thid 146468 . . : .. B8.05

TR R AR IO YO0 es (B2 . £Put]JBB #7in .l €668 . miBUSO

WELLGLIL L RO B L e QeBB RO ThiEol® 8T8 10 1rF044

LU Rt L L RS e e

ﬁLBLE ¥

W ,..v;»...@.‘
I G

sag ke L A

Dtta for i‘mgrauti.cn of Iood Pulp u!.th cemntrtt-é Sulfuric
Acid ?ollmd by Byﬁrelyszs with mlm sulfm'ic ,Loi& for

w2 Piwe Houprs's i g e s g

° Yoptber %% - Pime of ¥ v bOptioal i liuiGrems of.i: i Per Oent v .ii

of Degrndttion  Astivity Glueose Yield

Experiment V¢ “4n"Hours ©7 " 4n Dggr‘u v obtained wgma.mueml! <
R e e T 0 BRI Ve LRt eBE e #1100 9B A8

e BENTYODUV WY PR IWLTI LT QeT8 - et B0 Y wvril BBJB8. -
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.. From -an exsmination of Graph ¥o. III, it.esn be seen that the

essential Cifference ir the resultsof the degradstion of regmersted

sulfurie seid is the optimum time of degradation; that for regenersted

- Emsarives

“c6lldlose bd.ng 16 haurs, that for wood pulp being 21 heurs, nﬁ thtt
mme g e T ergmrn n shiwrsr e wms aEfar B L&l
tnrwodbcing&ﬂhom-s. !‘hia Citfm in the optimtinsof de-

PO N SO o5 et W hen & BESZREG fonad TR SCOR. L o RPN i T S

grtdn't:ian is cttrib'atod to the !‘nllwdng tutn 1) &agmm eellu-

v L i ow e FRANE VA

lou i:nc a mch lm éegw; of pal;m-riution than does wood pulp, or
~the esllulose fomd in wood. 2} In order to obtain glusose from the
ecellulose in-wood, it is necesstry:-to first free the esllulose from
the nonecellulosis - materialdgs «: o TerararEhen Sl L s BT

- L : e s .5
SR ST e

Extmtien of Gellnlcxe Daxtrint with Liqnid j.mnis

e RS R T A R EXREE F

Games - oo In the foregoing experiments axnthe degrsdation-of.eellulese
with poncentrated sulfuric acid; no stitempts were mede to isslste either
the selliulose dextrins,:or iths giwcoss,. From en examimation of the -
problem, it -can be seem-that irv order to-isclete the sélluiose dextrins

iz e pure form it is necessary to first nevtralisse the sulfurie acid,

then separste the dextrins from the sulfate formel., & logicsl means of
separation would be to use & ligquid medium in whieh the dextrine were
soluble, end the sulfate insoluble. Franklin () :.'eports thet practicelly

£ll sulfetes and sulfites sre guite insoluble in liguid smmonis., Thereforec,



=l Bw-.

liquid sawscnis should ‘serve as & good medium for. the separsticn of the .
eslluloss ‘dextrins from eulfuric scld, provided .theat the dextrins are
soluble in this selwent. Fith thie thought s mind the follewing .. .
experiments were warried oubsc . U7tk &2 RLer WEINT | sl ~etanRat T

Fdwe Beasry wigd vt wet furie

m___.I

G o & o
e S O

A Fows & Uiy Sy %y kst g ad PR e o TS
Lpprcxi.utely 10 grans of glucose was sdded to 106 nf. of
T oNan v T el T8 U SRS gt gt Rt v e
liqnié miu Ruults :howad th;t ﬂme wae cugictaly nelnhl. i.n,
T A SELLT L Tt LU MR Bato o wie Fh o
and gppu-emﬂy mff-ctcd by quuid mor.ia '
TR % . s WRATENS DL Dleky wn fdvmod v e mepe oome

Experiment I1.
The procedure for this experiment was.as follows: . . .

€0 5wl LeivThree gram: samples of regenersted cellulose were degraded

with comentrt‘bad sulfnrie scid for 18 hours.
O T Rl B

5. The degradation mixture from (1) wes weehed with sulfur

dioxide mwntil the sulfur dioxide u:i: ‘grve ne test for the sulfate ion

with: 10K barim-ohloride solutions : tigrbeinr wisi Licui.

CImeit 8e 1rTen sl cof- neti;yl +alookal were.mdded 4o the degrrdation

LU MR R e Wt i
mﬁmwwwqumﬁmmﬁmﬁ

4. ¢he degradstion mixture was added oautiously to 200 ml. of
liquid smmonie, snd the liguid.seprrated fron the ‘preecipitate of asmoriux
sulfate and ammonimm sulfite by Lfiltering through & fritted-gless, presswe
filter.

5; ‘The precipitc.te from (e) wag trntac: with three edditions)

200 wl, pertions cf mani.e.



6. ‘mwombimd t‘,ﬂtﬂ#’?gfmv(@) and (6) were subjected to

Do et
A ‘

& vsouum watil all of the sumonis bad been removsd. . . = .
e in o.Te. The methyl sleohol scluticn remsining from step (&) wes.
diluted to approximately 200 ml. with distilled weter, snd refluxed for

ﬁffz:ﬁﬁzﬁ%&;»ﬂht'tho exd of five haur:,'tha sulfaric asid was nevtralired

ST 2 S Ty *

by the t&ﬁitian of Pour grm af caledum c&r‘b&hﬁ thu excess ealciuwm
carbozate aud ealcium sulfate filtarsd off with suotior, and the filtrete
fransferred to & 250 sl. volumstric flask snd 8ilubed to the mark with

VASRD T mt Sl R Wt v WST esy

PR

distillied mtcr.

. Ve .
“he amount c- glucou in thc amgle ne ﬁaterminoé by WERNE

i B g + S B ¥
P L AT S t ﬁ«.\;n,:fm W TRITED TN R WS

of & whriucmr.
I AT S Tooay g e

ooTewbhr b aper S S el 5 LR N
., The results of Experiment I1 are given in TAELE Vil

PRI ST R O S .. ng VII CoLnet

Dats for Extrection ar callulm Dextring tith Liguid .hno:ua

Ptr Cent
of Gluocose

Grams af Glmse

... Bumber Opte hetivity &ras of
that sbhould have

R of Extracted  Glucose

Bemple in °

Extracted .

bear obiained

Extracted

1

0.€5

0.d6

1,87

1.88

61411
 §7.09

€1.11

s 0.9 1.

From sn inspectior of TALLE VII, it ean bc seen that en eversre

extrsction of 6§.77% wes obteined by the use of methyl aleohel end liguid



ssmonis, “The low yield'is attributed to the fmct thet on the sadition of
W’fﬂtiq'l";ulecbol‘kolu‘;ibmfof the degrsdztion mixture to liguid smmonie,
some of ‘the glusose war-charred due Yo the heet'd? Beutralisation of -the
nonsentrated ‘sulfuris agi@, VN o ERHELG B monpanh e, Wik Wl

Pobe PR e DRGLVRPITY PRESaLGr, ¢ JLadT BN, £ A 0T aulala

k;trﬁmt IIr

DEhd e bl SRS GavENESTY R RAIEY WL LoLBALSATER D
o ‘!'he prneo&nrc for this minent m ‘nurhiuly the same &8
[ et A et -
t.‘ut fea' Expcrim II uth the moptiom that safter the écgrtdntion

Apwe

mixture hed been vn.thm with sulfur dioxide umtil the wash sulfur dioxide
gave no test for the sulfate fon, BO xl. of sulfur dicxide were condensed
on the degradstion mixture mnd E6 grame of solimm sulfite wdded. At
£4rst the sodium sulfitc seemsd tc €issclve, then on standing s few
mirutes, e heavy white precipitate formed." Tt is believed that the
Tollowing resctions took place when the sodium sulfite was added to

sulfurie acid dissclved in liguid sulfur dioxide:

stﬁé -+ "2505 — ’&2304 -+ Hz-sos
snd

EE.'.;o3 4+ Ne zsos — £ hﬁsos

The excess aulfur dioxide wae removed from the sbowe reaction mixture by
decantetion, end the precipitete transferred to & wacuum dessicestor a&nd

subjected to & vecuum until the lest treaces of sulfur dioxide had been



had besan remeved. The product ohuinsc iz this wmenper did mot char
when exposed to room tenporsturc, showing thet stlfuric aeid wes zot
mt; The product wec sxivected with four separste 200 mi. portions
4ke: residue over phespherus pentexide, s light brown, pewiery subztence
s obenmd. This li@t hrm, yo-dau-y subc‘kmc weg Gissclved 4in
mﬁy 250 nl. ei‘ ﬁictillad mter, anad 'hhe mmrb of glm txtractaé.

Mmia’é as in fk;mrimt IL

t‘he results cf tba t.bm imstmtion siw-wd thet 3.14 g-ms
of glnoose, ccrrugonding 120 e 96'91 axbnctian, were zxtractaé by |
firset nmfralizin;; the sulfnrin aeié ﬁ.th ;adma stzlfite in e mediun
©f liquid sulfur dioxide follewed by the extraction of the product with

diguid emmonis, -
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L e TorgaieEnl o da ol G0 Reda ik e e e R s

1. Tt appesrs-impessible te mitrate cellulose - Yiquie rtfur dioxide
swing to «-probeble:resstion Between the selvent and Mhs sgent
 mredusing & nitrosyl'sul furie:anhydrige, F1u i Ts L1 BLE Biu o0 1

% LURERT o T L 37?‘.“&’&"5,-'

2. l’m-i ostars ewldmt bo pnpxrod !:n nqnid snlﬁxr d._exiae hy the

" setion of rhrong -.e:ds on cc.lulue temte.

8¢ Etherifiostion of trisodium celluleosate dicd not take plasce in liquié
sulfur dioxide probably owing tc the formation of & sedium sulfito cellue

lese by & reaction anslogous to the formation of sodium cellulose xanthete.,

4o Hydrelyszis of cellulose to redueing sugsrs can be oarried out by
sulfurie acid dissolved in liguié sulfur dioxide. The rate of reaction

is very slow.

Ee The optisum times ‘for tha hydrclysis of sellulose to dextrins was

determined for wood, wood pulp, and viescose regenersted celiulese.

6e & preocedurs for the isolstion of eellulose dextrins from the acid
reaction mixture was devised by which 275 of the theeretical yield could
be ob‘i;tineé. The stepe sre as follows;:

e Hydrolysis of celluloese with concentreted tuif;:ric acid et

Lo
C Co for 1b bours for regenersted, £0 hours for wood pulp, or



'-’Mﬁuumﬁamm

o mrau« Ty 1quid samonts,

30 hours for wood, -
be Extraction of excess wzé h;r mh‘ng with iliquid scllur dioxiée.
S »Wliuticn of r-uimg aﬁﬁ by & solnt:ian af né.u:a

C e MtimofmuMﬂMimmmmw

e Euporatmn er li.@.id amnia ta give ﬂrv M :thztrin
produot, - ' |
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