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In specizl rocket propellants, buriiing of the nitro-
cellulose~nitroglycerine (cordite) tube must be completely
restricted to the inside surface of the cordite by applying
suitable coatings to the outside surface. Various methyl
allyl celluloses containing about 0.5 to 1,5 allfl groups
per zlucose unit have been prepared from an alkall soluble
methylcellulose. Three studied in detall contained 0.70
methyl and 0,79 2llyl, or 0.59 methyl and 0,95 allyl and
0,59 methyl and 1l.47 allyl groups. The solubilities snd
properties of these substances, together with the acetate and
dibromide of the latter, were noted. Methods for estimating
the degree of unsaturation of these compounds were worked out
including a modified bromide-bromate method.

A study of the changes in physical properties of methyl
allyl cellulose films, cross-linked by polymerization of the
allyl groups, indicated that polymerization decreased their
solublility, flexibility, elongation at break, and moisture
vapour permeability, while their tensile strength remained
aelmost constant, Films of the more highly allyilated deriva-
tive, when polymerized, satisfied the standard test for nitro-

glycerine barriers.
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GENERAL INTRODUCTION

D A S o~ o e i st S0 ki s b

In special rocket propellants, burning of the nitro-
cellulose-nitroglycerine (cprdito) tube must be completely
restricted to the inside surface of the cordite by applying suitable
coatings to the other surfaces. A suitable coating usually
consists of a nitroglycerine barrier, a fireproof paint (like
Glyptal Red 1201) and an adhesive tape carrying a rubber base
cement. The main war purpose of this research is to find out
whether or not unsaturated ethers of starch and cellulose
might form suitable coatings for inhibiting the diffusion of
nitroglycerine.

Nitroglycerine diffusion will cause the coating to burn
almost as easlly as the propellant, exposing more burning suyr-
faces and producing too high pressures in the rocket., In
order to eliminate burning irregularities as completely as

possible, & coating must fulfil the following requirementsa:

(a) adhere sufficiently tightly to the cordite sc that
no burning can occur between the cocating and the cordite.

(b) resist the diffuysion of nitroglycerine for any length
of time and at zny temperature up to 65°.

(e¢) have a temperature coefficient of expansion similar
to that of cordite, so that the coating~cordite union can with-
stand cycling between -40° and 609, the extreme conditions

likely te be encountered in military or naval operations.



Preliminary work consisted of preparing a number of
allyl starches in various ways. Generally, these allyl
starches formed films that adhered tightly to the cordite,
prevented nitroglycerine diffusion, but on exposure to air
were easily oxidized, polymerized znd became extremely brittle,
This relative ease of polymerizetion in zir made physlical
tests on the unpolymerized films very difficult, For these
reasons the work on allyl starches was diverted to work on
allyl cellulose ethers, These ethers, derived from the linear
macromolecules of cellulose, should farm mych stronger films
than the corresponding branch chaln molecules of starch.
Moreover, the lack of branching in cellulose derivatives made
it less difficult to assess any effect that subsequent cross
linking, caused by polymerization of allyl groups, might have
on the diffusion of nitroglycerine,

Since eellulose ethsrs were zZenerally more stable and
possessed greater fllm strength than cellulose esters, the
former type of compound was chosen. The maln purpose in the
preparation of methyl allyl celluloses was to produce un-
saturated ethers of maximum solubility in some commoén solvent
or mixture of solvents, with minimum degradation of the celly-
lose chain, znd adapted to form strong, clear, uniform films.
After an examination of the avallable literature on allyl
cellulose znd related compounds, no clear, concise method of
preparing s product with the above characteristics was found.
Consegquently, the first part of the research consisted of pre-

paring such derivatives. In order to carry out the allylation



in a homogeneous medium with minimum degradation, an alkali-
soluble, stable methylcellulose ether was used as a starting
material,

The second part of the research consisted of converting
the methyl allyl celluloses into transparent films and then
deciding by suitable physical tests whether or not these
films offered promise as nitroglycerine barriers. These
tests, which included measurements of tensile strength,
elongztion or stretch, Mullen burst test, flexibility,
moisture vapour permeability, znd nitroglycerine diffusion
were performed on methyl allyl cellulose films both in the

unpolymerized and polymerized states,



Proof of the structure of cellulose hzs rnow been well
established and can be found in scores of relevent references
in any of the modern technical books or reviews on the syb-
jees (1, 2, 3).

Today cellulose is considered to be a linear nacro-
molecule composed ofp«giuccpyranase units, each of which is
depicted (Fig. 1) with five carbon atoms in the plame of the
paper, with the oxygen atom completing the ring not in this
plane. When viewed in perspective, the hydroxyl groups and
the glucosidic group are arranged above and below the plane
of the paper so that their distribution is Ptrans®, When the
glucose units are linked in chains, the glucopyrancose ring
alternates in respect to the side that is uppermost. This
conclusion is supported by X-ray data. The 1, 4-glucosidie
linksges between the cellulose chaing are linmited in thelr
free rotation by certain stereochemical -~ restrictions (4).
From this structure, bhoth terninal glucose residues are dis-
tingulshed from the other gliucose units in the body of the
chain; the right hand terminal unit by the presence of a
reducing hemiscetzl group, and the left hand unit by the
presence of an extra hydroxyl group.

The glucose residues in the cellulose chain are held



together by primary valence force of about 50,000 cslories
per mole. According to the Astbuiry nicellar fringe theory,
the very lon: cellulose chains form amorphous .nd crystalline
regions each of X~ray dinensions. The crystalline portions
of the cellulose cihizins adhere to their neighbours by hydrogen
bordlirnz of approximstely 15,000 calories per mole in strength.

Fig. 1

Cellulose Macromoliecule of n glucose units

Because of the organized, cumilative strength of the crystal
forces, the crystalline pmrtions are wuch less sccessible to
wost chemical resgents then the smorphous portions., For this
regson, rezctions carried out on fivrous cellulose often
chznge the amorphous portions greatly while the crystalline
portions =re affected only to =z minor extent.

Inspection of Fig. 1l shows that each of the p-—glucoyyranosc
residues possesses two secondary u:nd one osrimary hydroxylgroup8e.

The primary hydroxyls in position 6 generally react umore



rapidly than the two xinds of secondary hydroxyls in positions
2 and 3, For example, Purves and his collaborators have
shown the relative rates for the esterification of positions
2, 3 and 6 to be 2.3, 0,07 and 15 (5) for ethylcellulose and
2,2, 0,11 =nd 23 for cellulose acetate (6), respectively, In
these cellulose derivatives :t least one of the secondary
positions was slready substituted with ethoxyl or acetate
groups, and so the relatively low reactivity of the other
secondary hydroxyls may be caused by some repulsive effect
of an electrical or steric nature. Cellulose dispersed in
guaternary bases alkylates in the priumary positions wlth a
rate equal to the sum of the rates of the two secondary
positions (5). 4lso, when cellulose is swollen in alkali, the
secondary rositions react more rapidly, and the relative rate
of =2lkylation in the secondary positions increases as the
alkall concentration increases (5). 8purlin (7) has fully
discussed the rates of reaction of the various hydroxyl groups,
and so detailed umention bf the subject here seems unwarranted,
These hyé@roxyl zroups react according to the laws of
chance (7) a«nd the zrrangement of the substityents in the
cellulose derivatives depends largely upon whether the reac~

tion is carried out in homogeneous medium or not,



The structure of a starch nolecule (8) differs from that
of the cellulose molecule in several ways. In the first
place, the starch molecule is regarded as a coiled macro-
molecule, composed of X-glucopyranose residyea. Secondly,
the starch consists of two different polysaccharides, water
soluble amylose and less soluble, paste-forming amylopectin.
The aaylose consists mainly of a homogeneous mixtuyre of
linear, or nearly linear, polymers in which 100 to 700 glu-
cose residueg are united in the £~l:4~glucosidic arrangement

(SGG Figo 2)_.:

Uﬂzaﬂ.

Section of Amylose Chain

The amylopectin fraction consists of larye, branch-chained
molecules, each containing 500 to more than 2000 glucose
residues in which the branching occurs on the average at every

twenty-fifth glucose unit. The branching is supposed teo



originate at primary alcohol units. (See Fig. 3)

a ‘*@M)Q&o- |

Branch Point of Amylopectin

Whistler and Hilbert (9) have found wide variations in
the mechsnical properties of films made from the acetates of
amylose, amylopectin and whole starch. 1n general, amylose
triacetate aznd trimethyl amylose form good films, while the
same derivatives produce very ppor films wher based on the
amylopectin portion of the starch granule., No studies of the
relative reactivity of the three kinds of hydroxyl groups

in the starch macromolecule have hitherto been made,



The decision to prepare unsaturated ethers iqsteéa of un-
gsaturated esters of cellulose was based mainly on the fact
that cellulose ethers possess greater stability than cellulose
esters to heat, light, water, alkall and even dilute acids.
Cellulose ethers are not hydrolyzed by water at 1709 for
many days, &nd their desirable physical properties are un-
affected by a 25 per cent solution of potassium hydroxlide,
Derarest, Moeller and'Cash (10) observed that cellulose acetate
and cellulose butyrate plastics are badly distorted when
exposed to & temperature of 90° &and a relative humidity of
100 per cent for twenty-four hours,while an ethyl cellulose
plastic was unaffected, On exposure to ultra-violet light,
most cellulose ether films and coz=tings are not discoloured.
Unplasticized cellylose ester films are hard and brittle,while
those}of unplasticized ethyl cellulose {films zre softer, touzher
and more elastic. The tensile strengths of unplasticized
cellulose acetate and ethyl cellulose films sare much the same,
but the plasticized ether film is many times stronger than
the similar ester film. Finally, cellulose ethers are relative-
ly less flammnable than those of cellulose esters. The only dis-~
advantage of cellulose ethers is the high cost of the etheri-

fying agents (11).
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Even though this work deals with unsaturated ethers
rather than unsaturated esters of cellulose, it seems advis-
able briefly to review the pertinent literature concerning
the latter, with the object of being able to note later on
similarities in their properties and film-forming charscterig-
tics,

In zeneral, the preparition of unsatyrated esters is-
simllar to that of the saturated esters of cellulose, except
in:¢cases where the unsaturated linkage may complicate the
behaviour of the esterifying ayent. For example, acrylic acid
polymerizes during the esterification so is not a satisfactory
esterifying zgent. The géﬁeral methods of preparing lower
(12, 13, 14), higher (15, 16) and mixed (17, 18) unsaturated
esters are fully discqssed in many patents; and since we are
not directly céncerned with such esters in this research,
further details will not be giwen.

The freshly prepared lower substituted, unsatursted celly-
lose esters are soluble in a wide range of common organic
| solvents, For example, cellulose tricrotonsate is soluble in
acetic acid, acetone, chloroform, benzene and in mixtures of
solvents, such as benzene-alcohol: The higher unsaturated
esters of oleic, linolele, ricinoleic aud simllar acids zre
usually Insoluble in all aélvents unless care is tasen to pre-
pare them in inert atmospheresg, such as carbon dioxide or

nitrogen (19). The lower unsaturated cellulose esters of sych
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acids 2s crotonic form transparent (17), flexible (16) films,
which are oxidized very slowly in the alr,or more gquickly by
heat or ultra-violet light, into products aluost completely
unaffected by most organic solvents anc impermeable and re-
sistént to moisture. The higher unsaturated esters are very
resistant to moisture, form flexible films &nd are converted
upon drying at room temperature into insocluble products.

'Ealm and Fordyce (20) in thelr patent clain that their
unplasticized unsaturated cellulose ester filus are poly-
merlized by five hours of exposure to intense ultra-violet
light,'ar by twenty-four hours of heat at approximately 100 ,
inteo tough, transparent, very flexible films, insoluble in
common solvents ard of improved resistance to moisture. The
moisture impermeability ofthe film is increased three or four
fold from the original value before polymerization. However,
Hagedorn and Moller (21) pointed out that the unsatyrated
cellulose esters with a short carbon chain (cellylose croton~
ate) give brittle masses with little strength or elasticity.
They also mentioned thst cellulose linoleate ignites spontaneous-

ly in air unless kept in a moistened condition.



Since this research deals briefly with allyl starches,
and in more detail with methyl allyl cellulose and its deriva-
tives, it seems advlisable to discuss these compoundst! simpler
analogues in order to obtain as clear a plcture as p;ssible'
of probable methods of preparation and of the probable pro-
perties of the macromoleculer materials.

The first simple allyl carbohydrate cerivatives, allyl
tetraxcetyl -D-glucoside snd allyl £- and p-glucoside,
were prep-red by Fischer and Strauss (22) and B@urggelot and
Bridel (23), respectively, in 1912. fTwenty-one years later
Tomeciko and Adams (R4) produced various unsaturated ethers,
such as methyl tetraallyl K-glucoside and pentaallyl sﬁcrese.
These papers and others produced little exact information re-
garding the properties of these allyl carbohydrates. However,
recently Nichols and Yanovsky have conpletely discussed this
type of compound in a series of excellent papers.

Nichols and Yanovsky have prepared in good ylelds a
series of allyl ethers from non-reducing carbohydrates (25,26)
such as methyl A ~zlucoside, sucrose znd sorbitol by treating
them with 50 per cent agueous caustic soda and allyl bromide
at the reflux temperature of allyl bromide for four to five
hours. The resulting oils of high boiling-point were not come
pletely substituted and so were given a further treatuent with
sodium, forming sodium alcoholates. These alcoholates were

agaln heated under reflux with more allyl bromide for two haurs,
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and there resulted in most cases coupletely, or almost com-
pletely, substituted allyl carbohydrate derivatives, In
another paper (27) they succeeded in allylating reduecing car-
bohydrates, such &3 glucose, by first forming the allyl
A~glucoside according to the standard Fischer method. That
is, dry hydrogen chloride gas was dissolved in dry aliyl
slcohol and stirred with anhydrous glucose. The resulting
glucosides, being stable in alkali, were aluost completely
allylated in the manner already described for non-reducing
carbohydrates,

Nichols &«nd Yanovsky found that these oily carbohydrates
polymerized in alir and in oxygen, especially at higher teupera-~
tures, into insoluble, infusible, colourless, transparent,
brittle, thermosetting resins. in order to obtain & possible
mechanism for the apparent polymerigation of thesé ellyl
ethers, the following series of experiments were performed,
Firstly, from & rate of polymerization study, the necessity
of oxygen throughout the polymerization was observed. The rate
of polymerization curves were obtained by passing oxygen &t &
uniform rate over the oily allyl ethers ét 97° =znd measuring
their increase in viscosity at various times. 1n an atmos-
phere of carbon dioxide instead of oxygen, the viscosity
remained practically constant., It :lso was noted thst if
polymerization was carried to a certaln point and then heating
was continued in the absence of oxygen, in every case poly=-

merization proceeded normally for & short time znd then appeared



14

to stope It followed thzt heat azlone would not convert the
oils into hard, brittle resins. The actual amount of oxygzen
combined was observed by combustion analysis (See Table I) on
sanples that had been heated at 979 in a constant stream of

oxygen for various lengths of time,

TARLE . L
Oxygen Cambined in Polymerisation of

Time ‘Carbdn Hydrogen Cambined Atoms
(hours) % y 4 of oxygen
per Molecule
0 63.92 8.11 ' 0
3% 59.90 7.50 1.7
5% 58.50 7.20 2,2

Secondly, tests during peolymerigation of these allyl
ethers indicated the formation of peroxlides. Finally, a strong
odour of acrolein always accompsnied oxidation and polymeri- |
zation of 211 211yl ethera. In the case of allyl mannitol,
acrolein was collected during the oxidation and identified by
means of its 2-4 dinitrophenylhydragzone znd the Schiff's
aldehyde test, With this evidence they suggested the follow-
ing mechanism for oxidation and polymerization of all allyl

ethers of simple carbohydrates,

, &) Formation of hydroperoxide at the(-methylenie carbon
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atom, which is resctive, since it is adjacent to an ether
oxygen containing unshared pairs of electrons and in o~posi-

tion to s double bound.
OOH
Y o Ve &
RO—CH; —CH=CH; + 0 — > RO—CH—CHB=CH;

peroxide

Ae.In the presence of heat
or light the double bond is oxidized with the formstion of &an

epoxy compound,

?GH
RO— CH—CH=CH» + RO—CH, —CH=CR A >
2 2 2 Tor 1ignt’
Y /,Q
RO— CH—CH=CH, + EO—CH,— CH—CH,
heniacetal enoxy compoung

of water, which should be formed during ozidation of this type,

would readily hydrolyze the hemlacetal into acrolein,

0B oR
OB
RO— UH—CA=CH, + HOHR — > ROH + BO— CH—CH=CH,
hemiacetal

CHp=CH— CHO+ Hz0

acrolein

ed by cross linking

P
(=Y
Nt

&

into three dimensional networks.
0 0 RO-CH RO-CH
N\ N\ ROZCHa 0-CH2 .
RO— Gﬁz—CH—Cﬁz +RQ—CHE— CH—CHZ —_—~CH —GEE—O—CH_—Cﬂ_z—O— ]
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Many hundreds of psatents and papers have been written
concerning cellulose ethers ever since Suida (28) first pre-
pared one in 1905, However, in this extensive literature,
very little exact information concerning the preparation and
properties of unsaturated cellulose etihers, completely
soluble in common solvents, appesars. This statement also wad
true of unsaturated starch ethers until just recently when
Richols, Hamilton, Smith and Yanovsky (29) published their
work on certain allyl starches. It, therefore, seems desirable
to review the generalmethods available for etherification, ang
then to discuss the preparation and properties of the unsatyr-

ated ethers,

(1)
The etherification of the alcohol groups in polymolecylar
carbohydrates 1s usuzlly brought about by the action of alkyl
sulphates in the presence of an alkall; by alkyl halides and
pyrldine; und by alkyl halides and alkall, The last of these
mnethods 1s most general, the first being applied only to methy-
and ethylation
lationm sand the second being limited to reactions with very
labile halides. Special methods (30, 31) recently have used
sodium or sodamide in liguid =ammonia to form the sodium celly-
losate =nd then have carried out the alkylation with lowepr
alkyl halides soluble in liquid ammonia. Diazomethane and
ethylene oxide and its homologs are sometimes used as etheri~

fying agents. The former methylates the cellulose,while the
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latter adds directly to the cellulose to form hydroxyalkyl
ethers,

Further details on the various starch and cellulose
ethers that have been prepared in these general way$ seem un-
negcessary, in view of the many fine books and reviews now

available on the subject (11, 32, 33, 34, 35, 36).

The reéctien is probably represented by the following
general eguations, only one of the three kinds of hydroxyls
in the cellulose or starch being indicated, and RX being any
alkyl halide.

CgllgO,— OH + NaOH =2 C4Hg0, —ONa + Hy0 ).
CeHg0, —ONa +RX —> C4Hg0, —OR + NaX ().

Bock (37) has shown that etherification by an alkyl
halide or sulphate carried out in a homogeneous nedium (i.mw.
cellulose dissolved in a guaternary amumonium hydroxide) pro-
duces ethers that are soluble in water although such ethers
contain only 0.6 to 0.7 methyl or ethyl zroups. The introduc-~
tion of 1.2 to 1.7 groups is usually necessary in order teo
produce a water soluble ether in the regular heterogeneous
alzali cellulose process. Bock's explanation for this differ-
ence is that a more even distribution of alkyl groups along
the macromolecules 1s obtained when cellulose is alkylzted

in solution. Purves and Mahoney (38) have confirmed this
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explanation in the case of an ethylated cellylose, Since
this thesis is principally concerned with homogeneous
etherification, it is hardly necessary to consider the addi-
tional factors of importance in heterogeneous processes,
These factors, inc;uding the function of water and alkali in
swelling the fibrous cellulose, are discussed elsewhere (39).

(b). Bide Reactions
A number of possible side reactions can take place
daring etherification owing to alzaline hydrolysis of the

alkyl halide to an alcohol, an ether or an unsaturated olefin.
RX 4+ NaOH —> ROH + NaX 3)

ROH + RX + NaOH —— Rp0 + NaX + B30 (4),

R*CH,«CH,X + NaOH —3 RCH=CH, +NaX + H,0 (%)

At high alkall concentrations the alcohol primarily pro-
duced will reuct with more alkyl halide to form the corres-
ponding ether. Lorand (40) has found that the amount of
hydrolysis of benzyl chloride to the corresponding sleohol
and ether increased with increase in temperature, rate of
stirring and time; and decreased with increase in the bengyl
chloride~caustic soda ratio. Also the hydrolysis increased
at first with an increase in the caustic soda concentration
and reached a maximum at zbout 20 per cent alkali; it then
fell off rapidly. Smith et al (29) showed that when equal

volumes of allyl bromide and sodium hydroxide were mixed ang
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stirred for three hours at 80°, about 23 per cent of allyl
bromide was hydrolyzed with alkali concentrations up to 10 per

- cent; about 9 per cent with 20 to 30 per cent alkali; and only
about 2,5 per cent with 40 to 50 per cent alkali, Consequently,
the amount of etherifying agent going %o side reactions will be
considerable, unless zll the above factors, particularly alkali

concentration, are properly adjusted,

The elkall probably reacts with the hydroxy groups in the
polymolecular carbohydrate to form either a molecular complex

(equation 6) or a true alcoholate (eguation 7).

XCeHgO,—O0H + yNaOH =———=>(C¢Hq0, —OH) 4+ (N20H)y  (6).
CgHgO,— OF +NaOB ==———2C¢Hg0, — ONa.+ H,0 ).

Most of the evidence for a molacular'eomplez formation
comes from work on heterogeneocus alkali cellulose. For example,
numerous workers from different kinds of evidence LAL) have
suzgested that in alkall concentrations of 12 to 18 per cent,

a complex, (Céﬂlocslztﬁaoﬂ,iﬁ probably formed and in 20 to 40
per cent alkall another with the compositién R 06H1005*Na03.
X-ray data strongly support a new crystal structure for cellu-
lose, and compound formation, in alkall of about 21 per cent
concentration., Also, the fact that cellulose forms soluyble
complexes with cuprammonium and with the analogous diamine

compounds, lends further support to equation 6, The majority
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of investigators in this field prefer the molecular complex
type of structure (equation 6) to the alcoholate (eguation 7),
in the presence of water, since the latter compound is readily
nydrolyzed by water,

On the other hand, a considerable amount of evidence
seems to indicatethat cellulose, like the simple alcohols
and certain polyhydric compounds, forms & true alcoholate,
Various metallic alcoholates of cellulose have been prepared.
Scherer and Hussey (42), for example, obtained a trisodium
alecoholate by treating cotton with metallic sodium in liquid
ammonia. The resulting product possessed the properties of
a normally prepared alkali cellulose and formed an xanthate
with carbon disulphide. They showed that the hydrogen evolved
from a definite amount of sodium reacting with cellqlasé

corresponded to the reaction of an zleohol with sodiuynm.
ROH + Na——>RONa + $H, (8).

Harris snd Purves (43) also showed that thallous ethylate
(a strong base like its sodium analog), dissolved in ether or

benzene, forms an insoluble thallium cellulosate as follows:

CgHgO0,~— OH + T10CHs =——> CgHg0,— OT1 + CoHs0H  (9)

This reaction does not proceed to completion as the large
thallium atomns cannot enter the ecrystalline portion of the
cellulose structure, so that only the surface hydroxyl groups

are avallable for reaction.
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Further indications of the formation of an alcoholate
are obtained from the chemical reactions of alkall cellulose.
Alkall cellulose reacts similarly to sodium ethylate, in that
it forms an xanthate with carbon disulphide, ethers with
alkyl halides, and esters with acldic anhydrides.

Most likely the mechamism 15 a combination of eguation
6 znd 7. That 1s, an addition compound is first formed, whieh

loses water forming the slcoholate.

CgHg0, — O + NaOH === C¢H,0,—OH+NaOH (0).

CHgO,,+ONa + Hy0

This mechanism is possibly correct since the degree of etheri-
fication depends upon the factors likely to zovern the above
eqiilibrium, such as, concentration of alkali, water, cellu-
lose and emperature. 1t 1s found that on increasing the
sodium hydroxide-water ratio and decreasing tne water-celly-
lose ratio, the degree of substitution is increased. Lorand
(401, for example, has increased the ethoxyl content of a
commercial ethyl cellulose by increasing the concentration

of the sedium hydroxide at the end of the reaction, thus
forcing the equilibrium to the right.

(a)

In choosing an etherifying agent, many factors must be

considered; such as its activity, wolecular size, solubility
in alkali, sndthe nature of its alkyl radical, in order to

obtain a cellulose ether with certain reguired properties.
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For example, a water~solubleror an alxall-soluble ether may
be prepared by slightly etherifying (0.5 to 0.7 groups) of

the alkali cellulose with methyl or ethyl halides and not with
long chain alkyl halides.

An alkyl iodideis more reactive then an alkyl bromide,
or chlorlide, but, owing to its slow diffusion rate, is largely
converted into by-products, and so 1s rarely used as an etheri-
fying agent. Ball (44) quotes the relative reactivities of
ethyl chloride and allyl bromide on the basis that normal
butyl chloride is unity as two and eighty, respectively.

These ratios explain why allylation proceeds riore easily than
ethylation (45).

The aliyl halides used in etherification are generally
only slightly soluble in the agqueous hydroxide. Their solubili-
tles decrease with the size and kind of slkyl groups and with
the caustic concentration. Allyl bromide is less soluble in
aqueous alkali than methyl or ethyl bromide and the inability
to obtain fully allylated products (45) may be connected with
this fact.

Primarily alkyl groups contailning three or more carbon
atoms, benzyl groyps and others, are hydrophobic in character,
Consequently, when they react with the alkall cellulose they
form an increasingly hydrophobic etherified cellulose, which
naturally hinders the access of fresh agieous zlkall to the
reaction zone, Therefore, in order to get the same degree of

subsitution, an ether containing more hydrophobic radicals
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must undergo much more drastic reaction conditions than an
ether such as methyl conteining less hydrophobic radicals.
The more drastic the reaction conditions, the more degraded

(low viseosity) the product is likely to be,

The rate of etherificatlion incresses with an increase
in the sodium hfdroxide;water and the etherifying azenticellu~
lose ratios. Increase in temperature or rate of stirring
always increases the velocity of the reaction. An inert
solvent, while often improving the homogenity of the reaction
mixture, usually lowers the reesction speed (40, 46) posszibly
by diluting the reactants,

ated Bthers

(a), ALLYL Starches
Tomecko and Adams (24) in 1923 prepared what they called

a "monoallyl starch™ by mixing starch, 10 per cent agueous
potassium hydroxlde snd allyl bromide, This product, which
contained Q,5 allyl groups per glucose unit, according to com-
bustion analysis, was a white amorphous powder of low solubility,
The low substitution was probably connected with extensive
hydrolysis ofthe allyl bromide in the presence of alkall so
dilﬁte as 10 per cent.

The Eastern Regional Research Laboratory (29) recently
prepared soluble allyl ethers of starch Ry direck alkylation
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of various starches with allyl chloride and 50 per cent
aqueous sodium hydroxide. Allyl bromide, the 50 per cent
alkeli and acetone-soluble starch acetates were also used.
Their yields were around 90 to 98 per cent of theory in all
cases znd thelr products froum various starches had an allyl
content of 30.0 to 37.5 per cent, as estimated by the Wijs
method for double bonds., These percentazes correspond to
1.7 to 2.4 allyl groups per glucose unit.

Allyl starch prepared by thelr method was a soft, gummy,
but not tacky, substance. It was soluble in most organie
solvents but not in aliphatic hydrocarbons. Solutions of
allyl starch in acetone, alcohol, and other soclvents were
stable and even in 30 per cent concentration had z low vis-~
cosity. Films of allyl starch, on exposure to the zir,
gradually polymerized and became insoluble, the process being
13 to 73 per cent complete after a week, This process of
insolubilization was catalyzed DLy heat, chemical agents
such as cobalt naphthenate, infrared and ultra-violet radia-
tion. The authors list several possible industrial applica-
tions ofthese allyl starches, including lacquers, varnishes,

adhesives, and plastics.

(1), Yinyl Celluloss

The first member of this series, vinyl cellulose, was

recently isolated and studied by Favorskiz and collaborators,

(47, 48). Cotton linters was heated in the presence of alkali
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with acetylene under pressure znd in an autoclave at 1200 to
1509 for four to forty-eight hours. The resulting product
had a carbon content of 49.1 to 58.3 per cent, and a hydrogen
content of 6.2 to 6,6 per cent, corresponding to the forma-
tion of divinyl and some trivihyl ether of cellulose., This
product was partly soluble in dioxane, ethyl acetate, glycol
chlorohydrin and dichlorocethylene, also in Schweitszer's
reagent. Although this new method of obtaining wvinyl celly-
lose ethers 1s interesting, the mixture of unreacted celly-
lose, monovinyl, divinyl :nd trivinyl ether produced is still

of restricted value because it 1s only partly soluble.

(11). AlLyl Cellulose
A completely insoluble and possibly impure allyl cellu-

lose was prepared by Tomecko and Adams (24) in 1923 by treat-
ing cellulose reprecipitated from cupramsnonium hydroxide
solution with allyl bromide and potassium hydroxide. Com-
bustion analysis gave a carbon content of 45.15 per cent and
a hydrogen content of 6.44 per cent values which proved the
product was mainly cellulose.

In 1929 Sakurads (49) obtained a snow-white wmixture of
diallyl snd triallyl ethers of cellulose in one operation by
suspending shredded cotton paper in 40 to 50 per cent sodium
hydroxide snd subjectihg the resulting alkali cellulose to the
action of allyl bromide., This etherification proceeded rela-
tively easily. Combustion and halogen adsorption analyses

agreed, showing that the double bonds had rexmained intact,
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A tetrabromide corresponding to that from & diallyl ether
also was obtained.

All allyl cellulose ethers prepared by Sakurada were only
partly seoluble in ethyl alcohol, benzene and carbon tetra-
chloride, possibly because of the heterogeneous manner in which
the etherification was carried out. Although the purified ether
wag stable to heat, its low solubllity appeared to render it un-
desirable for present purposes. Moreover, its alcohol soluble
fraction most probably had a low degree of polymerization.

In 194) Haller and Heckendorn (50) were able to facilitate
further asybstitution by allylating alkali cellylose in the
presence of xylene, which exerts a swelling effect on the
partly substituted ether.

Several patents were taken out by Dreyfus in 1931 (51) on
the production of allyl celluloses. Seymour (52) claimed to
have prepared unsaturaged cellulose ethers, including allyl
cellulose, more or less soluble in toluene, xylene, benzene,
acetone, ether or aleohol, znd readily soluble 1in alcohol-
benzene, These products on exposure to yltra-violet light be-
came insoluble in all common organic solvents. Other patents,

a few of which are quoted here (53, 54, 55), claimed improve-
ment in the dyeing properties of celluylose materials by convert-
- ing them completely, or partially, into éllyl cellulose. However,

in most patents details of the preparations are missing or vague.

(111) Crotonyl and Higher Unsaturated Celluloses

o o it e it W o W W S - S . -

Preparations of crotonyl cellulose and other higher
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unsaturated ethers were patented by the British Celanese
Limited (56). FEtherification was effected in the presence
of a base, either in an aqueocus medium or in an organie
solvent, such as benzene and toluene., These ethers coyld be
made into fllms that were easily polymerized to insoluble
products on exposure to light or heat, Halogenation yielded
products of reduced inflammability. Dykstra (57) also
rendered crotonyl cellulose films insoluble by ultra-vicles
light and driers, such as cobalt oleate (cf. allyl starch

Pe 24)., |

Other unsaturated mixed ethers,such as chlorobutenyl or
ethyl chlorobutenyl cellulose and benzyl ecinnamyl cellulose,
were described in patents by Ellsworth (58) and others,

A British patent (59) claimed to huve produced a halo~
genated unsaturated cellulose ether by euploying such etheri-
fying agents as 1-3 dibromo-2-butene and l-2-3 trichloro-
propene, These halogenated ethers of cellulose had a low
inflammability. |

Very recently, Ushakov (60) prepared a zixed ether,
ethyl allyl cellulose, by heating alkali cellulose with a
mixture of ethyl chloride and allyl bromide in an aytoclave,
This product 1s stated to hzve Wcopolymerized with sulphur
dioxicde", but exact details of the properties of the product

are not yet avallabvle.
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VII HALOGENATION METHODS_FOR_DFTERUINING_UNSATURATLO

Ao i A o e S o - -

OF_QRGANIC_COMPQUNDS

-

A great number of quantitative methods can be found in
the literature for determlning the unsaturation of organie
compounds. The easlest and perhaps best methods involve
the use of halojen or lodine monohalides. Of the three
halogens, bromine is the most useful since chlorine, being
very reactive, is likely to undergo substitution as well as
addition reactions; and lodine, being very inactive, adds to
very few ethylenic linkagzes. Buckwater and Wagner (61) sub-
divided ha;cgenation methods into three main types based
upon the nature of the agent and the medium; they are as

follows:

(a) Iodine-halide method, such as thoseof Hijbl, Wils

and Hanus, conducted in non-gqueous solvents (62,63,64).

(b), Bromination in non-agueous solvent, especially
carbon tetrachloride (61,70).

(¢) Bromide-bromate method conducted in the presence

of water (65, 66) and catalysts (67).

The Hibl, Wijs and Hanus methods probably use the
least severe halogenating agents, especlally the iodine
halides, and sc are used in snalysis of fats, oils and un-
saturated hydrocarbons where the possibility of suybstitution,
as well as addition, to the double bond is likely to take
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place. The second method of bromination in non-agueous
solvents (61,64) 1is useful, since the extent of substisution
can be measured by titrating the hydrogen bromide formed
during the reaction, as well as the double bonds, These two
methods are relatively slow and great care has to be taken
tq make-sﬁre all reagents are free of water.

The bromide~-bromate method cen be conducted in the
presence of water and is relstively quick., However, if sub-
gtitution is possible, as in the case of unsatuyrated fats,
oils and hydrocarbonsg, great care must be taken not to have
a large excess of bromine present. Lewis and Bradstreet
(66) titrated unsaturasted aliphatic hydrocarbons with a
bromide-bromate solution in such a wey as to reduce possible
substitution to almost zero.

Caldwell and Pointkowski (68) showed that Hanus's method
on unsaturated compounds, such as «llyl alcohol and éinnamic
acid, gave low of‘indefinite results. However, Cortese (69)
pointed out that the bromide-bromate method of Francis (65),
gave practically complete halogenation of allyl bromide and
allyl alcohol (results <0.97 and0.96 double bonds, respective~
ly). Also, in a very fine paper, Frognier and Goetsenhoven
(70) determined the extent of unsaturation in many unsaturated
compounds, such as vinylacetic-nitrile, ethyl vinylacetate
and crotonic acid, by the bromide-bromaste method, and claimed
the method accurate and reproducible to about 0.2 per cent,

They showed that the reaction was considerably faster in an
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ionizing medium, such as water and acetic ascid, than in non-
ionizin: media, such as carbon tetrachloride and chloroform.
For example, in & non-ionizing medium (carbon tetrachloride)
crotonic acid was é per cent brominszted in twenty hours,
while in an ionizing medium (carbon tetrachloride and water)
its bromination was complete in five minutes. They proved
that temperatuyre changes from 09 to 30° nad very little effect
on the amount of bromine egbsorbed in the case of crotonic
nitrile. Finally, they found that light increassed the rate
of bromination. |

A considerable amount of information is available on the
proximity of negative groups retarding the addition of bromine,
on the difficulty of halogenating conjugated systems and so
forth, but in simple ethylenie compounds where substitution
is unlikely, the bromide~bromate method should give good
results, To understand fully any possible weaknesses of the
method, az brief discussion of the mechanism of additlion of
halozens to ethylenlc double bonds is desirable.

According to Ingold(71), Frognier and Goetsenhoven (70)
and others (72), bromine's positive ion first adds to the

double bond forming the positive carbonium ion &s follows:
Br, =——— B -+ Br (1),
+
~CH,—CH =CHy+Bf — -CHy— CH —CHgBr (12),

Now in the presence of water, either a negative bromine

ion or a hydroxyl ilon could add:
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' Br,+ BORe=——=H 4 Br + Bro# (23).
+ -
—CH,— CH—CHaBr + Br ———>-CHy — CH —CHyBr (14)
Br

& dibromide

-+ -
—CH, — CH—CHyBr + OH —— -CHp —CH—CHaBr (15).
OH
a bromohydrin

oL
~CHp —CA=CH, + Br(f,0)'—> -CHp —CHBr—CHa0H + B

The amount of bromohydrin (egquation 15) formed can be
reduced by carrying out the reaction in a large excess of
potassium bromide or an acid (70), which would not only repress
the equilibrium reaction (equation 13), but also reduce the
activity of the bromine (equation 11). However, the relative
prominating activities of HOBr, Br and Br are given as 0,12,
80, and 110,000, respectively (73) and so the formation of
the bromohydrin should be slight. Even if the bromohydrin
does form, 1t will not interfere with the estimation of douyble
bonds, since the bromide from the hypobromous acid will be
immobilized as hydrobromic acid.

Sakurade (49) and the Eastern Regional Laboratories (291
used Wijs's method for determining the degree of unsaturation

of allyl celluloses and allyl starches, respectively.
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Sakurada showed that hydrocellulose treated with Wijs soly-
tion for forty-eiyht hours absorbed no halogens., The allyl
celluloses he obtained were not soluble in the carbon tetra-
chloride.and Wijs solution, but were swollen enough so thas

he was able to obtain satisfactory iodine numbers,
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VIII YITROGLYCERINE DIFFUSION

Hofer and Lumry (74), of the Exp losives Research
Laboratories =zt Bruceton, Pennsylvania, tried to eliminate
nitroglycerine diffusion through costings applied to double
base propellant surfaces by electroplsting with copper or
sllver. The metal coatings were completely iupervious to
nitroglycerine, but owing to the large difference in tem-
perature coefficients of expansion between the plated metal
and the powder grain, the two wouyld not adhere sufficiently
tightly to the cordite. GSince this type of coating was un~
successful, they next investigated extruded cellulose tubing
as a possible nitréglycerine barrier.

This very dense flexible viscose cellulose sheath was
plasticized with glycerine, which 1s completely insoluble in
nitroglycerine, contained a preservetive to prevent bacterieal
decay, #«nd some other additants. After immersion in nitro-
glycerine for sixteen days, the sheath was not pulped, and
ite flexibility and thickness remained constant. However,
7.8 per cent of the sheath was soluble in the nitroglycerine,
although no apparent change in its appearance was observed,
Work carried out in the Dupont laboratories (74) showed that
no common substance other than water, together with agueous
solutions and very finely divided suspensions passed through
this sheath even under drastic conditions. It was pointed
out that the glycerine in the rores of the sheath would
possibly be removed after sufficiently ptplonged warning and



thereby czuse a slight diffusion of the highly wviscous
nitroglycerine, They suggested that if desirable an in-
crease in the density and thicuness of the sheath would
improve its value as a nitroglycerine barrier. The re-
mainder of their report dealt with methods of coating the
cordite SC grains with the cellulose sheaths, This mech-
snical problem was not completely solved.

In this introduction, an atteupt has been made $o pro-
duce as complete a picture as possible of the relevaut in-
formation concerning starch, cellulose and unsaturated
derivatives of simple and polymolecqlar carbohydrates, It
is obvious from this discussion that the etherification of
polymolecular carbohydrates to completely soluble deriva~
tives with a reasonable degree of polymerization is still,

to a large extent, an art learned only by experience. The
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preparation of products with the properties desired can only

be based upon a detalled familiarity with &llwtha'reactiou

variables,
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I__ALLIL_STABCHES

A commercislly available cornstarch was used for the
preparations, in all of which the method of allylation
recently published by the Eastern Reglonal Laboratory (29)
was used. Starch acetate (10 g. air dry basis) was dis-
solved or highly swollen in a sufficient amount (25 - 225 ce.)
of a suitable solvent (dioxene or acetone) and mixed in a
flask with 50 per cent sodium hydroxide (25 g.) and allyl
bromide (30 cc.). This flask was zttached through a ground
glass jolnt to a condenser and the contents were agitsted for
three and one half hoursgs at the reflux temperature of allyl
bromide by s stirrer placed down the centre of the inner
tube of the condenser. The organic solvent was omitted when
starch itself was used, the starch merely being suspended
in the cazustic soda. The excess alkali in the reaction mix-
ture was neutralized wlth 5 per cent acetic acid «nd any
unreacted allyl bromide and by-products, such as allyl alcohol
and allyl ether, were removed by stean distillation. The
allyl starches isolatéd when insoluble were thoroughly washed
with water, when soluble were dissolved in a suitable solvent
and reprecipitated. They were dried in air.

Table II summarizes the conditions for a few typlcal
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experiments. The properties of these allyl ethers (Table II)
are discussed later, Product La) was prepared by direct
allylation of the starch, while product (b) was made by
first degrading the starch in ethyl alcohol containing 0.8
per cent hydrochloric acid (75) and then allylating. The
next three starch ethers (c¢), (d) and (e) were made by firs$
preparing the acetate, by Mullen and Pacsu's pyridine-acetie
anhydride method (76) from the undegradedgstarch, and from
starches that had been slightly degraded by boiling with

5 per cent agqueous acetlic acid for half an hour and three
hours respectively, The last two acetates (f) and (g) were
prepared by carrying out the acetylation in the presence of
0.1 per cent (77) and 5.0 per cent (78) concentrated sul-
phuric acid, respectively, which 18 a degrading catalyst.
Tnese acetates were completely soluble in the acetone solvent
while (d) 2nd (e) were only partially soluble. Allylation
was carried out in the usual manner (29), the acetyl groups

being simultaneously hydrolyzed by the 50 per cent alkall.



TABLE 11
Experimental Conditions for Allylation of Starsh

11.0% (approximately).

, A Weight Pretreatment | , , Allyl . | Beaction
Prepara! Starting Naterial of | Mﬁ? Bromide s‘zf;“;t Time Appearanoe
‘ {grams) Starch ’ ] (ees) {hours)

{a) Corastarch 5 [ 2 none 50 g. of 10% iz - 1 Phite amorphous powder

(b) | Degraded corm- |Boil § hr.with| 12.5 g.of 208 17 - 3 Fhite and gummy
starch 2.5 g.  ELOH & 05% HCL

{e)}) | tUndegraded starch none 25 g. of 5081 40 100 | 14 | Yellow brown, soft and
acetate 10 g. . dicxane gummy

{a) | Siightly degraded | Boil # hr.with| 25 g. of 50% 30 225 3% Steaw white and flaky
starch acetate 5% HOAc : acetone |
10 g. |

(e} | Somewhat degraded | Boil 3 hrs. 25 g. of 508} 30 100 3% Yellow-brown powder
starch acetate | with 5% HOAc acetone
10 g. » i

(£) | Degraded starch none | 25 g. of 50% 30 25 3 White and gummy
acetate 10 g. scetone

{g) | Very degraded none 25 g. of 50% 30 25 3% Light brown, guumy and
starch acetate o acetone sticky
0 8 ‘

NOTEs %The air dried commereial starch had a molasture content of

LE
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The methyl cellulose was a high grade commercial material
prepared by a heterogeneous reaction from alkali cellulose.
The batches used in this research had the characteristics

listed in Tabkle IXI.

_Methyl Cellulose(®)

v o - -~ - g -

Ash --Metboxyl Content. .

Lot Viscosiﬁy in Approiimate ‘
Number | 28 agueous Moisture Content Groups per
NaOH at 20° | Content % £ Glucose Unit
¥X-261 25 cps. 7.9 - 12,64 | 0.70
MX‘ 0 21 CPpB. 7.0 0.13 10513 0055
HX-267 3 cps, 9.6 0.19 10.74 0.59

The allyl bromide weas freshly redistilled before use -

beps 70.8° to 71.39.

prepared from allyl alcohol (79).

It was obtained from PFastman Kodak or

The commercial dioxaﬁe was purified by acid hydrolysis

from eny glycol acetal impurities, was neutralized with

potassium hydroxide, dried and heated under reflux over sodium

(a) These methyl celluloses (Methocel) were kindly given
us by Dr. 8. H. Bass of the Dow Chemical Company.
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to remove peroxides (80). It was later found that high grade
commnercial dioxane (containing a trace of peroxides) appeared
to have no detrimental effects on the reaction (See P, 82 ).

The commercial glacial acetic acid was purified by
boiling under reflux with a small amount of chromium trioxide
for three hours and then by distilling (81).

2. Preparation and Properties of "Lower" Substituted Methyl
Allyl _Celluloses

(a). Preparation

Methylcellulose (l2.5 g. air dry basis) was completely
dissolved in a 10 per cent (by weight) aqueous solution of
C.P. sodium hydroxide (187.5 g.) by stirring or shaking for a
few hours. The resulting frothy solution was nixed with a
large excess of allyl bromide (37.5 cc.) in a three~-necked
one litre flask, The flask was then connected through ground
glass joints to a condenser, a mercury seal stirrer and a
theruometer, and was heated on a water bath to 65° with gentle
agitation. After fifteen winutes to half an hour, the nain
reaction started and frothing occurred so that the original
volume of the mixture was more than doubled. At this stage
in the reaction, it was advisable to remove the water bath
and to stir vigorously until the frothing started to subside.
A white, spongy, fibrous precipitate was formed when the stir-
ring was not very vigorous, or a white powdery, partly fibrous

product if the stirring was vigorous at the time when methyl
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allyl cellulose was separating. If the allyl bromide was
added slowly from a dropping funnel with normal agitation,

a powdery product was always formed. The heterogeneous mix-
ture was heated at the reflux temperature of allyl bromide
with efficient stirring for about another hour (total reac-

tion time two hours) and cooled to room tewperature.

(b). Purification

- - -

_gethod 5‘_

o — - - -

The powder or the disintegrated fibrous 1288 was re-
covered by filtration and washed with hot water until free
of alkali, or was first neutralized with 5 per cent agueous
acetic acid then filtered and washed free of the resulting
sodium acetate with hot water., A rapid steam distillation
then rexoved excess allyl bromide and the by-products, allyl
alcohol and allyl ether. The steam distillation was continued
until the distillzte gave no double bond test with very dilute
bromine water (0.01 N). Finally, the product was filtered,
washed with hot distlilled water and dried in air or over

calcium chloride in_vacuo at room temperature,

The dried methyl allyl cellulose was redissolved in 90 per cent
aqueous acetic acid (2.5 per cent solution by weight) by
shaking for several hours. The resulting viscous solution
was filtered several times through Whztman No. 1 filter paper,

uging a Blichner funnel, and reprecipitated into rapidly
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stirred hot distilled water (ratio of one part of solution
to fifteen parts of water). The reprecipitated, snow white,
fluffy, fibrous product was recovered, washed with hot dis-
tilled water until free of acid and dried over calcium
chloride 1in_vacuo =&t room temperature to a constant weight.
The hard lumpy product sowetimes obtained could easily be

pulverized in a mortar.

Hethod B

Benzene Purification Method

This method was used in place of Method A4 for crude,
originally powdery products that formed hard plastic lumps
on drying from water, and so could not be easily pulverized.
The method also was necessary when handling products of
allylation lower thau about 0.7 allyl groups per glucose
unit since these derivatives were partly soluble in water
and frothed vigorously during the steam distillation.

After the two hours' allylation, excess slkall in the
reaction mixture was neqﬁralized with 5 per cent aqueous
gcid and the suspension was heated to 90 - 95° on a water
bath in order to coagulzate the fine precipitate of methyl
allyl cellulose, This operation was done under a hood and
the operator wore a gas mask, The precipitate was then
immediately recovered by filtration on a steam~jacketed
Buchner funnel, washed free of soluble salts with hot dis-

tilled water and as much water renoved as possible by suction.
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Now the fine powdery precipitate was added to stock benzene
(200 cec,), shaken and the benzene removed by distillation on
a water bath. This process was repeated adding more benzene
from time to time until the distillate attained the boiling
point of the stock benzene. Sodium-dried benzene (200 cc.)
was then added, the mixture heasted under reflux for half an
hour and the benzene again removed by distillation. The
operation was repeated until the distillate came over at the
boiling point of pure benzene (80.2°). The product was dried
several days in s vacuum desiccator containing phosphorus
pentoxide and paraffin wax under a vacuum of 25 mm,., pressure,
until it was free of benzene. The resulting product even
if in lumps was now easily broken up into a fine powder,
Yield for a product containing 0.80 to 1,00 allyl groupa
per glucose unit varied from 88 to 95 per cent (12.32 to
13.16 g.) of theory. Lower allylated products were recovered
in lower ylelds because a portion was soluble in cold water
znd was lost.,
(1) Anal. Caled, for cellulose with 0,79 alloxyl aznd 0.70
methoxyl groups per gluceseunit: (from MX-261)
allyl, 15.94; C, 53.5; H, 7.16, Found: allyl, 16,00
(average); C, 53.1, 53.3; H, 7.54, 7445,
(2) Anal. Caled, for cellulose with 0.95 alloxyl and 0.59
rmethoxyl groups per glucose unit: (from MX~-267)
ellyl, 18,71. Found: allyl, 18,71, 18.72.



(c). Properties

S ol I e

Low substituted methyl allyl cellulose was a white, fibrous,

flaky product or a powder, which, in the air dry condition,

had a moisture content of about 2.9 per cent, and an ash con-~

tent of 0,4 per cent,

In the bone dry condition it was

hygroscople. Only a very small portion was soluble or highly

swollen by cold water, and heating the solution or gel caused

coagulation,

dissolved all of the material,

Very few solvents, or mixtures of solvents,

A list of its range of solybi-

lities in various solvents is given in Table IV.

ZABLE IV

Solubilities of Lower Substituted Methyl Allyl Celluloae

Solvent

Results of Solubllity Tests

%

a
a

)

Acetic acid (glacial)

Acetone

Benzene

Carbon tetrachloride

Chloroform

Diethyl ether

Dioxane

Ethyl alcohol

Ethyl acetate

Methylene chloride

Methyl aloohol

Morpholine

Pyridine

10% Sodium hydroxide

Acetio acidiwater (91l)

Acetic acidsohloroform (11l)
Acetic ecidgmethylene chloride(lil)
Methanolgchloroform (441)
Methanoliscetylens chloride (13l)
Methanoljdioxane (311)

(b)Methanoljcarbon tetrachloride (1il)

Diexanegethanol (11l)
Dioxaneiwater (41l)

Partly soluble & highly swollem
Insoluble '
Swollen and transparent
8lightly swollen

Swollen

Insoluble

Highly swollen transparent gel
Insoluble

Ingsoluble

8lightly eswollem

Swollen

Soluble

Highly swollem

Insoluble

Boluble

Almost completely soluble
Almost completely soluble
Partly soluble & swollen
Almost completely aoluble
Almost completely soluble
Partly soluble & highly swollenm
Partly soluble & highly swollen
Partly soluble and highlyswollen




Lk
(a) A trace of water or methanol in these solvent mixtures
assists solvation.

(b). Methylene chloride, benzene or acetic acid can be used
in p{ace of carbon tetrachloride.

Fxcellent, clear, transparent, odoyrless films were
made by dissolving this allyl ether in 85 to 90 per cent
agueous ascetic acid and then removing the solvent by evapora-
tien. The physical properties of these films will be dis-
cussed in Part IV (See P, 93 ).

On standing in s bakelite stoppered bottle for a year,
the methyl allyl cellulose did not dissolve in a 90 per cent
aqueous acetic acid solution. Swelling and gel formation did,

however, occur,

3. Pregaraﬁiog and Properties of gggggggﬁ“Substitgggg,!gggx;

s o ww Tty o e 40 Bt e A 2 S o S - - - - -

Allyl_ Cellulose and Derivatives

(a). Higher Methyl Allyl cellulose

WD P D e i D e W D S - -~

(1) Preparation from Methylcellulose

Methylcellulose (12.5 g. air dry basis) was dissolved in
a 10 per cent (by weight) agueous solution of C,P, sodium
hydroxide (300 g.) by shaking for about fifteen hours. The
resulting clear solution wzs placed in a three-necxed one-
litre flask to which a reflux condenser, a mercury seal stirrer,

and a U-tube were attached through ground glass joints. The
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U-tube, in turn, was Joined through ground glass to two
dropping funnels containing 50 per cent (by weight) agueous
solution of C.P. sodium hydroxide (300 g.) and allyl bromide
(75 cc.). The flask was heated on & water bath to about
70°, and then the allyl bromide and the 50 per cent sodium
hydroxide were added, at approximate rates of 50 gramsg and
7.5 cec., respectively, every ten ninutes. In a very short
time the clear solution became nilky, and then within half
an hour precipltation occurred, accompanied usually by
vigorous foaminz of the solution. Now dioxane (250 ecc.)

was slowly added through the condenser., The dioxane reduced
the foaming and dissolved the precipitated cellulose deriva-
tive, thereby enabling the ellylation to continue incjﬁﬁgig-
geneous solution. The 50 per cent sodiuw hydroxide was then
added at an increased rate of about one-cuarter of its total
volume every ten minutes, After sll the chemicals were
added, the resulting thick Jjelly was heated, at the reflux
temperature of allyl bromnide, with efficient s$irring for
another hour (total reaction time two hours) and then cooled
to about 300,

The final, milky white and p.rtly transparent jelly was
added slowly, in a fine stream, to rapidly stirred distilled
water (about 15 1.) containing enough acetic azcid to neutralize
the excess alkalli, The fine, white, fibrous precipitate was
filtered, washed and triturated with distilled water to re-~

move soluble salts. Then the product was steam-distilled until
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the distillate gave no double bond test with a very dilute
bromine water (0.0l N). This distillation removed excess
allyl bromide, and any by-products such as allyl alcohol
and allyl ether forméd during the reactione. Finally, the
fibrous product was filtered, wasned witn distilled water,
and dried over calcium chloride in vacuo =t roon tempera-
ture, The yield of the crude product varied from 95 to

98 per cent of the theoretical.

The dried product was redissolved 1in purified acetie
acid (2.5 per cent solution by weight), filtered first
through linen and then several times through one to five
layers of Whatman No. ] filter paper, and reprecipitated
into rapidly stirred distilled water (ratio of one part of
solution to fifteen parts of water). The reprecipitated,
finely divided, fibrous mass was again filtered, triturated,
and washed with distilled water until free of acid. Then i
was dried over calecium chloride and finally over phosphorus
pentoxide 1n vacuo at room temperature to a constant weight,

The overall yleld varied from 90 to 96 per cent (13.7
to 14.6 g.) of the theoretical.

"Anal., Calecd. for cellulose with 1l.47 alloxyl and 0.59 meth-
oxyl groups per glucose unit: (from MX-267)
allyl, 26.33; C, 57.6; H, 7.5. Found: allyl, 26.36,
26.31; C, 57.2, 57.1; H, 7.65, 7.68. |
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(41) Resllylation_of "Lower™ Methyl Allyl
Cellulose

Methyl allyl cellulose {irom MX-261, 5 g.) containing
16,64 per cent allyl . (0.83 allyl groups per glucose unit)
was partially dissolved and partially highly swollen when
shaken mech:nically for forty-eight hours with 100 cce. of
85 per cent (by volume) aqueous stock dioxane., The excess
dioxane was pressed out and the resulting very highly swollen
gel was mixed in a flask with 45 per ceunt (by weight) agqueous
nhydroxide solution (55 g.) and allyl bromide (20 cc.). The
flask was attached through ground glass joints to a condenser
and the contents were agitated by a stirrer placed down the
centre of the inner tube of the condenser. After heating
on & water bath at 75 - 80° for one and one half hours, a
light straw~-coloured solution was formed. The solution was
neutralized with agueous acetic acid and the product was
1solated and purified by the ®benzene purification :irethod®
(Pe 41).

The yleld was 80 per cent of the theoretical (5.14 go).
Anal, Caled. for cellulose with 1.40 alloxyl and 0.70 meth-

oxyl groups per glucose unit: allyl, 25.20. Found:
allyl, 25,30, 25.19.

(111). Broperties
A methyl allyl cellulose with 0.59 rethoxyl, 1.47 alloxyl

and, by difference, 0.94 hydroxyl gzroups per glucose unit wss
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a fluffy, fibrous, snow-white substance, which in the air
dry conditlon had = moisture coiitent of one to two per cent,
Its range of solubilities in various common solvents is

given in Table V.

ZABLE ¥
Solublilities of a Methyl Allyl Cellulose
(Egiségzﬁﬁgéezzﬁg-sgi
Results
Solvent of Solubility Tests

Acetic acid (glacial) Soluble
Acetone Highly swollen
Benzene Transparent and glassy
Carbon tetrachloride Slightly swollen
Chloroform Soluble
Diethyl ether Insoluble
Dioxane Soluble
Ethyl alcohol Insoluble
Methylene chloride Soluble
Methyl alcohol Swollen
Morpholine Solyble
Pyridine Soluble
104 Sodium hydroxide Ir,soluble
Water Insoluyble
Benzena:ethyl alcohol (1:2) | Soluble

From preliminzry tests this methyl allyl cellulose was
a thermosetting plastic, It was moulded into a translucent,
dark grey, hard plastic when subjected to temperature between
1459 and 160° and pressures between 4,000 and 5,000 1lbs./sq.
in. for fifteen minutes. The density of the plastic varied



49

between 1.11 and 1.14 dependin: on the pressure applied,
Excellent, clear, transparent, odourless, water-proof films
were rade by dissolving the snow-white, fibrous cellulose
ether in glaclal acetic acid, glaclal acetic acid-benzene
mixtures or in pyridine, :rnd then removing the solvent by
evaporation, (P. 65).

In air the fibrous methyl z2llyl cellulose slowly
polymerized to a2 product of reduced solubility in all the
organic solvents for the original ether (Table V) and the
allyl content simultaneously decreased. For example, &
sample of fibrous methyl allyl cellulose was 100 per cent
soluble in glaclal acetic acid and contained 1.32 allyl
groups per glucose unit. After being kept in zir for five
months its solubility was greatly reduced and its allyl
content was found in separaste estimations to be 0.51,
0.55, 0.64 and 0.74 groups per glucose unit. The reproduci-
bility of the allyl estimation in & heterogeneous systenm
was low.

In order to preserve methyl zallyl cellulose for any

in solution,
length of time, 1t was necessary to keep it in vacuof6r in

s dark glass bottle in an atmosphere of nitrogen(Table VI).
The decrease 1n solublility and in allyl countent could be
grestly accelerated by heat aud ultra-violet light (P,97).
Although the &1llyl groups readily polymerized in the
presence of oxygen, they were surprisingly stable toward

hydrogenation. Table VII summarizeé experiments with Raney



50

nickel snd platinum catalysts from which it appears thad
only slizht cleavage or hydrogenation of the allyl group

occurred.,

TABLE_ VI

Btability of
Methyl Allyl Cellulose during Storage

W o

Humbef of days Seoluble in

inZVacuum of | % Allyl Aléiicgzgqg;iger Glac;al Hic
22 om. ‘ . ; '

28 26.33 1.470 ' 100
68 26.36 L1472 100
83 26.31 1.468 100
98 26,06 | 1.449 100
124 25.86 1.435 100

(2) - In a vacuum desiccator only opened in order to
remove sanples.,
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TABLE__VII

- — s N W e

Hydrogenation of Methyl Allyl Cellulose

- o 8o 0 dok dain vin - o e wn o dop S e Ty wn e wn T A v o s 100 et e 9

Catalyst | Temperature 1b§f7§§fr§n. (§§§:.1 Yi§14 Algyl

(1), - - - - - |26.31

(2) RaNi 90 - 100 1720 ~ 1780 6 76 25.46

(3). RaNi 135 - 165 {1750 - 2000 12 55 22,06

(4). Pt 25 slightly 24 - 12145
positive

(2) Methyl allyl cellulose, 2 g., in 150 cc. of dioxane
with 0.3 g. of catalyst.

(3) Methyl allyl cellulose, 1 g., in 100 cc. of dioxane
with 0.2 g. of catalyst.

(4) Methyl allyl cellulose, 0.2 g., in 25 cc. of glacial
acetic acid with 0.0l g. of catalyst.

NOTE: Raney nickel prepared by method of Cavert, Adkins (82)and
platinum according to Adams, Voorhees znd Shriner's
method (83).
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(b). Metbyl Allyl Cellulose Agetate

(1). Sgerting Materials

A B - -

High grade pyridine was dried over barium oxide and
freshly redistilled before use (b.p. 114.5 ~ 115.29 @ 1 atm.).

Commercizl acetic anhydride was purified by passing it
through an efficient fractionating column, collecting the
fraction that boiled between 139.6 to 140° under a pressure

of one atmosphere,

(11). Method of Preparation_snd Purificstion

Methyl allyl cellulose (2 g., from above preparation
containing 1.47 alloxyl and 0.59 methoxyl groups per glucose
unit - P. 46) was dissolved in pyridine (50 ce.) and thoroughly
mixed with acetic anhydride (20 ce.) in a nitrogen atmosphere.
This mixture was acetylazted in a black costed flask for
several days at room temperature and for forty~eight hours
in a water bath at about 4359, The resulting dark orange
soiation, after concentrating under a vacuum, was precipitated
in rapidly stirred distilled water (24 1.). The precipitate
was filtered, thoroughly washed until free of any odour of
pyridine, snd then washed with more distilled water (2 1.).
The white fibrous material was dried over phosphorus pent-
oxide in_vacuo at room temperature.

The acetate was further purified by dissolving it either

in scetone or dioxsne, filtering and reprecipitating
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into rapidly stirred distilled water. The reprecipitated
product was again filtered, washed with distilled water and
dried over phosphorus pentoxide ip_vagug at room temperature
to a constant weight,
X yleld of approximstely 90 to 93 per cent (2.1 to
2.2 g.) of theory was obtained, the yield being based on com=-
plete zcetylation of the free hydroxyl groups in the methyl
allyl cellulose.
Anal. Calcd. for cellulose with 1.47 alloxyl, 0.59 methoxyl
and 0.94 scetyl groups per glucose units allyl,
22.46; acetyl, 14.7. Found: allyl, 22.31, 22.40;
acetyl, 14.21, 14.38, 14.45, 14.47 (Saponification
Method, P. 6<), 14.30, 14.03 (Chromic Oxidation
Method, P. ¢3 ).

(111) Propgrties

Methyl allyl cellulose acetate was a white, fibrous
substance, Its wide range of seolubilities in various common
solvents is given in Table VIII.

Clear, transparent films of acceptable strength were
prepared from acetone and ether-acetone (20:1) solutions
of this acetate. The latter solution formed a clear film

in fifteen minutes under & vacuum of one centimeter,
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TABLE__VIII

Solubilities of a MHigher® Substituted

- - -

Methyl Allyl Cellulose Acetate

.y o

Solvent Resylts of Solubility Tests

Acetic acid (glacial) | Soluble

Acetone Soluble

Benzene Soluble

Chloroform Soluble

Carbon tetrachloride Partly soluble & highly swollen
Diethyl ether Almost completely soluble
Pioxane Soluble

Ethyl alcohol ' Slightly swollen

Methyl alcohol Slightly swollen
Methylene chloride Soluble

Morpholine Soluble

Pyridine Soluble

10% Sodium hydroxide Insoluble
Water Insoluble .
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(e) Methyl Allyl Cellulose Dibromide

- i s o 2l S AN . e A > Y O -

(1), Method of Preparation and Purification

o . - - -

Methyl allyl cellulose (0.5 g. from above preparation
containing 1l.47 alloxyl and 0.59 methoxyl groups per glu-
cose unit ~ P.46) was dissolved in :lacial scetic acid
(200 ce.), treated with an excess of 2 N potassium bromide-
potassium bromate solution (2.16 g. of potassium bromide
and 0,56 g. of potassium bromate dissolved in 10 cc. of
water) and allowed to stand overnight. The mixture was
added to rapidly stirred distilled water (2 1.) and enough
formlic acid was zadded to destroy the excess bromine. Then
the bromide was recovered by filtration, washed well with
2 sodium thiosulphate solution and with distilled water,
and dried in a desiccator over calcium chloride.

The yleld was about 96 per cent (0.98 g.) of the
theoretical,

Anal. Caled., for cellulose with 0.59 methoxyl and 1.47 allyl
dibromide groups per glucose unit: Br, 50,61.
Found: Br, 46.35, 46.17.

Bromine was estimated by the wet combustion method of Carius

(84).

(11). Properties

Methyl allyl cellulose dibromide was usually a snow-

white, powdery substance, but occurred in & fibrous state
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when 1t was precipltated quickly from solution. Its small
range of solubilities is given in Table IX.

TABLE _IX

o T godls o S -~

Solubilities of »

M e O S W Se o SPs  Y AE P CO  S V G g it

Methyl Allyl Cellulose Dibromide

Solvent Results of Solubility Tests
Acetic acid (glacial) | 8lightly swollen
Acetone Slightly swollen colloidal particles
Benzene Slightly swollen
Chloroform Slightly swollen colloidal narticles
Diethyl ether Insolyble
Dioxane Partly soluble and colleidel
Ethyl alcohol Insolyble
¥ethyl alcohol Slizhtly swollen
Methylene chloride Slightly swollen
Horpholine Partly soluble and highly swollen
Pyridine Soluble
Water Insoluble

The dibromide did not burn freely like other cellulose

derivatives, but shrivelled up and decomposed on exposure to

a flame,



III _ANALYTICAL PROCEDURES FOR_ALLYL_ETHERS OF CARBOHYDRATE

s - - e . A A D T DO e

1. Drying of Allyl Derivatives - Molsture

- dood i i Jeo doie e tuis. W o i -

All allyl ethers for analytical work were dried in_vagug
over phosphorus pentoxide at room temperature until the sur-
face of the phosphorus pentoxide appeared to remain unchanged.
Drying in an Abderhalden at 60° was inadvisable, particularly
with the higher substituted allyl ethers, since they were

oxidized and polymerized by the heat,

2. Solubilities ip Common Solveunts

Solubility Tables IV, V, VIII and IX were obtained by
allowing 0.05 gram (0.10 g. in Table IV) samples of the allyl
cellulose ethers, either to starnd for several days, or to be
shaken for twelve hours in the presernce of 10 ce. of the sol-

vent.

3. Attempted Determination of Allyl . plus Methoxyl

Alkoxyl determinations were made by the Viebook and
Schwappach method, as modified by Clark (85) in which the
alkoxyl group is liberated as volatile alkyl iodide by heating
the substance with hydriodie acid. The alkyl iodide is
trapped by bromine in acetic acid-potassium scetate solution
and the amount corresponds in the final titration to six

equivalents of sodium thiosulphate., The methyl allyl cellulose
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contained 0.59 methoxyl and 1.47 allyl groups per gluycose
unit, the latter belng determined by the bromine titration
method. These values correspond to percenta:es of 7.98
and 26,33 respectively,

In & typical estimation, a 0.04768 g. sample ylelded
alkyl iodide equivalent to 38.8 cc. of 0.0499 N sodium thio-
sulphate. Of this amount, the volume V equivalent to the
methoxyl content was obtained frow the following equationi

7.98 = VY X 0.,0499 X 31 X 100

£ OCH_ =
3 6 X 1000 X 0.04768

whence V = 14.75 ‘cc.

The volume of thiosulphate corresponding to the ally l .
groups was therefore (38.8 - 14.75)=24.05 cc., whence
allyl = 17.23 per cent. A duplicate estimation in the same
apparatus gave the value CHZ=CH—CH2—3 17.22 per cent, and
in duplicate eguipment the results were 17.43 and 17.45 per
cent. There was therefore a variation of 0,2 per cent be-~
tween the resul}ts obtalned in the two pieces of eguipment.
Although ssmples were treated with the constant boiling
hydroiodie acid for periods varying from one to four hours,
and sanple weizhts were varied from 0.017 g. to 0.047 z.,
the resuylts remained close to 17.3 per cent . Since the
ally 1 content was xnown to be 26.33 per ceit, it was con~

cluded that the Viebock estimation, aslthough reproducible,
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was of no value in determining the methoxyl or allyl .
substitution in methyl allyl celluloses.

4+ Deternination of Unsaturation

(s) samples of Allyl Carbohydrates_ Completely_ Soluble
L&..iéséélisx,ésasggg_ésgﬁis-égii ¢

At least two samples of an allyl ether (dried over
phesphorus pentoxide) weighing between 0.04 and 0,07 g. each
were placed in :zround glzss stoppered iodine flasks (250 cc.).
To each flask was added 30 cc., of redistilled glacial acetie
acid, or some agueous acetic acid solution, depending upon
which solvent completely dissolved the unsaturated ether,

The flasks were stoppered and left to stand with intermittert,
gentle shaking until the allyl ether had completely dissolved
(this time varied from two or three minutes to six hours de-

pending oh the particular allyl ether and its physical state).

(b). Samples of Allyl Carbohydrates Partially Soluble i
Ron -3 L gyt oonydrates. =2I328224.R020022.20

A definite weight (2 g.) of an allyl ether was accurately
weizhed out and placed in a ground-glass flask to which pure
glacial acetic acid (100 cc.) was added, The mixture was
shaken untill saturation was reached (about twelve hours),
centrifuged for sbout 0.5 hour a.d then the resulting clear
solution was removed by flltration or decantation (1f the gel

recained). At least three 5 cc. samples of the solution were
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run from a 350 cc. burette into iodine flasks and each was
diluted with glacizl acetic acid (25 cc. to 50 cc.).

The dry weight»of the sample was obtained by running a
definite volume (usually 10 cc.) into a tared ground-glass
weighing bottle =nd removing the solvent by evaporation at
room temperature under an efficlent vacuum. The residuye
was then dried to a constant weight over phosphorys pent-
oxide in_vacuo. The weight of the sample was the averaze of

the best two out of three samples dried in this manner.

(c) Bromination

An excess of potassium bronide-potassium bromate soly-
tion(il (usually 2 to 5 cc.‘of Q.25 N approximately) was
added qulcikly from & micro-burette to the clear solutions
from (&) and (b) contained in iodine flasks, which were con-
stantly rotated during the addition. If the solutions con-
tzined much water, it was necessary to add 5 ce. of 10 per
cent sulphuric acld in order to release the bromnine from the
bromide-bromate solution., The flasks were immediately
stoppered and a few cubic centimeters of 10 per cent potassium
iodide solution was placed on the curved shaped top to prevent

the evaporation of any halogen., After three to five rinutes

(1) The 0,25 N potassium bromide-potassium bromate solution
was prepared by dissolving 25 g. of C,P, potassium bro-
nide znd 7 g, of C.P., potassium bromnate in one litre of
distilled water (65).
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the stopper of the flask was carefully removed and 10 cec,
of 10 per cent potassium iodide solution, 100 cc. of dis~
tilled water and 5 ce. of 10 per cent sulphurie acid, if
not already in the solution, were immediately added. The
liberated iodine was titrated with a sodium thiosulphate
solution (0.1 N approximately), using near the end-point
10 drops of freshly prepared starch as an indicator. A4
reagent blank was run with every determinstion and the tem~
perature was kept as near as possible to 25° throughout the
estimation.

If the blank and the titration corresponded to x co.
and y ce., respectively, of normal thiosulphate, the per-~
centage of ally l was given by the equation:

€ CH.=CH-CH.— = &¥)_ x 41,07 x _100
2 2 2000 sample

The most important factor in the determination was to
diszolve the sample in sufficient glacial acetic acid so
that the ailyl carbohydrate remained in solution or in a
very finely dispersed condition during tne bromination. Then,
if all the agueous reagents were added with constant swir-
ling, & soft, bulky, highly swollen methyl allyl cellulose
dibromide separated. This preclipitate did not tend te
absorb any bromine or iodine :1nd the end point in the titra-
tion was usually very sharp. However, if the suspension was

allowed to stand for an hour before back titrating with sedium
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thiosulphate, the precipltate usually coagulated and the
mixture had to be vigorously shaken near the end point in

order to assist the diffusion of all absorbed halogen.

5. Acetyl Determination

e oiin S Oy Sk . 30

(a). Saponification Method

A modified Malm, Genung, Williams and Pile method (86).
was used, It consisted of weighing out 0.1 to 0.2 gram
samples of methyl allyl cellulose acetate and dissolving
each of them in freshly redistilled pyridine (25 cec.) in
Erlenmeyer flasks. Then to each sample and the blanks was
added 0.6 N sgodium hydroxide (5 ce¢.) and the homogeneous
solutions were uixed and .allowed to stand overnight., Dis-
tilled water (100 cc.) was added, five to six drops of phenol-
phthalein, and the seolution was titrated with 0,05 K hydro-
chloric acid until the indlcstor changed. 1f & thick curdy
precipitate formed, zn excess of scid was added and the mix-
ture sllowed to stand for one hour with occasional shaking
in order to lesch out all sodium hydroxide in the precipitate,
The acid was then back titrated with 0,05 N sodium hydroxide,

If the blank and the titration corresponded to x cc.
and y cc., respectively, of normal hydrochlorie scid, the
percentage of acetyl was given by the eguation:

_ = _(x-y)
CHaCO— =
% cHy Too0 % 4304 XCs weigm
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81ightly less accuracy was obtained than by Malm et al
throgh using the smaller weight of sample.

(b), Chromic_Oxidation Method

Lemieux (87) has recently developed in this laboratory
a chromic oxldation method for the estimation of acetyl,
This method invol#ed the sddition of 30 per cent (by .
weightl.aqgeoqs chromium trioxide to a dry sample of methyl
allyl cellulose acetate (0.05 g. approximately). The flask
containing the mixtyre was Joined through ground glass teo
a special head consisting of a graduate (A), whereby water
was added to the flask, a tube (B) that delivered nitrogen
gas below the surface of the solution in order to sweep
the acetic acid formed out through a side arm (C). The
side arm (C) was then connected to a water condenser,
After the apparatus was assembled as described, the flask
and contents were heated up to about 150° on an oil bath
and the distillate that passed over was collected in a
50 ce, graduate (D). Small volumes of water (5 co.) were
added from (4) from time to time after a similar veiqaa
had been collected in (D). This process was continued until
a total of 55 cc., of distillate had been collected. The con~
tents of the graduate were now transferred to an Erlenmeyer
{250 cc.) flask, the condenser was washed with distilled
water, and the washwater added to the flask, This solution,
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containing the liberated acetic scid, was titrated with

0,02 N sodium hydroxide until the first appearance of coloyr,
using phenolphthalein as indicator. Then the solution was
boiled to remove dissolved carbon dioxide, cooled to room
temperature and the titration continued to the first per-
manent pink colour. Finelly, sny chromlc aeid that had been
carried into the distillzte was estiwated by adding a little
bicarbonate, potassium iodide (1 g.) and 10 per cent sulphurie
aclid (10 ce.), After the mixture had stood in a stoppered
flaskx for a few minutes, the liberated ilodine was titrated
with 0,02 N sodium thiosulphate, using a starch solution as
an indicator. A blank was always run on the methyl allyl
cellulose,

In calculating the result, the normality of the chromie
acid, as found lodometrically, was subtracted from the total
acid normality =8 found in the titration. The difference was
attributed to acetlie acid derived from the acetyl content of
the sample., The apparent acetyl valuye was reduced by the
amount of acetyl registered in the blank with methyl allyl
cellulose (about 1.65 per cent).

This method with methyl allyl cellulose acetate had an
accuracy of £2 per cent at best. KExperimental conditions had
to be closely controlled in order to obtein a fairly constant

blenk and hence good checks,
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IV__POLYMERIZATION OF ALLYL STARCH AND METHYL ALLYL
CELLOLOSE FILES

1. Method of Preparing Films

Solutions of methyl allyl cellulose in pure glscial
acetic acid (2.5 to 4 per cent) were mixed with an equal
volume of purified benzene in order to increase the rate of
evaporation to near that of the benzene-glacial acetic acid
azeotrope (b.p. 80°)., Each solution before use was filtered
several times with slight suction through several thicknesses
of Whatman No. } filter paper and was then poured carefully
into a scrupulously clean plate glass - Plaster of Paris
mould, This mould was made by gluing (with commercial
animal zlue) Plaster of Paris moulding all around the rim
of zn ordinary piece of high grade window plate glass. The
mould, measuring 6% x 5% inches, containing the solution,
was floated on mercury, in order to obtain films of as uni-
form & thickness as possible, and the whole was contained
in & desiccator. The desiccator, which elso contained moist
potassium hydroxide pellets, was either evacuated for aboyut
twelve hours over a 15 mm, vacuum, or for two to three days
over 9-10 cm, vacuum, in order to remove the solvents by
slow evaporation. The solvents were not recovered, but conm~

mercially recovery would be possible.
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The dried film, no longer smelling of acetic acid, was
cut away from the Plaster of Pzris mould to which it adhered,
end which had ensbled it to dry under tension. All films
were kept in_yacug until ready for use, since the oxygen of
the alir slowly polymerized them,

The allyl starch films adhered very tightly to glass
surfaces and could not be removed from them without damage,
Consegquently, allyl starch films were prepared by pouring
a freshly filtered, uniform 12 per cent allyl starch-acetone
solution on to & clean mercury surface in & round dish measur-
ing 9% inches in diameter, The dish containing the solution
was placed in a desiccator and the solvent was removed under
vacuun of 10 - 15 cm. The dried film, when strong encugh te
support itself without damage (slightly polymerized), was
cut away from the edges of the glass dish to which it ad-

hered, and kept in_vacuo until ready for use.

2. Measurement of Physical Properties of Filus

o N A ol S Ao L4 A v S o S WO A SN i SO T Bl e OV

(a) Tensile Strength and Elongation
Tensile strengths and elong:ations were carried out on

the Louis-Schopper (Leipzig) Tensile Tester in a constant

temperature and humidity room according to TAPPI paper stan-

dards (,88) .



67

Test strips, 15 mm, by 60 nm., were cut from single
sheets 5% inches by é% inches (P. 65), always in the same
direction, and were thoroughly mixed to minimize geometric
variables., The maximym thickness variation zcross a single
sheet was a thousanth of an inch and across a single test
strip was 0.2 to 0.8 thousanth of an inch. The thickness
of every test strip was determined by averaging ten readings
across the strip., It should be noted that the brittle, poly-
merized films when breaking usually shattered, and the middle
portion between the two claups fell free. This test may not
be considered a true tensile test! Also brittle films may
be damaged by the clamping devicelon the apparatus, al-
thoygh great care was tasen to avoid this source of uncertain~
ty.

In general, the accuracy of this test was better than
+10 per cent. In order to increazse this accuracy, s much
larger number of strips would hzve to be taxen for each test
and would have to be wade from a much larger uniform sheet,
The requisite size was impracticable in this laboratory. How-
ever, the approximate values obtained in Table XX seem %o
indicate the effect of polymerization on these unsaturated

cellulose ether films,

(b), Moisture Vapour Permeability

- e S du o - - v g WO i e G -

Molsture vapour permeability tests were carried out

according to TAPPI paper standards (89). After completion
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of the test on the unpolymerized films, they were carefully
removed from the testing container and placed under ultra-
violet light, usually for twenty-four hours. They were then
carefully replaced on the testing container with the sanme
surfaces exposed to the water vapour as in the previous
test. In general, the accurscy of this test was better than

16 per cent.

(e). Relstive Rate

O v 2 T P

of Polymerization

Strips of methyl allyl cellulose film, prepared as
above (P. 65), were heated in a Fischer's Freas oven at a
definite temperature (within+20) for various lengths of
time, Polymerigation by means of ultra-violet radiation
was brought about by means of a Ueneral Electrie S-4 Sun-
lamp from which in most experiments the outer glass casing
had been removed, This casing prevented emission of light
of wave length shorter than 2800 2.

Each strip, as it was removed from the oven, was
weighed, placed in an Erlenmeyer flask (125 cc.) and puri-
fied glacial acetic mecid (50 cc.) was added. The flasks
were cork-stoppered and agitated for twenty-four hours or
longer., The insoluble portion of the film was either fil-
tered into a coarse tared fritted glass filter, or, in the
case of a gel that blocked the filter, the el was renoved
by centrifuging in tered centrifuge cups. The fritted

glass filters or centrifuge cups, containing the insoluble



69

portion of the films, were washed with pure glacial acetic
aclid znd dried under reduced pressures to a constant weight,
The zccuracy of this method was approximately 1.0 per cent

if reasonable care was taken. However, the gel from partially
polymerized films, being fluffy and light, was very diffi-
cult to handle; it not only was impossible to filter, but
would not cohere into & mazs of jelly on centrifuging.

The clear filtrates or decanted solutions were each
filtered twice through Whatman No. 1 fllter paper and the
percentage of allyl groups reraining in the soluble portion
of the‘film were determihed by the titration for double bonds
(P. %59). A blank was run.

The decrezse in solubllity end in the unsaturation of
the soluble portion of the films was taken as a qualitative
messure of the degree of polymerization. The results are in

Table XIX.

(d). Nitroglycerine Diffusian(il
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A freshly filtered 2.5 per ceut solution of wethyl allyl
cellulose in acetic acid (10 cec.) was poured into a very clean
saucer-shaped glass container (25 cc.). The solvent was re-

moved by evaporation under a vacuum of 1 em. und the resulting

(1), This test was xindly carried out by Dr. C.H. Findlay
of the Canadian Industries Limited (Explosive Division).
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film, moulded to the shape of the container, was further
dried over potassium pentoxide in_vagcuo, The dry film was
now carefully removed from the container, weighed to the
nearest milligram and the thickness of its base deteruined
to the nearest thousanth of an inch. The moulded films
were then either polymerized under a quartz ultra-violet

light or else stored in_yaguo until ready to test,

- - -

The film was again weighed, supported in the necx of
a wide mouthed Erlenmeyer flask snd the depréssion in the
film was fllled with: the regular grade of nitroglycerine.
The film and nitroglycerine was allowed to stand for six-
teen days at room temperature, being examined daily for the
appearaice of any nitroglycerine on the under side. At the
end of the sixteen day test period the nitroglycerine was
poured off and the top washed with acetone, care being taken
not to allow any solution to come in contact with the under
side of the film. If any droplets were observed on the under
side, they were wiped off with a plece of filter paper and
tested to ascertain if they consisted of nitroglycerine.
The films were then dried, weighed, and the under side
tested gualitatively for nitroglycerine by the diphenyl-
amine reagent,

In the case of allyl starch, and sometimes with wmethyl
allyl cellulose films, the depression was made in the filnm

by the air pressure of a Mullen tester. This method, of course,
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stretched the film and was a uch more severe test of its
impermesability.

If the films were to be plasticized by glycerine, the
latter was added to the 2.5 per cent solution snd thoroughly
mixed before removal of the solvent by evaporation. Glycer-
ine was a good plasticigzer for the lower substituted methyl
allyl cellulose in zll proportions. However, with the higher
substituted product, it wes not very compatible,possibly
because the glycerine, which n:uturally absorbs a little water
from the atmosphere, was repelled by the larger numnber of

hydrophobic allyl groups in the celluylose ether.



RESULT8 AND DISCUSSION

The work done on allyl starches was only of a prelimin-
ary nature and had the object of preparing completely soluble
samples from which thin films could be msde. Table II sym~
marizes the conditions employed in several experiments and
the properties of the correspondirig products are listed in
Table X. It quicxkly became apparent that the direct allyla-
tion of undegraded starch, preparation Cal, or undegraded
starch acetate (c¢), ylelded insoluble or partly soluble allyl
ethers. A considerable amount of previous degradation by
minerzl acid was necessary for 100 per cent solubility of
the allyl ether in acetic acid (preparstions b, f, g). This
degradation was probably necessary to break up the branch-
chain starch macromolecules and render the fraguents more
accessible to the allylating agents. The degree of allyl
substitution did not in itself determine the solybility, for
the products (c), (e) and (g) had practically the same sub-
stitution (2.3 to 2.5) but ranged in solubility from 52 to
100 per cent.

The branched chain structure of the original starch and

the fact that soluble film-formuing allyl ethers were highly
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degraded probably explains the low mechanical strength of
the films, Exposure for a few weeks to the atmosphere
caused the allyl groups in such films to polymerize and the
produets became very brittle. These undesirable properties
made them of little promise as practical barriers against
the diffusion of nitroglycerine. Moreover, the rate of poly~
merization was great enough to render such films of little
value for an academle study of the effect of polymerization
on the diffusion of nitroglycerine, or, for that matter, of
water vapour. Permeabllity tests mnay lest for as long a8
seven days at elevated temperatures during which time the
degree of polymerigzation would have radiecally changed.

The work with asllyl stareh wes discontinued after a
sample kindly given Ly Dr.L.I. Smith, behaved similarly to

the preparations just discussed.



TABLE X
Analyses end Properties of Allylated Starches (2)

Weight Portion of Allyl
Prepars~ Starting Material | Starch soluble in @Glacial Acetic Aeid Solubility in some Film
tion {grans) € Soluble | £ Allyl | Allyl Groups per Common Solvents Properties
Glucose Unit
(a) Cornstarch 5 g. 0 - - Slightly soluble in water] None
(v} Degraded cornstarch 100 - - Soluble in ethanol, Brittle and
25 ge acetone, acetic acid crumbly
(e) Undegraded starch 52 38.9 2.48 Partially soluble im Plastic and
acetate 10 g. acetic acid, dioxane. weak
Swells in ethanol and
acetone
{a) | Slightly degraded :
starch acetate 10 g. 24 18.0 0.86 Swells in ethanol and Feak and
acetone crunbly
{e) Somewhat degraded
starch acetate 10 g. 81.0 37.0 2.30 Swells in ethanol and Brittle, weak
acelone | and crumbly
(£) Degraded starch 100 33.8 2.00 Soluble in acetone, Flexible, trans-
acetate 10 g. acetic aeid parent, plastie
and weak
(e) Very degraded stareh| 100 37.3 2.32 Soluble in acetone, Flexible, weak
acetate 10 g. acetic acid, ethanol snd sticky
(a) See Table II
NOTE: Method {65) used here %o determine degree of unsaturation is N

possibly high (approximately 5%) owing to the heterogeneous
condition of bromination. An improved method of determining

unsaturation was later developed in the resesrch (P.59).
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II__METHYL ALLYL CELLULOSE

W S Gap i W i AT A S ok - - -

1s . 2Lower® Substituted (substitution: 0,70 methyl, 0.79
allyl groups per glucose unis)

The preliminary work on the allylation of undegraded
starch and starch acetates strongly suggested theat the in-
accessibility of much of the starch to the reagents, opera-
ting in a heterogeneous system, rendered the reaction
incomplete and the product insoluble or only partly soluble.
These difficulties diminished when severely degraded starch
was allylated. Sakurada's (49) zttempts to allylate cellu-
lose encountered the same difficulties. The problen of
preparing allyl cellulose ethers of adequate solubility
end of adequate chaln length therefore seemed to resolve
it self into discovering methods of keeping the cellulose in
solution, or at least in a very finely dispersed form,
during allylation. With these considerations in mind, an
alkali-soluble and alkall stable, low substituted technicel
methyl cellulose was chosen as a starting materisl. Un-
fortunately, this methyl ether was only soluble in alkall
of low concentration (4 to 10 per cent) and from an examina-
tion of the usual mechanism of etherification of cellulose
(see Introduction), a high alkali coneentration during the
reaction 1s necessary in order to obtaln z product of maxi-
mum substitution &nd to reduce side reactions to a minimysm.

There was, however, no evidence that maximum substitution in
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an 8llyl cellulose was necesszry, or even desirable, for
the preparation of polymerigzed films.

Hethylcellulose was completely dissolved in a large
excess of 10 per cent alksali and treated with allyl bromide
for variocus times after the initisl reaction had taken plaece,
Table XI shows that little alkall remained after the first
half hour and that the soluble portion of the produet had
ﬁearly reached its final allyl content. Side reactions, as
expected, were raplid with caustic soda as dilute as 10 per
cent and the final allyl substitution of the soluble producs

was low.

TABLE, X1
Decrease_in
Alkall Concentration with_ Time(ﬂ)
Alkeld | o Pgrgégg_égg: ble in*gg
Rezggigﬁ Time Concentration g 4 Groups~

pahts ) 4 Allyl per Glucase Unit
0 10 0 0
¥ 2.2 13.4 0.64
2 0.6 16.89 0.85
5 0 16.50 0.81

() 25 g, methylcellulose, 375 g. of 10 per cent
NaOH and 75 ce, allyl bromide, Lot No, MX-261.
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By using less ellyl bromide, all other experizental
conditions belng the same, soluble products of lower syb-
stitutlon were obtained in lower yield (Table XII).

ol o e o

Allyl Bromide | Pertion Soluble in 90% Acetic Ackd
(ce.). % % Allyl Groups
Soluble | Allyl per Glucosze Unit
50 | 82 12.24 0.58
50 80 | 12.06 0.57
75 100 16,00 0.79
(a)

* 25 g, wethylcellulose and 375 g. of 10% NaOH
in each case. Lot number MX~-261.

When allylation proceeded with excess allyl bromide, a
point was reached when the product separated &s a coherent
fibrous phase., Little further allylation occyrred after this
stage was reached even with high-speed stirring, presumably
because the system was now very heterogeneous.

These methyl allyl celluloses tended to froth violently
when attempts were made to remove by-products by steam dis-

tillation, und drying from water or alcohol conwerted thenm
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to insoluble hard grey masses., These difficulties led
to the development of a method in which water, excess allyl
bromide, allyl alcohol and sllyl ether were removed by co-
distillation with bengzene. DBenzene fqrms a series of ageo-
troplc mixtures with the chief lupurity allyl aicohol

(bep. 76.8%) 2nd with water (b.p. 69.3%). Consequently,

a water~free powdery product was obtained after the bengene
had been removed by evaporation.

A point of intérest was that on adding 50 per cent
sodium hydroxide to the 10 per cent sodiym hydroxide solye
tion of methylcellulose, a hard, lumpy, abnormally highly
swollen, fibrous gel with a "cabbage-~like® structure formed
which contained approximately twelve times as much cauystie
as methylcellulose (by weight). Allylation of this abnor-
mally swollen materiazl gave a product partially soluble in
aleohol, glacial acetic acld and acetone, Further work on
this highly swollen gel seemed desirable, because it might
be made the starting material for a more highly allylated
methylcellulose, The lead was not followed up because the
ssme objective was reached by a different route, No
detalled study of the allylation process was made although
the variables could be easily predicted from a study of the
mechanism of etherification (See P. 16 to 23). The maln
problem of the thesis was to study the effects of polymeri-
zation on films made from a soluble allyl cellulose
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derivative with suitable substitution and degree of poly-

merigation.

2.__MHigher" Substituted (substitution: 0.59 methyl and
1.47 allyl groups per glucose unit)

T o o . i i e o

Attempts were made %o prepare highersllylsted cellulose
ethers by allylation of methylcellulose in the presence of
stronger alkali, The process was heterogeneous and in every
case & product incompletely socluble in common solvents was
obtzined, After considering every factor known that tends
to make a uniform product of high substitution (Mechanism
of Etherification - P, 16 to 23) it was decided that the
precipitation of partly allylated methylcellulose should be
delayed as long as possible and that the concentration of
alkalli should be kept as high as possible. Since the original
methylcellulose remained completely soluble only when the
caustic soda concentration was not more than 10 per cent,
allylation was commenced at that concentration. However,
this preparation differs from that described for the low
allylated product in that fresh 50 per cent alkali was added
at such a rate as to maintain the alkall concentration
during the first part of the reaction. Care was taken not
to add this sodium hydroxide too qulekly to the reaction
mixture, otherwise the nixture would el and become lumpy.

Lorand (40) clalms this low alkall concentration showyld make
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the initlial etherification fast, and this was so, since in
about half an hour & precipitation occurred. The combined
effect of the methyl =nd allyl substituents, however, was
now sufficlient to render the material almost soluble in
agqueous~dioxane containing caustic soda. The addition of
dloxane therefore redissolved the precipitate. It was then
possible to continue the addition of the 50 per cent caustie
sede at a faster rate, together with further additions of allyl
bromide, for sometime before the final coagulation occurred,
In this way, the high alkall concentration necessary for
high substitution was obtained, the presence of dioxane in-
creased the solubility of zllyl bromide in the reaction mix-
ture, and thehomogeneous, or nearly homogeneous conditions
yielded an slmost completely soluble (97 to 100 per cent)
methyl allyl cellulose.

In Table XIII the intrinsic viscosity data indicate
thaet stock dioxane, containing a trace of peroxide, causes
little, if any, degradation of the celluylose ether. The
fact that the same intrinsic viscositiea were observed with
products allylated for two or three hours indicates the
stability of the methyl allyl ether in the presence of alkall
and during allylation. It should be emphasized that the con-
version of these intrinsic viscosities into average cheain
lengths by the use of a Staudinger (90) or Kraemer and
Lansing (91) numerical factor is unjustifisble. Such factors

assume no cross linked molecules and this agsumption is
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probably not gquite truye in the present case., The intrinsie
viscosity of the allyl derivative was not coupared with
that of the original methylcellulose owing to the lack of
a common solvent,

The reproducibility of the wethod from batch to bateh
18 quite good (Bee Tgble XIII) and the slight gradual in-
crease in allyl substitution is attributed mainly to a change
in the drying techniques used later in the research. In
Table XIII, batches 1 and 2 were air dried while'batchas
3, 4 &nd 5 were dried§ over calcium chloride in_vacue., The
increase in 2llyl between batches 3 or 4 aznd 5 1s possibly
caused by improved analytical techniques or some change in
the many variables, such es rate of stirring and rate of
addition of alkali. Careful storage will reduce the loss
of allyl by polymerization in the presence of ﬁraees of air,
but when & vacuum desiccator has to be open and shut in
order to reméve samples, the methyl allyl cellulose gradually
polymerizes (See Table VI).

The most undesirable features of this method are the
high water-cellulose ratio and the large excesses of alkall
and sllyl bromide used (approximately 28 and 5.3 times the
theoretical amounts, respectively). Since almost all of the
allyl bromide was consumed in the reaction, a still larger
excess would be necessary 1f an attempt were made to increase

the degree of allylation.
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TABLE XIIT

A ge o e o e A > A

Reprodueibility of

- 2 Y S T, W

Methyl Allyl Cellulose Preparation

- . . -

Batch | Date of |Reaction |Allyl Groups pep | . s _[5]©
Number Preparatian, PTime(hrs.), |[Glucose Unit i&i Lim. (:z“[?

1 lsept. L4/45 3 1.32 (d) 3.22 (stock
dioxane),
froe

3 1.372 3.26 dioxane
Jan. 3/46 2 1.44 -
4 | Jan, 11/46 3 1.44 -
5 Jan. 20/46 2 1447 -

(a) Methylcellulose (MX~267, 0,59 methyl groups per
glucose unit) 12.5 g. (air dry); 300 g. of 10%
and 300 g. of 50% NaOH; 75 cc. of allyl bromide
and 250 cc. of dioxzne.

(b) A large bateh using 60 g. of methylcellylose,
other reagents in proportions stated in (a).

(¢) Intrinsie viscosity in glacial acetic acid at 25°,
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3. __Physical Properties
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The physlecal form of these derivatives was markedly
affected by the way in which they were precipitsated from
solution, When a one per cent solution in glacial acetie
acld was poured into & large volume of water, the lower
methyl allyl cellulose separated in a light, fluffy,
fibrous state. A 5 per cent acetic acid solution yielded
a much coarser and denser product. Precipitation of a
lower substityted derivative with high speed stirring, as
might be expected, tended to yleld a powder,

¥hen air dried, the original methylcelluylose, the
"lower™ and the "higher® allylated derivative retained
about 9, 3 and 1 per cent, respectively, of woisture,
Hyzroscopicity therefore diminished, as is customary, with
‘increasing substitution of hydrephobic hydrocarbon groups,.
The same increase in substitution altered solubilities in
the direction described by Leorand (92) for the ethyl
celluloses, Water or polar solvents, for example 90 per
cent acetic acid, were cbnstituénts of solvents for the
"lower® allylated product (Table IV); whereas the "higher®
substituted methyl allyl cellulose dissolved in non~polar
liguids like chloroform or dioxane or in the slightly
polar glacial acetic acid (Table ¥). The introduction of
acetyl groups improved the solubility in polar ligquida cone

siderably.



I1I__ANALYSES OF METHYL ALLYL CELLULOSE AND 118 DERIVATIVES
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A great deal of effort throuzhout the research was
devoted to determining the degree of substitution of the
allylated derivatives. The methoxyl content could be assumed
to be that of the particular methylcellylose used as starting
material in the allylation, and, knowing this value, it
appeared likely that a similar estimation on the product
would give the sum of the methoxyl plus alloxyl substitutions.
The boiling point bf allyl iodide, 102°, is low enough for
the compound to volatilize from the constant boiling hydro-
iodie acld used in the estimation.

Several standard alkoxyl determinations were carried
out with various sample weights of a methyl allyl cellulose
known to contain 7.98 per cent methoxyl and 26.33 per cent
ally 1’ groups per glucose unit , and the time of reflux
was varied -from one to four hours. When the recovery of
methoxyl was assumed to be quantitative, that of allyl
was always close to 17,3 per cent, instead of the proper
value of 26.33 per cent. Therefore, although the method
gave reproducible results, they were so low that they were
of no vslue in determining the methoxyl end allyl content
of the methyl allyl cellulose.

Saxurada (49) also found the alloxyl content of his
diallyl cellulose ether was low (i.e., calculated, 47.2 per
cent alloxyl; found, 41.27 per cent). He claimed that the
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hydrogen iodide of specific gravity 1.7 used in the estima~
tion was not strong enough for complete cleavage of the
ethera. However, it appezrs to the author that the formation
is likely of unstable propylene iodide which readily decom-
poces evolving propylene (b.p. 47.09) and leeving behind free
iodine (b.p. 1839) in the reaction flask.

cleavage )
Hé'O*Cﬂﬁ-CH==CH2+‘HI I-CHi-CH=CH2‘F H—?-OH
HI (addition by
v Markownikoff's Rule)

. v
c,aa—ca=cr12‘|‘+ I,

Although some of the propylene would be trapped in the
scrubber or react with the excess bromine in the receiver,
forming propylene dibromide, (b.p. 140°), most would pass
through the Syutem and be lost. No attempt was naede to re-
design the apparatus in order to estimate this propylene,
because such a project was not a mailn objective of the work.

Another obvious method of estimating the allyl group
was to titrate the unsaturated double bond ii contained in
some convenient way. Wijs'smethod employing iodine mono-
chloride was used by Sakurada with degraded allyl celluloses
of high substitution, but since the "lower substituted methyl
allyl cellulose in the present case was completely soluble
only in aqueous acetic acid the iodine monochloride of Wijs!s

solution would be destroyed. The bromide-bromate method 1is
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free from this difficulty and as pointed out in the Intro-
duction, is a much quicker and easier method than that of
Wijs, provided care 1s taken to avoid loss of bromine and
provided the coumpound does not undergo a substitution reac-
tion.

Fuchs (93) has shown that bromine in earbon tetrachleride
does not add to dry cellulose snd Sakurada (49) noted that
cellulose did not absorb the haloge:: of Wijs's solution. In
the present work nethylcellulose uﬁder the bromide~bromate
experimental conditions (P. 59) was found not to consume any
bromine., This fact and the experiments of Frognier and
Goetsenhoven (70), and Cortese (69) on vinyl, allyl, and
crotonyl derivatives are asple evidence to indicate that
bromination of the methyl allyl cellulose should result only
in addition to the double bond. Suybstitution is undoubtedly
ligble to take plaée when the allyl group is replaced by
long unsatursated side chains, such as olele and lirnoleie
aclds possess,

As shown in Table XLV the amount of bromine consumed
by methyl allyl cellulose did not vary with the size of the
sarple taken, nor with the time (Table XV) or temperature
(Table XVI) of bromination,which is a good indication that
substitution is negligible unless it occurs instantaneously.
Moreover, in the presence of glacial acetic acid the bromine

i1s released quite slowly,and by agitatlon it 1s consumed by

the double bonds as fast as it forms. Hence with the sllyl
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carbon atoms (2) and (3) possessing very negative brouine
atoms, substitution of the hydrogens on carbon atom (1)
egain seems unlikely.

(1), ) )
H?— —?H ?ﬁ- ca
Br Br

It is evident that absorption by the methyl allyl cellu-
lose or z mechanical loss of bromine would give high values
for allyl, This contingency is unlikely if the experimental

procedure is followed closely.

Effect of Varying Sample Weight on Bromination

- i i S S A A o i S S 2 i o S A D S A A GO A 0 a0 U S B 0 O W Qo i U S B i o T

Volume of Volqme'of

Sample Weight | KBrQo-KBr Na,8,04 used % Allyl
(grams) addg %ci ?
(cc. .
0.02468 3 4.19 25.97
0.05650 5 5.12 ~ 26.07
0.10041 8 6.98 26.09

0.19937 i 14 9.35 26.12




TABLE XV

e S -l =

Effect of Time on Bromination
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Allyl Groups

sziigeal A arlyl Gluccgerniﬁ
3 26.21 14461
3 26.36 1,473
5 26.31 1.468
5 26.25 1464
60 26.38 1.473
60 26444 1,478

TABLE XVI

V- S O VT A

W B A D VU e B . S B B s O T D I S O

on _Bromination
Temperature % Allyl
20 25.80
30 25.87

40 25,9),
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Several larger scale brominations were carried out in
order to check the mechanism of the reaction. The resulting
methyl allyl cellulose dibromides were consistently low in
bromine content, the highest value observed being 46.3 per
cent, whereas the figure calculated from the bromide-
bromate titration was 50.6 per cent. The dibromide hydrolyzed
in distilled water or very dilute acetic acid at room tem-
perature, and the dry dibromide also evolved a pungent smell-
ing gas when stored in a desiccator in_vacuo for a week.
These decomposition reactions were far too slow to explain
the discrepancy between the calculated and observed bromine
contents of the dibromide. Therefore, it was inferred that
a small amount of hypobromous acid, ss well as free bromine,
had added to the 2llyl group to form the bromehydrin,
~¢—O-CH§-CH(OH)CH25r. As explained in the Introdyction, such
addition would cause no inaccuracy in the bromide~bromat¢
titration . The analysis of Bakurada's allyl cellulose
dibromide (49) was also 3 per cent low.

Another possible method of estimating the allyl group
involved the quantitative hydrogenation of the double bonds
in methyl allyl cellulose. Preliminary hydrogenations
summarized in Table VII made it clear that the allyl ether
was reduced with great difficulty, as has been previously
noted for allyl alecohol (94). Hore success was had in an
estimation based on the fact that the complete sllylation

of cellulose increases the carbon content from 44.4 %o 63.8
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per gent. The results of sufficiently accurate combustion
analysis therefore in theory deterumined the allyl sqbsﬁi%ur
tion. In practice, however, the carbon analyses were variable
and uniformly lower than the vslues calcuylated from the
bromide~bromate titration. 1t wzs eventually found that the
rigorous exclusion of air while the methyl allyl cellulose
was being dried and prepared for asnalysis resulted in good
checks between the two methods of estimation. (P. 42 and 46)
Adsorption of atmospheric oxygen, with the formation of
peroxides, presumably occurred quickly enough to depress

the carbon content of the methyl allyl cellulose. The
concordance between the carbon and bromide-bromate estima~-
tions suggested that the latter probably gave the allyl
content correctly to one part in a hundred, or to about

0.02 allyl groups per glucose unit.

When thoroughly acetylated with acetlc anhydride and
pyridine, the methyl allyl cellulose gave & white, fibrous
soluble acetyl derivative. This derivative was analyzed
for acetyl by a standard saponification with alkall (86)
and slso by a new, unpublished nmethod just devised by
Mr, R; U. Lemieux. Control experiments, carried out by
Mr. Lemleux, showed that the acetyl groups in cellulose
acetate; or the ethyl groups in ethyl cellulose, could be
guantitatively recovered as acetic acld by distilling the

samples with aqueous ciromium trioxide. Blank values were
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obtained with methylcellulose and the results with the

mixed esters, cellulose acetate-butyrate and acetate
proplonate, were non-quantitative . Although the results
with methyl aliyl cellulose acetate were high, 1t was found
that wethyl allyl cellulose itself recorded an apparent
acetyl value of l 65 per cent. This unexpected circumstance
might have originated in a slight shift of the double bond
in the sl1lyl group under the conditions of the estimation,
giving rise to a CHjCH==unit readily oxldized to acetic acid.

] |
RS SN ) PO — = Y S J | > ot —_
F 0 CHECH Cﬂi§:==£> ? CH=CH LHB

98.35% 1,65%

With this correction, scetyl values obtained by both methods

came into falir agreement.

" o - - -

Comparison of Agetyl Values
by_Two Methods

- Wio U W o

Saponification mgggga Cregrﬁgzgid
%
14.21 15.41 14.03
14.38 15.68 14.30

(a), On methyl allyl cellulose acetate (See P. 53)
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The value of acetyl 14,3 per cent was accepted as correct
and allyl groups amounted to 22.4 per cent as found by the
bromide-bromate titration. ©Since the substance originated in
a methylcellulose of substitution 0.59 and base molecular
weight of 170.4, the followlng simultaneous equations re-
vealed the substitutions, x and y of the acetyl and allyl

groups, respectively.

Acetyl = 4300x
% hcetyl 1704+ 42x +40y
£ Allyl = 4100y

170. 4 +42x +40y

Solution of these equations gave substitutions of 0.89 and
1.45 for acetyl and allyl, respectively., These values, to-
gether with that of 0.59 for the methyl groups, amounted to
a total substitution of 2.93; whereas 3.00 was that regquired
by theory. This discrepancy of 0.07 groups may be caused by
the different anslytical manipulations, but most likely
resuylts from slight polymerization during the preparation of
the methyl allyl cellulose, The slightly low carbon valuyes
obtained support this latter view (See P. 42, 46). However,
this satisfactory agreement wax the final indication that
2allyl groups were estimated with re&sonable accuracy by the

bromination method as modified during the present work.
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OF METHYL ALLYL CELLULOSES

The unpolymerized and unplasticized films of methyl
allyl celluleéos formed a3 described in the Experimental
portion (P, 65), were water-white in colour, very clear,
transparent, odourless and tasteless. The surfaces of zll
these films had a slight uniform mottle caused possibly by
local strains although the Fischer Strainoscope indicated
no gross strains were present. This mottle was more pro-
nounced if the films were dried quickly., Some physical pro-
perties of these films zre given in Table XVIII.

It is clear from the Table XVIII that the Mlower® sub-
stituted product had & higher tensile strength and higher
HMullen burst value, perhaps because the weaxser alkall used
during Its preparation had caused less degradation,or more
likely, because there were more unsubstituted hydroxyl groups.
In this case the strength of the film decreased as more and
more polar hydroxyl groups were replaced by allyl groups
whose nutual attraction is very low (98).

The tensile strength of the Hnighef! substituted methyl
allyl cellulose, which had an . intrinsiec viscosity of 3.25,
was similar to the tensile strength of benzyl cellulose films
with the sawe intrinsic viscosity prepared by Oxada (46). It
may be that benzyl and unpolymerized allyl groups behave in



TABLE IVIII

uilipio _ Apuaiugiusungt SpiSadpact wierulieuraibefe i uipei «puipunt S juarSugnagiodiogSumpetpeguind | St Qodepuagiend Moo e dPorstiripeguiges e

Property

Lower bSubstituted
(0.95 allyl, 0.59 OCH

Hizher Substituted

(1.44 allyl, 0.59 OCH
and 1.46 OH) 3 znd 0.97 OH) 3
1. Specific Gravity(a) 1.10 - 1.14 1.05 - 1.07
2. Tensile Strength (11:,.13%, in) 8,200 £ 330 6,400 £ 500
(ary). b)
3. Tensile Strength (kxg./sq.cm.) 580 £ 20 450 = 40
(ary) (b)
4+ Elonzation % {dry) (b) 9 - 16 7~ 9
5. Moisture Vapour Permeability

./Cm-2/0.01 C:L;./hr. Q 37.5°
1009 F.) (e)

¥ullen Burst Test (approx.)
1bs./sq.in./0.01 in.  (d)

Air Porosity (e)
Flexibility

18.77 X 1074

200
non-porous

Excellent

17.74 X 10~4

70
non-porous

Good

a} Reference 95
b) Reference 83

Ec; Reference 89
d) Reference 96

(e) Reference 97

Y6
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a similar manner in cellulose. However, Oxkada's benzyl
films had a greater elongation (22 per cent). ’The low elon-
gation of these allyl films compared to methyl and benzyl
celluloses suggests the possible existence of a few cross

links even in the soluble allyl products.

2. _Polymerized Films

The polymerization theory proposed by Nichols and
Yanovsky (26) for simple allyl'carbohydrétes and described
in the Introduction appears from certsin qgalitativa obser-
vations to apply to methyl allyl celluloses. In the firss$
place, polymerization of the cellulose ethers also requires
oxygen. For example, a methyl allyl cellulose, after stand-
ing in air for five months, was only slightly soluble in
glacial acetic aecid, and 1t8 apparent allyl content had gone
down from 1,32 to 0,61 allyl groups per glucose unit; while
a similar sample, kept under a vacuum, wasstill 100 per cent
soluble. In the second place, a strong acrid odour, possibly
of zcrolein, was observed whenever stoppered bottles con-
taining purified.methyl allyl cellulose were opened after
they had stood undisturbed for & month or more. Table XIX
shows the course of a polymerization accelerated by heating
an unpolymerized film at 78° in air.

The relative rate of thermal polymerization of zllyl
ethers depends upon the temperature of polymerization (29).

In the above exauple, & little more than twenty-foyr hours



96

at 78% was required to render the film insoluble and much
less time was necessary z=t 100°., It is interesting to

note that the soluble portion (Table XIX) retains slightly
fewer double bonds as polymerization proceeded. From this
we can conclude that & certain small amount of cross linke

ing 18 consistent with the retention of solubllity.

e SR A S Y Wt S A Y ik Ve W U S D It e WD Tt iy s e o e Yk s e A e o -~y T~ T~ e

in Air at 780120

- - Sate S O U B WS- S W o W N S

Time in Oven Insoluble Porticn(bl 8B8oluble Portion

(hours), % Allyl Groups/Glucose Unit
0 0.9 l.44
1 1.5 l.42
6 9.7 : 1,37
12 2242 1.34
24 70,0 1429
48 100.0 - _ -

(a) Cellulose substituted with 0.59 methyl and 1,44
allyl groups per glucose unit,

(bl"ln glaclal ascetic acid.
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Although the higher substituted methyl allyl cellulose
films polymerlzed very slowly in alr &t room temperature, the
process was rapid under the influence of heat or ultra-violet
light., Films thatwsre rendered more than 50 per cent solvent
resistant were generally less flexible snd begame quite
brittle on prolonged treatment. Polymerization by heat éreqt~
ment caused & slight yellowing of the colorless films.

!aﬁlos XX and XXI indicate that after polymerizing the
elongation, solubilities and moisture vapour permeabilities
of the films were reduced, while thelr tensile strengths
usually remained epproximately constant. Films polymerized
under severe conditions showed decreased tensile strengths.
The allyl starch films polymerized in air considerably quicker \
than the methyl allyl cellulose films (29).



TABLE

Physioal Property Changes on Polymerisation

98

(2800%)

1. 1 Elongation {Insoluble
Fila |Sample Treatment {dry) Portion
o No. g L
1 Gellulose Filma(®)

i 1 none 10 (5290+%s50 [m*3.s [11.4t2.0 0.7

1 2 | 48 hre.hest ¢ 100° 9 |5,300%500 {37038 3.0t0.2 | 99.7

2 3 |7 days in air @ 25° 7 |6,300%300 j440t20 | 8210 | -

R | 4 | tnare2s® | 4 [6,400%200 {45024 | 45F03 | -

2 5 | 12 hre.heat & 100° 6 14,500%x500 |320+35 3.0%0.2 | 100.5

2 6 |2 days in air and 3 J4,300% 300 {300t20 2.1%0.1 | 100
24 hrs. ultre~violet

3 7 none s {6,400t 580 |450% 40 g.2to.8 0.45

3 & |6 nrs. ultre-violet 5 |6,500%400 {460L30 5.0%0.4 | 9

3 9 |12 hrs. ultra~-violet | 5 16,3001 500 |440F 35 4.2%0.8 | 100.2

3 110 |24 nrs. ultrs~viclet | 5 14,5001 500 {32038 2.3%0.7 | 100.8
Substd tute ilose F

i |n none 10 [s,20%3ms [stis  haatsa

4 |12 |12 hrs. under ultra- | 5 |7,7901200 |546114 J10 =% 2.0
violet {>2800%)

4 |13 |24 bre, under ultre~ { 5  16,960+100 490+ 6 3 Xo.05
violet(1l2 hras.>2800%)

5 {14 |2 days in alr é 4t 1o last 1  fratueo -

5 1315 |18 hre. ultra-violet | 5§ [,770%230 h9stié 2.8%0.3 |100

(2) See Tavie IVIII



(L),

(14),

(114),

(4v).

RetesAan !qb}a XX

Rate of Loading Films - o, 1 ~ 13-16 Seconds
No . 2 - 13"’29
No. 3 -~ 16-20
No, ? - 13“'21
No, 5 - 18-29

RS

Width of all test specimens = 15 mnm.
Length of all test specimens= 50 mm.

All samples were eandiuiened for 3 days at a constant
temperature of 73° F.X 1°and 50 per cent humidisty
before testing.

Film 1 -~ dried in approximately 18 hoqrs under re-
duced pressure of 1 cn,

Films 2, 3, 4 and 5§ - dried in approximately 72 to
96 hours under reduced pressure of 9 cme.

Average thickness of Film No. 1 - 0.0029% 0,0003inches
ks - S
Bo. - 0,00 .
(each hundred No. 4 - 0.0020+0.0002° *
e No. § - 0.003120.000) %



TABLE IXXI

Mois Ya; Permea Changes Tl unde:
Pltra~Vislet ht
Semple| Film (a) {Motature Vapour Permeabili (v) 2/ em./br. at 37.5°(300° 7.)
Composition of Film‘"’ {Unpolymerised sed Film,.
Number | Density File Time under Ultra-Violet]| Permeabilily | ¥ Decrease
1 1.100 | Methyl Allyl Cellulose | 18.77 X 1074 12 hours(c) 18.62 X 1074 0.8
(0.95 allyl groups per 24 hours 16.01 X 104 14.7
glucose unit)
2 1.065 | Nethyl 411yl Cellulose | 17.50 X 107% 24 hours 10.69 ¥ 1074 38.9
{1.44 allyl groups per
glucose unit
3 1.053 | Methyl Allyl Celluloss | 17.98 X 10™% 24 hours 11.96 X 1074 33.5
{(1.44 allyl groups per
glucose unit)
4 - | a11y1 stareh (~v2.8 - 18 nours'® 6.42 X 1074 -
allyl groups per glucose
unit)
{(a) Average thicknessz of films{average of 20 to 30 readings across sheet)
Film 1 « 0.0045em; Film 2 ~ 0.0054m; Film 3 - 0.0071 em.; Film 4 - 0.0096 ca.
(b} Wax used in test comsisted of two parts of beeswax (m.p. 60.5 - 62°) and three parts
of Rosin (m.p. 120 - 135°) ty weight. The desiccant was C.P. calcium chloride.
{e) The wave length of the ultra-violet was greater than 2800 g
NOTE: At 37.5% (100° F.), the sample had a relative humidity of about 90 per

cent on one face of the sheet and below 5 per cent on the other.

00T
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The assumption that the films became cross-linked
through the polymerization of tﬁe allyl groups is not only
consistent with chemical theory and the analytical data but
affords qualitative explanations for the physical changes.
Cross~linking wouldténd to prevent the chains from noving
apart, thereby making solution and intramicellar swelling
difficult or impossible., The interlocking of the chains
would diminish their tendency to =lip against each other
under a tensile sztress, thuys resulting in a decrease in
elongation, The increased rigidity of the system, owing to
a large number of main valence bridges being formed between
the cellulose chains, would also explain the increased
brittleness or loss of flexibility of the polymerized films.
The observation that the tensile strength of allyl starch
films increased nine-fold on polymerizing (Table XX) is in
accord with Dellenius (99) who has shown that the introduc-
tion of methylene bridges into low tenacity degraded viscose
rayon greatly increased the tensile strengbth. These increases
would be theoretically expected, but an explenation seems
necossaryiin the case of the methyl allyl cellulose films,
whose tensile strength was not markedly changed by polqurigq-
tion.

The cellulose chains are loosely packed in the methyl
allyl cellulose since the films are transparent and are not

very dense. Also, the chains are known to have very limited
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flexibility and hence are not likely to move into any posi-
tion that would enable the allyl groups they possess to
polymerize more easlily. The randomness and rigidity of the
cellulose chains mean that even if strong primary valences
are set up between some cellulose chains, as no doubt occurs
in polymerization, there still may exist weak cross sections
in the film owing to the local absence of cross linking.
Now the tensile strength test measures the weakest part of
the film, and se it is logical to assume that any sparsely
polymerized section will break first resulting possibly in
no M"apparent® increase in tensile strength.

Another possible explanation for the lack in increase
of tensile strength may be considered briefly. The tensile
strengths of allyl plasties (100), as well as unpolymeriszed
methyl allyl celluyloses, are around 5,000 to 8,000 pounds per
square inch., It is hard to see why a few allyl cross links
in cellulose derivatives should confer strengths mych greater
than those of atraight allyl plastics. Unlike cellulose films,
unpolymerized starch films are very much weaker than allyl
plastics (Table XX) and there is much room for improvement by
allyl cross linking. The problem of predicting film proper-
ties from molecular structure is still in a highly eumpirical
state. All the factors affecting tensile strength have not
been brought to light, and so the above theorizing is tenta-

tive.
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Samples 6 and 10, 12 and 13 (Table XX) decreased in
tensile strength after being irradiated with ultra-violet
light. This effect is possibly caused by a photochemical
degradation of the cellulose derivatives. Much qualitative
(101, 102),and recently quantitative data (103, 104, 105,
106), have been published to show that cellulose derivatives,
such as cellulose nitrate and cellylose acetate, are affected
by ultra-violet light in atmospheres of ﬁitrogen, helium or
oxygen. The degradation has been followed by measurement of
increased copper numbers, decreased viscositlies of dilute
solutions and by other methods.

The moisture vapour permeablility of methyl allyl celly-
lose films decreases markedly on polymerization (Table XXI).
This decrease indicates that cross linking reduces the number
of available spaces through which the water vapour molecules
can pass,as & process that is supposed to Mtighten up" the
supermolecular structupe of the film would be expected to do.
The values given in Table XXI may not be absolute, but they
definitely are comparable. Since allyl starch films were
readily polymerized in the eir, no permeability test on the
unpolymerized film was attempted.

The "lower®” substituted methyl allyl cellulose films
either slightly polymerized or unpolymerized, failed to stop
entirely the passage of nitroglyeerine, as judged by the
drastic test described in the Experimentsl portion. Since
glycerol is immiscible with nitroglycerine and is often &
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good plasticizer for celluylose derivatives, it was thought
that the impermeabllity of these films would be increased if
they contained glycerol as a plasticizer. This addition, how-~
ever, falled to stop the nitroglycerine.

TABLE XXII

g e O atnks P S S o -

R S s o S o 0 B o AT o e S e A T e U S T S GO D N B T e S SO0 e

Amount of Change Reaction
KNo. Treatment | Plasticiger | Thickness in to
(glycerine) | (inches) Weight | Diphenylamine
§ Reagent
1l | Unpolymerized 0 0.005% +3.5 | Faintly positive
2 | Unpolymerized 0 0.005 +0Q. Positive
3 | Unpolymerized 8 0.0050 40, Positive
4 | Unpolymerised 16 0.0056 -0.6 | Positive
5 | Unpolymeriged 28 0.0052 -6,1 | Positive
6 | Polymerized 0 0.0056 -0.4 | Negative
7 | Polymerized 8 0.0050 -1.1 | Negative
8 | Polymerized 16 (a) 0.0056 0.7 | Positive
9 | Polymerized 28 0.0056 -3.8 | Negative
10 |Polymerized 0 (b) 0.0060 +10.0 | Negative

(8) On retesting a hole appeared in the film, suyggest-
ing that there may have been a micrcsoopic craek
in the film which permitted the passage of nitro-
glycerine,

(b) Depression made by 30-pound Myllen tester.
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The "higher® substituted unpolymerized methyl allyl
cellulose films, both plasticized with glycerol and uznplaeti-
cized, were also unsatisfactory, as judged from the positive
result of the diphenylamine test for nitrate given by their
under sides (Table XXII, Nos. 1 - 5). When similar films,
both plasticized znd unplasticized, were permitted to poly-
merize, the thst was uniformly negative (Nos. 6 - 10) if
experiment No, 8, which was probably faulty, is excluded from
consideration.

The nitroglycerine diffusion tests therefore indicate
that polymerized fllms are desirable as barriers, presumably
because of a reduction in the number of available spaces
through whieh the bulky nitréglycerine molecule may pass.,

The moisture vapour permeability (Table XXI) of allyl starcgh
films 1nd1¢ates that if they could have been prepared in the
same manner a8 the'higher methyl allyl cellulose films, they

too would have completely resisted nitroglycerine diffusion.
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(1) The Historical Introduction contains a review of the
pertinent literatyre on unsaturated esters of celluylose and
ethers of starch and cellulose and the recent work concerning
the mechanism of oxidation and polymerization of allyl
derivatives of simple carbohydrates. MNethods and mechanisms
proposed for etherification were discussed with special
reference to allyl starch and allyl celluylose, and to the
estimation of the ellyl group by halogenation of the double
bond. Finally, the available literature on attempts to fingd
coatings resistant to nitroglycerine diffusion was suymmarized.

(2) Technical methods were developed to prepare for the
first time completely soluble methyl allyl celluloses of
substitution, methyl 0.70, allyl 0.79; and methyl 0.59, allyl
0.9%5. A method for the preparation of a more highly allylated
derivative, with suybstitution methyl 0.59 and allyl 1.47,was
also worked out. The solubilities and properties of these
substances, together with the acetate and dibromlide of the

latter, were noted.

(3) Attention was given to methods of estimating the
allyl groups. A modified standard bromide~bromate method,
applied for the first time to unsaturated cellulose ethers,
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gave reproduclble results. The bromine consumed did not
vary with the size of the sauaple, reaction time znd tempera-

ture. Blank values were obtained with wethylcellulose.

(4) A study was made of the changes in physical pro-
perties undergone by methyl allyl cellulose films cross
linked by the polymerizatlion of allyl groups. In general,
polymerization of these films decreased thelr solubility,
flexibility, elongation at break and moisture vapour per-
meability, while their tensile strength reusined almost
constant.

Films of the more highly allylated derivative, when
polyinerized, satisfied the standard sixteen day test for

nitroglycerine barriers.



CLAIMS FOR ORIGINAL RESEARCH
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(1), Although allyl ethers of sugar derivatives and of
starch with definite substitutions have been reported, those
of cellulose have not been described except by Sakuradsa and
in a few patents. Sakuradu?;igillqleses were only partially
soluble and are possibly mixtures of unreacted cellulose
and allyl ethers of various substitution. Patents generally
give vague and incomplete directions for allylation.

The technical difficulties surrounding the allylation
of the insoluyble cellulose were overcome by the use of an
alkall soluble low methylated cellulose. Detailed methods
were worked out for preparing two methyl allyl celluloses of
different substitytion with only slight degradation, soluble

in various common solvents.

(2) The first methyl allyl cellulose, obtained in 88 to
95 per cent yields, hsad 0.79 alloxyl and 0.70 methoxyl,or
0.95 alloxyl and 0,59 methoxyl,groups per glucose unit, It
was completely soluble in morpholine and 950 per cent aguieous

acetlc acid.

(3) The second methyl allyl cellulose was obtained in
90 to 96 per cent ylelds, and contained 1l.44 to 1.47 alloxyl
and 0.59 methoxyl groups per glucose unit., It was completely
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soluble in glaciel acetic acid, chloroform, dioxane,
methylene chloride, morpholine, pyridine and a benzene:ethyl
aleochol (1:2) nmixture,

(4) The preparation of a methyl allyl cellulose acetate
in 90 to 93 per cent yields contained 1,47 alloxyl, 0.59
methoxyl and 0.93 acetyl groups per glucose unit., It was
completely soluble in glacial acetlic acid, acetone, bengene,
chloroferm, dioxane, methylene chloride, morpholine and

pyridine,

(5). A rapid method for determining the degree of unsaturs-
tion of unsaturated cellulose ethers in a homogeneous, agueous
acetic acid solution at room temperature was devised. Although
a modification of a standard bromide—bromate‘method, the
application to unsaturated cellulose ethers containing shorsg
chained substituents, such as allyl, is new,

(6), The polymerization of methyl allyl cellulose films
generally resulted in a decrease in elongation at break, in
flexibility, in solubility and molsture vapour permeability,
while thelir tensile strength remained approximately constant.
In the case of allyl starch films, polymerization increased
the tensile strength greatly. The polymerized films offered
more resistance to the passage of nitroglycerine than un-

polymerized films.



SUGGESTIORS FOR FUTURE RESEARCH
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Cl) The preparation of a nitroglyceerine barrier from a
halogenated unsaturated cellulose ether by employing an
etherifying sgent that contains a long partly halogenated
carbon chain with one double bond at the end, suych as &
1-3-«dichloro-~7-heptene, From this thesis it is apparent
that longer ether groups should improve the flexibility of
the polymerized film snd the halogens present should reduce
the flammability of the film,

(2) T™e development of methods of coating cordite sticks
with methyl allyl celluylose films and of conducting various
weathering, aging and burning tests on the resulting eoated
stick,

(3). The investigation of the commercial possibilities
of the methyl allyl cellulose acetate, soluble, in the

unpolymerized state, in a wide range of common solvents,

(4). A study of the effects of cross-linking on the
viscosity of methyl allyl cellulose acetate, the object being
the further correlation of intrinsic viscosities with chemi-

cal structure.

(5) Attempts to increase the degree of allylation by
uging as starting materials either the "higher® substituted
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methyl allyl cellulose swollen in benzene or the acetone
soluble methyl allyl cellulose acetate. A nitregen
atmosphere and 50 per cent alkall would probably be desir-
able.
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