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In special rocket propellar:l.ts, burnii:lg of the n,itro

cell~lose-nitroglycerine (cordite). t1.4be llll.\St be completely 

restricted to the inside su,rface of the cordite by applyil\& 

suitable coatin~;pi to the OQtside s14rf'ace. Various methyl 

allyl cellulose& eontainii:li aboqt o.s to 1.5 allyl gro4pa 

per glucose unit have been prepared from ap alkali soluble 

methylcell~ose. Three stu,died in detail eontai4e~ 0.70 

methyl at1.d 0.79 ullyl, or O.S9 methyl and 0.9S allyl an4 

0.;9 methyl and 1.47 allyl grotu>s. The sol4bilities and 

properties of these su,bstanees, together with the acetate and 

dibromide of the latter, were noted. Methods for estimating 

the degree of -q.nsat-qration of these compou,nds were worl{ed ou.t 

incl4di:ng a modified bromide-bromate method. 

4 stu,dy of the ch~ges in, physical properties of methyl 

allyl·cell4l0se filrqs, cross-lin,ked. by polymeri&atio:q of the 

allyl grou,ps, 1n,dicated that polymerization, decreased their 

solu,bility, fle~ibility, elo~ation at break, and moisture 

vapou,r permeability, while their tensile stre:ngth remained. 

almost constant. Films of the more highly allylt-) ted deriYa

tive,when, polymerized, satisfied the standard test for n,itro

glycerine barriers. 
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X~ special rocket propellants, b~r.qing of the Qitro

cell~lose-nitroglyeerine (cordite). tube mqst be completely 

restricted to the 11\side Sl.lrface of the cordite by applyil\& suitable 

coatings to the other s~rfaces. A suitable coati~ qsually 

consists of a nitroglycerine barrier, a fireproof paint (like 

Glyptal Red 1201} and aq adhesive tape carrying a r~bber base 

cement. the main war p~rpose of this research is to find o~t 

whether or not qnsatqrated ethers of starch &Qd cell~ose 

might form s~itable coatings for iQhib1ting the d1!fqs1o~ of 

nitroglycerine. 

litroglycerine dif~.sio:Q will caqse the coating to ~ 

almoat as easily as the propellaqt, e~pos1Qg more burn1Qi sqr

faces and prodl.\C!Qi too high preasqres 1n the rocket. Iq 

order to eliminate bqrn1ng irregularities as completely as 

possible, a coating mqst tql!il the followin:g reqpirementaa. 

(al adhere sqff1c1ently tightly to the cordite so that 

no burni~g can occ~r betwee~ the coat1~ and the cordite. 

(b). resist the diff-qaiot+ of nitroglycerine for any le~tQ 

of time and at cUly temperat~re ~P to 6S0 • 

'cl have a temperat~re coefficieGt of e~paGiion similar 

to that of cordite, so that the coating-cordite ~Qio~ ea~ with

stand cycling betwee~ -400 and 6oo, the e~tre~e co~ditio~l 

likely to be enco~tered 1~ military or n.a•al operation,a, 
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Preliminary work co~sist~d of prep<!ri.qg a r:t-qmber ot 

allyl st.:lrches in vario~s ways. Ge~erally, these allyl 

starchlaformed films thnt adhered tightly to the cordite, 

prevented ni troglyceri:q.e difft1;sion,, b~t 011 eJg>osq.re to air 

were easily o~idized, polymerized a~d became e~tre~ely brittle, 

This relative ease of polymerization, i~ air ~ade physical 

tests on the qqpol;yruerized fil~s very difficqlt. F'or these 

reasons the work on, allyl starches was diverted to wor~ o~ 

allyl cellu,lose ethers. These ethers, derived from tqe lizlear 

macromoleculea of cellt~lose, shoqld forJq m4cl1 stronger !1l._s 

than the correspo:q.di,qg bra:q.eh chair:t molecu,les of starch. 

Moreover, the lack of bra}1cb,1ng in, cellu,lose derivatives made 

it less d1ff1cqlt to assess any effect tb,at su,bseqAen,t cr011 

linking, cau,sed by polymerization of allyl gro4Ps, migQt have 

on the diffusio~ of ~itroglyceri~e. 

Since eell~lose ethers were ge~~~erally more stable &I\.4 

possessed greater fil!ll stre[1gth thar~ cellqlose esters, tne 

former type of compo~d was chose~. The mai~ p~rpose 1~ the 

preparation of .methyl allyl cellu,losea was to prodU;ce tU\ .... 

sat~rated ethers of It~axim~ solu,bility i~ some co~~on solveqv 

or :nixtqre of solvents, with mi~1irm.~ degradation of the eellq

lose ch&il\, ~d adapted to for:n strong, clear, q:q.!forll\ fi.l.J&s. 

After an e~aminatio~ of the available literatu,re o~ allyl 

cellu,lose and related co:llpo~ds, no clear, co~cise method of 

preparing a produ.c" with the above characteristi.c:a was fo~. 

Conse~elltly, the first part of the research con,sisted of pre

parin& su,ch derivatives. I~ order to carry oqt the allylat1o~ 



1~ a homogeneo~ medi~ with minim~ degra4atio~, a~ alkali

soluble, stable methylcell~lose ether was used as a stsrti~g 

material. 

The secoi~d part of' t.Qe research co.Qs1stec1 of' eo.Qvertizw_ 

the methyl allyl eell~loses iqto traqspare~t fi~s a~d the~ 

deciding by s~table physical testa wnether or not these 

films oft'ered promise as ni troglyeerine barriers. !hese 

tests, which i~cl~ded meas~rements of te4sile stre.Qgtq, 

eloqgct1on or stretcn, U~leq b4rst test, fle~1b111ty, 

moist~re vapou,r per~eab111ty, Hnd nitroglycerine diffqsio~ 

were performed on methyl allyl cell4lose films both i~ the 

unpolymer1.zed ·hnd polymerized states. 



Proof ot the strqct~re of oellqlose has now been weU 

established a:qd can be :fo~d in, scores of relever+t re.:ferer~oea 

in an,y of the moderr+ tec~ieal books or reviews o~ the s~b

ject (1, 2, 31 .. 
!oday cellqlose is co:Qsidered to be a linear macro ... 

molecule composed O:t'f'-glucopyranose 1.\llits, each of whic}+ ia 

depicted (Fig. ll with five carboDt ato~s in, the pl~~· ot th,e 

paper, with t~e o.x;yge~ atom cornpletil16 the ring not i;q this 

plal'\e• When. viewed in, pe,rspective, the hydrozyl groqpa ~4 

the glqcosidie gro~p are arranged above an,d below the plaqe 

of the paper so that their distrib'4t1on, is ~tran,s~. When, th• 

gl~cose ~its are li~ed in, chains, the gl4copyran.ose ri~ 

alterqates ir.; respect to the side t~t is qppermost. !h,1a 

concl~sion is su,pported by ~-r~~ty dat4. fhe 1 1 4-gl~cosidic 

linkages between tne cell~lose cnains are limited their 

free rotation by certai11 stereochemical restriction,s C4l• 
From this st~ctttre, both tertJi:qal gl~cose residt¥tS are dis

tii\guishe4 from the other glu.cose ~nits 111 th,e body ot the 

cha1~; the right hand terminal unit by the presence of • 

red~cing hemiacetal groqp, a~d the left haq~ 44it by the 

presence ot .:111 e~tra hydro~l gro\U). 

!he gl~cose resid4es in the cell4lose chain are hel4 
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' 
together b,y primary valeQce force ot abo~t SO,OOO calories 

ell a r frirlg e theory, 

the very lon;:; cellu,lose chains form cmlorphot;s ;..:!1d crystall~e 

regions each of x-rey dimensions. The crystalline portio~· 

of the cellulose chains adhere to their 1~eighbo~ra by hydrogen 

bor~dlr"g of appro~imately lS,OOO calories per mole ill streQgth. 

11 

q.-2 

FJ.&,t J.. 
Cell~lose Kacromolec~1e of ~ glue~ ~nits 

Because of the organizedt c~m~lative streQgth of the crystal 

forces, the crystalline pe. rtioqs are JlU,Ch less accessible to 

most chemical reagents than. the amorphou,s portioQs., For this 

reason, re&ctlon.a carried ou,t on fitro4s cell4lose ofte~ 

ch~;nge t.he arr:orphoU;s portio.Qs greatl7 while the crystallilltt 

portions 1.~ re affected only to a !::iil~or e1;ter1,t. 

lnspectior+ o!' Fig. l shows th.:1t each of tne ~-gl\,\copyraf\ose 

residues possesses two second.:_>ry <::lld one )rimary hydroxylgro~pl. 

!he priumry hydroxyl& ir~ position 6 gez.er~lly rea. et l'Hore 
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rapidly tha~ the two ki~ds of secondary hydro:Ityls iq positioQS 

2 and ), For e~mple, P~rves and his collaborators have 

shown the relative rates for the esterlficatio~ of positio~ 

2, J and 6 to be 2.3, o.07 and lS (S). for ethylcell\.\).oae &ll4 

2.2, 0.11 a~d 2) for cellqlose acetate (6l, respectivelY• ~~ 

these cellqlose derivatives <}t least OD;e of the seco}ldary 

positio~s was already sqbst1t~ted with etho~l or acetate 

gro~ps, a~d so the relatively low reactivity of the other 

secondary hydro~ls may be caqsed by so~e rep4lsive effect 

of an electrical or steric ~.atqre. Cell4lose dispersed 11'\ 

q).laternary bases alk,.letes i:q the prii:lary posit1or+s with • 

rate eQMal to tne s~ of the rates of the two seco!ldary 

positio!lS (S).. Also, whe~ cellqlose is swollen 11\ alkali, the 

secondary positio~s reaet more rapidly, and the relative rate 

of alkylation 1~ the seco~dary positio~s i~creasea as tne 

alkali con.centration increases ~S).. t:lp-qrli~ (7). has f'l.\117 

disc4ssed tne rates of reaction of tqe vario~s hydro~l groqps, 

and so detailed mer~tiot.\ o:f the s4bject here seems u,n.warraQ.tec$. 

These hyaro~l groqps react accord1qg to the laws of 

chance (7). u.nd the c:rrar+gement of the S4bst:ltllo\9!\tS 1Dr tb,e 

cell~lose derivatives depet.\dS largely \\PO~ whether the re•o

tion is carried Ol.\t iA h~ogeneo4s medi~ or not. 
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The str~ct~re of a starch molec~le (8). differs froBJ tha• 

of the cellqlose molecule i~ several ways. lq the first 

place, the starch molec~le is regarded as a coiled ~acro

molecqle, composed ofo<-gl~copyranose resid4e1. Seco~dly, 

the starch co~s1sts o£ two differe~t polysaccharidea, water 

sol~ble amylose and less solt~b~e, paste-forming a.Jqylopect~. 

The amylose consists rnair~ly of a homoge:q.eoqs mi~t4re of 

linear, or nearly linear, poly1:1ers in. whicQ. lOO to 700 glq

cose residqes are t141 ted in the o{-l;_4-gl~cos1d1c arran.gemerrt: 

(See Fig. 2).. 

-0 

F~.l 
Sectio~ of 4rJylose CqaiQ: 

The amylopectin fraction consists of large, brB;I+c}+-chairtecl 

molecU:les, each containing 500 to more thar~ 2000 glqcoae 

residqel in which the branching occ~rs on the average a• every 

twenty-fifth gl~cose qQit. !Q.e branching is s~ppose4 to 

o-



• 
originate at primary alcohol qnits. (oee ~ig. Jl 

0 

F,J.&,.., J.. A' 

Branch Point of ~ylopecti~ 

Whistler ar+d Hilbert (&).have fol¥1,d wide variation,s 1l\ 

the mechaf\ical properties of fil~s made frorq the acetates ot 

amylose, amylopectin a~d whole staron. ~~ gen,eral, ~ylose 

triacetate and trimethyl amylose form good filrqs, while the 

same derivatives prodllce very ppor films when based on the 

amylopectin portion of the starch grantlle. No stqdies of the 

relative reactivity of the three kinds of hydrozyl grol,\ps 

in the starch macromolecqle have hitherto been., wacte. 
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the decision to prepare ~sat~rated e~ers iqstea4 ot ~

sat~rated esters of cell4lose was based mai~ly o~ t~e fact 

that cell~lose ethers possess greater stability tha11 cell~loae 

esters to heat, light, water, alkali a:qd even: dill.\te acids. 

Cell~lose ethers are not hydrolyzed by water at 1700 for 

many days, snd their desirab~e physical properties are ~

affected by a 2S per ce:qt sol~tio:t:L of potassiqm hydro~de, 

Demarest, Moeller a~d Cash ().O). observed that cell4lose aceta1te 

and cellulose butyrate plastics s.re badly distorted whe~ 

exposed to a tempera.t~re of 900 ar).d a relative nl.\midity of 

lOO per ce.Qt for twer~ty-four hoqrs, while an etllYl cell~oae 

plastic was ~:qaffected. OI:L e~pos~re to ultra-violet light, 

most cellulose ether films ai~d COi::-tir+gs are not discolo-qre<l,. 

Unplasticized cellqlose ester films are hard, aqd brittle,while 

those of ~plasticized ethyl cell~lose films are softer, toqgher 

and rr.ore elastic. The te:t:Lsile stre:qgths of ~npl.asticiaed, 

cellulose acetate and ethyl celltllose films are mu,ch the •••• 

hqt the plasticized ether fil~ is man,y times stro!fger th.~ 

the similar ester film. Fin,ally, cell~lose ethers are relative

ly less flammable tha.Q 'b.• Of cellulose esters. The only dis

advantage of celll.4lose ethers is the high cost of tl'\e etheri

fying age!'4ts (ll).. 



Even thou,gh tnis work deals with, 411satqrated etherl 

rather tha11 t:~,nsat-qrated esters of cell'Lt;lose, it seexns advis

able briefly.to review the pertinent literatu,re concerni~ 

the latter, with the object of beir+g 4\ble to note later Ol\ 

s1milftritiea i!l their properties &nd fi~-forming char•cteria· 

tics. 

l;n general, the prepar~.;.tion of LJ,!1satu.rated esters ia· 

similar to that of the satu,rated esters of cellqlose, e~oept 

in,cases where the U,t1Sat4rated linkage may complicate the 

behavio~r ot the esterifying ase~t. For e~ple, acrylic ao14 

polymerize• du,ring the esterification, so is ~ot a satisfactory 

esterifyin,g agent. The geQeral ~ethods of preparing lower 

(12, 13 1 14)., higher (15, 16). ar~d rni:x;ed (1.7, l8). qn,sat~rate4 

esters are fqlly discqssed in, mar~y pate.qtSJ ar~d sin,ce we art 

not directly COl\Cerned with such esters it\ this research, 

f~rther details will 40t be ~~· 

1'he freshly prepared lower sqbstit-qted,, qn,satt.trated eellq

lose esters are sol'qble in, a wide rar~be of commo:q orga:qic 

solven,ts. For e~mple, cell4lose tricroto:qate is sol~ble ~ 

acetic acid, aceton,e, e~lorofor~, ber;ze11e and in mi:lttttrea ot 

solven,ta, sqch as benzene-alco~ol• The higher 4~1at~ratet 

esters of oleic, linoleic, rlcir~oleic aud similar acida art 

qsu,ally insoluble i~ all ~lver~ta 4nless care is taH:eu+ to pre

pare the~ in inert atmosp.heres, s4ch as carbon dio~qe or 

nitrogen, (19). The lower qn,satqrated cellqlose esters of 8\\Ch 



acida as crotonic form tra:nsparerrt (.17)., fleX;ible (16). fi~a, 

which are o~dized very slowly iil tQe air,or ~ore qAickly by 

heat or ~1tra-v1olet lig}1t 1 iilto prodqcts al1uost completely 

41\&ffected by most organic solver+tl ana impermeable and re

sistant to moist~re. The higher q:qsatqrated esters are very 

resistant to moist-qre, for~ fle:x;ible fil~s <:n~d are convertecl 

upo:n dryiq.g a;b room temperat~re into insolqble prod~cts. 

Kalll\ and Fordyce (20). in their patent claim th,&it their 

UI\.plasticized ~satttrated celll..\lose ester films are poly

merized by five ho~rs of e:x;posqre to intense t;ltr•-violn 

light, or by twenty-fotlr hoqrs of heat at appro:x;imately 1000 , 

into to4gh, traJ+Sparer.~t, very fle:x;ible f1lnts 1 ~sol~ble 14 

common solvents and of improved resistance to moist~re. The 

moist4re impermeability of~e film is increased three or foqr 

fold from the orig1qa.l valqe before polymerizatioll• However, 

Hagedorn and .Moller (21). poiqted oqt that the -q,nsat-qrate4 

cellulose esters with a short carbon, chain (cellqlose croto~

ate). give brittle masses with little strength or elasticity. 

They also mentioned that cell4lose li4oleate ig.nltes spont~eo~s

ly in air u,n,less kept i:Q a moister+ed conditio~. 
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Since this research deals briefly witq allyl starchel1 

and in more detail with methyl allyl cellqlose &Qd ita deriY•

tivea, it seems advisable to disc~ss these compo~~~ si~pler 

a~alogqes 1n order to obtai~ as clear a pict4re as possible 

of probable methods of prepdrat1o)4 and of the probable pro

perties of the macromoleo4lar materials. 

The first simple allyl carbohydrate uerivativea, allyl 

tetr:accetyl o<.-D-gl4coside and allyl-<.- and ~-glqoos14e, 

were prep,red by Fischer and Straq.ss (22l a.q.d Bo4rq;.\elot ar+4 

Bridel (23)., respectively, in 1,912. 1'wenty-o~e years leter 

Tomecko and Adams (24l prod~ced vario4s 4naat4rated ethera, 

sqch as methyl tetraallyl o<-glqcoside a.q.d pentau1llyl sq.crose. 

These papers others prod'4oed little e~act i.Qformatioq. re-

garding the properties of these allyl carbohydrates. However, 

rece.n tly Nichols ci:Q.d I~novsl\Y have collipletely disc~ssed thia 

type of compo~d in a series of e~celleqt papers. 

~ichols and laqovsky have prepared in ~ood y1e14s a 

series of allyl ethers from n,on,-red~cirUl carbohydrates (25126). 

s~ch as methylo<.-gl~coside, sucrose C:tqd sorbitol by treat114& 

them with SO per cen,t a~eoqs C&l..\Stic soda and allyl bromide 

at the re:fl~~ temperat~re or allyl bromide for fcn~r to five 

ho~s. The res~ltin,g oils of high boiling-point were not co~

pletely sqbstit-qted ar~d so were given, a fl..lrther treatmen,t w1tn 

sod1qm, formin,g sodil..\m alcoholates. These alcoholates were 

again heated ~qder refl~ with more allyl bromide for two hcqrs; 
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and there resulted it~ most cases co::Jpletely, or alwost co~

pletely, s~bstit~ted allyl carbohydrate derivatives. In. 

another paper (271 they sqeceeded in allylat1Qg redqci~g car

bohydrates, sqch & s gll.\cose, by first formh~g the ally]. 

.,(-gll.\cOside accordir~g to the standard Fischer method. fhat 

1a, dry hydroge~ chloride gas was dissolved u~ dry allyl 

alcohol and stirred with an,hydroqs glqcose. The resqltin& 

glqcosides, being stable in alkali, were allnost completely 

allylated in the man11er already described for n,on ... ret'h:tcin& 

carbohydrates. 

Michols E:~nd. Yanovsky foqnd that these oily carbohydrate• 

polymerized in air and in, o:zyge~, especially at higher tempera .... 

tn.~res, into ir~solqble, in,fl..\Sible, col.oqrless, traD:aparent, 

brittle, thermosetting resina. !n order to obtain a possible 

mechanis- for the apparent polymerization of these ally4 

ethers, the following series or e~eriments were performect. 

Firstly, from a rate of polymerization st~dy, the necessity 

of oxygeJ:\ throqgho14t the polyJ~~eri.zatio!l was observed. !he rate 

of polymer1zatioQ. c~rves were obtaii~ed by passing o~ygen at • 

unifo"' rate over the oily allyl etl;ers at 970 and measurin&. 

their increase ill: viscosity at varim.~s times. ln an atll!:OI

phere of carboQ dioxide iQstead of o~gen, the viscosity 

remained practically constant. It <.~z.lso was noted th:::.t if 

polymerization was carried to a certain poi~t and then, heati.n& 

was contin~ed ir1 the absence of o~ygen, in every case polY

merization. proceeded D:Ormally for a short time and then appeared 



to stop. It followed th~t heat alo~e wo~ld ~ot co~vert tne 

oils into hard, brittle resins. The act4al amo~t of o~yge~ 

combined was observed by co~b~stio4 a~alysis (~ee fable l} o~ 

samples that had bee:q heated at 970 1~ a eon.stant stream ot 

o~ygen for vario~a le~ths of tiiJ!e. 

tMI.IwJ. 
O~gen Co~bi~ed iil Polymerization ot 

; ; ~ 3A~a11 ~Yj.~-g].a~co~ ' =.= :::11 
- I 
~ .. ; ,.. 

.1'1me Carboll Bydrogeq CombiQe<\ 4tOD!8 
(hol\ra}. ~ ~ of ovgezt. 

per Molec~le 

0 6).92 8.11 0 
3t 59.90 7.50 1.7 
Si sa.so 7.20 2.2 

Seeo~dly, tes~& d~ring polymerizatiQq of these allyl 

ethers indicated the fornu:.tion of pero~ides. Finally, a stroll& 

odour of acroleill always aecompar~ied o.:x;idation a1~d polymeri

zatiol\ of all allyl ethera. ln tne case of allyl Jll&Mitol, 

acrolein was collected du,ri:Qg the OJ\idatior~ a.q.d identi.fiecl by 

means of its 2-4 dinitrophenylhydrazo~e and the Schiff'.• 

aldehyde test. With this evidence they su,ggested the follow

ing mechanis~ for o~datior~ aqd polyrneriza.tiOI'.\ of all allyl 

ethers of simple carbohydrates. 



atOll, which is reactive, since it is adjacent to aq ether 

ozygen containin*~ ~nsha red pairs of eleetroQs and in Cl(-pos1· 

tio~ to a do~ble bond. 

peroxide 

(b). ~~tJ.g.n .at .tilt& ,P.&rAAJA,. In. t}+e presence of heat 

or light the doqble bond is o~idized with tQe formation of a~ 

epo~ compo~d. 

008 
I 

RO-CH-CH=CH2 + RO-CB2-CH=CH2 L:l ) 
or light 

of water, 

. OB 

RO- tB-CB=CB2 
hemiacetal 

/o, 
+ RO-CH2-CH-CB2 

should be rormed during oxidat1or~ oi: this type, 

would readily hydroly.ze the hemiacetal into acroleirt. 

OB OB 
Ro-tH-CB=CB.2 +HOB-~> ROH + BO-bB-CB=CB2 

hemiacetal 1 

into three dimensional ~etworks. 

CH2.=CB- CBO+ B20 

acroleiJ:l. 
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•~Y h~dreds of pate~ts and papers have bee~ writte~ 

co~cerning cell~lose ethers ever since S~ida 028} first pre-

pared one i~ l90S. However, i:q this e~tensive literatqre, 

very little e~ct in,formatio~ concern,in,g the preparatiol\ a%\4. 

properties of u,nsatqrated cellu,lose ethers, completely 

sol~ble in, conuqot~ solvents, appear1. This statement also waa 

trqe of un,satu,rated starch ethers u,ntil jqst recently wn~ 

llichols, Hamilton,, Smith a~d Yan,ovsk:y (29). PL\blishe4 their 

work on certain allyl starches. It, therefore, seems desirable 

to review the general•ethods available for etherificat1o~, &l\4 

then to discu,ss the preparatio~ an,d properties of the 4%+Satn.p•

ated ethera. 

t 1) M,e~ An.4 X~M At ,lt~tJ..oA. 

fhe etherification of tne alcohol gro~s in, polymolec~l•r 

carbohydrates is u,su,ally brou,ght abou,t by the actio~ of alkyl 

s-qlphates in the prese~ce of an alkal1J by alky~ halides and 

pyrldine; ''"'nd by alkyl halides a:nd alkali. The last of these 

methods is most ge:neralt the first bei:ng applied o:n,ly to ~ethy-
,::md ethyla tion 

lationM and the secontt being lirui ted to reaction,s dh very 

labile halides. Special methods (.30, .31). rece:n,tly have qse4 

sodi~ or sodamide in li~id ammo:n,ia to form tne sodi~ cell~

losate and the:n, have carried o~t the alkylation, with lower 

alkyl halides sol4ble i:n, 11~4 a~mo:n,ia. Diazometha:n,e aQ4 

ethylene o~ide ar~ its homologa are sometimes ~sed as ether1-

fyi~g ager~s. The for~er methylatea the cell4lose1 while th• 



latter adds directly to the cell~lose to for~ hydro~alky~ 

ethers. 

F't:\rther details on t~e vario~s starch and cellqlose 

ethers that have been prepared i~ t.t+ese gen,eral ways see11 -qq

neoessary, in view of t~e many fine books and reYiews now 

available on the s~bjeot (11, .32, 33, .34, 35, .36).~ 

(a). Jt~c~, JwA.t.A ).JJ.t~ ·' JisJJAE\s,. M<\ ~~J1i •. 

The reaetio~ is probably represented by the following 

general e~ations, only o~e of tne three kinds of hydro~yla 

in the cellulose or starch being i~d1cate4, and ~ being a~y 

alkyl halide. 

c6a9o4-oH +.NaOH~=~c6a9o4-oBa +a2o (l). 

c6n9o4 -O!f.a +~ ) c6n9o4-o~ +tv~ (2)_ 

Book (.37). has sho~ that etherificatiOI\ by an alkyl 

halide or sulphate carried o~t in a homogeneo4» medi~ (1••• 

cellulose dissolved i:r; a ~aternary a.mmoniu,~ hydro]\ide). pro

duces ethers that are sol~ble in water altho~h s~ch ethers 

contain only 0.6 to 0.7 methyl or ethyl gro~ps. tQe 1ntro4~c

tion of 1.2 to 1.7 groQpl is U:SU:ally r+ecessary in order to 

produce a water sol4ble ether iD; the reg~lar heteroger+eo~s 

al1:.:al1 cell~lose process. Bock'.s ex..Plai+atio~ for this differ

ence is that a more even distribution of alkyl gro14pS alOI\i 

the macromolecqles is obtained wh,ei+ cell~lose is alkylate4 

in solutioi\• Pqrves az~d Ma,hon,ey (38). have confirzned this 



e~lanatio~ 1~ the case of an etnylated cellqlose. Si~ee 

this thesis is principally co~cer:qed with hornogezteo4S 

ethe~if1cat1o~, it is hardly necessary to consider tne addi

tio~l factors of 1mportaqce in heterogeneoqs processes. 

These factors, i~cll.\d.ii+g the tq.n,ction, of water and alkali 11+ 

s--;telli:qg the fibroqs oell4lose, are discqssed elsewhere (39).. 

(b). W-4&.~ 

A n~ber of possible side reactioqs can take place 

d-qring etheri:ficatioit ow111g to al,:atli:qe hydrolysis of the 

alkyl halide to ~ alcohol, an ether or a.q -qn.satqrated olefil\. 

Rl + .ttaOB -~>ROB + ~~ 

ROH + ~ + JaO!l > ~~0 + .Na~ + H20 

ft•CH2 •CR2X + 14aOH ) RCH=Cfla +aa.Jt +H2o 

en. 
w. 
(S). 

4t high alkali conoentration.s tne alcohol primarily pro

duced lld.ll re& et w1 th more alky 1 halide to .form the corres

POI+ding ether. ~ora1+d (401 has fo~d that the a.~o\iAt ot 

hydrolysis of beqzyl chloride to ~e corresponding alcohol 

and ether !~creased with !~crease 1~ temperat4re, rate of 

stirring and time; and decreased with 1:qcrease in the be:q.zyl 

chloride-caqstic sod• ratio. Also the hydrolysis increase~ 

at first ~ an increase 1:q the c•~stic soda con,ce:qtratio~ 

an4 reached a ma~im~ at abo~t 20 per cent alkali; it theq 

fell off rapidly. Smit~ et al (29} showed that when eqRAl 

vol'l.¥!les of allyl bromide aqd sodi~ hydro~de were miX.e~ an,4 
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stirred for three hoqrs at 80°, aboqt 2) per ce:qt o! allyl 

bromide was hydrolyzed with alkali co~ceqtratio~s qp to lO per 

cent; abotlt 9 per cent with 20 to JO per cer~t alkali; al.l,d o:qly 

abou,t 2.5 per cetlt wit:Q 40 to 50 per cent alkaU. Cor;seq.qent1y, 

the amo~~t of etherifying agent goin& to si4e reactions will be 

considerable, ~eaa all the above factors, particqlarly alkali 

concentration., -&re properly adju,sted. 

(c). ~~tJ8A ~· A!J<AJ,i,, J.r• ~M.fl'WA Jio)A~ 
fhe alkali probably reacts witl1 t~e hydroq gro~ps 11\ th,e 

polymolecqlar carbohydrate to form either a molecu.lar co~ple~ 

(eQilatiol\ 6), or a trl.le alcoholate (eqp,atiov, 7).. 

(6). 

(7). 

Most o! tbe evidence for a moleoqlar oomple~ for~atio~ 

comes from work on heteroge:qeou,s alkali cell~lose. For e~ple, 

nqmeroqs workers from aiff'erent kil1dS of evidel1ce {..41,). have 

sqggested that 1n alkali co~ceqtrations of 12 to 18 per cent, 

a comple~, (C6H10o5>.2 •1a0ll11s probably formed a~d i:q 20 to 40 

per cer+t alkali a!fother with the coJl1posit1oq , C6H1oOs•lllaOI{. 

X-ray data stro~gly s~pport a new crystal str~ct~re for cell~ 

lose, m~d compowtd formation, iQ alkali of abo~t 2l per cen' 

concentrat1oq. Also, !he fact that cell4lose for~s solqble 

comple~es with c-qpra.nm1on,i~ and with t.Qe a:q.alogoqs diamine 

compoQnds, lez:tds fu,rther sqpport to eqHa.tion 6. The rnajor1ty 
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ot i~vest1gators in this field prefer the molee~lar comple~ 

type of str~ct~re (eqp,atior+ 6), to the alcoholate (eqJ.latio:Dr 7). 

in the presence of water, since the latter contpo~d is reaclily 

hydrolyzed by water. 

On the other ha~d, a considerable ~o~t of evide4ce 

see~s to indicatethat cell~lose, li~e the simple alco~ola 

ana certain polyhydrie co~pow+ds, for~s a. tr~e alcoholate. 

Vario~s metallic alcoholates of cellqlose have beeq prepared. 

Scherer and Rl.\ssey (42). 1 for e~mple, obtai11ed a trisodi~ 

alcoholate by treating cottol1 with metallic sodi~ 1~ 11~14 

ammonia. The resulting prod4ct possessed the properties ot 

a normally prepared alkali cell4lose and forme~ an Jr;&f.\thate 

with carboq disulphide. They snowed that t~e hydroge~ evolve4 

from a de:finit e amo~I\t of sodiu,m reactitfg w1 th cell-qlose 

aorrespo~ded to the reactioQ of an alcohol with sodi~. 

ROB + 1&--~>RONe. + tH2 

Harris and P\lrves (43). also showed that thalloQs ethylate 

(a strong base 11H;e its sodiqm a~alog)., dissolved i~ ether or 

be[\Z8118 1 forms a~ insol1.1ble thalliq.m celll.\losate as .f'ollows:. 

(9). 

This reactio~ does qot proceed to completio~ as the large 

thallium atoms C&I\I\Ot e~ter the crystalline portion of t~e 

celll.\lose structu.re, so ~ oqly tne s-qrfa.ce hydro~yl groty>l 

are a.va.ilable for reactiot+. 



Fqrther 1~d1eat1o~s of the fo~atio~ of a4 alcoholate 

are obtained from the chemical reactions of alkali cellqlose. 

Alkall cellQlose reacts simil;;.rly to sodiqm ethylate, i.q that 

it fo~s a~ ~anthate with carbo4 disq1phide, ethers with 

alkyl halides, a~d esters with acidic ar~ydrides. 

Most likely the me~sm is a combl4ation of eqM.atiOI\ 

6 a.nd 7. Tha,t is, !U:l addition compoQ.qd is first for~ed, which 

loses water formin,g the alcoholate. 

This mechanism is possibly correct since the degree of etheri

fication depe~ds qpon, the factors likely to gove~ the above 

eqpilibri~, s~ch as, con,cen,tration, of alkal11 water, cellq

lose an,d-mperatqre. ~t is fo~d that on, in,creasing the 

sodi~ hydro~ide-water ratio and decre••ing tne water-cell\\ ... 

lose ratio, the degree of sqbstitqtion, is 1f.\creaae4. I,oran4 

(40~, for e~ple, has increased tne et~o~l oo~te4t of • 

commercial ethyl cellqlose by ir+creasing th:e con,ce.qtratiol\ 

of the sodiqm hydro~de at the end of the reaction, thqs 

forcing 1he eQtJ:ilibri~ to the right. 

In choosing an, etherifying agertt, m&I\Y factors rrrqst be 

cona:Wered; 5\..\Ch as its activity, lnolecU;lar size, sol~bility 

in alkali, andthe ~at\,\re of its alkyl radical, in order to 

obtaif\ a cell~lose ether witil certain req,~ired properties. 



For e~mple, a water-solqble or art a1Kal1-wolqble ether may 

be prepared by slightly etherifyi.Qg (0. S to 0. 7 grotlpll of 
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the alkali cellqlose with methyl or ethyl halides aqd not with 

long chain alkyl halidea. 

An alkyl iodide1s more reactive than, an alkyl bromide, 

or chloride, bqt, owi~g to its slow diff~sio~ rate, is largely 

converted i:qto by-prodqots, and so is rarely qsed as an ether1-

fy1qg agent. Ball (44). qpotes the relative reactivities of 

ethyl chloride and allyl bromide on the basis that normal 

butyl chloride is qnity as two a11d eighty, respectively. 

These ratios e~plain why ,e;;~llylatiol\ proceeds more easily th~ 

ethylation (45 ) .• 

The alkyl halides 4sed irl etherificntiol1 are geJ:!.erally 

Ol'\lY slightly sol~ble in, the aqp,eo~s hydro~ de. Tb,eir sol~bili

ties decrease with the size and kind of alkyl gro-qpa afld with 

the ca~stic concentratio~. Allyl bromide is less sol4ble 1~ 

a.<iAeeqs alkali tha.q methyl or ettiYl bromide ar~d the 1;q.abil1ty 

to obtail'\ fully allylated prod~cts (A.Sl may be co.Qneoted with 

this fact. 

Primarily alkyl groqps containing three or more carbon 

atoms, benzyl gro-qps and others, are hydrophobic it+ character. 

Conse~e.Qtly, when they reRct with the alkali cellqlose they 

form an increasingly }1ydrophob1c etherified. cell-qlose, which 

nat4rally hinders the access or fresh aQA90'll;l alkali to the 

reaction ZOI\8• Therefore, in order to get the same degree ot 

sqbsi tution, a.n ether contai11ir~g more hydrophobic radicals 
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mq.st q.Qdergo mq.ch more drastic reactiol\ con,d1t1on,s thar~ ar~ 

ether such as methyl COJ1taiflin,g less hydrophobic radicals. 

The more drastic the reaction: con,ditioQs, the more degrade4 

(l.ow viscosity). the prod~ct is likely to be. 

(e). Vll &t& ,9:t.ottAA AtJ~~~ ~t)M 
the rate of etherification iQcreases with an i:qcrease 

in the sodi~m hydro~ide:_water a:qd the etherifying ent:cell~-

lose ratios. Increase in, temperature or rate of stirriQg 

always increases the velocity of the reactioQ. A~ in,ert 

solvent, while ofteu improvi:qg the hornoger:;ity ot the reactiotl 

mi:x;ture, usqally lowers the ree.ctio~ speed (.40, 46l possibly 

by dilutingthe reactants. 

(2). P~ar&M.<m& AnP. hAA!iWe.& J;aL tY.As&n~t.liA A~ 

t.l~~ 
Tomecko and J\da~a {JJJ, iq 1923 prepared what tb,ey ealle4 

a ~mor~oallyl starch~ by mi~:qg starc}l, 10 per ee:qt aq;..;eo~s 

potassium hydro~de and allyl bro~ide. This prod~ct, whic~ 

contained 0.5 allyl groqps per glqcose ~~it,accordi:n,g to co~

bustio:n, aJlalysis, was a white amorphoqs powder ot low solt.tbility. 

The low sqbstit4tion, was probably coru1ecte4 with e~te:n,sive 

hydrolysis oftb.e allyl bromide iq tb,e presence of alkali so 

dilqte as 10 per cent. 

fhe Easter11 Regio11al Research ~boratory (29). recerftly 

prepared solqble c:,llyl ethers of starch ~ ~~q& alkylatiOZ\ 



of various starches with allyl chloride and 50 per ce~t 

aqpeo4s sodiqm hydro~ide. 4llyl bromide, the ;o per cen• 

alkali and acetone-sol4ble starch acetates were also ~se4. 

!heir ytelds were aro~d 90 to 98 per ce~t of theory i~ all 

cases and their prod40t1 from vario~s starches had an allyl 

content of 30.0 to 37.5 per cent, as estimated by the Wija 

method for doqble bo~ds. These percet:+tages correspo~4 to 

1.7 to 2.4 allyl grOl.\PS per gl~cose unit. 

Allyl starch prepared by their method was a soft, g_Qli:!JJ4Y, 

b~t not tacky, s~bstance. It was sol~ble 1~ most orga~c 

solvents b4t not 111 aliphatic hydrocarbon,s. Boll.\tioqs ot 

allyl starch in aceton,e, alcohol, an,d ot~er solven,ts were 

stable and even ir~ 30 per c~' con,ce11tration had a low vis

cosity. Fil-s of allyl st~1rch, o:q e~pos4re to the air, 

gradually polymerized and became in,sol4ble, the procesa beiqg 

13 to 73 per ce~t co~plete after a week, This process of 

1nsol-qbilizatio~ was catalyzed by heat, chemical agents 

such as cobalt naphthe~ate, i~rared aqd ~ltra-violet radia

tio~. The a~thors list several possible ind~strial applica,

tions oftibese allyl st&rches, in,cl4di~g lac~era, var~isqea, 

adhesives, and plastics. 

The .first member of this series, vin,yl cellqlose, ·~• 
w 

recently isolated a.Qd stqdied by Favorski~ aqd collabora,tors, 

(A?, 48).. Cotto:q liqters was heated iq the preseqce of alkali 
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with acetylen,e ~der pressqre &l+d 1~ aq au,toclave at 1200 to 

1500 for foqr to forty-eight hou,~:s. The resqlti!lg prod~ct 

had a carbon co~tent of 49.1 to 58.3 per eeqt, and a hydroge~ 

conteQt of 6.2 to 6.6 per ceqt, correspon,diqg to the for~•

tioQ of divil1Yl al.\d .:>ome trivi~yl ether of cellqlose. ThiJ 

prod~ct was partly sol~ble in dio~aQe, ethyl acetate, glycol 

chlorohydrin, a:q,d, dichloroethylen,e, also ir; Schweitaer'.s 

reagent. Altho~gh this n,ew method of obtai11irtg vinyl cell~

lose ethers is interestiqg, the mi~tqre of ~n,reacted cellq

lose, moqovinyl, divinyl tmd trivin,yl ether prodqced is still 

of restricted valu,e becaqse it is on,ly partly sol~ble. 

(11). AU:Q. ~Gt).l aJ.o.u 
A completely insol~ble an,d possibly impqre allyl cell~

lose was prepared by Tomec~o and !dams l24l in, 1923 ~y treat

ing cellqlose reprecipitated from cqprammon,i~ hydro~d,e 

solutio~ with allyl bromide an,d potassi41» hydro:~;ide. Co~

bustiOil: analysis gave a carbon conter+t of 45.15 per ctar+t aqd 

a hydroge~ content of 6.44 per cent val~es which proved the 

prod-qct was mainly cellqlose. 

In 1929 Bakqra.da (49). obtaiQed a Sl+Ow-w!+1 te mi~tqre of 

d1allyl and tr1allyl ethers of cell~lose i;q oqe operatio~ b7 

suspending shredded cotton paper in, 40 to 50 per ce.Qt sod1~ 

hydro~de and sqbjecti~g the resulting alkali cellqlose to the 

action of allyl bromide. This etherification, proceeded rela

tively easily. Combqst1on and halogen adsorption, analyses 

agreed, showing that the do~ble bo11ds had ren1ain,ed intact. 



4 tetrabro=14e correspo~di~g to that fro• a diallyl et~er 

also was obtained. 
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All allyl cellqlose ethers prepared b.r S~ada were o~l7 

partly sol~ble 1~ ethyl alcohol, be~ae~e aqd carbo~ tetra• 

chloride, possibly beca~se of the heterog~eoq.s maq~er 1Jt whioh 

the etheriticatio~ was carried oq.t. 4ltho~h tqe p~r1fied ether 

was stable to hea,, its low solqbility appeared to re~tder 1' ~
desirable tor present pqrposes. Moreover, 1ts alcohol sol~ble 

traction most probably had a low degree of polymer1s•t1o~ 

I;n l94l Haller ~d Beoken4oril (SO). were able to facilitate 

further s~bstitq.tion by allylating alkali oellqlose 1q the 

presence or ~le~e, which e~erts a swelling effect on the 

partly sq.bstit~ted ether. 

BeTeral patel\t.S were taken Ol.lt by Drey!l.ls in 1931 (Sl). oq 

the prodqctio!'l of allyl eellqloses. Seymo\,\r (S2). claimed to 

have prepared ~at~rated cellq.lose ethers, i~cl~diQ& allyl 

cellqloae, more or less solqble 1~ tolqe~e, ~le!'le, be!'lSe!'le, 

acetoQe, ether or alcohol, a~d readily sol~ble 1n alcohol

benzene. These prod~cts on e~osqre to qltra-violet l1iht be

came i~solqble 1Q all co~o~ organic solve~ts. Other paten.ta, 

a few of which are qp,oted here ~53 1 541 SS)., cla,imed improve

ment i!'l the dyeing properties ot cellqlose materials by convert• 

in& them completely, or partially, into allyl cellqlose, However, 

i!'l most patenta details or the preparations are missin& or Ya&~•· 

Preparatioqs of crotoqyl cell~lose a~d other higher 
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un,sat4rated ethera were pateqted by the British Cela.nese 

~i~ited (561. Etherification was effected in the prese~ce 

of a base, either in, all aq.4eous rnedil.¥11 or in az:t organic 

solvent, such as ben,zene an,d tolu,en,e. These ethera coqld be 

made into films that were easily polym.er1ze4 to 1,nsolqble 

prodqcts on e:x;posure to light or heat. Haloger~atio)\ yielcte4 

prodl~cts of redu,ced in,flau~I:.rtabili ty. Dykstra ts7). also 

rendered crotonyl cellu,lose filll!S insolu,ble by 4J.tra-v1ole' 

light and driers, su,ch as cobalt oleate tcf. allyl starch 

p. 24).. 

Other ~satu,rated mix;ed ethers,su,ch as chlorobu,tenyl or 

ethyl chlorobu,tenyl cellu,lose and ben,zyl cinna~yl ce1lqlose, 

were described in p~ter+ts by Ellsworth, (58). an,d others. 

A Hritish patent (59). cle.ime4 to hc1.ve produ,ced a halo

genated ~satu,rated cellt~lose ether by er{:ployir;g 14ch etheri

fying agents aa l-3 dibromo-2-bu,ten,e and 1-2-l trichloro

prope~e. tnese halogeqated ethers of cell4lose had a low 

inflamr.Jability. 

Very recently1 Ushakov (60). prepared a mi~ed ether, 

ethyl allyl cell4lose, by heati~g alkali cellqlose with • 

mi~tqre of ethyl chloride a~d allyl bromide iq an aqtoclave. 

This produ,ct is stated to have ~copolymerized with sqlph~ 

dio~ide~, bqt e~act details of the properties of t~e prod~ot 

tire not yet available. 
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4 great r+wnber of Cft.\Sllti tatl ve methods Call, be fol;fA<i tq, 

the literature for determi~ing the qq1atqratlo~ of orga~io 

comp01.,Ulds. the easiest a.qd perhapl best methods irwolve 

the qse of halogen or iodil\e mon,ohalides. Of the three 

halogens, bromil:le is the most 4Befql, Si!foe chlori.Qe 1 bei~ 

very reactive, is likely to uqdergo sqbstitqtio~ as well as 

additio.q reactlo.qs; an,d iodine, being very i.qactive, adds to 

very few ethylen,ie li:Qk;agel. Bqckwater an,d Wagf.\er (61), sqb

divided ha~oge.qation methods into t}+ree main, types base(\ 

~pon the natqre of the agent an,d the medi~; t~ey are aa 

follows a. 

(a). Iodin,e-halide method, sqch as thoseof !li.\bl1 W13_a 

and Hanqs, co.qdqcted in ~o~~~eoqs solven,ta ~62,6),64). 

(b). Bromir+e.tion, in no:q-a~oqs solven,t, especially 

CH:trbon tetrachloride (61., 70). 

(cl Bro~ide-bromate method eon,dqcted ~ the presen.ce 

of water (65, 66). a.n,d catalysts (67).. 

The Habl, W1 j s a}1d Han;qs methods probably 4se the 

least severe halogen.ati~ age~ta, especially the iodine 

halides, and so are qse~ in. analysis of fats, oils a~ ~

sat~rated hydroearbon,s where the possibility of sqbst11;qt10il.f 

as well as additio!l, to the do\,\ble botld is likely to take 
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place. The second method of bromi~atio~ in ~o~-a~eoqa 

solvents (611 64). is U:Sef~l, si.qce tite e)\tel)t of .!in.~beti:tJ\ltiOJl 

can be meas~red by titrating the hydrogeq bromide forme« 

during the reactio~, as well as the do~ble bonds, These two 

methods are relatively slow aqd great care hal to be t~eq 

to make sure all reagents are .free of water. 

The bromide-bromate tnethod can be co~d~cted iq the 

presence or water and is relatively ~ic~. However, if s~b

stitlttio:n is possible, as :iq tqe case of q~satq,rated .fats, 

oils and hydrocarbons, great care mqst be taken not to have 

a large e:x;cess of bromine present. I,ew11 and Bradstreet 

(66). titrated 411sat4rated aliphatic hydrocarbo~s with • 

bromide ... bromate solqtion in such a way as to red;qce possible 

substitqtio~ to almost zero. 

Caldwell a~d Pointkowaki (68} showed that H~qs~s ~etho~ 

on ~nsail,\rated oo~po~ds, sqc.ll as allyl alcohol &Jld ciruuu~1c 

acid, gave low or 1n,defi~ite res~lta. However, Cortese (69). 

pointed out that the bromide-bromate method of Francil (6'). 

gave practically complete halogenation of allyl bromide aq4 

allyl alcohol (resqlts- 0.97 and0.96 double bonds, respective

ly).. Also, in a very fine paper, Fro&nie.r and Goetse$ove:n 

(70}. determined the e~te:Qt of ~satqratioq if.!: r!fallY l.\f\Sat~rate4 

co~po4:nda, s4ch as vinylacetic-nitrile, ethyl ViJ:lylacetate 

and crotonic acid, by the bromide·bromate methoct,, and cla11aie4 

the method accurate and reprodqoible to abm~t 0.2 per cei~t. 

They showed that th,e reaction was cox1,siderably faster 1!l ~ 
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ionizing mediqm, sqeh as water atld acetic acid, t}+an, ill !4-0ll ... 

ionizin:c, med1•, sqch as carbon, tetrachloride a.r~d chlorofor:~~. 

For e~mple, in, a !lO!l-ion,izir+g mediqlll (carbon, tetrachloride). 

crotonic acid was 6 per cen,t bromin,ated in, twen,ty hoqrs, 

while 111 an ionizing med1~ (carbol1 tetri\chloride ar.;d ••ter). 

its bromination, was colJ1plete in, .five min,4tes. They provect 

that temperatl.\r• chan,ges from 0° to 30° had very little effect 

on the amo~n,t of bro~ine absorbed 111 the case of croton,ic 

nitrile. Finally, they foqnd that light in,creased tbe rate 

of brom,ir.tatiOll• 

A. consider•ble amo~n,t of i11form,ation, is available oq tne 

pro~imity of negative groQps retardin,g the additio~ of brom,iqe, 

on the diffiol.\lty of halogen,ating coi)Jqgated systeDlS ai+d so 

forth, bqt in, simple ethylen,ic compoqnds where sqbstitqtiOll 

is q:qlikely, the bromide-bromate metho4 shol..\ld give goo~ 

res4lts. To -qn,derstan.d fl.llly any possible weaknesses of the 

method, a brief discqsaion of tqe mechtiU':\iS!ll of addition. of 

halogens to ethylen,ic doqble bon,ds is desirable. 

According to lngold(7l)., Frogn.ier ar~d Goetsen.hoven (70}. 

and others (72)., bromiqet.s positive ioq first adda to the 

doqble bond formin.g the positive carboq1\4tll ion. as .followsr. 

Bi 

(l2). 

wow in, the presence of water, either a negative bro~i~e 

io!l or a hydrovl ion co~d adct:_ 



(l4l 

a dibromid• 

+ --CH2 - CH-CH2Br +OR-~> -ca2 -~H-CH2Br (lS). 

aa 
a brOll!ohydrif\ 

!he amou~t of bromohydrin. (e~atio~ 151 formed ea~ be 

reduced by carrying o4t the reaction in, a large e~cess of 

potassiwn bromide or a11 acid (70)., whic}+ wo-qld n.ot oi+lr repre11 

the eqp1libr1~ reactioJl, (e~ation ~,l, bU:t also red4ce the 

activity or the bromine (eQAe.tion, ll). However, th,e relat1'fe 

brominatin,g activities of BOBr, Br ar+d Br are givef!. as 0.12, 

80, and 1101 000, respectively (73). an.d .so the forn:~a.tioll of 

the bro~ohydrin. shoqld be slight. Even. if the bromohydr1~ 

does form, it will n.ot in.terfere with the est1matioi1 o! doqble 

bonds, since the bromide from the hypobromo~s acid will be 

immobilized as hydrobromic ac14. 

SakU:rada (A9). and the Eaatern. Regio11al ]4aborator1el (.29). 

u.sed Wij s '.s method for determiqing the degree of 4I\Sat~rat1QJ\ 

of allyl cell4loses a11d allyl starches, respectively. 
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Sakqrada showed that hydrocel1~1ose treated with W1js solq

tioq for forty-eight ho~rs absorbe4 n,o halogeqa. The allyl 

cell~loses he obta1~e4 were Qot sol~ble iQ tne carbon tetra

chloride.a~d W1js sol~t1on,, b4t were swollen en,o~gh so that 

he waa able to obtain satisfactory iodir~e D,'4Jilbers. 
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Bofer a:Qd ]4qa.ry (7/J., of the ~PLosives Resea.rch 

~aboratories at Br~ceton, Peqrisylva~1a, tried to elimi~ate 

nitroglyceri~e diff4sio~ thro4gh coetiqgs applied to do~ble 

base propellaQt s4rfaces by electroplatiqg with copper or 

silver. The ~etal coati~&IS were completely iJ;Ipervioqs to 

nitroglyceri.qe, b~t owir~g to the large difference ir.t. ten;

perature coefficier.t.ts of eJ~JHif.t.Siort betweef'.\ the plated metal, 

and the powder grai:n, the two WOJ..lld :qot adhere S4ffic:Le:ntly 

tightly to the cordite. Siqce this type of coatiqg was qq

success!"ql, they qe~t iqvestigated e~tr4de4 cellqlose tt.lbi;qg 

as a possible nitroglycerine barrier. 

This very dense fle~ble viscose cell4lose sheath ••• 

plasticized with glycerine, which is completely i:qsol-qble ill 

nitroglycerine, contained a preservative to preveqt bacterial 

decay, bqd some otner additants. After irr~ersion in nitro

glycerine for si~teen days, the sheath was not pu,lpe4, ant\ 

1 ts fle:r;ibili ty and thickrtess remained constant. However, 

7.8 per cent of the sheath was solqble iq tne r~it roglycerine1 

altho1.!,gh no apparent chan,ge ill, its appeara!lce was observe4. 

Work carried oqt in the Dt\pof.lt laboratories (74). showed tha' 

no commot+ s~bstance other tha:Q water, together with aq.t:4eo~8 

solutions and very finely divided s~spensio~s passed thr04i~ 

this sheath ever~ U,I\der drastic coqditio~s. It was po1nte4 

ou,t that the glycerine ir+ the (;ores of the sQ.eath woql<l 

possibly- be removed after s-qfficiently P~_?loqged warming al\4 



thereby caqse a slight diffusioQ of tqe highly viseo~ 

nitroglyceri~e. They sqggested that if deairable a~ 1~

creaae in the density aq.d thic,<ness of the sheath wol.\l4 

improve its val~e as a nitroglyceriqe barrier. The re

mainder or their report dealt with methods of coatiQg the 

cordite se graiqs with the cell~lose sheaths. fhis mech

anical problem was ~ot completely solved. 

l4 

In this i:r:rtroc:tu,ction,, a11 attempt has been made to pro ... 

dqce as complete a pictqre as possible of the relevant ill• 

formation concerning starch, cell~lose and q.qsatqrateQ 

derivatives of simple and polymolec~lar carbohydra.tes. ~t 

is obvious from this discqssion that t~e etherification, of 

polymolec~la.r carbohydrates to completely soll..lble deriva

tives with a reasonable degree of pol~erizatio~ is still, 

to a large e~tent, aq art lear~ed o.qly by e~perience. The 

praparatio~ of proquete with the properties desired ea~ o~ly 

be based 4pon a detailed familiarity with all the reactio~ 

variables. 



4 commercially available cornstarch was used for the 

preparations, it:l, all of which the method of allylatio~ 

recently published by the Eastern Regio~al ~~boratory (29} 

was used. Starch acetate (10 g. air dry basis} was dis

solved or highly swolle~ in a s~ffici~t ~o~t G25 - 225 co.l 
of a s~itable solver~t (dioui~e or acetoJ4el and mi~ed in a 

flask with 50 per cent sodi~ hydro~ide t2S g.} a~d allyl 

bromide (JO cc.l. This flask was attached thro~gh a gro~ 

glass joint to a condenser and the contents were agitated for 

three aqd one half ho~rs at the refl~~ temperat~re of allyl 

bromide by a stirrer placed down the centre of the inner 

t~be of the condenser. The organic solvent was o~tted when 

sta.rch itself was usecl1 the starch merely being S411Pende4 

in 1he caustic soda. The e~cess alkali in the reactiol'l mi~

t~re was neutralized w1 th ' per cent acetic acid ;:~nd a!4Y 

unreacted allyl bromide and by-prodqets, s~ch as allyl alcohol 

and allyl ether, were removed by steam distillatio~. !he 

allyl starches isolated when insol-qble were thoro~hly washecl 

with water, whe~ soluble were dissolved in a suitable solvent 

and reprecipitated. they were dried in air. 

!able I~ sun1marizes the conditions for a few typical 
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e:x;periments. The properties of these allyl ethers (!~ble J;l). 

are discqssed later. Prodqct (a). was prepare4 by direct 

allylatio.q of the starch, while prodqct (b). was made by 

first degrading the starch in ethyl alcohol containing o.s 
per cent hydrochloric acid (75). and t}le:q allylatir~g. The 

ne:x;t three starch ethers (cl, (d} a:qd (e) were made by firs• 

preparing the acetate, by 14~lle.q a11d Pacsq'.s pyridi!.!e-acetio 

anhydride metho4 (76} fro~ the ~degraded starch, and fro~ 

starches that had been slightly degraded by boili:qg with 

5 per cent a~eoU;s acetic acid for half an hoqr and three 

hours respectivelY'• fhe last two acetates (.f) and (&). were 

prepared by carrying o~t the acetylation in the presence ot 

0.1 per cent (77). a:qd ;.o per cent (78l conce.qtrate4 SU;l

ph~ric acid, respectively, which is a degrading catalyst. 

rnese acetates were completely solqble in the acetone solve~t 

while (d). and (e). were only partially soltlble. 4llylatiozt, 

was carried o-q.t in the qsqal mar-1ner (.29)., the acetyl groq.pl 

bei~g simultaneo4sly hydrolyzed by the 50 per cen,t alkali. 



- WelCh" 
·~-.... -- ~c•aterial u. (gnu) 

(a) C:Omstarch S &• 

(11) Der,ra4ed ..... 
•'tanh 2.' g. 

(•) aac.~ ataroa 
awtate lG •· 

(4) Sl!pt:q depUeA 
staroh anta.te 

10 •· 
(e) loaenat. degra44Ml 

at.arch u•t.ate · 
:IQ a-

(f) hcraded atarola 
acetate lG I• 

(&) fer.r degradelt 
st.arcb acetate 
10 •• 

lfJJU n 
!!fer:laatal Ccmditlau tor .!ll{lat.ion ot Sila:nlll 

rr.treataeu~ ......... .u:q-1 Sol.'ftlat th&ctioa 
of Braide T1ae Appearanee 

S1;areh. (\r wlp\) {cc .. ) (cc.) 
(hov.ra) 

l'i8D8 50 g. or~ 12 - l a1i te amorphou powder 

BoU t bl". wltlt u .. ' •. of" 20J 17 - ' lbi te ad &8JIIIII" 
hOlf 1: ... ICl .... 25 g. o£,...,. 40 100 14 Yell.o1r bro•, aott aD4 

dioaae lJ1IDII' 

Boil. i ar.w1 t.h 2Sg.or50J· 30 22, '* st. ... wni te ma nU;y 
~ ..... ace ton• 

loll) hrs. 25 g .. of,_ 30 100 'i Yello ...... broa powd:er 
wit.h 5% EI)Ac acetone 

aou 25g .. ot,_ 30 as Ji Ylhi te 8l2d fiJ.B7 
acetone 

ll<llle 25 g .. ot SOS lO 2S Ji Upt brown, gt'&II1Q' ai 
acetou sticq 

10!&1 the air dried. COJBereial 8t&rch had a •oieture content or 
U.Ol (approxiaateq). 

\it 
...:t 
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!he methyl cellqlose was a high ~rade commercial material 

prepared by a heteroge~eoqs reactio~ from alkali cellqlose. 

the batches ~sed in this research had the characteristics 

listed in !alitile IU. 

I,ot 
Nqmber 

114-261 
~-0 

~-26? 

'~~-tll 

9!!±:!2~!£!!!!2!-9!_!fihl~-~!l:J:g!2!tS!! 

Viscosity 1~ 
2~ aqJ.teoql 

,4ppro~ate 

··~ __ tfe1illoul.Couaat ... -
laOHat 20° 

Moistqre 
ConteQt ~ 

Coi+t•I+• • Qrou.P• per 
Plqcoae t1~11J 

2S cpa. 7.9 - ),2.64 0.70 

21 cps. 7.0 0.18 l,O.l.J o.;, 
34 cpa. 9.6 0 •. 19 10.74 o.,,, 

The allyl bromide was freshly redistilled 'be.rore q.se ... 

b.p. 70.8° to 71.)0 • It was obtai~ed from Eastman Kodak or 

prepared from allyl alcohol (79).. 

The commercial dio~l+e was p~rified by acid hydrolysil 

from ally glycol acetal impurities, was neqtra.lized with 

potassi~ hydro~de, dried ar1d heated under refl~ over so~i~ 

(a). !hese meth.yl celll..lloses (llethocel). were Kindly g11'el\ 
qs by Dr. s. H. Bass of the Dow Chemical Compaqy. 
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to remove pero:.x;ides (80}.. It was later fo~cl tnat high grade 

conunercial dio~a:r.,e (containing a truce of pero:JP,des). appeare4 

to have no detrlmental effects on the rea.ctio14 (See P. 82).. 

The commercial glacial acetic acid was pqrified by 

boiling ~nder refl~ with a small amoqnt of chromiu,m trio~cle 

for three hoqrs and then by distilling {81).. 

llethylcellqlose (J.2.5 g. air dry basis). was completely 

dissolved i:q a 10 per cent (by weight). aqP..eous solu,tion of 

C.P. sodi~ hydro:.x;ide (187.5 g.). by stirriqg or shaKing for • 

few hours. The res~ting frothy solu,tio~ was ~i~ed with a. 

large e:x;cess of allyl bromide {37 .s cc.). ir~ a three-11ecke~ 

one 11 tre flas~. The flask was ther+ conn.ected throqgh gro~d 

glass joints to a coQdenser, a mercu,ry seal stirrer and a 

ther",nometer, and was heated Or:l. a water bath to 65° with gelltle 

agi tatiott. 4ft er fiftee:q mir:tu,tes to half an ho~, the mai)\ 

reaction started and frothi:qg occu,rred so that the original 

volt+me of the mixtu,re was more than dm.+bled. 4t this stage 

in the reactioi+, it was advisable to remove the water batn 

and to stir vigoro~sly qntil the frothing st<:;.rted to sqbside. 

4 white, spon.gy, fibrous precipitate was formed when the stir

ring was not very vigorou~, or a white powdery, partly fibroqs 

produ,ct if the stirring was vigorous at the time when methyl 



allyl cell~lose was separati:qg. If the allyl bromide waa 

added slowly tro:m a dropping fqnnel w1 th r~ormal agi tatiol\, 

a powdery prod~ct was always formed. !he heterogeneo~s ~1~

ture was heated at the reflq~ temperatJ..lre of allyl bromide 

with efficient atirri:Qg for abo~t ar~other ho\,\r (total reac

tion time two ho4rs). and cooled to room temperatq.re. 

(b). Pqrificatio:q _ ..................... .......... 

The powder or the disiqtegrated !ibroqs rnass was re

covered by filtratio:q a~d washed with hot water ~qtil free 

of al.kali, or was first neu,tralized with S per cent e.q,Aeoqa 

acetic acid then filtered and washed free of the res"l..lltil".l& 

sodi~ acetate with hot water. 4 rapid steam distill~tio

then removed e~cesa allyl bromide and the by-prod4cts, allyl 

alcohol and allyl ether. The steam distillatio~t was contiqqe4 

until the distillt;te gave no dot.lble borld test with very dil~ 

bromine water (O.Ol 1}. Fiqally, the prod4ct was filtered, 

washed with hot distilled water and dried in air or over 

calcium chloride in vacuo at room te~perat"l..lre. . ---~~~~-

the dried methyl allyl cellu,lose was redissolved iit90 per cent 

aq.ueous acetic acid (2.5 per cent solu.tion by weight). by 

shaking for several hot.lrs. !he resqlti~g viseo~• aol4tio~ 

was filtered several times thro4gh Whatmaq lo. l filter paper, 

usiqg a Bqchqer tqqqel, and reprecipitated i~to rapidly 



stirred. hot distilled water (ratio of 011e part o£ solqtio .. 

to fifteen parts of waterl. the reprecipitated, snow white, 

fl~!fy, fibrou,s prod~ct was recovered, washed with hot dis

tilled water un,til free of acid and dried over calci~ 

chloride !!.!-!!£li2 at room temperatqre to a con.stant weight. 

the hard lt\IDPY prodqct soi::etil.llel obtain,e4 coqld easily be 

pqlverized in a mortar. 

Method B ................... 
£i!ll!!!l!-l!Yr!t!S!l!2~t-!!~b.21 

This method was used ir+ place of Method 4 for CI'4de, 

originally powdery prodqcta that formed hard plastic lqmps 

on drying i'rom water, a.q.d so coqld qot be easily pqlverize(\. 

The method also was necessary when+ har+dling prodqcts of 

allylation lower than+ aboqt 0. 7 allyl grou,ps per glucose 

unit since these derivatives were partly soluble 1:n water 

and frothed vigorou,sly dqring the steam distillatioq. 

After the two ho~rs '· allylatioq,, e~cess al',;.al1 in the 

reaction mi~ture was peqtralized with S per cent aQ,Ae04S 

acid and the suspensio~ was heated to 90 - 9S0 on a water 

bath in order to coag~late the fine precipitate of methyl 

allyl cellulose. This operation was done ~nder a hood and 

the operator wore a gas mas~. The precipitate was theq 

iwnediately recovered by filtration on a steam-jacketed 

Buchner fqnnel, washed free of solqble salts with hot 4is

tilled water and as mqcll water re·moved as possible by sqctio~. 



~ow the fine powdery precipitate was added to stock benzene 

(200 cc.)., shaken and the benzene removed by distillatio:Q OJ\. 

a water bath. This process was repeated addiqg more benzene 

:from time to time t~ntil the distillate attained the boilir11 

point of the stock benzene. Sodi~-dried he.nzer+e (200 cc.). 

was then added, the mix;tu,re heated un,der refl~~ :for half ~ 

hour and the benzer+e again removed by distillation. The 

operatio:Q was repeated until the distillate came over at the 

boiling point of p~re benzene (80.2°}. The prod~ct was drie4 

several days in a vac4~ desiccator contain,ir~g phospho~ 

pento~de and paraffi:Q wa:x; 4nder a vacu,u,m of 2S nun. pressu,re, 

until it was free of benzene. The resultir+g prod4ct evetl 

if in lqmps was now easily broken u,p into a fi1~e powder. 

Yield £or prod~ct contai~1~g 0.80 to 1.00 allyl gro~pa 

per gl~cose unit varied £ro~ 88 to 95 per cent (12.32 to 

13 .. 16 g.). of theory. I,ower allylated prodqcts were recovere~ 

in lower yields beca~se a portion was soluble in cold water 

and was lost. 

{1). A,nal. Calcd. for cellqlose with 0.79 allozyl 0.70 

metho~yl groqps per glqcoseqnit:. (Srom ~-261). 

allyl, 15.94.; C, 53.5; H, 7.16. FoW+d:. allyl, 16.00 

(average}; c, 53.1, 53.JJ B, 7.54, 7.4'• 

(2). 4nal. Calcd.. for cellqlose with 0.95 allozyl and O.S9 

rnethozyl groqps per g1qcose unit:. (from M~-267). 

allyl- 18. 71. Fo~dl. allyl, 18. 71, 18. 72. 



~w 14bstitqted methyl allyl cellqlose was a white, fibro~a, 

flaky prod~ct or a powder, which, i~ the air dry co~ditio~, 

had a moistqre content of about 2.9 per c•~t, a~d a~ ash eo~-

te~t of 0,4 per ce~t. I~ the bone dry conditio~ it waa 

hygroscopic. Only a very small portio:q. was sol~ble or highly 

swolle~ by cold water, and heating the solqtion or gel ca~se4 

coagt:;lation. Very few solve:q.ta, or mi~tqres of solveq.ts, 

dissolved all of the material, 4 list of its range of solqbi

lities in various solvents is given 1~ !able I;V. 

Solven~ 

Aoetio acid (glacial) 
Acetone 
Benzene 
Carbon tetrachloride 
Chlorofom 
Dietbyl ether 
DioDne 
ltb;rl alcohol 
Etb.Tl &ceta.te 
Met.by'lene chlorUe 
Methyl al.oohol 
llorphollll• 
Pyrldia.e 
1~ Sodium ey-drox14e 
Acetic aoidtwater (9tl) 

(a)Acetic acidtchloro£ora (ltl) 
(a)Aoetio ao14tmethyleae chloride(ltl) 

Jlethanoltohlorotorm (4•1) 
Jlethanolaaee~leae chloride (111) 
Methan.oltdio:xane Utl) 

(b)Methaaoltcarbon tetrachloride (lal) 
Dioxaneaethano1 (ltl) 
Dioxaneurater (4tl) 

Partly soluble 1: high.ly nolle 
Inaoluble 
SWOllen and traneparent 
BligbtJ¥ nollen 
iwollea 
Inaoluble 
Highly' swollen tranapa.ren t gel 
In10luble 
Insoluble 
Bllghtl;r •• u. 
a.u. 
Soluble 
Higbq noll• 
Insolubl.e 
Soluble 
Almost completely soluble 
.Almost eompletel¥ soluble 
Pal'"tlJ" aolu ble • swolle 
Almost comple~ soluble 
Almost completell' soluble 
:Par~ soluble & highly awolleb 
:Partly soluble • highly nollea 
Part,q' soluble and bighlyawollea 



(a). 4 trace of water or metnanol iq these solve~t mi~t~ree 
assiste solvatio~. 

(bl ••tnrleQe chloride, be~zene or acetic acid ea~ be qae4 
in pace of carbon· tetrachloride. 

E~cellent, clear, tra~sparen.t, odoqrleas films were 

made by dissolving this allyl ether in 8S to 90 per cent 

&q,A&041 acetic acid and ther+ removiQg the solver+t by evapor•

tion. The physical properties of these fil~s will be dis

cussed in Part IV {See P. 9.3 ).. 

On standing in. a bakelite stoppered bottle for a year, 

the methyl allyl cellqlose did not dissolve in a 90 per cent 

&Q14eo-qa acetic acid solqtioll• Swelling ar~d gel formation C\141 

however, occqr. 

Methylcell~ose (12.5 g. air dry basis} was dissolveQ 1~ 

a 10 per cen.t (by weight). a~eous solutior~ of C.,P. sodil.llt 

hydroxide ('00 g.} by shakin6 for aboqt fifteen hours. !he 

resqlting clear solqtion was placed in a three-qecKed Olle

litre flask to which a refl4:x; condei+ser, a mercury seal stirrer, 

and a 0-t~be were attached through ground glass joi~ts. fhe 
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U-tqbe, in t~rn, was joined through groqqd glass to two 

dropping f~els containing 50 per ceQt (by weight). aq;q.eo~s 

soll.ltion of C.P. sodiu,m hydro:x;ide (300 g.). and allyl brottide 

(75 cc.).. !he flask was heated on a water bath to abou' 

700, and fha\ the allyl bromide and the 50 per cent sodi~ 

hydro:x;ide were added, at i':ippro~ma.te rates of 50 gr~a JU14 

7.5 cc., respectively, every ten minqtea. In a very short 

time the clear solqtion became rnilky, and then wi thill halt 

an h04r precipitatio~ oocqrred, accompanied qs4ally by 

vicoroqs foaming of the sol4tio14• .Now dio:r;a.n,e (.250 cc.). 

was slowly added throu,gh the conde:qaer. the dio:x;ane redqce« 

the foaming and dissolved the precipitated cellqlose deriva-
almost 

tive, thereby enabli:qg the a.llylatlon to continl.le in a-~hOJII.O-

geneous solutioq. the 50 per cent sodhpn hydro:x;ide was tnen 
added at a11 increased rate of aboqt one-~arter of its total 

volqme every ter~ minqtes. 1\..fter all the chemicals were 

added, the resulting thiclt jelly was heated, at the refl~ 

temperature of allyl bromide, with efficient stirring for 

another hottr (total reaction time two hoqrs). and the:q cooled 

to about 300. 

The final, milky white and p., rtly transparent jelly w-.s 

added slowly, 1~ a fine stream, to rapidly stirred d1still~4 

water (abol.lt 15 1.). containing eno~gh acetic acid to ne-qtral1ze 

the e:x;ces• alkali. fhe fine, white, fibro4s precipitate was 

filtered, washed and trit4rated with distilled water to re

move soluble salts. Then the prod4ct was steam-distilled ~til 



the distillate gave r+o do'Q.ble boqd test with a very dilQte 

bromine water (0.01 N).. This distillation removed eJt;cess 

allyl bromide, and any by-products such as allyl alcohol 

and allyl ether formed dnring the reactioll• Fir~ally, the 

fibroQs prod~ct was filtered, washed with distilled water, 

and dried over ca.lci4II1 chloride !S-!!£1!2 Et room tempera

ture. !he yield of the cr~de prod~ct varied fro~ 95 to 

98 per cent of the theoretical. 

!he dried prod'Q.ct was redissolved i~ p4rified acetic 

acid (2. S per cent sol'Q.tion by weight)., filtered fl rst 

thro~gh linen and then seYeral times thro4gh o~e to five 

layers of Whatman .Mo. l, filter p~per, .s<nd reprecipitate4 

into rapidly stirred distilled water (ratio of one part ot 

sol~tion to fifteen parts of water~. The reprecipitated, 

finely divided, fibro-qs mass was agair~ filtere4, tritU;rate4, 

and washed with distilled water ~til free of acid. Then it 

was dried over calciwn chloride ai+d finally over phosphor~• 

pentoxide in vacuo at room temperature to a constant weight. 
' ............ -. .... 

The overall yield varied from 90 to 96 per ceqt (1:;.7 

to 14.6 g.) of the theoretical. 

·Anal. Calcd. for cellU;lose with 1.47 allozyl and O.S9 meth

ozyl groqps per glqcose ~it:. (fro~ MX-267). 

allyl, 26.33; C, 57.6; H, 7.S. Fo~d:. allyl,, 26.)61 

26.31; c, 57.2, 57.1; ~' 7.65, 7.68. 
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Methyl allyl cellulose (from M:Jt-261, 5 g.}. C0!1tair+in& 

16.64 per cent allyl (o.a.; allyl grou,ps per glu,cose unit). 

was partially dissolved and partially highly swollell whell 

shaken mech,~.:n,ically for forty-eight hours with lOO cc. ot 

85 per cent (by volume}, aqpeo~s stock d1o)\8.ne. The e~cess 

dio~ane was pressed oqt and the resulti:Q.g very highly swoll•ll 

gel was mi1;ed ill a flask with 45 per cent (by weight). aqpeoqa 

hydro:x;ide solutioQ (55 g.). and allyl broD+ide (20 cc.).. The 

flask was attached throqgh ground glass joints to a conde~ser 

and the contents were agitated by a stirrer placed down the 

centre of the i~er t~be of the conder+aer. After heati!l& 

on a water bath at 75 - 80° for or+e and OI\e half ho~rs, • 

light straw-colou,red solu,tior+ was for•ed. The solutioq was 

neutralized with aGJ.le04S acetic acid and the prod~ct was 

isolated and purified by the ~be:n,zene purification metho4'! 

(P. 41). 

The yield was 80 per ceqt of the theoretical (5.14 g.). • 

.Anal. Caled.. for cellqlose with 1.40 allo:x;yl and 0.70 meth

o:x;yl grou,ps per gll.lcose 4!f1 t: allyl, 25.20. Ji'o~tla. 

allyl, 25.30, 2,.19. 

(111). II2R!Il1!1 

4 methyl allyl cellu,lose with O.S9 metho~l, 1.47 allo:x;yl 

and, by difference, 0.94 hydrovl groups per glqcose uqit waa 



a fl~ffy, fibro~s, snow-white sqbstance, which in the air 

dry conditiO!\ had &. rooistu.re content of on.e to two per ce~t. 

Its range et solqbilities in, variou.s commol'.\. solvents is 

given in Table V. 

Solvent 

,4cetic acid (glacial). 
J\,cetone 
Benzene 
Carbon tetrachloride 
Chlorofonrt 
Diethyl ether 
DioJr;an.e 
Ethyl alcohol 
Methylene chloride 
Methyl alcohol 
Morpholine 
Pyridine 
10% Sodi~ hydro~de 
Water 
Benzen.ai:eth¥1· alcohol (l :.2). 

Resqlta 
of Sol~bility testa 

Solu.ble 
Highly swolle;q 
Tran.sparen,t and glassy 
Slightly swolle~ 
Soluble 
I:qsolu.ble 
Sol~ble 
Insol~ble 
Sol-qble 
Swo~lell 
Solqble 
Sol~ble 
I r;,solu, ble 
Insoll.\ble 
Solu.ble 

From prelimin-ary tests this methyl allyl cellu.lose waa 

a thermosetting plastic. ~t was mou.lded into a translueen,t, 

dark grey, hard plastic when subjected to temperature betweell 

1450 and 1600 and pressu.res between. 41 000 and ;,ooo lbs./.s'l.l• 

in.. for fifteen minutes. The de:qsity of the plastic var1e4 
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betweel\ 1.11 and 1.14 dependinc:~ on the press~re applied. 

E~eellent, clear, transparent, odoqrless, water-proof fibll 

were 1:1ade by dissolving the snow-white, fibrOl.lS cell~lose 

ether in glacial acetic acid, glacial acetic acid-be:qzene 

miJttur.es or in pyridine, <.nd then removir~g the solve.Q.t by 

evaporation. (P. 65).. 

In air the fibroqs methyl allyl cellulose slowly 

polymerized to a prodtlct of reduced solu,b111ty in all the 

organic solvents for the origi.Q.•l ether (fable V). and the 

allyl content sirrn.lltaneou,sly decreased. For e~ample, a 

sample of fibrol.lS methyl allyl cellulose was lOO per cent 

soll.lble in glacial acetic -.cid and contained 1.32 allyl 

groups per gll.lcose t.mit. 4fter bei.Q.g kept i:q air for five 

months its solubility was greatly red'4ced and its allyl 

content was fo~d in separate estimation,s to be O.,l,, 

0.5,, 0.64 and 0,74 gro~pl per glqcose ~it. The reprodqci

bility of the allyl estimation iQ a heterogeneoqs system 

was low. 

In order to preserve methyl allyl cell~ose for ~Y 
in solution, 

leQgth of time, it was necessary to keep it !B-!!£~~r 1~ 

a dark glass bottle in an atmosphere of nitroge:n(Table VJ;).. 

The decrease in sol~bili ty and in allyl corrter1t coqld be 

gre;;"tly accelerated by heat and ultra-violet light (P. 91) .• 

.Uthoqgh the allyl groups readily polymerized ii~ the 

presence of oJcy"geQ, they were sqrprisingly stable towarcl 

hydrogew:.1tion. Table VII s-qmmarize4 e.J;perimep.ts with Ra:ney 



nickel and plat1Q~ catalTata from which it appears that 

only sl1,~;h t cleavage or hydrogenation of the allyl grO\\P 

occurred. 

so 

J~ber o£ days · 
in Vao.uum(aot % 4lly~ 4llyl Gro~ps per 

· · · ) Qll+coae Uq1' 
Sol~ble 11\ 
Glacial B4o .. l-2 cm. . 

28 26.)) 1.470 lOO 
68 26.36 1.472 lOO ., 26.31 1.468 lOO 

98 26.06 1.449 lOO 
124 25.86 1 • .4}5 lOO 

(a). - Ill a vac-qqm desiccator o.qly opeqe4 ir+ order to 
remove samples. 



(1). 

(2). 

(.3). 

(4). 
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Catalyst Temperat-qre Pressqre !i~· YielC\ • lbs ./s~ ill• (hoqr1). .. Ulyl 

- - - - - 26 • .)1 

RaNi 90 - lOO 1720 - 1780 6 76 2S.46 

RaNi 135 - 165 1750 - 2000 12 '' 22.06 

Pt 25 sligh'bl7 24 - 21.45 
positive 

(2). Methyl allyl cellqlose, 2 g., 1r+ 150 cc. of dio~an• 
with o., g. of catalyst. 

(.3). .Methyl allyl cell4lose, 1 g., ill lOO cc. of dio:~ta.ne 
with 0.2 g. of catalyst. 

(4). Methyl allyl cellt:tlose, 0.2 g., in 2S cc. of glacial 
acetic acid with 0.01 g. of catalyst • 

.ttOTE:, Ra.qey nickel prepared by method of Cavert, .A.dlti!\8 (82).a:q4 
plati11wn according to Aqams, Voorhees and Shri.qer '·• 
method (83) .• 
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High grade pyridine was dried over bariu,m o~de an4 

freshly redistilled before 41e tb.p. 114.5 ... 115.20 • 1 atDhl• 

Commercial acetic a.nhydride was pu,rified by pass1:qg it 

thro~gh an effia16Ilt fractionati:qg colt\!11lh collecting the 

fraction that boiled between 139.6 to 140° qqder a press~r• 

of one atmosphere. 

Methyl allyl cellu,lose (2 g., fro~ above preparat1o~ 

containing 1.47 allo~l a~d 0.59 wetho~l gro4ps per glu,cose 

un,it - P. 46lwas dissolved in pyridil:\e (SO cc.). and thoroqg}lly 

mi:x;ed .with acetic an,h.ydride (20 cc.). in a :qitrogeJl atl!losphere. 

This mi~tqre was acetylated in a black coated flask for 

several days at room temperat4re and for forty-eight hou,ra 

in a water bath at abou,t 45°. the resu,lting dark orange 

solution, after concentratlqg uQder a vac~u,.m, was prec1p1tate4 

in rapidly stirred distilled water (2t 1.1. The precipitate 

was filtered, thoro~ghly washed ~~til free of aqy odo4r ot 

pyridiqe, and then washed with more distilled water (2 1.).. 

The white fibro~s material was dried over phospho~s pe~t

oxide in vacuo at room temperatqre. . .. ........ _ ... ..,_ 
The acetate was further p~rified by dissolvil1g it either 

1~ acetone or dio~ane, filtering and reprecipitati11g 
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into rapidly stirred distilled water. the reprecip1tate4 

prodq,ct was agai:q filtered, washed with distilled water an4 

dried over phosphor~s pento~ide iD-!ig»Q at roo~ temperat4re 

to a constant weight. 

4 yield of approJr;ima.tely 90 to 93 per ceqt (.2.1 to 

2.2 g.). of theory was obtained,the yield beixu: based o~ COJil

plete acetylat1o~ of the free hydro~l groqpl iq the methyl 

allyl cellulose. 

4nal. Calcd. for oell~lose with 1.47 allo~l, O.S9 metho~1 

and 0.94 acetyl g.ro~ps per gl4cose ~:nits, allyl, 

22.46; acetyl, 14.7. Fo~d:. allyl,, 22.)1, U.40J 

acetyl, 14.21, 14.38, 14.45, 14.47 (sapo~if1c•t1o~ 

Method, P. 6~ )., · 14.30, 14.0) (Chro.R!iC Oxidat1o~ 

Jlethod, P. 63 ) .• 

(i11l fiaaa!li!! 

Methyl allyl cell~lose acetate was a white, f1broqs 

s~bstance. Its wide range of sol~bilitles 14 varioqs co~o~ 

solvents is given in Table ~I~. 

Clear, tranaparen' films of acceptable streqgth were 

prepared from aoetone and ether-acetone (2o:.ll sol4tioi+a 

of this acetate. The latter solution formed a clear fir. 

in .fifteen minu,tes q.qder a vacuum of one c~ntimeter. 
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Solvent 

Acetic acid (glacial). 
~cetone 
Benzene 
Chlorofo~ 
Carbon tetrachloride 
Diethyl ether 
Dio~aQe 
Ethyl alcohol 
Methyl alcohol 
Methylene chloride 
Morpholine 
Pyridille 
10• Sodi~ hydro~de 
Water 

Resqlts of Sol~b1l1ty Testa 

Solq.ble 
Solqble 
Soluble 
Soluble 
Partly solqble & highly swell~ 
.Umost completely aol~ble 
Sol-qble 
Slightly swollell 
Slightly swolle~ 
Soluble 
Sol~ble 
Soluble 
Insol4ble 
Insol4ble 
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Methyl allyl cell~lose (0.5 g. from above preparatiozt, 

containing 1.47 allozyl and 0.59 metho.x;yl grOl..\pS per gli,\

cose unit - P.46). was dissolved ir+ ,slacial acetic acid 

(200 cc.)., treated with atf. e~cess of 2 .N potassiw:1 brontide

potassium bromate sol4tioll (2.16 g. of potassiqm bro~ide 

and 0.56 g. of potassiqm bromate dissolved ill 10 cc. ot 

water). aqd allowed to stand overnight. The mi:x;t4re was 

added to rapidly stirred distilled water (2 1.}. and e~oQ&h 

formic acid was added to destroy the e.x;cess bromine. Then, 

the bromide was recovered by filtration, washed well with 

a sodi4m thioBl.llphate solu,tion e.rtd with distilled water, 

and dried in a desiccator over calci~ chloride. 

The yield was abo4t 96 per ce11t to.98 g.} of the 

theoretical. 

Anal. Calcd. for cell~lose with 0.59 metho.x;yl and 1.47 allyl 

dibromide groqps per glGcose u,nit& Br, 50.6~. 

Fo~d: Br, 46.)5, 46.1?. 

Bromine was estimated by the wet combustion method of Cari'-41 

(84).. 

(.11). ~I!R!!~!!! 

•ethyl allyl cell~ose dibromide was ~s4ally a snow

white, powdery substance, b\.lt OCC\.lrred in a .fibroqa state 
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when it was precipitated qpickly from solqtio~. Its small 

range of solqbilitiea is give~ 1~ !•ble I4. 

Solqbilities or • 
~~~~~~-~-~-~~-~~~p~ 

¥!lbl~-Al!I*-£!!!Bl2!!-P!RI2m!st 

Solve~\ 

Acetic acid (&laeiall 
.Acetol\& 
Benzene 
Chioroform 
Diethyl ether 
Dio~a:qe 
Ethyl alcohol 
Methyl alcohol 
Uethyle~e chloride 
lorpholil:le 
Pyridine 
Water 

Results of Solqbility !est1 

Slightly swollel\ 
Slightly swolle:q colloidal particles 
Slightly swolle:q 
Slightly swollen colloid.~ particlel 
Insoll.\ble 
Partly sol~ble a~d colloidal 
Insoll,\ble 
Sli~htly swolle:q 
Slightly swollell 
Partly sol~ble and highly swollei\ 
Solqble 
Insol~ble 

The dibromide did not bQrn freely like other oellqlose 

derivatives, but shrivelled QP and deco~posed oq e~posQre to 

a :flame. 
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1. !?Il!!!& ... 2!-A~~~!-~!I!!!~!!!! - !2!!~~I!-11!!!I!!!t!lt2!l 

All allyl ethers for analytical work were dried !B~!i!Y! 

over phospho~s pento~de at room temperat~re 40til the s~

face of the phospho~s pento~de appeared to remain ~~chaqge(. 

Drying in an Abderhalden at 600 was inadvisable, perticqlarly 

with the higher s~bstituted allyl ethers, since they were 

o~idized and polymerized by the heat. 

2. §2lYR.l!l!!!-1Q_Qimmsn_§2~I!Uil 

8olq,b1lity fables IV, V, VII~ and X~ were obtaiQed b7 

alloWing o.os gram (o.lO g. irl fable J:V). samples of the ally.\ 

celll~lose ethers, either to stand for several days, or to be 

shaken for twelve ho~rs in the presence of 10 cc. of the sol

vent. 

J,lkozyl determinations were mb.de by the Viebook &Itd 

Schwappach method, as modified by Clark (851 in which the 

alkol;)'l groqp is liberated as volatile alkyl iodide by hea'iqg 

the s4bstanee with hydriodic acitl. The alkyl iodide is 

trapped b7 bromine 1~ acetic acid-potassi~m acetate sol~tio~ 

and the amo~nt corresponds in the final titratio~ to si~ 

eqpivalents of sodi~ thiosulphate. The methyl allyl cell\\lose 



,. 
contained 0,59 metho~yl and 1.47 allyl groqps per glqcose 

unit, the latter being detern:ined by the bromine titratiol\ 

method. These val4es correspond to percenta<:Ses of 7.98 

and 26.33 respectively. 

In a. typical estimation, s. 0.04768 g. sample yielde4 . 
alkyl iodide e~ivalent to 38.8 cc. of 0.0499 M sodi~ thio

sulphate. Of this amo~t, the volttme V eW-livalent to the 

methoxyl content was obtained from the following eq;..tatio~& 

~ oca
3
= 7.98 = 

whence l' = 14. 7S eo. 

V X 0.0499 X 31 X lOO 
6 ~ 1000 l; 0.04768 

The volume of thiosulphate corresponding to the allY 1 .. 

groups was therefore (J8.8 ... 14,7S).=24.0S cc .. , whence 

allyl= 17.2) per cent. 4 duplicate estimation in the same 

apparatus gave the val4e CHz-CH-cH2-, 17.22 per ce~t, and 

ill duplicate eq,Aiprnent the results were 17.43 and 17.45 per 

cent. There WdS therefore a variation of 0.2 per cent be-

twee~ the res~+ts obtained in the two pieces of eqpipment. 

Although samples were treated with the co~stant boiliq& 

hydroiodiO acid for periods varying fr~ one to foqr hours, 

and sample wei6hts were varied from 0.017 g. to 0.047 g., 

the resqlts remained close to 17 • .3 per cent • Since the 

all.y 1 content was J.mown to be 26.33 per Cfmt, it was COil

eluded that the Viebock estimation, altho~gh reprodqcible, 



was o:f no value in determining the metho:r;yl or allu'l 

substit~tio~ 1~ methyl allyl celluloses. 

'' 

4t least two samples of an allyl ether (4r1ed over 

phosphorqs pento~de). weighlng between 0.04 and 0.07 g. each 

were placed 1~ gro~:Qd glass stoppered iodine flasks (.2'0 cc.).. 

fo each flask was added 30 cc. of redistilled glacial acetic 

acid, or some aqpeou,s acetic aoi4 aolqtio~, dependine; qpo~ 

which solvent completely dissolved the unsaturated ether. 

The flasks were stoppered and left to stand vd. th 1nterm1 tten& 1 

gentle shaking ~ntil the allyl ether had completely dissolve4 

(this time varied from two or three minutes to si~ ho~ra de

per+ding on the pa.rtic~lar allyl ether ancJ its physical state), 

(b). gii~ti!-1~efr~riaiar:P2!:rgr!!!!_f!:r~!!!1r-22!1!E1!.!s 
-~~-~~~~~~-~-~-----

A definite weight (2 g.), of ar+ allyl ether was acc'4rately 

wei;:;hed out and placed in a grou,nd-glass flask to which pqre 

glacial acetic aoid (lOO cc.). was added. The mi:x;tqre was 

shalcen until satqra,tion was reachecl {.abo~t twelve hoqra)., 

centrifuged for aboqt o.s hour a ... d then the res4lting clear 

solqtion was removed by filtration or aecantatioq (if the gel 

remained).. At least three 5 cc. samples of the solqtio~ were 



~ from a '0 eo. bQrette into iodine flaska and each waa 

diluted with glacial acetic acid (2S cc. to !SO cc.).. 
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!he dry weight of the sample was obtained by r~ning a 

definite vol'®le (~tn~ally 10 cc.). into a tared grotmd-glaas 

weighing bottle E,nd removing the solvent by evaporation at 

room temperature uz:tder an e.ff'icient vacn~wn. fhe resid't.le 

was then dried to a constant weight over phosphorq.s pelft

oxide !n-!!2~!~ The weight of the sample was the average ot 

the best two 04t of three samples dried in this manr+er • 

.An ex:cess of potassiqm bromide-potassium bromate soll.l

tion(i}. (~s4ally 2 to ~ cc. of 0.2, ~ approJr;ima.tely). was 

added qpickly from a micro-bqrette to the clear sol4tio~s 

from (a). and (b). contained in iodine flasks, which were COJ\

stantly rotated durii~ the addition. If the solutio~s co~

tained much water, it was necessary to add ~ cc. of 10 per 

cent sulphuric o.cid in order to release t.he bromine .fro~ the 

bromide-bromate solqtioll• %he flasks were immediately 

stoppered and a few cubic centimeters of 10 per cer~t potassiwn 

iodide solution was placed on the curved shap'« top to preve~t 

the evaporation of any haloger+. After three to five minute• 

(1). 'lb,e 0.25 N potassi~ bromide-potassium bromate solu,tiol\ 
was prepared by dissolvi4g 25 g. of u.P. potassi~ bro
mide and 7 g. of C .. P. potassium bromate in or+e litre ot 
distilled water (65).. 



the stopper of the flask was carefully removed aqd 10 cc. 

of 10 per ce4t potassiqm iodide sol~tio~, lOO cc. of dis

tilled water &.1:\d 5 cc. of 10 per cent sulphqr1c acid, it 

not already in the solution, were immediately added. the 

liberated iodine was titrated with a sodiwn thios4lphate 

solutio:q (0.~ I appro~imately")., usl~ near the end-poiD,'t 

10 drops of freshly prepared starch as an indicator. ~ 

reagent blank was rl.ln with every determi:na tio~ and the te~· 

perature was kept as near as possible to 250 thro~ghoQt the 

estimatioD,. · 

~f the bla~ and the titratioq oorresp~ded to ~ eo. 

and y cc., respectively, of normal thiosqlphate, the per

centage of ally 1 was giveD, by the eqp.atioJl: 

fhe most important factor in the determination was to 

dissolve thP sample 1~ s~fficie~t glacial acetic acid so 

that the allyl carbohydrste remained in sol4tioJt or in, a. 

very finely dispersed co:n.di tioH d~ring ttte bromi.:qation. fh-. 1 

if all the a~eous reagents were added with constant swir

ling, a soft, bqlky1 highly swollen methyl allyl cell~ose 

dibromide separated. This precipitate did not tend to 

absorb any bromir+e or iodine ;; .. qd the end poi:n,t in the titra. ... 

tion was QSU;ally very sharp. However, if tne s~apens1oq. was 

allowed to stand for an, ho~r before back titrating with sodil.\ll 



thios~lphate, the precipitate qsq.ally coagulated. and the 

mixtllre had to be vigoro~sly shaken near the en,d poir+t 11\ 

order to assist the diffusioq. of all absorbed halogen,. 
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A modified Malm, Gen4!lg, Williams and Pile method ()!6). 

was 4Sed. It consisted of weighing o~t O.J, to 0.2 grQ 

samples of methyl allyl cellqlose acetate and dissolvinl 

each oftllem in .freshl7 redistilled pyridine (25 cc.). ~ 

Erle~~eyer flasks. then to each sample and the blanks was 

added 0.6 M sodiwn hydroxide (5 eo.), and the homoge~eo~s 

solutions were miJ\ed and .allowed to star.td overn,ight. Dis

tilled water (lOO cc.}. was added, .five to Si:l\ drops of phenol

phthalei~, and the sol4tion was titrated with o.os N hydro

chloric acid until the indicator char~ecl. l.f a thick cqrdy 

precipitate formed, a~ e~cess of acid was added and the mi~

ture allowed to stand for oqe ho~r with occasional shakiJ1.& 

in order to leach 04t all sodi~ hydro~de ir+ the precipitate. 

!he acid was then back titrated with O.OS N sodiWI1 hydro~ide. 

If the blal:\k and the titratio:q corresportded to :x; cc. 

and y cc., respectively, of normal hydrochloric acid, the 

percentage of acetyl was gi ve:q by the G4.JQ&tioJ\:. 

(.x-:vl x; 4) • 04 X lOO 
1000 weight 



Slightly less accuracy was obtai~ed than by Ma~ et al 

throLgh 1.\Sing the smaller weight of sample. 

(b). 2!l£~!;2_2!!~!!!g!!_!!!:9~! 

I,eud.e~ (87). has recently developed 1r.t this laboratory 

a chromic o~datio~ method for the estimatio~ of acetyl. 

this method i~volved the additlo~ of 30 per oeqt (by 

weight). &QI.\801.\S ch.romi~ trio~de to a dry sample of metlU'l 

allyl oellQlose acetate (O.OS g. approJtimately),. fhe flask 

oo~tai~ing the m1xtqre was joined throqgh gro~d glass to 

a special head co~sistil'.lg of a gradu.ate (A),, whereby water 

was added to the flask, a tqbe {ll). that delivered r+itrog~ 

gas below the su.rfaoe of the solqtio~ i~ order to sweep 

the acetic acid formed Ol.\t thro'-'gq a side arm (C)., fhe 

side arm (C) was the~ oo~nected to a water co~e~ser. 

After the apparatu.s was assembled as described, the flask 

and contents were heated q:p to abo~t 150° o:n a~ oil ba'h 

and the distillate that passed over was oolleete4 1n • 

SO cc. graduate (D).. Small voll..\mes of water (5 cc.). were 

added from (A), .from ti~e to time after a similar vol~e 

had beeq collected in (D).. fhis process was conti:Qqed ~t1l 

a total o.f SS cc. of distillate had been collected. The oo~

tents of the gradqate were now transferred to a~ Erlenmeyer 

(2SO cc.). .flask, the condenser was washed with d1st1lle4 

water, and the walbwater added to the flask. This solqt1oll1 



co:Q,taini~g the liberated acetic ecid, was titrated with 

0.02 N sodiqD\ hydro:x;ide 4I+til the first appearance ot colol,\r, 

using phenolphthalei~ as i!ldicator. Then the aolqtiott waa 

boiled to remove dissolved ca.rbon dio:x;ide, cooled to roo~ 

temperat~re and the titration oontinqed to the first per

manent pink colour, Finally, f..lny chromic acid that had bee~ 

carried into the distill.ro.te was esti1nated by addir+g a little 

bicarbonate 1 potassi4m iodide (l g.). a:qd 10 per cen.t su,lph~io 

acid (lO cc.).. ..After the mi~ture had stood in a stoppere4 

flask for a tew mi:q4tes, the liberated iodine was titrate4 

with 0.02 N sodiqm thiOS\;\lphate, usi4g a starch sol4tio:q al 

an indicator. ~ blar* was always r~ on. the methyl allyl 

cellulose, 

l;n cale4latin.g the result, the normality of the chro~c 

acid, as foqnd iodometrically, was subtracted frorn the tot•l 

acid normality as fo~1d 1~ the titratio~. ~· difference waa 

attributed to acetic acid derived from tne acetyl content of 

the sample. 'fhe appareqt acetyl val4e was redqced by the 

amot\!lt of acetyl registered in the blall}t with methyl. allyl 

cellqlose (about l.6S per cent).. 

!his method with methyl allyl oellqlose acetate had ~ 

accuracy of :t:2 per cent at best. E~pe:ri.ment•l coqdi tio.qa ha4 

to be closely oo.q.trolled in order to obtain a fairly cor+stam• 

blank and hence good checkl. 



IV POLD!ERXZJ.!IOK OF ALLYL STARCH ~D METRI.I, A r.1yr. 
·------------------catttttasa:rttus-~----~-----v=--= 

6J 

Solqtio:qs or methyl allyl cell~ose i:q pu,re glacial 

aoetio acid (2., to 4 per ce:qt). were mi:x;ed with a~ 8cu.\al. 

volume o!' pu,rified benzene in order to increase the rate ot 

evaporat1o~ to near that of the ber~ierte-glaoial acetic aci4 

azeotrope (b•P• 800).., Each solu,tioQ before use was filtere4 

several times with slight su,ctio~ throu,gh several thick~essea 

of Whatman ~o. 1 filter paper and was tne:q poqre4 carefu,lly 

into a scrqpqlo-q.sly clean plate glass - Plaster o:f Paria 

mo\Ud. this mo-qld was .made by glt+ing (wit~ commercial 

animal gl~). Plaster of Paris motlldir;g all aroqlld the rill. 

of ~~n ordinary piece of high grade window plate glass. The 

mo~4, measqr1ng 6t ~ 51 iqches, contai:qing the solqtiort, 

was floated Oil mercury, in order to obtain, fil.n+s of a.s qqi

form a thick!+4US as IJOssible, and the whole was oontai:Q.et,\ 

in a desiccator. The desiccator, whicn also contained moist 

potassium hydro~de pellets, was either evacq•ted for aboq' 

twelve hours over a lS mm. vaoqqm, or for two to three ~aya 

over 9-10 cm. vacqum, iq order to remove the solvents by 

slow evaporatio~. The solvents were not recovered, but co•

meroially recovery woqld be possible. 



The dried film, no longer sn;elling of acetic acid,, waa 

c~t away from the Plaster of Paris moll:ld to whict.L it adhered,, 

and which had enabled it to rJry tmder ter~sioq., 411 films 

were kept ~!l-Yi~Yi qntil ready for t+se, since the o:qger+ of 

the air slowly polymerized them. 

(bl ~~l~-~~~!!h_!!~! 

The allyl starch films adhered very tightly to glass 

s~rfaoes aqd coqld not be removed from them witho4t damage. 

Conseqpently, allyl starch films were prepared by po~ri.t+& 

a freshly filtered, ~form 12 per cent allyl starch-aceto•• 

sol~tior; on to a clean mercqry sn-\rface in a row1d dish meaaqr

ing 91 inches ill di~eter. the dish containing the sol4tio~ 

was placed in a desiccator and the solvent was re~oved ~der 

vac4um of 10 - lS cm. The dried film, when stroqg eno~gh to 

support itself withOl.\t damage (slightly pol)'1llerizec1).1 w&a 

c~t away from the edges of the glass dish to which it ad• 

hered, a~d k•pt !ll-I!~22 4ntil ready for qse. 

(al !!S!!!!-~E!!SI!S-!!.1~-!!2Bi!~!25 

Tensile streQgths a:Q.d elor+g~;tions were carried oqt OJ:l. 

the Louis-Schopper (r,eipsig). Tensile Tester in a ccmstarrt 

temperature and h4midity room according to T4PPI paper stan

dards (S8l. 
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Test strips, 15 mm. by 60 mm., were cut from single 

sheets St inches by 6i inches (P. 6,)., always in the ••m• 

direction, a~d were thoro~ghly mi~ed to minimize geo~etr1o 

variables. The ma~~ thickness variation across a siqgle 

sheet was a thousaqth of an iqch and across a single test 

strip was 0.2 to o.a thousanth of an inch. The thicKneSS 

of eYery test strip was determir+ed. by averaging te11 rea41l'.l&l 

across the strip. It shot.+ld be noted that the brittle, poly

merized films when breaking USWilly shattered, and the middle 

portion between the two clamps fell free. This test may not 

be considered a t~e tensile testl Also brittle fibns may 

be damaged by the clamping device on the apparat~s, al-

tho~gh great care was taAen to avoid this so~rce of ~ncertai~

ty. 

In, general, the accuracy of this test was better th~ 

tlO per cent. In order to increase this accuracy, a m~en 

larger n~ber of strips woqld hBve to be take~ for each test 

a(l.d would have to be :nade .from a lll4Ch larger uniforDJ sheet. 

The re~isite size was impracticable in this labor&tory. How

ever, the appro~imate values obtained in Table XX seem to 

indicate the effect of polymerizatio:q. o:q these unsatqrateel 

cell~lose ether films. 

(b). ~2!!!!3!!_!!2~~r ... ~!!!!!!!~!!!!z 

Moisture vapm~r permeability tests were carried oqt 

according to T4PPI paper ntandards (89). After completio~ 
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ot the test on the qqpolymerized films, they were carefullf 

removed from the testiqg container and placed u~der ultra

violet light, us~ally for twenty-four ho~rs. They were then, 

carefully replaced on the testiqg container with the same 

surfaces e~posed to the water vapour as in the previoqs 

test. In general, the accuracy of this test was better tha~ 

±6 per cent. 

Strips of methyl allyl cell~lose fil~, prepared aa 

above (P. 6'). 1 were heated in a F1scher'.s Freas oven at a 

definite temperature (withl~ ±20). for various lengths of 

time. Polymerisation, by mean• of ~ltra-Y1o1e' radiatio~ 

was bro~ght about by means of a General Electric S-4 Sqq

lamp from which in most ex;perime~ts the o'4ter glass oasinc 

had been removed. !his casing prevented emissior+ of light. 

of wave length shorter than 2800 l. 
Each strip, as it was removed from the oven, was 

weighed., placed in an Erlenmeyer flask (l25 ea.). ar~d Pl.lri

fied glacial acetic acid (50 cc.). was added.. The flaskl 

were cork-stoppered. and agitated for twe~ty-fo~r ho4rs or 

longer. !he insol~ble portio~ of the film was either fil

tered into a coarse tared fritted glass filter, or, in the 

case of a gel that block:ed the filter, the bel was remove4 

by centrifuging in tared eeQtri~ge c~ps. The !ritte4 

glass filters or centrifqge c4p1, contai~ing the insolqble 
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portio~ ot the f11B!S, were washed with pure glacial acetic 

acid and dried under redqced pressures to a constant weight. 

The accuracy o! this method was appro)\imately ±1.0 per cent 

if reasonable care was taKen. However,. the gel frorn partially 

polymerized films, being flqff·y and lig}lt, was very diffi

cult to handle; it not only was impossible to filter, ~t 

would not cohere into a mass of jelly on centri~in&• 

The clear filtrates or decanted solqtion,s were each 

filtered twice thro4gh Whatman ~o. 1 filter paper and the 

percentage of allyl grou,ps ren:aining ii+ the soluble portio~ 

of the film were determined by the titration for do~ble bonds 

(P. S9).. A blank was r~. 

The decrease in .solqbility ar1d in the l.lilSat-qratio:q of 

the soluble portion of the filB!S was taken as a qpalitative 

measure of the degree of polymerizatiOll• The results are 1~+ 

Table XIX. 

td). Nitroglycerine I)1.ffu,siol\ (i). 
~~~~~~~~~~~-~~--~-~-~~~~~~-

4 freshly filtered 2.S per ceut sol4tion of methyl allyl 

cellulose in acetic acid (.lO cc.). was poured into a very cleat\ 

aaucer-shaped glass container (25 cc.}.. The solvent was re• 

moved by evaporation under a vacuum of 1 cm. a.nd the resu,ltiQ& 

(1). This test was ~indly carried out by Dr. c.B. Find.lay 
of the Canadian I.qdu,stries Jiimi ted (E]\.plosi ve Dl visio.q).. 
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f1~, mo4lded to the shape of the container, was fqrther 

dried over potassium pento~ide !U.!!gY2£ the dry film was 

now carefully removed from the container, weighed to the 

ne.:;rest milligram and the thicKness of its base deterl;dl1.e4 

to the nearest thoqsanth of an inch. The mo~lded films 

were then either polymerized under a qpartz 4ltra-violet 

light or else stored !D-!!gY2 until ready to test. 

The film was again weighed, supported in the neck ot 

a wide mouthed Erlenmeyer flask and the depression in the 

film was filled with the regular grade of ~itroglyeeriqe. 

The film and nitroglycerine was allowe<l to star~d for si~

teen days at room temperature, being e~mined daily for the 

appeariJ.nce of any ni troglycerir~e on the 4nder side. .4t the 

end of the si~teen day test period the nitroglycerine was 

poured off and the top washed with acetone., care being take%\ 

not to allow any solutio:q to come in contact with the under 

side of the fi~. If any droplets were observed on the 4~der 

side, they were wiped off with a piece of 1'ilter paper and 

tested to ascertain if they consisted of nitroglycerine. 

The .films were then dried, weighed, and the under side 

tested qpal1tat1vely for nitroglycerine by the diphenyl

amine reagen"• 

In the case of allyl starch, and sometimes with methyl 

allyl cell~lose films, the depression was made in the fillq 

by the air pressure of a M~llen tester. This metho4, of co~rse, 



stretched the !11rr4 and was a 1:.14ch more severe test of ita 

impermeability. 

I! the films were to be plasticized by glycerine, the 

latter was adde4 to tbe 2.5 per cent solution and thoro-qghly 

mixed before removal of the solvent by evaporation. Glycer

ine was a good plasticiser for the lower S1.,lbstitqted methyl 

allyl cellulose in .:..11 proportions. aowever, with the higher 

s~bstit~ted product, it was not very compatible1 possibly 

because the glycerine, which n:~ t1.lrally a b.sorbs a 11 t tle water 

from the atmosphere, was repelled by the larger nl,.\J.uber ot 

hydrophobic allyl gro4ps ir+ the cell4lose ether. 



The work done on allyl starches was only of a prel~~

ary nature and had tQe object of preparing completely sol~ble 

samples from which thin !11•• could be made. fable I~ ~~ 

marizes the conditions err;ployed in several e~peri~ents aqcl 

the properties of the correspoqdin:g prod~cts are listed 11:\ 

Table ~. It ~icKly became apparent that the direct allyl•

tion of undegraded starch, preparation {..)., or u:qdegrade4 

starch acetate (c)., y1eldet\ insol~ble or partly solqble allyl 

ethera. A considerable amo~t of previo~s degradation by 

mineral acid was necessary for lOO per cent sol~bility of 

the allyl ether in acetic acid (.preparations b, f, g),. !hie 

degradatioq was probably necessary to break up the branch

chain starch macromolecule& and render the fragments more 

accessible to the allylatiq& agents. The degree of allyl 

substitution did not in itself determine the sol~bility, for 

the prodqcts (c)., (e) and (g). had practically the same sqb

stit\,\tiol\ (2.3 to 2.5). bqt ranged in solqb111ty from 52 to 

lOO per cent. 

The branched chaiQ struct4re of the origi~al starch an4 

the tact that solqble fi~-forruing allyl ethers were highl7 
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degraded probably e.x;plains the low mechanical streqgth ot 

the films. Ex;pos~re !'or a few weeKs to the atmosphere 

caqsed the allyl gro~ps i~ such films to polyillerize an4 the 

products beca~e very brittle. These ~ndesirable propertiea 

made them of little promise as practical barriers againsi 

the diffusion of nitroglycerine. Moreover, the rate of poly

merization was great eno14gh to render sqch filJQs of little 

value for an academic st4dy of the effect of polymer1zat10Jl 

on the diffqsio~ of nitroglycerine, or, for that matter, ot 

water Yapoqr. Permeability tests may last for as lo~g al 

seveQ days at elevated temperatqrea during which ti!lle the 

degree of polymerizatioq would have radically chaqged. 

The work with allyl starch was discontinued after a 

sample kindly give11 bJDr.~.I. Smith, behaved similarly to 

the preparatio~s j~st discussed. 



Prepa:ra-
tioa 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(a) 

.%!¥I 
~s~s and Prog!rties of ~lated Starchea (a) 

Weight, Portion of !llV. 
Startiag Material. Starch solable in Glacial Acetic .Aci4 Solubility in sou 

{gran) ·~ Soluble J Al.J.Tl. A.l.l7l Groups per Commou. Solvents 
Glueotte tllli t. 

Cornstarch 5 g. 0 - - Sligh't.q soluble ill wat. 
Degraded eornstareh lQO -· - Soluble in ethanol, 
2,.5 g. acetone, acetic acid 

UDdegraded starch 52 .38.9 2.48 :Partiall.Jr soluble ill 
acetate 10 '" acetic acid, dioxane. 

Swells in ethanol and 
acetone 

Sligh~ degraded 
starch acetate lD C• 24 18.0 0.86 Swells in ethanol and 

acetone 

Sos.ewha t degraded 
etuch acetate 10 g. 81.0 37.0 2.30 lilnl.l.8 :1n et.bsaoJ aDd 

aoetoae 

Degraded starch lOO .3.3.8 2.00 Soluble in aeetone, 
acetate 10 g .. acetic acid 

Verr degraded atat'Cb lOO )7.) 2.32 Soluble in acetone, 
acetate lO g. acetic acid, ethanol 

(a) See Table n 
IOU& lie~ (6S) used. here to detel'lliae degree of uuatvaUon 1e 

possibq high (approxima:teq 5~) owiDg to the heterog~ 
CODtitiOB Of hnmdnatioa. Ja i.mpro ..... aetb.ocl o£ detemirdag 
muilatur&tioa 1IU later developed in the research {P.59). 

Fila 
Properties 

loae 

Brittle and 
Cl"U.Jabl.T 

Plastic and 
weak 

Weak and 
crumbl,-, 

Brittle, weak 
and Cl:'WII bl.7 
Flezlbl.e, trana-
parent, plutd.e 
end weak 

Flexible, weak 
and sticky 

~ 



The preliminary work oq the allylation of ~degra4e4 

starch and starch acetates strongly sqggeated that the 1~

acoesaibility or Dlt\Ch of the starch to the reageqta, opera

ting in a heterogeneo~s syste~, rendered the reaction 

incomplete and the prodqet insolqble or only partly solqble. 

these diffic~lties diminished when severely degraded stare~ 

was allylated. Sal(t\ra4a'.• (..49). atteD,lpts to allylate eellq,

lose encoqntered the same difficqlties. The problem of 

preparing allyl cell1.4lose ethers of ade~te sol~bil!ty 

and of adeQtlate chain lel\ith therefore seemed to resolve 

itself into discovering methods of keepiqg the cellqlose 1• 

solQtion, or at least in a very finely dispersed fo~1 

during allylatio~. With these considerations in min.d, a~ 

alkali-solqble and alkali stable, low s~bstitqted techqical 

methyl cell~ose was chosen as a starti~g material. U~

.fort~ately, this methyl ether wa• oqly solqble 111 alkall 

of low oonce~+tratioll (4 to 10 per cept). and from an. e~mil\6-
tion of the usual mecha~am of etherificatioJ.t of cell~lose 

(see ~ntrodqction}, a high alkali coneeptrat1on d~ri~g the 

reaction is necesaary in order to obtai!l a product or maJP.

mu. substit~tio~ and to reduce side reactions to a miqim~. 

There was, however, no evide~ce that ma~im~ substitQtioll 1~ 



~ allyl cell~ose was neceas~ry, or even desirable, for 

the preparation of polYlJlerized films. 

76 

lethylcellqlose was completely dissolved in a large 

e~cess of 10 per cent alkali and treated with allyl bromide 

for various times after the initial reaction had takell place. 

fable ~ shows that little alkali re~ained after the first 

halt hoqr a.nd that the solqble portion of the prod'-'tct ha« 

nearly reached its final allyl content. Si~e reactio~,a1 

e~pected, were rapid with caustic soda as dil~te as 10 per 

cent .and the fiQal allyl substitqtio!l of the solUrble prodqe' 

was low. 

~SI!!!! .... !B 
Al.i!!!_£2!!2!9!£!~!29-!!~t!-t!!!S!! 

Reaction !ime .4l.kali Portiog Soifble in HO~e 
(hours). Concentratior+ ------ --- . i-I-aroqpa· 

4llyt per Q!qcose U~t 
0 
t 
2 

' 
(al 

. -~ 

l.O 0 0 
2.2 1.3.4 0.6,4 
0.6 16.89 o.s, 
0 16.50 o.a1 

25 g. methyloell'-'tloae, 375 g. of 10 per oeq' 
laOB a~d 7S cc. allyl bromide, ~ot 10. ~~-261. 



By using less a.llyl bromide, all other eJQ)er1mental 

con.ditiolll being the same, soluble prodqcts of lower sqb

st1tut1on were obtained in lower yield (!able 4[J;).. 

Effect of 
I2!!!!I!!t~.!ms;i;:;r:GJ:ll-~I2!!l!g!_~~ 

so 
;o 
75 

82 
80 

lOO 

12.24 
12.06 
16.00 

o.sa 
0.57 
0.79 

(a) 
· 25 I• methylcellqlose and )75 i• of 10~ NaOit 

in each oase. Lot n~mber KX-261. 
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When allylation proceeded with e~cess allyl bro~1de1 a 

point was reached when the prodqct separated as a cohere~t 

fibroqs phase. Little fqrther allylatiOll occ~rre~ after this 

stage was reached even with high-speed stirring:, pres~abl7 

because the system was now very heterogeneoqa. 

These methyl allyl cellqloses tended to froth violently 

when attempts were made to remove by-prodqcta by sieall dia

tillation, eill.d drying from water or alcohol con:verted therq 
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to 1nsolqble hard grey masses. These diffic~ltiel le( 

to the development or a method in ~nioh water, •~cess allyl 

bromide, allyl alcohol and allyl ether were removed by eo

distillation with benzene. Be~zene forms a series of azeo

tropic mixtures with the chief 1mpqrit;y allyl alcohol 

(b.p. 76,8°). a.nd with water (b.p. 69.)0 ),. Conseqpently, 

a water-free powdery prodqct was obtained after the benae!lJ 

had been removed by evaporation • 

.A. point of in.terest was that oq addi~g '0 per cer+t 

sodium hydro~4e to the 10 per cent sodi4m hydro~ide sol~~ 

tion ot methyloellqlose, a hard, lqmpy, abnormally highly 

swollen, fibro~s gel with a ~oabbage-li~e~ str4eture fo~e4 

which contained appro~mately twelve times as mqch caqstio 

as methylcellqlose (by weight).. Allylat10l\ of this abQor

mally swollen material gave a product partially sol~ble 1~ 

alcohol, glacial acetic acid and acetone. Further work o~ 

this highly .wollen gel seemed desirable, beca~se it might 

be made the starting material for a more highly ellylatet\ 

methylcell~lose. the lead was not followed qp beca~e the 

same objective was reached by a different ro~te. lo 

detailed st~dy of the allylation process was made althoqgh 

the vari~bles co~d be easily predicted from a stqdy of the 

meohanisJQ of etherif1catiol\ (See P. 16 to 2)).. Tl;e mail\ 

problem of the thesis was to st~dy the effects of pol~er1-

aat1ol\ on films made from a solqble allyl c•llqlose 



derivative with suitable substitqtiOZ\ and degree of poly

meriaatiOll• 
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2 •. "Hillher• SubstituteA (sqbstitutioll;. 0.59 methyl an4 
·---·--•---·--·-----~--~ 1.47 allyl gro~ps per gl~cose ~t) 

Attempts were made to prepare ~ellylate4 cellqlos• 

ethera by allylation of methylcellqlose ill the presence ot 

stro~er alkali. The process was heterogeneoqs and iq every 

case a prodl\Ot incompletely sol~ble in common. solvents wal 

obtained. After considering every !actor knOWll that tendl 

to mat{e a ~iforl!l prodqat of high SU,bsti tqti.Oll (.J4eehau+isll 

of Etherificatioq. - P. 16 to 2Jl it was decided that the 

precipitation of partly allylated methylcellttlose sho~ld be 

delayed as long as possible and that the concentratioq ot 

alkali shoqld be kept as high as possible. Sillce the origillal 

methyleell~lose remained completely sol4ble only wheq tne 

ea~stic soda concentration was not more than 10 per cent, 

allylat1oq was co~~~ced at that concentratio~. aowever, 

this preparation differs from that described for the low 

allylated prodqct in that fresh 50 per cent alkali was a<lde4 

at su,ch a rate as to maint111in the alkali concel:ltratiott 

during the first part of the reaction. Care was taken Qot 

to add this sodium hydro~ide too ~1ckly to the reactio

m1xture1 otherwise the mi:x;tqre would i:~el and become l~py. 

Lora~d (40). claims this low alkali conce:q.tratio!l sho\,\ld make 
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the 1~1t1al ether1f1catioQ fast, and this was so, sinoe 1~ 

about half an ho~r a precipitation occurred. the combine~ 

effect of the methyl snd allyl S'l\bst1tuel1,ts, however, waa 

now sufficien~ to render the n~terial almost sol~ble 1~ 

&q;L\eo~s-dio:x;ane containing c~.:n~stic soda. The additioq ot 

dio~ne therefore redissolved the precipitate. It waa the~ 

possible to continqe the addition of the SO per cent caqstio 

soda at a faster rate, together with fU:rther addit1oqs ot allyl 

bromide, for sometime before the final coag4lation occ4rred. 

In this way, the high alkali concer+tration necessary tor 

high substitutio~ was obtained, the preser.tce of dio~a11e ill

creased the solubility of allyl bromide in the reactioQ mi~

ture, and thehomogeneo41, or nea.rly homoge~eoqs COf\diiiol\1 

yielded an almost completely sol~ble (97 to lOO per cen,tl 

methyl allyl eellqlose. 

In Table XIJ:l the intrinsic viscosity data indicate 

that stook dio~ne, con,tain,in:g a trace of pero.l\14e, ci,qses 

little, if a~y, degradatio~ of the oell~lose ether. !he 

tact that the same intrinsic viacosities were observed with 

pro4qots allylated for two or three ho~rs indicatea the 

stability o! the methyl allyl ether in the presence o! alka,li 

and during allylatiot+. J:t shou,ld be emphasized that the co.-.

version of these intrinsic viscositiea it+to average oha1~ 

lengths by the use or a Sta4dinger (90). or Krae•er and 

Laqa!n& (91). nqmerical tactor is un,j'(4.Stifiable. Sqch :t'actor1 

assume no cross linked moleo4les and this ass~ption is 
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probably not ~ite t~e ii+ the present case. fhe iqtri~s1o 

viscosity o! the allyl derivative was not compared with 

that of the original methylcell4lose owi~g to the lack ot 

a common solvent. 

The reprod4cibility of the method from batch to batch 

is q;U.te good (See t._ble ~lll and the slight grs.dqal ill

crease in allyl sqbstitqtioq is attriht,\ted mai11ly to a cha:qge 

in the drying techqiqpes used later in the researc~. ~~ 

!able XIII, batches l and 2 were air dried while batches 

31 4 and S were drie4 over calci~ chloride !9 .... !!!Y!! Tne 

increase in allyl between batches 3 or 4 and ; is possibly 

caused by improved analytical teohqi~ea or some cha~ge ~ 

the many variables, such as rate of stirring and rate of 

addition of alkali. Careful storage will reduce the loss 

of' allyl by polymer1zat1oq iD: the presence of traces of air, 

but when a vao~Qlll desiccator has to be opell &Jld shut it\ 

order to remove samplel, the methyl allyl eell~ose gradqally 

polymerizes (See Table ~1. 

the most ~deeirable teat~res of this method are the 

high water-cellulose ratio and the large e~cesses of alkali 

and s~lyl bromide used (Appro~mately 28 and 5.) times the 

theoretical amounts, respectively).. Si~ce a~oat all of t&e 

allyl bromide was co~s~~ed in the reaction, a still larger 

excess wo-qld be Ileoessary if an attempt were made to increase 

the degree of' allylatio~. 



82 

Batch Date of Reaction 41111 oroqpa t•r L. !!!£.-['I] (cJ 
11.\llbel" Preparatio~ Time (hri.). Qlqcose Un11 •. &,1D. c z-

1 

2 

3 

4 

s 

Sept. 14/4S 3 1.)2 (b). ).22 

~·pt. 24/4S 2 1.)77 3.2, , 1.)72 3.26 

Jal\. 'J/46 2 1.44 

Jail• ll/46 ' 1.44 
Jan. 20/46 2 1.47 

(a). Methylcell\,\loae ~267, 0,59 metnyl gro~ps per 
glqcose unit}, 12.5 &• (air dry).; :;oo g. or 10. 
and 300 g. of SO~ laOH; 75 cc. of allyl brom14e 
and 2SO cc. ot dio~a:ne. 

(bl .4 large batch using 60 g. ot methylcell~ose, 
other reagents in proportio~ stated i~ {a}. 

-
.... 

-

(stock 
dio~n•l 

~erol!14• free 
io~e 

tc). I:qtri~aio viacoaity in glacial $Cetic acid at 250. 



). Physical Propertiea 
~-~~~~~-~-~-~-~~-~---·~ 

fhe physical fo~ of these derivatives was markedly 

affected by the way 1~ which they were precipitated fro• 

soluti<m• Whe~ a one per cent sol4tiort in glacial acetio 

acid was poured into a large TOl\.l.ID.e of water, the lower 

methyl allyl cellulose separated in a light, flq!fy 1 

fibroqs state. 4 S per cent acetic acid sol~tioq y1el4e4 

a much coaraer and denser prod~ct. Prec1p1tatio~ of • 

lower substitqte4 derivative with high speed st1rr1ll&, aa 

might be e~pected, tended to yield a powder. 

8) 

When air dried, the original methylcell~lose, the 

~lower~ and the ~higher'! allylated derivative retaine4 

abo~t 9, l and l per cent, respectively, of moist~re, 

Hygroscopicity therefore diminished, as is C\.lStomary, with 

increasing substitutio" ot hydrophobic hydrocarbo~ gro4pa. 

The same increase in s4bstit4t1oq altered sol4bilities ~ 

the dieectio:q described by ~rand '92). t:or the ethyl 

cell~loses. Water or polar solve~ts, for e~ample 90 per 

cent acetic acid, ·were constit~eqts or solver~ta for the 

~lower~ allylated prod4ct (fable I;V) i whereas the ~higher~ 

substittlted methyl allyl cell4lose d1ssolve4 i:q no:q-polar 

l1qpi4a like chlorofo~ or dio~ne or in the sl1ghtl7 

polar glacial acetic acid (Table V).. The 1I+trodq.ctio~ ot 

acetyl grotlpS improved the solubility in polar li~ida eo~

siderably. 



4 great deal of effort throqghout the research was 

devoted to determi~ing the degree of sqbstitqtio~ of the 

allylated deriYatives. The metho~yl content col..lld be asswqe4 

to be that of the particqlar r.nethylcell-qlose qsed as startiqg 

material 1~ the allylatio~, a:qd 1 ktlowi.ng th1• Yalq.e, 11 

appeared likely that a similar estimatio~ on the prod~ct 

would give the s~m of the methoJ;yl plqs allozyl subJtitqtiOJ\1. 

!he bo111qg point of allyl iodide, 102o, is low e~o~gh for 

the compound to Yolat1lize from the constant boiling hydro

iodic acid used in the estimation. 

Several standard alko~l determinatio~s were carrie4 

o~t with vario~s sample weights of a methyl allyl cellqlose 

~own to contain 7.98 per cent methoJ;Yl and 26.33 per cent 

allyl groqps per glqcose 4nit , and the tinJe or refl~ 

was varied·from o~e to fo~r ho4ra. Whe~ the recovery ot 

metho~l was assumed to be ~ai1titative, that o:f al.~ y 1 

was always close to !7~1-E!!-~!B~, 1Qste&d of the proper 

val~e of 26.)3 per cent. Therefore, altho~gh the metho4 

gave reprodqoible resqlts, they were so low that they were 

of no value in determiniqg the metho~l and allyl eonten1 

of the methyl allyl cell~lose. 

Saku,rada (49l also fo~nd the allozyl content ot hia 

d1allyl cell~ose ether was low (i.e., calcu,lated, 47.2 per 

cent allo~li fo~d, 41.27 per cent}. He claimed that the 



hydroge:q iodide ot specific gravity 1.7 used in the estima

tion was not strong eno~gh for complete cleavage of the 

etherJ. However, it appe.o!.rS to the a4thor that the formatior+ 

is likely of ~nstable propylene iodide which rea~ily deco~

poses evol-ving propylen.e (b,p. 47.00). and leaviJ:+g behin.d free 

iodine (b.p. lS:JO). in the reactiol\ flask. 

Altho~h so•• of the propylene wo414 be trapped 1~ the 

sc~bber or react with the e)tcess bromine in the receiver, 

forming propylene dibromide, (b.p. 1400)., most would pass 

thro~gh the s71tem and be lost. No attempt was made to re

design thEL appara:t·us in order to estimate this propyle:qe1 

because such a project was not a main objective of the work. 

An.other obvious method. of estimatin.g the allyl gro~p 

was to titrate the UI+Sat~rated do~ble bond it contained 11\ 

some conven.ient way. WiJs~method employi~g iodine mo~o

chloride was used by Sakqrada with degraded allyl cell~loses 

of high S4bStit~tioJl, b~t since the "lowern S"q.bstituted methyl 

allyl cell~lose in the preser+t case was completely solUble 

only in aqAeoqs acetic acid the iodine monochloride of Wijsfs 

solution would be destroyed. fhe bromide-bromate method ia 
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free from this difficqlty and as pointed out in the l~tro-

ductio~, is a m~ch ~icker easier method than that of 

Wijs, provided care is takeq to avoid loss of bro~ine an4 

provided the compou.nd does not undergo a substit~tioq reac

tio~. 

Fqchs (9.3l has shown that bromir+e i.q carbon tetrachloride 

does not add to dry cell~ose ru.J.d Sakurada (.49) noted that 

cellulose did not absorb the halogeL of Wijs 115 sol14tion. In 

the present work ruethylcellqlose under the bromide-·bromate 

experimental conditions (P. 59). was fouqd not to consume any 

bromine. !his :fact and the experiments of Frogllier and, 

Goetsenhoven (70l and Cortese (.69) or+ viqyl, allyl, an,d 

crotonyl derivatives are a:>.tple evidence to indicate that 

bromination of the methyl allyl cellulose shot~ld res1.:1lt only 

in addition to the double bond. S\\bstitutior+ is undoqbtedly 

liable to take place when the allyl groqp is replaced by 

long unsatur&ted side ohai.qs, s~ch as oleic and linoleie 

acids possess. 

As shown in Table ~~V the amour.tt of bromine consume4 

by methyl allyl cellqlose did not vary with the size of the 

sample taker+, nor with the time (fable ~). or temperat~re 

(Table Ut). of bromir+atior~, which is a good ifldicatio.Q that 

s~bstitqtioDt is negligible unless it occu,rs instaqtaneoU;sly. 

Moreover, in the presence of glacial acetic acid the bromine 

is released q;uite slowly1 and by a.gitatio:Q it is cons~med by 

the double bonds as fast as it forms, aence with the allyl 



carbo~ atoms (.2). and (3). possessing very :qegative bromine 

atoms, St+bstit~tiO!\ of the hydrogen.s on carbon atOlll (1). 

again seems uqlikely. 

(l). (2). (J). 
I .. 9. $ e 

HC- 0- l;H - CR•···CH2 I .. 2 t_ j+ 
Br Br 
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It is evident that absorption by the methyl allyl cell~

lose or a mecn&Q!cal loss of bromine wo4ld give high val~ea 

for allyl, This contingency is ~nlikely if the e~periment•l 

procedqre is !allowed closely. 

Effect of YaryiQ& Sample Weight on Bro~i~atio~ 
~~-~~~~---~-~-~~~~~--~-~~~~~-~~~~~-~-~~~~~~~ 

Volq,me ot Volqme of 
Sample Weigh'& E;BrO~-I\Br .Na2s2o3 use( ~ Allyl 

(grams). add 4 (cc.). (cc.). 

0.02468 .3 4-19 2S.9'7 
0.05650 s 5.12 26.07 
0.10041 8 6.98 26.09 
0.19937 14 9.3, 26.U 



fime 
(minwtes). 

' 3 

' ' 60 
60 

% .Allyl 
,Ulyl G:ro~pa 

per 
Olqcose Unit 

26.21 
26.,;6 
26.Jl 
26.25 
26.)8 
26.44 

!!!!£~-~!-!!~2!!!z~r! 
29-!!2!!!1!1:!g5 

1.461 
1.471 
1.468 
1.464 
l.47J 
1.478 

Tempe:ratq:re 

20 
.30 
40 

25.80 
25.87 
2S.9l 

88 
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Several larger scale brominatio~s were carried o~t iq 

order to check the mechanism of the reaction. The resulting 

methyl allyl cell~lose dibromides were consistently low i~ 

bromine content, the highest value observed bei~g 46.) per 

cent, whereas the fig4re calculated from the bromide-

bromate titration was 50.6 per cent. The dibromide hydrolyzed 

in distilled water or very dilute acetic acid at roo~ tem

perat~re, and the dry dibromide also evolved a pqqger+t smell

ing gas when stored iq a desiccator !B-!!~2 for a week. 

These decomposition reactior+s were far too slow to eJtplaii+ 

the discrepancy between the calculated aqd observed bromiqe 

contents of the dibromide. Therefore, it was in:rerred that 

a small amoWlt of hypobromo-qs acid, as well as free bromine, 

had added to the allyl groqp to form the bromohydril\, 
I 

-y-o-OBrCH(OHlCH2Br. As &J!;plained in the I:q.trod~ctiol'.l, sqch 

addition woqld caqse r+o !~accuracy in the bromide-bromate 

titration • The analysis of Sa~ra~a~s allyl cellu,lose 

d1brom1de (49) was also .3 per cent low. 

Another possible method of estimating the allyl groqp 

involved the qpantitative hydroge:qatiott o! the dou,ble bo:q.4J 

in methyl allyl cellqlose. Preli~minary hydrogenation& 

summarized i:q Table V~I made it clear that the allyl ether 

was redqced with great diffio~lty, as has bee:q. previoqsly 

noted. for allyl alcohol (94l• More success was had 11\; &Jl 

estimation based on the fact that the complete allylatlo~ 

of celll.\lose increases the carbon content from 44•4 to 6).8 
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per oen,. !he res'Qltl of sqf.ficiently accurate co.mbqstiOl\ 

analysis therefore in theory determine4 the allyl sqbstitl.\

tion. In practice, however, the carbo~ aqalyses were variable 

and uniformly lower than the values calcqlated fro- the 

bromide-bromate•tration. It was eventqally foqnd that the 

rigoro~s e~clusio.q. of air whil• the methyl allyl eellqlose 

was being dried and prepared for ana.lysis restllted it+ goo4 

checks. between the two methods of estimatioll• (P. 42 a~d 46). 

4dsorption of atmospheric o~ge.q., with the formatiot+ ot 

peroJd,des, presqmably occqrred ~ickly enoqgh to depress 

the car.bOI:l con tent of the methyl allyl cellqlose. Th.e 

concordance between the carbo!\ a11d bromide-bro~ate esti~a

tio~s sqggested that the latter probably gave the allyl 

content correctly to one pt<rt in a huqdred, or to abo1.1t 

0.02 allyl gro~ps per gl~cose ~it. 

When thorou.ghly acetylated with acetic anhydri4e an4 

pyridine, the methyl allyl oell~lose gave a white, fibro~a 

soluble acetyl derivative. This derivative was analyze4 

for acetyl by a staqiardaapo~ificatio~ with alkali (86} 

and also b7 a p.ew, qqpqbl1she4 method j~st devised by 

Mr. R. u. ~elllie~. Co.Qtrol e~perimenta, carried oq.t by 

Mr. Lemie~, showed that the acetyl grol.\pa in cellqlose 

acetate, or the ethyl groqps in ethyl cellqlose, coqld be 

~a~titativel7 recovered as acetic acid by distilling the 

samples with aq,ueoqs c11rom1w:n trioxide. Bl~ valqes were 
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obtained with methylcellulose and the resqlts with the 

mixed esters, cellu,lose acetate-bu,tyrate and acetate 

propionate, were non-~antitative • Altno~gh the results 

with methyl allyl cellu,lose acetate were high, it was fo4Q4 

that methyl allyl cellu,lose itself recorded an apparent 

acetyl valu,e of 1.65 per cen,t. This u,Qe:x;pected circu,~stance 

might have originated in a slight shift of the dol4ble bon( 

in the allyl group u,nder the oon,ditior.ps of the estimatio.q, 

giving rise to a ca,~H=wlit readily o~1dized to acetic aci~. 

I , I 
-y-o-ca2ca--cH2;c,=~ -y-CH=CH-CH) 

1.6S!C 

With this correction, acetyl Talu,es obtained by both methods 

came into fair agreement. 

£2!i!I!!2n.er_!s!iz!_!!$~!!~~ 
El-!!~..!!!!!2~! 

SapoJP.ticatioi\ Cro6 CrO~ Metho( 
11eth·4 Co recte4 

~ ~ -
14.21 lS • .IJ. 14.0) 
14.J8 15.68 14.)0 

(.a). OQ methyl allyl cellu,lose acetate (See P. 53l 



92 

!Qe valqe of acetyl 14.) per cent was accepted as correct 

and allyl grOl.\PS amounted to 22.4 per cent as tcn~r~d. by the 

bromide-bromate titratio~. Since the s~bstance originate4 1~ 

a methylcell~oae of substit~tion 0.59 and base ruoleeqlar 

weight o! 170.4, the following sim~ltaneo4s eqP.&tions re

vealed the sqbstitqtio~a, ~· and y of the acetyl and allyl 

groups, respectively. 

~ Allyl = ___ 4l_OO....;y __ _ 
l70.4+42J\ +40y 

Solutio!l of these eqpations gave substitutiol\S of 0.89 and 

1.45 for acetyl and allyl, respectively. These val4es, to

gether with that of o.S9 for the methyl groups, amoqnted to 

a total sqbstit4t1on of 2.9); whereas 3.00 was that reqpire4 

by theory. This discrepaqoy of 0.07 groqps may be caused by 

the different analytical manip~latio~s, b~t most likely 

res-qlta from slight polymerization d~rint': the preparatioq. ot 

the methyl allyl eell~lose. The slightly low carbo~ valqes 

obtained support this latter view (See P. 42, 46),. However, 

this satisfactory agreement ••• the final lndioatio!l that 

allyl groqps were estimated with reasonable accuracy by the 

brominatioq method as modified during the preseqt work. 
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The unpolymerized ar+d ~plasticized films of methyl 

allyl cell4loses formed as described in the ~~perimental 

portion (J. 6S)., were water-white in colo4r, very clear, 

transparent, ouo~rless and tasteless. The s~rfaces of all 

these films had a slight uniform mottle ca~sed possibly by 

local strains altho4gh the Fisoher Strainoscope indicate4 

no gross strains were present. This mottle was more pro-

nounced if the films were dried ~ickly. Some physical pro

perties of these fi~a are given in !able ~I~I. 

It is clear from the !able UII.l; that the ~lower~ S4b

stit~ted product had a higher tensile strength and higner 

M4llen burst val~, perhaps beca4se the weaker alkali 4se4 

during its preparation had caused less degradatioq, or more 

likely, because there were more unsubstitute4 hydroxrl groqps. 

In this case the streqgth of the filal decreased as more and 

more polar hydroxYl gro~ps were replaced by allyl gro4p1 

whose mut4al attraction is very low (98)_. 

The tensile strength. of the ~h,igher~ s~bstit~ted methyl 

allyl cellulose, which had at+ . intrinsic viscosity of 3.25, 

was similar to the tensile strength oi' beJlZYl cellqlose !ilDiS 

with the sarr.e intrinsic viscosity prepured by Ol~ada (46).. ~t 

may be that benzyl and ~npolymerized allyl groqpa behaYe 1~ 
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~nl~!~~~-~r2E~r~~!~_2f_QBP2!l9!£~!!g_~~~l!_!!!l!_£!!!Y!~!!_E!!!! 

Propert;y 

1. Specific Gravity{a). 

2. Tensile Streqgth (lb./s~ iq) 
(dry} (..b). 

3. Tensile Strength (kg./s~.cm.) 
(dry} tb} 

4• Elongatioq ~ (dry} (b) 

5~ Moisture Vapoqr Permeability 
~./c~.2/0.0l C:.:./hr. 8. .37.50 
(.lOOO F.) (c). 

6. M~llen Burst fest {appro~.} 
lbs./sq,..in./0.01 in. {d). 

7 .. Air Porosity (e). 

8. Fle~bility 

t~l Reference 95 
Reference 88 

lfower Sqbstitqte( 
(0.95 allyl, 0.59 OCB,; 

and 1.4(> OHl 

1.10 - 1.14 
8,200 ± .3.30 

580 :J:: 20 

9 - 16 

18.77 1; lo-4 

200 

n:o:n,-poro-qa 

E:J;cellent 

(c) Reference 89 
(dl Reference 96 

Higher Sq.bstit~te( 
(1.44 allyl, 0 .• 59 OCii,; 

and 0.97 OB} 

1.os - 1 .. o1 
6,400 ± 500 

450 ::1:: 40 

7 - 9 

17..,74 ~ lo-4 

70 

:QOX\-porou,a 

Goat\ 

(.e). Reference 97 

t 
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a similar manner in cell~loae. However, Okada~s benzyl 

films had a greater elongc.tio.q. (2.2 per cent).. The low elo~

gatioi+ of these allyl films compared to methyl an.d benzyl 

celluloses suggests the poss.ible e~istence of a few cross 

links even in the sol~ble allyl prod~cta. 

~~--~2!l!!!!!!S-!!!!! 

The polymerization theory proposed by Nichols a~d 

Yanovsky (26). for simple allyl carbohydrates and describecl 

in the Introdtlctioq. appears from certain qp.a.litative obser

vations to apply to methyl allyl cell4loses. In the first 

place, polymerizatior; of the cellQlose ethers also reqp.irea 

oxygen. For e~ample, a methyl allyl cellulose, after stand

ing in air for five months, was only slightly sol4ble 1~ 

glacial acetic acid, ar~d 1 ts apparent allyl contEn~t had goJ\8 

dowri from 1.32 to 0.61 allyl g.rou,ps per glucose unit; while 

a similar sample, kept l.Ulder a vacrq~, was at ill lOO per cent 

soluble. In the second place, a strong acrid odoqr, possibly 

of acrole1Q1 was observed whenever stoppered bottles oo~

taining pur1£1e4 methyl allyl cellqlose were opened after 

they had stood u,ndistureed for a month or more. table 4IX 
shows the course of a polymerizatio~ accelerated by heating 

an unpolymerized film at 7go in air. 

The relative rate of thermal polymeriaatiol\ of allyl 

ethers depends upon the temperatu,re of polymerization (29). 

In the above e~ample, a little more than tweqty-foqr hoqrs 
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at 78° was reqpired to render the film insoluble a11d Int+~ 

less time was necessary ~t 1000. It is interesting to 

note that the solu,ble portion (Table ~~. retains slightly 

fewer double bonds as polymerizatio~ proceeded. From th1a 

we can conclude that a certain small amo~t of cross link

ing is consistent with the retention of solubili,y. 

!!!!!!!!!-~!!!_2!-~!!~!!-~2!~!!'~!!~!2!t_2!_£'!!!tS!>. 
in, .Ur at 780 ±20 

Time in 0YeQ. 
(hou,ra). 

0 

l 

6 

12 

24 
48 

~~~~~~-~~~~~~--~~ 

Insolu,ble Portio!\(bl Solu,ble Portio" 
~ Allyl Groupa/.Qlu,eose Unit 

0.9 1.44 
1.5 1.42 
9.7 1.37 

22.2 1.)4 

70.0 1.29 

100 .. 0. ... 

(a). Cellulose substi~ted with 0.59 methyl and 1.44 
allyl c~oqpa per glu,cose unit. 

(b). In glacial acetic acid. 
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,, tl 

Altho~gh the higher sqbstit~ted methyl allyl cellqlose 

films polymerized very slowly in air •t room temperature, the 

process was rapid qQder the i~!lqe~ce or heat or ~tra-Yiolet 

light. Films that•r• rez+dered more that\ '0 per C8Jlt solve:Qt 

resistant were ge~erally less flexible ~d beo~e ~ite 

brittle Oil prolon,ed treatment. Pol~eriaatio- by heat tre•t· 

ment ca~sed a slight yelloWing of the oolorless !i~s. 

!ables ~· ~d ~ 1~d1oate that after pol~eriai~ the 

elongatio~, aolqb1lit1es and moistl.U"e vapoqr perJQeab1lit1e• 

of the films were red~ced, while t~eir teqsile streGgthe 

usually remained appro~~ately oonsta~t. Films polymer1ae4 

UGder severe conditions showed decreased teQsile strengtha. 

!he allyl starch !1~s pol~erized in air cons14erabl7 ~c-er 

than the methyl allyl cell~oae !1lma (29).. 



f.ABLJ D 91 

Pb7eioal hopertr Cbanpe on Polpei'J.u:U.ea 

ft.1a hmple 
lloasa.U.cm Iaeolu:ble 

tvea.11Ma'& (417) PorUe ... • •• • • 
:1. O.Uuloee J'ilat(a) 

1 l aoae 10 5,290±50 )71:!:).,, 11.4±2.0 0.7 
1 2 48 hra.hMt t liJfl' 9 5,.300+ 500 m+J' 3.o±o.2 99.7 
2: , 7 dqa 1n alr e 2,0 7 6,JOO+JOO 440+20 a.a+1.o -
2 4 n• 1n alr • a,. 4 6,4QO+aoo 4~±u 4·' ±o.J -
2 5 12 bH.hea.t tlOOCt 6 4,500±500 m+'' :s.o±o .. a 100., 
a ' 21 ... in air aa4 ) 4,300±300 JOO+zo a.1±o.1 100 

24 hr•· ultra-vi&let 

' 7 ... ' 6,.400+,., 450+40 a.a+o.s 0.4, 

' I 6 bra.. ulmt.-..S.Ol.•" ' 6,S00±400 460±:10 s.o+o.4 99 

J ' U bra. ulv.,.,.'V'lolet ' 6~:.300±500 4JIJ+JJ 4 .. 2±-o.a 100.2 

' 10 24 hre. ul. tw.-Yiolet ' ,,500±500 no+3' 2.J+0.7 100.8 

•• ~,JdWR* IJ!?!t.itlu.Hf f!!tbll !.Uz:l 9.1lt!l!'.~ ~(a) 
I 

4 u ... lO ,no+JaJ m±18 lJ.l±).l 

4 u U nr•• eder u.ltt'a- ' ,750±200 "'±14 ± 2.0 
n.ol.et (>»>CJJ) 

4 lJ 24 hra. a.der u1-.... ' 6,960±l00 490+6 J -+ o.os 
v1olet(12 hra .>28001) 

g. Allarl bK9i ll:W. 
5 14 2 d.IV"• h aU ' 'J74 -1- lO a6± 1 72 +42.0 .... 

' 15 18 hn. ul:t~let ' (>280GJ.) 
2,770±2)0 ~9,+16 2.a+o.3 100 

(a) See fable IfiXI 



(.:1), Rate ot I,oad1I\& lltlms - .No. 
---~~~~~~~~--~~--~-~~ No. 1 - 13-16 Seooi\~1 

No. 
le. 
:No. 

2 - 13-20 • 
J .... l6·20 ~ 
4 - 13-21 • 
5 - 18-29 • 

Width ot all teat speeime~a = 15 ~. 
~·~1h o! all test speci~ei\1• 50 ~· 

11~ l - dried iQ appro~~aiely 18 ho~s ~er re
dq,oed preas4re ot l ~· 

F1~1 2, J, 4 a~d J • dried in app~o~imately 72 io 
96 ho~rs ~der red~ced preas~re ot 9 c~. 

Average thiolclless ot Filat Jo. 

(eaoh h~dre4 
readin&•l 

.Mo. 
No. 
le. 
Jo. 

1 - o.ooa9± o.oooJ11\cb•• 
2 - 0.0027J±0.0002' ~ 
J - o.oo21:to.ooo1o • 
4 - o.oo2o +o.oooa::. • 
' - 0.003l:bO.OOOl ~ 



ti.BLI DI 

lloisW. Yapggr Pel"'IMJ:!t.l.;&!;l Queaua 29 Pg:).;reeri!iU 1mdet 
Ultn-,1\0Uj Li&h) 

Sapl•l n• I _ .. llead't7 
( llloi•toare ..,_.. ,..,...bUi!i 

Coll:poai tioa or J"i1a a) 1iiiP'OllliftiHCt. J •eci 
J':Ua 'tae lDider Ultn.-Yiol.et Jl'emeabUi \T I • Decreaae 

1 

2 

J 

4 

I Ll.IO J Met.'b;rl Alq~ CelluloM ,18. 71 X ur4 I 12 ho1lr8 (c) 18.62 X ]g"4 I 
16.01 X J.0-4 (0. 9S all.71 gJVLlptJ per 24hours 

gllle$M UD.i t.J 
I 1.06, I 8e\b71 Jlql Celluloae I 17. 50 X J.o-4 I 24 houra I 10.69 X ur4 I 

(1 .. 44 aJ.lTl rpa per 
glacose wt. 

I l.OSJ I .,._l.W¥1 OeUulo• 117 .. 98 X ur4 I 2.4 hours I u.96 x lo-.4 1 

I 

(1.,44 al.q1 grou.pa per 
&l•ceee UD1 t.) 

I I 18 boura(c) - f JJ..ql Sta:reh (1"'2.8 - I 6 • .42 X 10-4 
a.lJ.I'l .,_.. per aJ.u 
mdt.) 

(a) A:11era.p tbiokneee of fihu11(anra.ge of 20 to JO readings aCNss aheet) 

rua 1 - O.OQ45(JD; Fila 2 - o.~J :rua l - 0.0011 •· • ru.a 4 - o .. 0096 ea. 

(b) 1faX used iD test. coasiated of t.wo parts of beeswax (m.p. 60.5 - ~) and three partll 
of 1DaiD. (a .• p. 120 - Uf') tr weipt.. 'lbe desiccant was C.P. calci._ cbloride. 

(c) the RYe l•c'h of the ult.ra-'riolet was greater than 2800 I. 

o.a 
14.7 

.3$.9 

J).5 

BOTE:. At 37.;• \100° F.l, the sample had a relative hqmidity of aboqt 90 per t; 
ce~t on one face of the sheet aqd below S per ce~t on the other. o 
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The ass~ptioq that the fi~s bec~e cross-11~e4 

thro~gh the polymerization of the allyl gro~• 1s not oqly 

consistent with chemical theory 'a:qd the aztalytical da" bq• 

affords ~alitative e~laqationa for the p~ysical ch~gea. 

Cross-li~in& woqld~nd to prevent the chains tro~ mov1~ 

apart, thereby maki~ solqtio~ and 1ntramicellar swellin& 

d1tt1cqlt or impossible. fQe interlocking of the eh•~• 

woqld dimi~ah their te~eney to slip •&•inst each other 

~der a tenaile stress, th~a reaqltin,g in a decrease ~ 

elo~ation. fhe increased rigidity of the system, ow1n& to 

a large n~ber of main valence bridges being for~ed betwe~ 

the cellqlose ehai~s, wo~ld also e~plain the i~crease4 

brittl~ess or loss of fle~ibility of the pol~erized ti~s. 

!he observatioz; that the teqlile strellgth of allyl starch. 

fil.Dls increased n11le-fo14 on polymeriaing (.table ~). ia i~ 

accord with Delle:qi\\1 (99). who haa sho~ that the iqtrod~o

tion of methylene bridges into low te~acity degraded viscose 

rayon greatly !~creased the tensile stre~t4. These i~creasea 

wo~ld be theoretically e~peoted, b~t aq e~pla~ation see•• 

necesaary in the case of the methyl allyl cell~lose !i~s, 

whose tensile stre~a;th waa not markedly changed by polymer1••

t1o~. 

!he cell~lose chains are loosely pao~ed in the methy~ 

allyl oellqlose aince~ filma are transparent and are not 

very dense. Also, the chaina are kQoWQ to have very l1m1te4 
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fle~bility ~d he~e are Qot likely to move into aqy posi

tion that wo~ld eqable the allyl gro~s they possess to 

polymerize more easily. !he ran,do~ess aqd rigidity of the 

celll.llose cha1Qs mear+ that eYe!l if strot+g pri~ary valances 

are set ~P between some cell~ose chains, as ~o doqbt occ~a 

in pol~eriaation,, there still may e~st weak cross sectio~ 

in the !1~ owit+g to the local absence of crola ltqki~. 

Now the tenaile streqgth test measqres the weakest part ot 

the fila., and ao it il logical to ass~e ~t ~ sparsely 

polymerised section will break first resl,llti:t+& possibly ~ 

no ~appareQt~ increase in teq_sile strerwtq. 

4nother possible e~la~tion tor the lack iQ increase 

of tensile streQ&th may be .considered briefly. !he tet+sile 

strength• ot allyl plastics (.lOO)., as well as ~olymeri•e« 

methyl allyl cell4lose1, are aro~qd S,OOO to 81 000 po~• per 

s~are inch. It is hard to see why a few allyl cross 11~1 

in cell~lose derivatives shoqld co~fer streqgtha m~ch greater 

than those of straight allyl plastics. 01\like cell~lose fil,DJa 1 

unpolymerised starch films are very m~cn weaker tha~ allyl 

plastics {fable ~). and there is ~\.lCh roo:lll for 1!Qprovem~t by 

allyl cross 11~ing. The probl~ of predictillg fil• proper

ties from molecqlar strqctqre is still i~ a highly empiric•l 

state. All the factors atfect1~ tensile streqcth have not 

been bro\.lght to light, a~d so the above theor1aiqg 11 te.llta

tive. 
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s-.ples 6 and 10, 12 a~d l) cr.ble ~- decreased ~ 

tensile stre~gth after bei~g irradiated with qltra-v1ole' 

light. fhis effect is possibly ca~sed by a photoche~cal 

degradation of the cell~lose derivatives. ~qch ~litative 

{lOl, l02).,a~d recently qwL:qt1tative data (.l03, 104, lOS, 

106)., have been p~blished to show that cellttlose derivative•, 

such as cellQlose nitrate and cell~lose acetate, are afteote~ 

by ~ltra-violet light in atmospheres of rdtroge~, heliqm or 

o~gen. !he degradation has beeq followed by meas~rement ot 

increased copper n~bers, decreased viscosities of dil~te 

sol~tions and b,y other methodl. 

!he moistqre vapo~r per~eability of met~yl allyl eell~

lose fi~ decreases markedly on polymerizatio.q (fa,ble ~).. 

This decrease indicates that cross liQk1ng re~u.ces the n~ber 

of available spaces throqgh which the water vapou.r ~oleou.lee 

ea~ pass,as a process that is sqpposed to ~tighte~ ~P~ the 

s~permolec~ar strqct~e of the film wo~ld be e~ected to do. 

the val-qes given in !able W may not be abaol\,lte, bqt they 

definitely are comparable. Si~c• allyl ata,roh fi~s were 

readily pol~erized 1~ the air, ~o per~eability test o~ ~· 

UQpolymerize4 fil~ was attempted. 

The •,lower~ s~bstit~ted methyl al.lyl cell-qlose f11141 

either slightly polymerized or ~ol~er1ze4, railed to stop 

entirely the passare of ~1troglyoerine, as j~ged by the 

drastic test described i~ the ~er1me~tal portio~. Since 

glycerol is immiscible with nitroglyceri~e a~d is ofteQ • 



good plasticizer for cellqlose derivatives, it was tno~nt 

that the impermeability of these fi~s woqld be i~ereased it 

they con.tained glycerol as a plasticizer. fhis addition, how

ever, failed to stop the nitroglycerine. 

lo. 

l 
2 

' 4 

' 6 
7 
8 
9 

10 

Ritroglycer~e Diff4siof.\ throqgll. Fi~l 
~~~~~~~~--~-~--~~~~~--~~~~~~~~~~~-~-~~ 

Antoql\t of Chaqge Re•otio~ 
!reatmell1s Plasticizer Thic~esa 11\ to 

(.glyc;riqe). (.it\cheal Weijn• Diphen7l&Diil\e 
Reagel\t 

Q'I\polymer1ze4 0 o.oosi +3·' Faintly positive 
O'llpolymerize4 0 o.oos +o.i Positive 
Ol\polymer1ze4 8 o.ooso +0. PositiYe 
Unpolymeriae4 16 0.0056 -0.6 PositiYe 
Ullpolymerized 28 0.0052 -6.1 Positive 
Polymer1ze4 0 0.0056 -0.4 .legative 
Polymer1ze4 8 o.ooso -l.l legative 
Pol~erized. 16 (.a). o.oos6 -o.? Positive 
Polymer1ae4 28 0.0056 -.3.8 .-egativ• 
Polymeriud. 0 (bl 0.0060 +10.0 lfe&ative 

(a). 01\ retestin.g a hole appeared in tbe !1~, a~geet
in& that there may have bee~ a microscopic craok 
i~ the !1~ which permitted the paasage of ~tro
glrcer11\e• 

Depression made by 30-poqAd M~lel\ tester. 
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!he ~higher~ s~batitqted ~polymerized ~ethyl allyl 

cell~lose t1l=s, both plasticized with glycerol and ~plaeti

ciaed, were also ~latisfactory, as j4dged from the positive 

result of the dipheQylami~e test for nitrate give~ by their 

~der lidea (.Table ]tXl~, Nos. l - ,).. lk\eq similar filll\a, 

both plasticised ~d 4Qplastie1zed, were permitted to poly

merize, the-.at was ~torml.y qegative CNos. 6 - 10} it 

e~erime~t lo. 8, which was probably taqlty, is e~cl~ded tr~ 

consideration. 

fhe nitroglycerine diffqaio:q. tests therefore indicate 

that polymerized fi~s are desirable as barriers, pres~ably 

because of a red~ction in the n~ber of av•ilable sp•ces 

throqgh which the b~lky nitroglycerine molec~le may pass. 

The moisture vapo~r permeability (Table Wl of allyl staro}l 

fil~s indicates that if they coqld have bee~ prepared i~ the 
,, .. 

same manner as the higher methyl allyl cell~lose fil~s, they 

too woQld have completely resisted nitroglycerin.a diff~sio~. 



(1). !he Historical l;~trodqctioq ooQt&il\1 • review of t~• 

pertinent literatqre o~ ~saturated esters of oellqlose &Qd. 

ethers of starch a~d cellqlose and the recent work oonoerQiqg 

the mechanis• of o~idation and polymerization or allyl 

derivatives of simple carbohydrates. Methods and mech~smt 

proposed for etheriticatiOll were discqssed with speci•l 

reference to allyl starch and allyl cellqlose, and to the 

estimation of the allyl groqp by halogenatio~ of the doqble 

bond. Finally, the available literature on attempts to !in4 

coatings resistant to nitroglycerii+e diff\,\s1on was S\.\lflli1arize4. 

(21 technical methoda were develope4 to prepare for the 

first time completely solqble methyl allyl oellqloses ot 

sqbstitqtio~, methyl 0.70, allyl 0.79J and metnyl O.S9, allyl 

0.9,. A method for the preparation of a more highly allylate4 

derivative, with sqbstitqtioq,methyl o.,9,an.d allyl l.47,waa 

also worked o~t. The sol~bilities a~d properties of these 

a~bstancea, together with the acetate and dibromide of the 

latter, were note4. 

(3). AtteQtion was given to methods of estimating the 

allyl gro~ps. A. modified standard br~1de-bromate metho~, 

applied for the first time to ~satq.rated cell-qloae ethera, 
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gave reprod~cible reaqlts. The bromi~e consumed did not 

vary with the size of the sa:nple, reactiOI\ time and tempera

t~re. Blank val~es were obtained with methylcellQlose. 

(4). 4 st4dy WBrS made of the chan,ges in physical pro

perties 1.\ndergone by methyl allyl cellqlose films cross 

linked by the polymerization o.f allyl groqps. In general, 

polyt..ner1za tion of t.ruese films decreased their solqbili ty, 

fle:x;ibility, elongation at break and rnoistqre vapol.\r per

meability, while their tensile stre:qgth reinair+ed almost 

constant. 

Films of the more highly allylated derivative, when 

polyinerized, satisfied the standard si:x;tee:n, day test for 

nitroglycerine barriers. 



CL4~·S FOR O~Ol14~ RESB4ft~ 
~~~-~~~-~~~-~-~-~--~~~~~~~~~ 

(l} 4lthoqgh allyl ethers of sqgar derivatives aQd ot 

starch with def1~1te s~bstit~tioqs have bee~ reported, thole 

ot oell~ose have ~ot bee~ described e~cept by Sak~ra4• a~4 
allyl 

in a few patenta. Sakqra4a~sAcellqloses were only partially 

sol~ble ~d are possibly mi~t~res of ~eacted oellqlose 

and allyl ethers of vario~s s~bst1t~t1o~. Pate~ts generally 

give vag~e and i~complete d1rectioQs tor allylatio~. 

The tech~cal difficulties sqrro~ding the allylatio• 

ot the 1qsol~ble cell~loae were overco~e by the 4se ot a~ 

alkali sol~ble low methylated cell~lose. Detailed methoda 

were worked oqt for preparing two methyl allyl cell4losea ot 

different sqbstit~tio~ with o~ly slight degradatio~, solqble 

in vario4s commoQ solveqts. 

t21 The first methyl allyl cellqlose, obtained in 88 to 

9S per cent yields, had 0.79 allo~l and 0.10 metho~l,or 

0.9S allo~l and o.S9 metho~l,gro~ps per gl~cose 4~t. I~ 

was completely sol~ble iQ morpholine and 90 per cent ·~oqa 

acetic acid. 

(J} fhe second methyl allyl eellqlose was obtained ~ 

90 to 96 per cent yielda, aQd contained 1.44 to 1.47 allo~l 

and 0.59 methoxyl groqps per glqcose q~t. It ••• co~pletely 
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soll,\ble irt glacial acetic acid, ohloro.fonq, dio~e, 

methylene chloride, morpholine, pyridine a~d a beqzeqea.ethyl 

alcohol (.1:.2), mi~t\;\re. 

(4). The preparation of a methyl allyl eellql.ose acetate 

1n 90 to 93 per cent yields contained 1.47 al1o~l, o.,9 

metho~l and 0.93 acetyl groqps per glqcose ~1t. lt waa 

completely soll,\ble in glacial acetic aci4, acetone, be~e~e, 

chloroform, 41o~e, methylene chloride, morpho11ne an4 

pyridine. 

('1 4 rapid method !or determiqing tqe degree ot ~•at~•

tio~ ot ~sat\;\rated eell~oae ethers in a ho~og~eoqs, a~eo~ 

acetic acid solt\tion at room temperatqre wa1 deY1aed. Althoqgn 

a mod1!1oatioq of a standard bromide-bromate metQod, the 

application to ~satqrated cellqlose ethers containin~ shor~ 

chained sqbstitqents, su.ch as allyl, is new. 

(6} The polymerization or metQ7l allyl cellqlose !1~1 

generally res4lted in a decrease in elongation at break, tQ 

tle~bility, in aolqb111ty a~ moistqre vapoqr permeability, 

while their tensile strength remai~ed appro~im•tely co~staQt. 

In the case ot allyl starch films, polymerization 1ncrease4 

the -~sile stre~gth greatly. The polymerized !il~s ottere« 

more resistance to the passage of n1troalyceriqe thaq ~

polymerized films. 



StJQQES!IOIS FOR FUTURE RES~ 
-~~~~~~~-~~--~~~-~~~~--~~--~-~ 

(ll The preparatio~ of a nitroglycerine barrier fro• a 

halogenated ~sat~rated oellqlose ether by employiQ& a~ 

etherifying age~t that coqtaiqs a lo~ partly haloge~te4 

carbo~ chain with oqe do~ble boqd at the e~d, sqc~ as a 

l-3-dichloro-7-heptene. From this the11s it is apparent 

that longer ether groqps shoqld improve the !le~ibility ot 

the polymerized film alld the haloge:q,s present sho4ld re4tlc• 

the flammability of the !1~. 

(2l !he development of methods of coating cordite stic~a 

with methyl allyl oellqlose films aqd of co;qdqctin,g variol.\8 

weathering, agi~ and bqr.qi~ tests Oll the reaqlti~ aoate( 

stick. 

(J). The 1.nveat1aat1or; of the COfl!mercial possi bili t.iea 

ot the methyl allyl celll.\lose acetate, solqble, 1q the 

~polymerized state, in a wide raqge of common solvents, 

(4). .4 Stl.\dY of the effects of croas-liqki~ OQ. the 

viscosity of methyl allyl cell~lose acetate, the object beiQ& 

the f"rther correlat1oq o! 1qtr1nsio visoos1ties with ch-.1-

cal strqctqre. 

(~0. 4tt._pts to i]iorease the degree or allflatioll by 

using as start1~ materials either the ~higher~ sqbst1t~te4 
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methyl all7l oell~lose swollen in beqaene or the acetone 

aolqble methyl allyl cellqlose acetate. 4 nitroge~ 
atmosphere and SO per cent alkali wo~ld probably be 4eair

able. 
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