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One tndirect methed ‘uniauund‘ sone years m w Yewser
m Elemetr (1). n coachtod of uuvmtnc celluless rz:m uto an
uconto and then uuuuu the u-uu ‘o ollﬂn!u. ho nnhod.
| vhuh was sppnu nlu lo uunlon whioh had been utwuﬂod to a
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- uut with the cuﬂ.auu amu mere rotduy than the ormm Ty
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Mivexyl gresps. Thms, the weehanion was Sheught %o Ve hist
Uader the 1afluence of the alkali in $he alkylating sizture $he
asetyl grewps weuld Ve sapenified and the regeaerated Mpdrexyls,
guasl is gtatu asseendi, weuld simuitancsusly be aliyleted. 1a this
vey Houoer and Hiemer odisined for cellulese regencrated frem vie.
e0ee & methenyl sontent of 43, k2 per eems, -ua l‘u 20arly the the-
~eretical value of ‘S.#;';u sont. The geed results of Shis method
seoned S0 Justify, altheugh they il net explain, the semoept of the
sesheniss, and the prissiple of the methed has beea spriied sinee
. uy varieus iavestigaters; for emample, By Haverth and his seheel (2).
In one sase the latter Teperted S2at & methoxyl Sonteat of 15, 6 per
-aeat was resshed. Ia a later pubiieatten ()) , hovever, » maxisea of
only 45,0 per osmb vas resched, Geversl other werkers bave 3ot been

Sdle te cearirm Whe higher resuls,

Resently Tarrer and Sesher (L) hawe postulated Shat the
Sheoretisal value for tﬂ-ﬂm.;nllon oaa Vo obdainsd enly with
sellulose dograded V0 & Getaia extend, B .‘““,““ nathed of
ssthylution is wosd. Thay Dased thelr cenelusies oa experiments
vhich invelved repeated sestylatieon vith asetic anhyiride and sul-
furie asid aad swbeoquant methrlation ¢f the asetates; they sven-
tuslly edtatinsd preduste ia whieh the methoxyl mhii had inorensed
even sbove the thesrstical value of a Srtaethyl produstd, Obvieusly,
Shie iuusu is m to aa insreass of hydvexyl grewps, wvhieh re-
sulte fron cleavags of glyesesidic liakinze of the gellnlese chaln
unds? the iaflusnce of the asetylatien nixzture,



Beuser and Nieuwer 414 2ot yay much atteatisn %0 the pes-
aibility shat the wse of cellulose acetete as o owm\j naterial
for methylation might iavelve & ehaage in the physical stats of the
cellulesie constitueat during the alkylatienm precess and that this
change might explain the impreved resulis ia a differeat wy. Sueh
a chaage in the physisal etate becemes obvieus 1if wethylatien i
sarried out with the asetate &isselved ia acetone, accerdiag to the
nedifieation weed by Taversh, Kirst, sad Thouas (2). In tnis oase
the e0lid phase is elininated, at least for a parts of the resction,
asd a muok more homogeneous aad more cemplete resciion may be antie-
ipated. Although the cellulosic materisl way presipitate as it ie
Deing regenereted and metiylated, this presipitate represeats a fise
suspensiea vhieh 2y bs expsotsd te Do wore accessible to the weth.
ylating agents than {s ao’liﬁhu in ﬂima forn.

Tron a censideration of thase odesrvations, 14 weuld
sppesr obJectienedle te explaia the higher rate of methylaties sad
the alwest theorstical methoxyl eontent as beiag Gue te chemieal
sstivation of hydresyl groups as discussed adbove, previded that
degradatien of the selluless during ssetylatien is avoided.

Tims, there are three possidble sxplamations of $he ia-
preved results ebtained oa methriating scetylated eellulese: (1)
Acetylation asttivates the hydroxyl groups of Sthe eellulese; (2)
asetylation allovs sethylation to be carried out on celliulese ia
nluttoi and sudsequently on a fimely divided precipitate; asd (V)



iu\yhtln {9 aceonpanied by degradation whieh epens wp nev hye
drexyl greups, the latter Deolng availudle for sethylation,

The investigation reperted delov was conssraed with s
attendt o decide betuesn these possidilitien.



RISTORIOAL SURVNY

A weve extensive histeriesl survey is presented in erder
%0 estadlish & breadsr Dasie for dlesussien of the experinantal re-
sulte,

Exhaustive methylation of cellulese B3y use of dimetiy}
sulfate and sodiwm Mpdroxide was first oarried out by Dendam (5).
After eightecn %0 tvently methylations s maximam value of M 6 per
csat sethoxyl sentent vas reached (the Sheeretical valwe is 45,57
per cent), Applioatiea of the same method by Mewser and ven Neuen-
stein (§) yielded & maximem metboxyl value of ealy .9 per ceas,
sad by Irvine end Rirst (1) of U2 te 43 per ceas.

Bees and so-vorkers (8) have made sa extensive study of
the fasters iavelved ia the methylation of fidrews celluless direes.
1y with aquesus sediwm hydrexide selution and dimethyl sulfate and
have sotadlished mere sucoessful sethods of prodwsing Righly meth-
Flated cellulosss. Vork by Hess, Absl, Sehon, sad Komareveky (§)
“showed that the rate of methylation inoreased wilth the reaction
Seuperature and the sodiwm hydrexide eonsentration. Ia attempts %0
preduse ocowpletely netiylated sellulecs, three sethylations of ramie
resulted in & methexyl comtend of B0 4o 42 por cemt. Thic material
was Sriturated vith fee water %0 gilve & partial solutien. Additiea
of sediwm hydroxide them formed a fiae pre¢ipitate whish oeuld e
netthylated %0 N5.13 por ceat methexyl in Shree operations. 1% was
reperted Shat seme methylated colluleses with Uh to k5 per cent



‘metheayl showed & deeresse in setbexyl content with further treat.
nest,

A uurmmiw Ureea (9), vherely the dinetiyl wifate
whe used 1n eonjunetion vish M5 per esut petassive Mydremide eel-
. ution ot 20° Q,, nnlu‘ is s n:tnuoth.l value of WA, 7 por
seat after Sve metiylations of estion eslliulese.

Easverih, First, ead Theaas (2) destgued & wettod vherely
the muou W per sent sodiua hydroxids eeluiien and the &inetiyl
 eulfste vere -uu‘wnxuuuny %0 ibe sellulese suspesisd in
esetons, Tha Lesperstere ves 56° O., the belliag peint of seetens.
Nethylatien of finely grousi callulese (f1lter paper) resuited ia s
nethoxyl esmtent of J7 per cent. Ome further methylatien imerensed
- this %o o mu&nd s moui’.dMl. Vhen this methed
was spplied ‘o vood pulp (aot grevad) Wy Bareha aad Eiddert (10), &
saxime vales of 'ls.it per sent nethoxyl vas reachel after Shree
netlylations, This valus could de imsrenced to LN, 6Y per cent Wy
rencthylotion after ihe produst heé besu preefpiteted from ohlorefern,

A unique method of uliyuuu. viieh evidealtly has not |
oo applied to the preparation of highly metiylated selluleses, 18
_Ahat deserided by Bosk (11). The sellnlese is dispersed in & qua-
Sernazy samsalun Sase--for exsmple, trimetiyideasyleameaive hydrex.
$¢e--and methylated vith dinetlyl sulfate a ABis selutien. The
sutssanding preperty of -pnvhtd u_uulono ‘hus prepared 1o that
Aoy exhidit weter solsMility st & lower methexyl sontent (sbeut 13



per ocent), vater soludility usually deing found a$ 2% te !0 per

cent methoxyl when the celluloeic material is ia fibreus form. 9w~
{lar products have bdesn prepared dy Traude, Piwenka, and Funk (12)
from thallium and sodium oupricelluloses. Preduets shoving 15 per
sent methoxyl were found 10 be scludble 12 hot and cold wveter. Doth
Bosk and Traube suggested that dy their methods $he methoxyl groups
are mere evenly distriduted along the cellulose ehains ihan when
sslluless 1s ueed in fidrous form, nﬁh dletribution facilitating
unifors sceess of water to the {atreaicellar (uamethylated) hyirexyl -
groups. '!hu‘t'w’fou. & relatively lov dufn of substitutien should

suffice for ‘kln‘” the reactien pudﬁol soludle in water,

More omltto methylasion of eellulose (both cottorn and
raaie), presethylated to U2 to 4Y per cent methoxyl Wy the usual
methods, vas sseured by Freudenberg sad Bovvel (131). The material
was suspended in 11quid anwonis and treated with astallic sodium asd
nethyl 1odide. A fidrous promi vas ojuiud whioh yielded methoxyl
values ranging from ki to 46 per cent. This treatment, hovever, was
assoaiated with a consideradble deerense in the vhcut.ty of solutions
of the material. Very similar results vere reported by Eess amd
Lupg (14) vhen the ssme general msthod wes apvlied $o highly meth-
7lated starch disselved iz aanisole. Preudesderg, Boppel, and Meyer-
Delius (15) further investigated the drep in viscosity in ehlorc-
highly methylated reamie (L4 per cent methoxyl), still baving s high

viscesi$y in solution, yielded, on hydrolysis 0.095 per cent tetre.




nethylglusese. AfSer the cootnd meldylation stey, A lov viscosly
Mﬁot of 45 par eeat nethoxnyl conteat was edtained, whieh yiolmi
abeut four times mere tetramctdylgiweese (0.2 por semd). This re-
sult ves $a sceerd with She odservatios that on methylation with
sethyl 1edide the degree of polymerisatiss had drepped frem 2000 %o
500,

‘Nouser snd Kiewer (1) otudied the possidilities of pre-
pariag trimethylosllulese from & nusder of medified celluleses, swsh
as collulose regenerated frem oupresmesnium niﬂtn. fron visesse,
fyon sellulese seetate, 3¢ well as supresmeaius and vissese oilk,
sslivlese dextria, ote. These suthers shoved that the musder of
netbylations reguired o reseh @ ceriatn mathezyl content dseremses

vith $he degree of pelymerisation. But evem with thess medified ;5"- A

v 2 T

esllulese preparatiens, 1% vas 41f71isult 40 resch She Shesretieal /"~ -

e r
fr, gt ‘

value required for the Sri-ether. Yor ezample, one methylatiom of - - ‘... 7"
S ip2 b

el marramte

mi-u-u- sellulose resulted 1in & methonyl sontens of 10,66 per .
sent, sixteem metkylations gave 1.1 pev egat, mad twenty-tvo meth- ‘“p f; .
mnm- gave Wb 98 ’u!u‘nt. Turiber nethylation ....u.c in desen-

ndun of the preduet -u dnmu ia u\h‘m centent ia & sin.

111ar sasner a8 reperted ¥y Ness am.

As nentioned sbove, Nouser and Eismer have advanced the
fheory that the Sardily ressting greups weuld de astivated if Shey
vere firet coavertel inte acetyl greups. Under the iaflussce of the
alimli ia dhe l}b’l‘tm aixture She acelyl groupe weuld de u’?liftol
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vhicl on hn ﬁrthor sueh ‘truiuﬁén. using. pevdered sediua .bﬂgoz»
14s, could be. uemud go tk 93 per oent. ‘Taie pn&éﬂ m‘«iu _
soludle N ool vetar vherens other amxy netdylated pmn. o
. )rmr“ b:' ﬁuw M nw (L) wore uulnno h water. m .
uehuo tuonfon nunm thn t!u 'gmvior to ntor ey mmm
.\ Whb ea111osp bk Wesome degraded during umymm. ohive )
Mnﬁy ntbyhm oonmu (uw contens of 8 per u-i) pﬂ- .
pared ¥y Hn- aat m,tuu (}!_) fua nuulon A («uuon 0= |
“mutu from «nnlou umn. un-hlon( te h an ax)mlvny
i «M sellulese) wae slise umh tn vater.

" N n has been mﬂou& adeve tht nllhib.’-'“‘hﬁ vae
Alse used as a stariing um-ux for tie wmuﬂou of & M.;hlr
»wxnu eouuleu wy l!mna. luut. and ‘!ho-u (8). heir melh.

f,}htlu method differed fros Anat ucl by Rewsar asd nmr @) h
| , tnt an adetete was used which ouu bo Qisnelved in asetone, vhul\
vas nmm.pud by the ummnu sddivion of !0 ’tr «l\ sodium. :

mido solutien m .Mgntb'l qn}uto. Oaly ou opcn’llon :m«a
t preduct vhich sheved preciioally. the ih_unnux vslup»-nuly.
45,6 per eemt methonyl. | 'ho asetase wes prmﬁl fm _o‘“ienmiinhu‘, :
- but She method of asetylation ves mod speaified. It fe very prevedle

that it had.a pather low curja'. of pdu-ouutto:.

Lppunuu of the m usm vy mnh m mhun
' (1) resulted iu ealy U5 pes cent uthml. vuu watoh vu ney
tacreased lg' further opmuou, m uonto no vnpund mmu‘

)
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$o » wedification of Barnett's methed (19) in which chlorime and

sulfur dioxide are used ss acetylation satalysts. The acetene-sel-
udble acetate was prepared fres the primary triacetats by partial sspon.
ification with sulfurie acid. Although temperatures were kept at a
minimun to lessen degradatien effects, and although preparstioas shovw-
iag appreciable reduction Soward Yehling solutien vere rejested, 14

is likely that the preparations used had a lov degree of volymerization.

Other fmvestigators have reported sesewhat lover results
7 the use of this metbed. Hess and oo-workers ( 8) made the follow-

ing statenent: 4

"It may be sentioned that, on the dasis of repeatsd exper-
inents . . . ve 00uld not confira the statement by Haworsh and eo-
vorkers that completely methylated cellulose ceuld be prevared fres
cellulose scetate in one eperation by the actien of Aimethyl sulfate
and alkali in the presence of acetone. Suoh preducts oxhibited adousl
%2 per ceat methoxyl. Therefore, the method givea by Haworth possecses

20 sdvantage over ether knowa procefures.’

Application of the same wethod te a commercial acetone-
seluble acetate by Volfrem, Sovden, and Lassetire (20) resulted in

products varying from B3 S0 Ll per cent methoxyl s one methylation.

Nathylation of mcetone-soludle acetates at lowver temper-
- atures vere carried out by Stasudiager and Schols (21). The triacetate,
prepared from cotten with sine chloride as » catalysts, was deacety-

lated to an acetone-soluble product with a 95 per eent acetic aoid
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sentent--4.0., vithout the use ¢f sulfurie asid. BSach acetates

uwpea methylation, sccerdiag %e Raworth's pmodin. dus ia @ aitre-
gen atmospbare at 20° G, (1n place ef 50° %o 550 G. as used Wy
Haworsh), yielded produete raaging frem W to Ul per ceat methexyl.
Tais was i3 O‘”“‘ vith Qork.of Zaverth wvhieh showed that ia »o
ease could semplete wethylation be effected ia the celd. Besides,

i 'u likely that the no‘u‘ai used by Staudinger and Schels were,

dne to the pnoié‘un of partial saponification, semewhat less degraded

than theee ueed by Rawerth sand co-verkers.

Sperka (22) applied Haworth's scetylation and methylatiea
precedures to high ’nfh- veod pulp., Olear asetons selutiens of She
asetate, as vere reperted by Havorsh and ce-vorkers (3), were nod
obtained, dut nitkylltton of the acetate resulted ia a methoxyl oon-
teat of U5.6 per cent. Apart frem the lover degree of pelymerisatien
of the sowrce material, it is prebvable that thie result was due %0

degradatien duriag scetylation and pertial sapeaification.

Iarrer and ¥eoher (8) made the folleving commeat: ‘Hawerth
and ¥achemer have Seen able $0 aomnvers their slightly degraded cellu.
100e acetate into methyleoellulose of 45.0 vpcr ocent methoxyl in eas
speration. Under aceurate eentsyol of the given methylation conditions
wve obiained frem sush .n sellulose acetate of rather lowv sepper
sumber, the foliovlu msethylated products:

After 1 wmethylatiem - U1, 76 per cent OCHy
Afser 2 methylations - 41,76 par ecent m,

After 3 methrlations - N2.20 per com$ OCN,*



13

These authers them prepared & serirs of acetates of imerensing
eopper mubers; these vere wethylated and it vas fousd that ihe max-
{mus possidle wethexyl contemt Bad imoreased with the copper mumber.
Indeed, frem an uot&ﬁ of a cepper mumber of ss high as 27.9%, &
metbylcellulese with s nethoxl “o‘liu& 75! 5, 9% per cead (whioh io
above the theeretical value) was prepared., ¥hese results indicate
shat a stage of methylation cerrespoadiag %o thres hydrexyls per
glucose uait ocsn only be resched if nev hydroxyls nro. generated b

hydrolysic processses.

The werk on the methylatien of starch offers an inSerest-
iag and intmnvo paralleliss with that of cellulose. As in the
case of cellulose, the usual direst methylation of staroh with sodium
hydroxide and dimetdyl sulfate was found te de aiffiouls. To facilitate
sethylation, Raversh, Hirst, and Vedd (23) prepared first the stareh
triacetats accordiag %0 Barnett's method (19). This was then
dissolved 1n soetone, is which solutiom 1t could De methylated to &
methoxyl centent of 36 per cent in an eperatien quite similar te thatb
desaribed adove for scetons-soludle cellulese acetate. A comvsrative
methylation, ia wvhieh the ssme starsh triacetate was not dicesolved
iz acetone, resulted in s somewhat lover methoxyl comtent.-mavely,
12,7 per cent. There was 20 advantage in reacetylation after the
firet methylation, and the suthors conoluded that, imasmwch ss suoh
scetylated mothyl products vere inseludle in asetons, the qublnw

of the stareh acetate apparently vas the decisive factor.

A similar methed was applied by Staudinger sad Husesaan (24),



L]

who prepared acetone-soludle starch triacetate ia vyridine withous
using an mid eatalyst, thus greatly duruqiu the ponibiltiin of
degradation. One methylation Dy the methed of Eawerth ylelded a
methexyl aongu\ of only 28.7 per cent. l‘r&duborg and Rapp (25)
obtained not nr; than ¢ to W porveut methoxyl after four treas-

mnents by the same general method,

The above diucussios alsc illustirates hev mest of the
reactions leading toc methylated csllulose take nlace in heterogemsous
systems. In some cases, as pointed out by Hess (8) the aystem may
have three phsses! two liquid phases, sodium hydroxide sad dimethyl
sulfate; and one s0lid phase, cellulose. Methylation, like all
reactions taking plese upon solid celliulose, 1s topoohemieal in
charsgter--1.e., the degres of methylatioa will depend upon the extent
to whieh the reagents are capadle of pemetrating the outer layer of
the cellulose as well as those vhich already have resched & certein

degree.

Sumning ur the conclusions which may be drewn fron this
review, it aprears very likely that the theoretical value required
for trimethyl cellulose can only be resched in casss where the cellu-
lose, either as such or in the ferm of ite acetate, has 2 low degree
of polymerisation. In omnses where the acetate is used, 1% cannet de
sald with certainty that ${t is the activation of hydroxyl groups
of eonulo'u whieh faoilitates methylation. Ia the cases where

the acetate is dlsselved in acetone, the prodadility existe
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shat the reaction ia largely accelersted under these conditions,

st least a» long as & solution is maintained,

The investigasion reperted in the following sections is
concerned with an attempt to Shrow more light em the mechanism of

the ressiion,
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MASERIALS USED FOR INVERRIQATION

1. Cotten linters. JBlessbed liaters vere supplied By
Hercules Povder Compsay, Hepewell, Virginia. Low copper mumber (0.07),
lev pentessa content (0.50 per cent), and high alpha-oelluviese centeat
(99.05 per cemt) indieated Shat Shis material was quite suiladle for
the investigation. Before use, the linters vere disintegrated in

the G3sta-Kall dtsintegrater.

g N Mo»go-nlm‘ 3o aoetate.. Thie ;-ntnmwm prepared
frem the above eetton linters accerdiag $o the method of Bermett (19).,

as applied by Haworth and Machemer (3). Inssmush ame it vas found
sdvantagesus te maks several aimer dlmtlno ta the application of
the method %0 the material at hand, the method will de descrided ia
full.

fhe air-dry equivaleas of 50 grams of ovendry shredded
eotten linters vas agitated in water vith & "Lightain'" mizer for
four hours and alleved te seak overnight., This sempletely dlsimte-
rated the small balle which had been fermed in the chﬁddor. Rewever,
ia case $they are mnot rnint. Shey dissolve slovly in the asetylatioa
mizture. The fibers were then filtered off and washed vith alookel |
$o displace the water snd alloved to air dry., They vere plased la

a two-quars Mason Jar wish 360 ce. of slaeial asetic acid imte which
A slev streas of onoiuo had 'bun passed for two aad thru—feum
mnimutes. After thirty mimutes at voem temperature the Jar wvas

plased in an 1ce-sals mixzture snd coeled to 5° O, over & peried of



tvo o three hours. The mixture veas stirred until the acetie soid
had orystallired, {(This could bs dens cenveniently with a siraight,
heavy glass red which had beem sharpened at ome end to fsoilitate
sorapiag the sides of the jJar.) 1If stirring is nezlected during
thie sarly stage of the cosling, the eatire material will freess to
s stone-like mass, and later it i impessidle %0 wuix i& uniforsly
with acetic sahydride. If stirred preperly, the material deconmes
einilar to finely orushed 16e. One Munired and eighty cubic centi.
meters of asetic anhydride {into which sulfur diexide had deen
dudbbled for six minutes &t approximately the same rate as was used
for the chlerine), aleo at a temperature of 59 0., was added to the
callulose-acetic asid mixture ever a period of thirty winutes under
constant manoal stirrimg. The reaction mixture was maintained at
this temperasture and stirred frequently for one hour, after which
tSime the cellulose was stil)l fidbrous. The Jar was Dlaced on a
sotating wheel for one-half hour sad then for fifteer hours in a
vater dath maintained at 20% C. At the end of this Vime the material
wvas slightly soludle in chloreferm. AfSer one and one-half hours
at & temperature of 35° G, it was almost completely soludle, indi-

sating that acetylation vas practically complete.

To aceconplish partial deacetylation to form an acetone-
soluble preducs, the acetylation mixture was cooled %o 5® C. and tato
it was gradually stirred a ¢o0ld solusion of 75 ce. acetio acid, ¥
co. water, and 7.5 co. concentrated sulfurio scid., After remaining

a\ this tempereture for one heur, the rmun mizture vas retated



for ene-hall heur on the whesl and them placed ian a Bath saintained
st 20° O, After thirty S0 forty hours the material becsne nearly
soludle in acetone. A longer peried of time did mot appear to ib- |
erense this soludility. After it wvas diluted with an equal volume
of acetic acid, the acetylation mixture was filtered through a 0%,
7-om. fritted glass Tilter and atomired {nto c0ld water, vherebdy a
fine precipitate of cellulose scetate was formed. This was aceom-
plished by directing a Jet of air toward the end of a eapillary

out of which floved a fine streas of the acetylation solution. The
material vas vashed vith cold vater until fres of acid sad sllowed

to air 4ry.

The &ry po;dorod material was them treated with 1 liter
of acetone in erder to dissolve the acetone~soludble fraction. Nosth
of the insoludble portien was reweved by centrifuging. Pilter aild
("Eigh-flo" odtained from the Johns-Manville Company) wvas then added
to the still turdid solutioen, q.n:i filtration through a Blonner fuanel,
fitted with & paper ionnd with about 1/8 inch of the same filter
aid, ylelded a clear solution. Ordinary methods of filtration were
uasuccessful dDecause guamy residues ologged the filtering nedium,
Thie solutien wvas alloved to flow in a fine stream into ice water.
The fiderlike precipitate (cellulese acetate) was aollected on a
Mohner funnel with the aid of suction, washed with 0014 and hot
water, aloohol, and ether, mad allowed t0 dry. The yield of acetone-
soluble product was 65 0 75 per cent of the theeretical. The char-

acteristics of the two preduots prepared--i.e., 2a and 2d--are re-
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cerded in connection with the methylation experiments,

3. Cosmersial scelone-soludle acetate (Samvle I). This
material (smpplied by B, I. du Pont de¢ Remours & Coapany) was used

for studies on the mechanisn of the methylation of acetone-soludle
acetates. A ocomdined acetie asid somtent of 56,0 per eemt, &

copper mumber of 1.5, and a degree of polymeriration of 160 corres-
poading to s molecular weight of 26,200 (acoording to Stauvdinger's

visoosity method) are charasteristics of the scetate.

k. Commersial acetone-scludle acetate (Sample II). Thie

material (obtained from the mieo meationed above) vas used in the
preparation of highly methylated celluloses which wers reacetylated
and remsthylated, The copper number was 2.0 and the comdined acetie

acid conteat was 5.2 per ecent; the degree of polymerisation was 140,

5. Nenfibrows cellulose triscetste. This was prepared

from the abeve-mentiioned cetten linters using chlorine and milfur
diexide as & catalyst according te the methed of Barmett (19). Simee
1% vas desired to keep degradation at & sminimum, the temperatures were

kept as lov as possidle aseording %o the follewing procedure,

TifAy grams of the air-dry, dleintegrated cetton linters
vere slleved $0 seak one hour ia a two-liter jar scontainiag 200 cc.
of acetic acid and 1.2 grams of ehlorine. The nixture was thes
cooled at 5° C, and 200 ¢c. of acetic amhydride containiag 2.6 grams
of sulfur dloxide wvere added slovly with stirring. Duriag cooling,

the same precautions as described under preparation of ths asetone-
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soluble acetate were folloved. After ome heur at 5° C. the flask
wvas placed on a rotasing whesl for fifteen hours, The material had
by them soquired She appsarexce of & vM.tc paste sad wvae heated o
65° C. for eme-half howr, vhereby it changed imte a iranspareat gol.
After 81lution vith an equal velume of g}ulﬂ. scetic acid, ihe
visgous selution vas spreyed into watsr vhich was stirred constantly.
The fimely preeipitated triscetate was filtersd and washed with
water oo & Mchaer fummel until 18 was free of scld. After washiag
|hof¢u¢hly vith 95 per ceat othyl alcohel snd ether, it was alloved
te air-dry. The yield was 95 per cent of the theoretical, The com.
bined acetie scid content was 62.5 per cent (the caloulated valus
for cellulose triasetate is 62.55 per cont), The degrees of poly-
merivation vas 234, which corresponds to & molesular weight of 38,000,

6. Pibrous triscetate. The ocotton linters were uwsed %o
prepars this preducs according %o the methed ef Boshringer snd Seehne
(26) as descrided by Dorée aad Fealey (27). The soetylatiag mixzture
consisted of acetio anhydride as the scetylating ageat, toluene ss
e nonsolvent, and psrshleric acid and sulfur dieoxide as catalysts.
After & Sen-hour treatwent, a 96 per ceat yield of s chlorofora-
soludle but acetome-inseiuble materinl of 61.5 per cent combined
acetic acid content was obtained. The produst was washed vith al-.
sohol sad acetons. It vas allowed $o remain moist with acetone uatil
sothylated. The desres of polymerisation of Shis preduct vas 666

cerrespondiag t0 a molscular weighs of 108,000,
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7. Mbdrous discetate. This preduct was prepared sccord-
ing to the method of Hess and Ljudbitsch (28) im vhich asetic anhy-
dride aete upon cellulese inm the presence of pyridise ss & nonsolveas,
Such & procedure was showa by Staudinger and ®ilers (29) sot to de-
grade cellulese, After tweniy-five dsys as room tewperature, the
fivers wvere filtered off, washed with alcohol and acefome, and stored
while molist with acetone for sethylation. Tnie pro&uét contained
48 per cent coudimed acetio seid, and, im accord with the results of
Staudinger aad Yilers, it vas found ¥hat it was imscluble im the

solvents generally used for viscosity measureseats.

8. Vood celluloss dispersed in Tritem B (kO per cent sol-
usion of trimeshyldeasylammsonius lvdrox;dc). This solution wae

supplied by R3hm and Hass and had besn prepared from a finely grouad
ochenical wood pulp with a cepper number of 1.%7 and a cuprammonium
viscosity {Institute Method 420) of 9.0 centipoises. To chesk the
concentration of cellulose (adout & per cent), the latter was pre-
cipitated by neutralisstion of the Triton B with hydrochloris aeid,
The cellulose was washed Sheroughly with water and then vwith acelone
on a Dichaer fuanel. It vas air-dried te a fime white powder: 1.9
por cent was found. The precipitated cellulose shewed a conper nea-
ver of 0.6l and 8 cuprasmenium viscosity of 3.2 peativoises. Its

degres of pelymerization was 16U,
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STANDARD MRTHODS, PROCWDUR®S, AND "QUIPHYNY

1. Nethylatioa of esllulesic materials., The procedure

used by Haworth, Hires, and Thomas (2) for the methylesion of
acetone-soluble acetates was applied as follews: A quantity ef the
cellulesic material ocorrespendiag to 6.06 graams of ovendry cellulose
(10 graws of acetone-soluble cellulose acetate) was suspended, or
4issolved, in 250 ce. of agetons in & triple-necked on.-liﬁr round-
bottoned flask. This flask was partially hﬁrud in a bath main.

‘ nlnd' at 54 ¢o 56' C.. and 1%s contents vere agitated vwith the
stendard stirrer. The apparatus li shown 1’3. Pigure 1. The stirrer
used wvas designed to give adequate agitation of the cellunlosie
saterials vwithout the use of high oﬁudt, "t {t possessed consider-
able pover and was capadle, if necessary, of developing high speeds
vithout vibration. Such requiremeass vere satisfied ¥y a "Lishtain'"
mixer, Model A, vhich is driven dy an cloﬁsrtc motor and is capadle
of speeds as high as 2800 r.p.m. without sxcessive vidbration. A
rheostat allowed the spoed %0 de controlled. Simce the neck of an
ordimary triple-necked flask is small in comparison with the sire of
the propellor required, the folloviu type of oroveller wes satie-
faotory. It fumctions like a single-blade type propeller, dut the
bhdc. out ia two parss, is placed on a pivet in the center so that
;t will fold downward as the propellor s imtreduced 1ato the flask.
As the shaft is rotated, the dlades are thrown ous by centrifugl
foree, thus offering a large agitating surface. In the cese of

fibrous cellulose it wvas found necessary 10 incresse somevhat the
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4
ﬁ Dimethy!
Sodium Sulfate
Hydroxide = 1
Solution [~ -

FIGURE 1

APPARATUS FOR METHYTATION OF CELLULOSIC MATERIALS
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speed of stirring. In all other cases this was maintained fairly
constand at 1000 z.p.m. ¥ith conetant stirring, 120 co. of dimethyl
sulfate and 120 ce. of 30 per cent sodius dydrexide selutiea were
alleved to drep ia at the rate of 0.1 of the telal voim avery ten
minutes. After the eme huadred wimntes of additien, the bath ves
brought up te and maintained at 70° . ustil the acetone hed dis-
tilled off. OCare was takem 30t %o heat fﬁt & longer time as thip
vould cause & hardening of the surface of She preduot. The metlylated
product was then 6olleoted o ‘,9-“’ ‘Nebner hnul &itod vith

J. Oreen, Orade 904 filter paper (whioh appeared %9 beo espesially
sdapted to filterimg alkaline eslutioms) And washed until free of
sulfate wits u»riy Yoiliag water. Ia sase of nonfidrows producis
the saterial was tritursted in & sorsar several Simes with hot
vater., The saterial was then freed of water by vashing with acetone
uid alp-dried, If it were to be remethylated, it wvas not dried s

worked up in acetone for the subsequant Sreatment.

2. Wethoxyl contest of cellulesic materiale. This vas
detsruined acoording to the methed of Viedook ud Sehwapoach whioh

{a & modificstion of the Zeisel method as desorided in Institute

Wethod 18.

3. Coubined acetic neid comtemt of celiuiese asetates,
A modification of Xberstadt's methed as applied dy the Sastama

Zedak Company was used (31). ¥hie method was selected by them as
being sost adequate after an extensive reviev aad study of the inowa
procedures. It involves ssponifieasion by 0.5 ¥ sodius hydroxide
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_ool.uuon in the preseace of othyl aslcohol ad medsrate temperatures.

hk, GConper mumber. This wvas determined by Institute

Wethed 609. Acacrdiag to Krlger (12) such a presedure is satisfactery
for partially saponified acetene-selulle cellulose acetates Hut would
be questionadle for completely acstylased cellulese. Hers the reo-
ducing group, as ia gluccss-penta acetate, weuld be comdined with
acetic acid and under the conditions of the cepper numder deternin.
adion might not be completely remdved. Thue, it would met shovw true
reductivity. During She yr’psnuon of the acetons-seludle asetates
by partisl sapenification of \be trissetate this reducing group is
freed, for such acetyl : sroups are ‘more saelly split off thas those
existing in the main ioq of thg glusose wolecule, his free reducing
group Shen enables a sun.vcoipo‘é m« of the acetens-soludle
cellulose acetate o bde determined. Therefore, the deteramimation

was applisd oaly %o partially saponified acetone-soludle asetates

uﬁ oot te cellulose triscetates. |

5. Deteraimation of degree of erisation ¢ vie-
cosily nsasuremeats, Ia the case of eellulose acetates and highly
sethylated cellulose the degree of pelymeriention or welscular weight
was caleulated from the specific viscosity of the material dlssolved
ia m-cresol by Staudiager's equation (30):

71.’/9_ =X N ‘106’1005 = degree of polymerization .

;_. 1e & censtant charselerietic for eech polymeric series., JYor
highly methylated cellulese Staudinger and Reinecke (30) have determined
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the value of X, to de 12.% x 10"“. and for cellulose %0 de 8 x 10"&.

€ is the soncentration of the solutien in umit moles per liter, 1i.0. ..
(crame per inor) /06!1005' Specific viscosity represents she imcrease
in viscosity whieh the dissolved sudstance produces ia the solveas,

o Ngps (N - 20)/!1. vhere go,h- the $ime required for the flow of
the solvent through the capillary, and 3'_1 is the time required for

the same quantity of ths solution %0 pass through the eapillary.

The viseosities vere deterained in an Ostwald Sype viscosimeter,

Yhether or not these values represens the true molecular
veight, they do provide a dasis for comparing the degree of degradation,

wiich oceurs duriag the various procesees,
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RXPRRINTHAL WORE
PREPARATION OF HIGHLY WSTHYLATYD ORLLULOSYS

Aggnntgoa of the Nethod of Haworth, Eirst, amd Thomas

to Ootton Liaters

Cotton linters were acetylated to form an acetons-~-soludle
scetate (Naterial 2a)(57.2 per cent combinmed acedic acid, degree of
polymerisation, 17, corresponding to a molecular veight of 21,200) as
descrived adove. Meshylasion of this acoording %0 the ssandard pri-
cedure as desoribed by Hawerth, Hirst, and Thomas (2) yielded the
folloving resulss.

In She first experiment a methoxyl content of Uk, 65 was
obisined after one methylation. This was imcreased to L%, 75 by a
fursher nothylaue_n. The produet was then d1ssolved in ohloroform,
filtered, and precipitated into petroleum ether. The precipitate |
was vashed with petroleum ether and acetons, The milky -tilpon-ton
of the material in acetone wae them again sudjected to msthylation,
‘h't the methoxyl content vas the same as before--mamely, Uik, 75 per
ceat. The degres of “povlyaerlunon was 120, corresponding %o a
melecular velght of 19,750,

A second experiment, starting with ocsllulose scetate
(Waterial 2b) prepared from «'dmi iintou resulted 1n & methoxyl
contemt of 43,9 per ceat after one methylation, 14,0 per cent after
two methylations, and 4.5 per cent after th.k third and fourth

nilwlntionn. The degres of polymeriretion of the atetate wvas 1k}



(molecular weight, 23,100); that of the final methylated product
vas 130 (molecular weight, 21,000).

The methoxyl values fall belev those reperted dy Raverth,
Firet, aad Thomas (2), Eavorth and Machemer (1), snd Sperka (22),
bus they sompare with those obtained by kcu and his co-workers (8),
by Earrer and Reoher (4), and by Wolfrom, Sewden and Lassettre (20).

Application of the Wethod of Haworsh, Hirst, and 2homas
%0 8 Commercial Acetone-Soluble Acetats (Material 1)

The mazimun value odtained from this acetate dy application
of the naid;m preéoluro was LN, 7 per oent methoxyl afser one meth-
ylation 'nnd Hl;l per cent after two methylations; ether values
ranged down to about B4%.0 per cemt; The highest velue remained con-

stant vith further tSreataend.

vith roﬁ.rd %o detalls of experimeats, the folloving
observations vere sadet The stirring should bde dowmward and such
that & vortex action of the solution is Juet obtained. ¥ore vigorous
sgitation gives no bLetter results, and there is the possidility of
Shroving the material upen the side of the flask and out of the
reactioan, The use of a reflux 'doam-cr to prevent evaporation of
asetone is of no advantage. In two experiments whers & reflux wves
used, meshoxyl values of only Ll per cent and L2 per cent vere reached.
Further, the use of a reflux makes it 4iffieult %o remove gelatinous
saterial vhioh sometimes forms and may adhere %o the sides of the

flask. Thus, 1¢ may happem that the reaction s retarded deoause
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of the imaceessidilisy of such material to the methylating speats.
Yhen the flask is left opea, such material may bde contiaucusly
soraped from the sides (convenieatly with a wire upen vhioh is placed
e "rudder policemsn®) while atirriag is in pregress; very little
naterial need be held in this way for any leagth of time. This
possidility of gelatimous material adhering to the sides of the flaek
exists only for s shert time BDetwesn the thirty- and forty-sisute
intervals of the reaction and is set eritiocal if the first portions
are removed before greater guantities ar: aceummlated., Indeed, 1if
correct etirring ie uwsed, ne difficuliy eoxiste as all. The iropouor
should be large 8o that good qtﬁtion may be sdtained withoud ex-
cessive speed. If & high spesd Ls used, the gelatineus material e
Shrows against the sides of the flaek and cling to it. In experimeats
vhsre an sxcessive stirriag speed was used, no advantage was gatned
ia nethexyl vontent. The phenomenocn of globulation of the alkell

18 'discussed later.

Yhen the methylatien time, accompanied By & proportional
increass in amounts of methylaiing agents, was extended, no higher
values were reached. Juch an sxperiment resulted in a aethoxyl ocen-

teat of UL, 6 per cemt,

A nethylation, vhea the quantity of sethylating ageats vas
increased ¥y LO per ceas, wisth the same time of addition, rseulted

in a methoxyl content of U3, 5 per oent.



- Isaguueh u ﬁm vee & nnﬂiuh that ucwuu -uht :
~ aativate the sardily mtug Nydrexyl m-- ax Adteapt vas m '

Vo increase the Mhom munt of m um -mwnm un-!un" | |

dmrim avove by mwutu- nl mn«ut rmmhuu. The
' ,nsmn- u.u for m- were prmul oy thhuu o! the asetone-
mnu ullnlno uouu (Waserisl b4) vy tho -tm prevslure,

N ?n ate mmn. % ms of the highly nmnd :
,'nuuuu (W4.5 por sent -mwn vere dlasolved 1a 210 co. of
ﬂuln uouo uid Aate vuoh olnoﬂ.“ m m mmm fn twe
1) mn.umu-. The -umu e mn mzoc (™ w’ o, vhnm
it fmod. a oon. u-uolu ius. Ou mu!; owdie outmtvn
' of assetie lulvdﬂ“ h” M.h ﬁlﬁr dinido il-l been mnn for
oix mimstes were dded rsdvally -cth muu over a perted of uxmp ..
umtn-. The flask was then uuul u room tupms:n for mv-
 five mimites, a am tise $he seft, senieslid materisl ves com-
| phuly llcuﬂu. & vor; mu amouns of huhuo material vas
removed by untumug. m 2 olear, ulorlou. vhmo solutioa
R was cbtsined. ‘!Nu‘m pernithed to flov 1a o fine stresa Jhu
tce-sold water dﬁnﬂllﬂ bottﬁn s vl of 4.5 and 7.0 by etmultanecus .
sddition ot esediun dydrexids lﬁl;utgqu; vheredy & white asbestes-
11ke prednst vas presipitated. 1 the precivitating sedive ves
allowed u besone wore otru.ly uu. thc pruut redissclved. Tha
produst vas uuntu on a 15-¢m, llamr Mol with tbe a1d of
npltu aad vashed ‘thrn Mines with se1d water, at mg vith seetone;
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1% was thes resuspended in acetone. In this suspemeion 1% was
methylated acoerding to the stasdard procedure with tho‘uu of 1000
co. of 30 per cemt sodiwm hydroxide solwtion and 320 ce. of dimethyl
sulfate. TYhe results are shown i» Table 1I.

TANILR Il
NETEYLATION OF ACYTYLATT®D, HIGALY WPIYLATED ONLIULOSTS

Degree of
Polymerisation Oombined Acettis

n.mux‘cnun by Viseosity  Aeid c;-un

Neshyl Cellulese , Wethod
Yo. 1 o. 2 Wo. ) ¥o. 2 Wo. ) Ne, 2
At stars .5 “1345’ 2 258 .
After reacetylation bk, 36 -— 17 61 1.7 2.3
{fc.& remstiylatien 353 U5.0 % 50

The results of Shis iavestigation shew thas, although the
nethoayl eentent is imorsased nearly to the theoretioal by this methed,
s simultenecus 4roy im degres of polymerisatien (as shewn by viecesity
 meagurements) sleo ocours. Thus, it is indieated shat the trestwent
applied here resulted in kydrolytic derradsiion of the celluless,
viioch permitted higher methoxyl values to be resched. This result,
wiich seems to confirm thess edsainmed dy Earrer and Recher (L), will

be diseussed later.
TER OLE OF THX ACEYYL Gml nnsmmo'oroum ACTETARYS

Methylasions of native cellulose in the form of cotton

liaters accerding to the standard procedure--i.¢., Iin one operasion--
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resulted in & white fibrous preduct of whieh She methoxyl comtems

vas .6 per ceas.

The same sellulesic material wheam converted iato the
uotou-»luvblc acesate (Material 2a) having 57.2 per cens comdined
acetic asid, on sudbsequent meShylation by the standard procedurs,
gave a product with LU 65 per coent methoxyl. ®hie result seems %
shov the bemeficial effect of using scetone-soludle cellulose
acetates 88 & stariiag material, Sovever, in this experiment all
three of the facters -;nﬂolod earlier soened %o de invelved. PFirsd
of all, both chemical setivatien and the faversble physical state
of the material being methylated say vlay & part {n She reastion.
The third fagter--1.e., the gemerution of hydroxyl grouvs--must aleo

be ooansidered.

Indications are tlui oven ox the meet careful acetylation
of native uuncpu. \mdcr ssid senditions, censideradle cleavage
of glycosidio linkimgs eccurs. In additsien, 1% i likely, Shat on
preparing the ncelone-soludle scetate by way of saponificasion, in
wvhich a certaia amount of sulfuric acid is sdded, further degradation
Sakss place. The copper number of the ocrcﬁny fatabilized” acetons.
20ludle acetate was found %0 e 1.8, vhereas that of the origianl
cellulese was 0.07. That degradation has taken place is nere
clearly seen from the degres of polymeriration of the acetone-solubdle
scetate which was found %0 be 130 (epinwoadiu te s molecular
weight of 21,200). A commeroisl scetone-soluble acetate (see

page 27) showed a degree of polymeriestieon of 140 (moleoular veight,
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22,600), whereas original cellulose shewved & degree of polymer-
1sation of about 1,580 (eorrespondiag to & molecular weight of about
2%0,000).

In compariag Shese results it would appear that the coa-
siderable degradstion imdiested by the drep in She degres of volywer-
isation would eentridute much %0 resching & bigher methoxyl ocontenst.

However, a drief consideration imdicates that this is net so.

%his Ls-ehown by & saleulatien of \he effect vhich de-
polymertzation has upod the $hesretical metbexyl ceateat. In s
cellulose ohaln melecule there are three hydroxyl m». per glucose
unit which may De methylated. In a9d1810n there are tve other groups
in the cheis vhich may be substituted slso. Onme (in the l-posities
of the glucose residue) is the hydrexzyl greup attashed %o the end
carbon atem haviag the aldehydic function ia the opea chain con-
figuration; the other is the Woul ia the l.positiea of the glucose
unit on the other emd of the ehaia, !h;-, the Sheoretical zumber of
bhydrexyls in a cellulose chais moleculs vhich ean be methylated

would be 1 x degres of polymerizatien + 2; and,

(Zota) Wo. of hydrexyle) (W‘MW) = the theoretieal meth-
0531005 + (Total Wo. of hydroxyls) (Gla) . oxyl comtemt expressed
as peroentage of the
wveight of material

¥hen caleuvlated upon this basis, the theoretical methoxyl
contents of cellulesss ad various degrees of nolymerization are ia-

dicated below:
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Degree of Wolecular Nethoxyl Oeatent Which Ihould Be
Polymerisatioa Veight Atsained Accerding to the Theory, §
» ® %5.57
1500 24k ,000 hs. 60
1%0 25,30 “ s, 7
50 8100 | %607

Thme, the influenes of slesvage of ysenidie linkings
upen the resuls of methyletion is actually smell, provided degradatieon
4oes et ecsur to a sonsiderabdle exteald,

Bewever, 1% was thought dciirable to redwse Vdat degredatieoa
whiok likely Sakes plase on eapenificatioa of the iaterasdiate. It
was 90 be expeoted that Shis (i.e., the Sriacetsats) weuld shov less
degradatien thaa the seetons-seludle predwot. That this was oo Lo
showa by i%s degree of pelymerimstiea. The neafidrous triscetste
(material 5, page 23), 1sclated from the seestylatien nixture befere
sapenification, shewed & degree of polymerisation ¢f 2%, sorrespend
iag % & meleeular weight of 38,000,

The triscetats, i1selated as desorided Vefore, was nethylated
seserding %o the standard precedure ia the form of an sir-dry pewder.
The setboxyl ecatent vas found to Vo saly 2.8 per cont--i.e., 00A-
sideradly lever thas that sbtained vith the acetene-seluble acetate
(4,65 par cont). HNovever, in view of vhat has Veen said before, the
decrease in methexyl eenteat wuld appear 10 de 100 great %o Yo Gne
solely to & amaller degree of degredation,
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I vill b meticed that the astdexyl eentent odtained
with She trissetate (32.8 per cemt) 10 even less Shan $hat edtained
vith the origiasl cellulese (.6 per cont). Likevise, when air.
437 somuereial acelene-seludle asetate (Material 13, page 21) was
Sotylated 1n the abssase of sestons, & methexsl valus of oaly 27.6
per cans vas odtained. The sane ssstate, vhen meikylated in scetene
solution, gave a produst with W,l por sent mathexyl.®

™e romlte of these various m:-nu sesm te indisate
that, merely 4y asetylatien as & pretreatuent of the esllulesie
materisls, sething esa be gained as regarde the efficiensy of neth.
yiatien snd that the advantage ebserved in any sellulose ia the
form of 1%e asetate 1s the resuld of the faot that the eelliulesic
material {e sonverted into & state of solutiea ian wvhiek its iatra.
sieellar hpdroxyl groups sre meres easily sacessidle.

The Sriacetase used in the experineat descrided adeve
bad been dried before beiang methylated. Thus, the lewsr methoxyl
- oontent might be due to the fest that $he Sriasetate had lost seme
of 1%s resstivity en drying. Hewever, this possidility sesus %s be
slininated in view of the Swe results ebiained on methylation of
fibreous acetate, vhieh had 20t beea dried dut in wdich the wvater
hed Deen displaced By aloohel and later by ascetens. Methylatiom of

* In Shs experiment in the adsence of ascetoas the procedure had te
e nedified inaomueh ae the t0la) asevnt of alkall wvas added ab
oace 8 the asetate in order 10 sdtain satisfastery stirriag and
dispersion of the predust. In the firss omse, the standard pro-
cedure vas folloved-~1.0., Doth alkall and dimethyl enlfuts were
sdded simultanecusly ever the eatire period of methylasios.
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the fidrous triacetate prepared by use of tolusne As a nonsolveat
and perchloric ssid as s catalyst (Material 6) seccerding %o the
standard procedure resulied ia s methoxyl comteat of oaly 21 per
cent. A eimilar resuld was odtained upon seshylation of the fidrous
d“-"“” (iln.rhl n pnﬁrd by ueing wrtdﬁu ss & &iluent at
room tnpcntuuvuho}m & catalysh. This product had 15.8 per ceat
wethoxyl vhen prepared by fho standard methylasioa prou&n. |

In comparing the last iwo methylations with that of eotien
1iaters, we see that the only 4ifferemes is the presence of acelate
groups. The physical form, i.e., the fibrous state, was the ‘nm. :
The degres of degradation im the acetates would be sxpested %o de
lower. Rapecially -hgnd shis kold true in $the oase of the fidrevs
discetate prepared vith scetic sahydride and mtdiw-ln.‘. vithout
the use of any seid catalyst--for Staudinger snd Filers ( 29) bave
shown that such & method of scetylation csusss B0 depolymerisasiea
of the celluloss, The selecular weight of tdis prodest could net be
detersined begsise of $te inselsbility im the usual organic solveats;
Shie 48 aleo 1’f' accord vith Standiager and Rilers! observations oa
Ahe uatyiih& i:r;dnetn':prcyﬂrd with scetic anhydride and pyridine,
The degree of pomorlnu‘oi of the fidreus triscetate descrided adove
was found to be 666 correspoading %o a solecular weight of 108,000

vhich vas higher than shat of say of the other scetates,

3ince methylation of the cellulose scetate in & fidrous
fora gave lower methoxyl muu Ahan methylation of cellulose itself

in ite fibrous fers, chemieal sctivation due siaply %0 the presence
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of the asetate group appeare rather impredadle., Therefors, it wme
theught desiradle te sccumulate furthar evidence %o shevw that id i
ths physieal form rather than She shmical ecenctitution of the
wedified eollulese which is instyumeatal for the were mu. attain.
neat of hi.h methoxyl values. | |

Sems of the Mlttm-mmu iy be derived frem the
felleving experiments im whieh She iuvo nexfidreus end fibrews tri.
asetates vere dissolved in chlereform and precipitated in & fine femn
Yy means of petreleus ether. The preoipitated materisle vers sep-
arated by fntﬂfulu and vashed Shres times with petreleun sther
aad three Simes vith scetone. They wvers them worked into & smosth
paste with acetone in & nertar, Acstons vas gradmally added ustil
o fine ailly suspsnsion was odtained. Wethylation vas then carried
out o8 these fine presipitates according te the standard precedure,
The resulta are compared in Tabdle I11. |

TANLE 111

EPFROZ OF PHYSIOAL STATE OF CRLLULOSY TRIAONPATE UPON
BASE OF NYTETLATION

Nethoxyl Contomt
Porn of Trissstates 3
Noafivrous
Dry powder _ 32.8
Preshly precipitated 4.8
ivrous
Pidyous form not dried 2.0

Freehly precipitated %7.0
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 Glearly, this eompsrisen shows the benefi$ which may de
derived from a suitadle plysical form. The produet resalting fm
the frnhu yuciptutd unttbms tuncuto e Mw (t.0., ‘
' cm:nulr) utwlttu. l-mor. even after n!: tnﬂu{pﬁc by m
standard procedurs, after yhich the. uthowl aontent bad bnm ooa- .
stang, a T valus of oal.: ’4‘9.91 ‘per ceat vas reached, uﬂoh te
88211 abort by 1.66 per cont of the ;hoont!ul value 61" 45,57 w-
cemt. e degres of polymertoation of thts mettylated profuct was
. fouu L bc 231& ™his nhio‘ku tut"ohn'ﬁ;tln (m’imci ho) tlit m
tﬂmuu npnugn a lau domaad ttn than the uotonp-nltm,o.
Mwly mn!fhl uouu nM -mu thn on ntm.ttou n fuﬂhv
cmuunn M nnnod. )ntd«. u nban that the dcmu ot pelncs-
iuuo- uu mt un to em on mtlvhtiu.

' Su‘u the mnusn of e'ouulou‘"uouto tabe » '“nuh“ B
or a$ lmt were finely divided forn Das mnuma utwlniu
greatly, m e voum e oxpunc to b- tres of munylaha. unu-

1o u.

A vm ﬂa-l.r uvuod unulou m prmm fru Mntow
'ululh scetate (wm-m 1) by mutins the Mﬂou nlu\un ucl
'sn vhe standard methylaston pm«uo with &2 exosss of o.s 5 eodium
hydroxtde. After two Bours 8% 50° O. the prmpam.a mmon.
which was found lo bo completely sapomified, vn ﬂlhr-d th. uM
free of alkali, and worked up thnuh & smooth paste into a -uxy : |
suspension ia seetone. Hovever, sethylation cf Shis materisl meor&lu |
" e standard procedurs resulted ia a neShoxyl oesteat -of caly 23.7 per
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ceat. A oimilar value (23,0 per cent) wes odtsined by wetbhylation
of fimely divided vtm« cellulose which hal 208 Deea dried but

ia wvhiech She wvater And Im 4dsplased W nouu. !§ will o neted
Atat these values are svea mouorgm lever thas Shese nmua
vith f1breus eellulose (cetten Rinters).

Certainly, these results 49 2ot ¢oinaids with what weuld
be expested sines the lover degres of pelymerisation vhiek wuet de
atiributed 10 these twe materials should remls iz s higher mu-
oxyl coatentd Ihu vhea fidrous cellulsss vas used. %o definite ox-
plaastion for thie san be offered, ut a dessripiion of She physisal
debavier of Sheoes materials during seliplation way Shrew sene 1ighs
on this discrepanay. As stated, ot the deglaning of the metdylatica
a wilky suepension of tde fine cellulese particles in assetens wxisted.
Hovever, immedintely upes the addition of the methylating n}aﬂo.
agzlemeration of the eellulosis material Segea. As the resstien
Procesded, this bDessme mere and sore promsunced aad, after sbest
Ahirty sisetes, Ahe esllulesie material had the appearence of &

Llay, gelatinous sase wvhich atusk to the dettom of She flask and
oould 20% be dispersed 1a the mixture W stirriag !ho superubtand
asetons whioh &t first ded & milly appearsance cnm; by \he eus.
pension of cellulese, vas then senpletely clear. Duriag the lost
one-half hour of the reactien the gelatineus mass agein decane wall
d4aperend ia the acetene.

finse sush behavier vas a0t ebssrved during the methylation
of the sellulese asetates, 1 ie suggested that the fatlure of the



finely divided eelluleses %0 respoad %0 methylation may de artriduted

to these phystesl phonomena (agglomeration amd gelatinisation).
Cbviously, 1% 18 the presesse of subetituted groups vhish lessens

the agglomerating effect of ihe alkali, The freshly presipitsted
scetate 414 2ot Bgzlemersts o8 addition of Ve metiyletiag agente,

ead the unacetylated coliuless lest its gelstinsus chareater caly

after & sertain nwaber of metly) groups Mad been intredwesd. If shie
fs true, tha 1t sheuld o possills %0 nethylate a pmmu netlylated
oellulese mere readily. In ether vords, after suffisient metdylation
of the sellulesic material Ras caused the preduet %o decsns sus-

pemided in the methylatien sixture, nethylation sheuld pmm nere
rapidly. This porsidility ves investigated 1a the felloviag experiments.

Pinely divided sellulose vas regemeratoed fron asetens-el-
able dellulose acetate as dessorided oa page 42, 1% was thes meth-
Ylated aceording %o the stsndard prosedurs. A ssaple vas resoved
after fifty minutes, ot vhioh time the gelatinised callulesies material
had agaia Devome suspeaded. 'l\l_o asthoxyl soatent at this state was
h.2 per sent. Nethylation wae Shen contimued in the staniard samer,
and the methéxyl eonteat of the fisal preduet frem this Vwo-otep
melhylation vas found ¢e be 27.8 per eent--i.e., sonevhat higher
than the 23.7 por cent odtained ia the previcus case from a similer
saterisl,

The produet with 27.8 per cent methoxyl was vashed Sheroughly
vith hot water and with aselens and vorked wp Shreugh s swoelh paste
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inte & fise suspennion in acetons, It was remsthyladed, remaising
in suspension througheus the entire resotion. Pue product of this
second methylatien possessed & mathexyl oomteut of 8.4 per ceat.

| Tor cempariseon a aellulesie -Qto!hl (wood pulp, .mm.i‘
8) ,...1.5.’.“.:.:.; bed besa coaverted iate a fimely aivided stase by
-dm;o;x wssas-t.0., W grisdiag. It vas sudjested %0 twe meth-
ynimio‘a.i,.mu; the same manaer ae 1be material regenerated from
__ th «nnnc umu. As ia tlu 1atter cass, She wood pulp -uouu
- shoved n. plm of q.zmmm st mmnumn. After the
: 'ﬂm utb,ylnhu A methoxyl mtnt of l‘ por cent had deon resched;
on \ho u«u uwxnla. durtac whieh the -urm wvas in & shate
of :ntnuta in the -otlvnttu -txhro. cuu ralus m iscressed lo

8.7 par eai.

These upoﬂulu confirm Iho hnﬂhnu shat the Phyeieal

» phaum oburnd miu thg ﬂ.nt uﬂwuuu roluu the ofﬂnm
~of methylation of aa eriginally fmxy divided sellulese. Tor t!p
'ﬂ'nc ﬂﬁi ainutes, duriag vnn time iho'-ltn"m -n u(lmnin‘
‘asd 1a & gelatiscus state, 118410 setbylation teok pzuo. the methexyl
oonuut deiag 8.2 per cent. This is indesd small M ‘u»mul wvith
30 per #ant (Pigure W) 'uhuhfm ohﬁtu‘ upen methylatiea of ttwo
~eotten liaters for the ﬁnoi luﬂh of tims. During thi hﬂﬁ' rityy
n&ntn of the reaction the n&hurl mtnt &nrun& %0 87.! per |
cut. lhn -hoviu the ludiaul 0ffoen vhere the uurm 1s ia
the for- of & suspension, :.umdn. as showa in the second mthylulon

of \och ef the uurh\h !wnonc‘m abou-mou, unul.on
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tmunnd fm uomﬁnlublo uonnlou uouu and grml
chenioal M mp-ouwmm mx pluo quuo readily, n& ntb-
oxyl’ mtuh ‘o il.h and W.7 »r “M. n»utlvoly. vere resshed.
©In beth ugu_ tho sateria) vas well n,womd_.

o Is vtu d' She -lphuttn given for tho fatlare of do-
}"rtvm any bnoﬂt trow fuohly pmivlulu (Wﬁﬂ.ﬂoﬁ nnuluo
cmol vi\h 1% ﬂbm- nich 1% seens .muﬂu to humﬂ
"iho osnparisen of he umtn of the m or £ib7ous vith the fresnly |
preetpitated sellaloss sestates o mm that 48 10 he finely o
'uvxm fon vbich muunu .ﬂwuﬂ.n.

Iren a aomparisen of the twe nMo—-mdr 1) -otw;niidi
. '_.f t& uouio in s niuﬁo 'nxmt m (2) sethylation of‘. m‘nny'}
 precipitased. muto in the auuqo of s mnn--u ‘weuld l;"ﬂ |
| Shat the first nqlh“ should be nn dﬂclnt. einee it ‘would be ;
m«ul thad n 31s8s% he l«lutu of the rmuu takes plage ubih

| e unuo.u wateris) is i3 solutien. Only later on, vhen mere
"'ntwl bae desa 1asroduced, would the resotion comiizue en & pre-
'nipihhgl utnm. Sheredy appreaching sonditione ss. shq prevail

ia the mm method from ‘e stars,

IV appeared desirable to ses how these u-@u--- compare
with vhat mmuy' happens. I8 uQ theught th{n a weans to \nie
-l wul& bo to ronu tn nuuoa of: anmntn ip uunhiu
the rate’ of doth dm-mnm asd amuyi»m and, at the same Vime,
te oheerve She ;mtm. .m,un mn wxpeated 4o ecaur {n the
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aixture while these two procssses were in progress.

NBGEANISK OF METHYLATION OF OWLLULOS® ACRPATR DISSOLVYD IN ACRTONE

Rats of Nethylation and Deacetylation of Oellulose

Acetate Dissolved in Acetene

Nethod 1. This series of experiments was carried oud W
taking samples of the entire methylation mixture at definite intervals,
isolating the eellulose derivatives frem the mizture and analysing

then for agetyl snd metheoxyl contente.

Yor this purpose 5 grams of the oonuntd'dciteno-nhblo
acetate (Material 7) were dissoclved in 700 cs. of scetone in a three-
1iter triple-necked round-dottoned flask immersed in s dath saintained
&t 5% to 56° 0. and fitted with a etandard stirrer. Thea 420 eo. of
dimethyl sulfate and 560 co. of & 30 per cent sedium hydrozide sol-
nttnﬂ vere added simaltanesusly, drop by drop, at the rate of 0.1 of
She tetal every Ve -lnnto;. - The ;om tiao of addision of eash
portion of reageat vas about eight mizutes. Durisg the interval
bdetveen qdjithn;- Y uqvlo:& the contents of the flask was removed.
The samples thus obiained were treated viih an equal volume of wars
wvater and the acetone removed under vacvum, The cellulosie material
vas collected on & filter, wvashed fres of sulfate with hot water,
and dried in the opem alr. Methoxyl and asetyl were deterwined as
Gescrided abeve. The resulis sre given ia Table !V and reproduced

in Pigure 2.
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. SABLY IV

RATR OF NYTHYLATION AND DEACPRYLAPION
OF OFLLULOSE ACSTATR IN ADWIONR

Rethod )
Oendined
. Nethexyk . Asetie Aelid
Rsaction Time : OGéntent - Content
nin, ' ¢ $
o | R | “nm
10 1.10 hk, 80
%) 1%. 60 U
50 . W, 60 0.00
1m ) kh.'o wocoe

¥o definite senslusiens rmunj the prosess of deaset-
ylasiea ui be drawn from the acetyl determinations of whieh, fer
tuniyd reasons, SAly Swe seuld Ve made! one ox ssmples taken
after tea nintu and snsther on samplea taken after fifty mimntes,
The conbised acetie aeid econtents of thess samples were Lk, 8 per sent
sad sere. Hewsver, the possidility existed that during iselstien
of $he sellulesie predust the sodium hydroxide pnnﬂ By have
offected furider sapenifisstics, |

Vethod 2. In order ts chesk the resulte of the previows
exporineat and ia the hope of aveldiang saponificatien ef the acetets
duriag 1sclatien of She rn_oiul product, the alksll was asutralised
vith dilute ulfuﬂc acid tamedintely after the time specified for
wethylation had elapsed. PFor this purpese individusl methylations

of the eellulose agetate in acetone selusion were sarried sus sccording
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Yethoxyl Content - Per Cent
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20

10
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FIGURE 2

“ETHYL.ATION AND DEACETYTATION

b

OF CE"LUTOSE ACETATE IV ACETONE

20

30 4% 50 o0 70

Reaction Time - Minutes

20

90

100
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%o the staadard presedure up %o the Muwe intervals speeified. At
the ead of that time interval the reasiien mixture was placed ina
salt-ise dath, and the alkali was meustralised vith dilute sulfurie
asid, This required the relatively long Sime of saven minutes in
order to prevent the Semperature from rising sbove W0° C. The acetone
vas thea distilled off under vacuum, the mizture brought wp to 70° C.,
and filtered. The product of the resstion was vashed theroughly with
2ot water uatil fres of sulfate and mir dried. The results of the
acetyl and methoxyl aaslyses are oﬁon {a Tadle ¥V and in Figure %,

PABLR ¥

RATE OP NWPHYLAZION AND DRAGTTYLATION OF
CELLULOSE ACYTATY IN ACYIONE

VYalues obdtained oa products isolated from individwal
nethriations after the caustic seda had deen neutralised

Welhed 2
. Conbined
NeShoxyl Agetis Aeid
Resctien Tise .+ Content Content
ain, 4
0 . ‘_ - 0,00 56.00
10 3.98 .20
20 11.20 1.60
30 17.00 2.00
%0 17.20 ———
L] .10 0.00
50 %1.00 1.00

100 Lk, 80 0.00
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mzu it L» nn het the adetyl values are vow lov.
snd the moptctoq mu thM uputﬂuﬂou ey wn omtm uﬂu'
‘he aentralisatien uuod by sither the sulfurie seid oz wa
uusnnua mnu. n m» % ohnt these n-mnum. the fol-
IMu llno omﬂm‘o were urﬂod nt.

(1) A o.s.m_-i‘, sawple of asetens-sslwble cellulose ’

| scetate was dﬁulnd ia 20 ee. of acetene. mv-ﬂié g eatt#
neters of 0.5 x nltlﬂé,»ﬁu vers added at 55' c. Pnclnhua of
bollnluh nm-m \ui' 191"00. tﬂor five sinates th soltd material
vas rm.m of? m vashed- \heroughly ¥ith vater, 14 ves then re- |
diseolved 1n %0 ee. Of scetens and w.nd fn ﬂf\«. uisstes .t L
55% vith 0,5 % sodiua muum. Back titratien of the alkali rwm-a,
that the cellulesie umm M1l contaised 51 per cent comdined
scetie sold after tn.uus vith eulferie acid, (fhe original ...m'. )
had consained 56 por cont comdined motte uﬁd.) Thes, uader the
cenditieas spplied, vory um- am-m.m- oeuld be attributed to
e aetion of the sulfuric asid during meutralisstion of the sampls.

| (2) taa nilliu cxyirhont a2 scetone solutiea 'nf \he
agetate vas treated ¥ith & knews quastity of sodive wpdrextde solutten |
of the' uu oucutnun n und for »tb;uua (!0 per oat). The

| »umun whe ld.. thas clohico of sedivm msdo uou fnnl
vhtch m- a0t umnd oa nlih wu. lwor. llu'hc 'hd-
utmu- of the ndlu wcroxido with lhld.rd uu tho glohl«
broke up ud yrootpiuuu cf fm uu. ulhlntc -ncrul tuh
place. Trom lho anount of c_onu lvmluo ‘consumed, 1% m fnu(



et adous lﬁ ,a mt of th- ontyi mo had Yeen saponified,

:Mt the sane m of autyl. mnm are saponified if dslute

sedion wamxu nlnnu is added to tho acetnte solution ln acstene .
and m amsunt of uemmu sodive nycm:u. is detsrained u-.cump
» buk-tunuu.

H) In the third nxpeumt. n nmu solution of the

| mm. ves trented; vuh s selvtien of the por cont sodiua Mpdroxide

as i l:part-at 2. Dut this tiu tho globules were omnud from

, m uuuuo »usm by mtmm. nounmua ot ihc mmu 0D~
tut of the nob\nn rmhtu on m rum pmcr. euah waes 99.2
 per cnt of the mut sdded, veveslsd that practiesily aene o't m
alkali h“ desa consuned by the umu. Osrrespondingly, mlysh .
of tlu rilerate mmum the Nb: Of tbt acatinte 'lhﬂmd that lhiv
ujoruy of the acetyl groups nn mu u munuu with the-

' eonnle n.

_ This result ehevs $hat the alkall espemifies ihe ssetyl
#roups oaly 1f asd vhes 1t comes ﬁm suffictently elese 'omui isn
| \Sno groups, Such coatut u nmum u dilute ocl& h Mdt& |
.-u ﬁa ni:mu. vlluh rnnltn tn [ tru&u» of thc gxobnu.

'!'ho u u norc tm mb»h Iha\. on mtunuuu cf
‘thc -omnuu -um- num !. ‘Poage ha) the mn!.w of She
nnm Lroups were mm«. while outnt bgtvun the am:
and the aostate was being oghbnohﬂ. Sinse, as ve bave seen,

eonsideradle time was ro@gr“\fdr seatzelisattion, sufficieat )
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AlkAll was preseat t¢ aceomplish sapenificatien long Vefore neutral.

ization was compleded.

Final proef of shis interpretation is derived from the fast
that dilute alkali, whieh is niecidle lamedintely with the acetone

sslutien, effested nearly cemplets saponification at oase.

The cusvés repressating the rete of mothylation show thet
114%1e lﬂhruuh hok plsce at tiu nfy loﬂulu of the reaction
(sse Tigures 2 and %). Tuis resald s {a eentrast %o he values which
wvere obtained dy mothylation of cotton linters by the staadard pre-
eodures for iatervale as shewn ia Figure &, In the latter case the
rate of hothrlutun was mors rapid at the very begimaing of the re-
astion, themn decrensed and wvas aesrly semvlete after about fifty
minutes. Ia the case of the asetates dissolved in scetone, the re-
‘aotion was semparatively slew at the degimning but becsme very repid
after about thirty minutes and was again nearly cowplete after fifty
ninutes, The differemse in the rate of methylation during the fires

part of the reastion seems %0 find its explanation as fellews.

In the methylation of the acetate in selutien, the period
.of insreased epoed of reaction appears %o coineide with & visidle
chasge i the appearance of the reaction mizture. As soen as the 4i.
uthyll sulfate and sodium hydrexide are added to the scetone solution
of the acetate, small gzlebules are formed. Wridently Shese globdules
eonsist of sedius hydroxide solutiom surrounded by s thinm film of

cellulosie material, These globules withstand stirring up to adeus
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thirey to forty mimates, vhea they are gradually droksn wp and 4drop-
lets of sodium hydroxide, no longer surroumded by s0lid cellulosie
material, are visidle. At the same Sime, a fine white precipitate
forms and the reaction mixture .oén aoquires the appearsance of »
oream-like, white emulsion which Jdoes not separate if stirring i
stopped. At & time soon after this imoreased turdidity, betwesn adout
twealy and fifty mimutes, the temperature of the reaction mixture
increases rapidly as shown in Pigure 5. Vhen comparing the latter
wvith Pigures 2 and 3, 1% will Do seen that ths increased semperature
corresponds to & sere rapid rate of methylation, wvhich sesus to
indicate the existence of a condition in vhieh the alkall enters wore
Shoroughly into the reactioa. AS this poiamt the eonsideradle amoumt
of dimethyl sulfate vhich has deea added and rapid saponificstioa of

the acetate apparenily permit medtylation %o proceed quiekly.

of Cellulose Acetate Disselved in Acetone

I8 o811l remains %o be shevn %o what extent methylatioa
proseeds while the sellulesic material is in solutien and $o estadlish
the relation of the physical phenemena to the rate of methylation and
deacetylation.

!mtlon of Soluble and Insoludble Portion during Meth-

Ziatiocn, 1In order to ansver \he adove guestiens, use vas made of the
phetnonencn desorided adove--namely, that duriang the early stages of
methylation the alkali settles ouwt in the form of globules whieh, as
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28y be concluded from Mxpsriment P, page 52, predebly could be

separated from the solutien By filtration.

Individual portions vere methylated accerdiag $o the
standazd procedure and, after the times specified (tventy, thiry,
and forty mimutes) '”tho_nthyhtloa -;iiuroi were }u‘pn-_.sod Yy fil-
tration inte (1) & residue oouuunj of uun- Mpiroxide globules
which, as deverided previously, vere mrnm.a by » fils of oellu-
losic meterisl and (2) the agetone solutien. The restdue (1) vas
vashed frese of sediwm hydrexide by het weter and air 4dried. The
cellulosic waterisl from the acetone solutien (2) was odisimed by
precipitation with 00ld water; the precivitate wvas ¢ollected on a
Blehner funnel with the aid of suctien, washed with seld water, and
oir dried. The cellulosic materials, Doth from the residue (which
anouated %0 oaly 10 per ceas er less of the erigimal material) sad
froa She solultion, contalaing She majerity, vere separately analysed
for nethoxyl and combined acetic acid eontenss. The results are
shown ia Tadle VI and Pigure 6.

The curve of the methoxyl eontsnt for the meihylosllulose
1s0lated fros the solution shews that ﬁry 14t8le methylation takes
plase up %0 Shirty uninmtes, vhereas at foév. ninutes & methoxyl
centent of 40,2 per cent had been resched, Thig result confives
those previously odtained (sse Figures 2 and 3). ILikewise, as soea
from Curve B, very 1ittle dsacetylation $akes place up to thirty

minutes, vhereas at forty minutes it is complete.
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The curve for the methoxyl conteats of the acetone-
insoludle portien indicates much more rapid methylation during the
firsy part of the resetion than iz the onse of the pertion in selu-
ttoi. I8 is prebable that thie resuld is due to & more intimate
contact which exiated detween the alkali and the surroesding eellu~

lesic material from the bdeginaing of the reastien,

In drawiag conclusiens from the desciylation eurve (B)
the difficuliy of isolating the major part of the resciica preduct
(2) without losing acetyl has to de h&a iate comsideration. The
faot that the product ieelated at forty minmtes was still in seluties,
although analysis revealed a high methoxyl conteat dut no aselyl,
seons o indioate that at the $ime the product vas iselated 1t »till
possessed a mn amount of acetyl which nnlod it %0 remsin ia
ulnunfnﬂigm asthylated unuonj m iasoluble in acedens.
h!wonr. while chc prwut wes deing 1eolated, sapenification vas
oo-phtoa. This viev 10 also supported by the fellewiag obaervations.
At the tveaty- apd Sbirty-sizsie intervals, filtration yielded &
clear solutien; mereever, this solutioa showved acid ruothn .avﬂu
1% had been peured inte water for the purpese of precipitatiag the
csllulosic material. This observation indicates that the asetone
solution (2) eontained vary little alkali, most of it haviag deen
rﬁovod wvith the gledules. Ia the case of the forty-aisute interval,
however, a Surbid filtrate was odtained vhioch remained alkaline
througheut the isolation of the preduct of resstien., Obviously the

alkali had mixed with the eolution, and it was 10 loager possidle %o
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separate them, Comsequently, saponification took place.

The rates of sethylation and deacetylation appear %o b
in direcs relation % the phensmena obeerved during the methylasion
operation, snd one mey viswalire the mashanism 0 be as follows.
AS the bVeginning of the reastion mest of the scetate remains in
solution but, oving o the "globulation® of the sodium hydroxide,
suffieiently ¢loss ¢ontact is not estadlished with $the aliali, VYore-
over, very litile sapoaification takes place, and methylation ie
much impeded. Bomer.')u" 2008 o8 tﬁoﬁbgvlobﬂo‘i start te dreak, more
iotimate contact is achieved and saponification and sethylation Lecems
nore rapid. In agresment with th-n decresaing sostyl coatent and the
inereseing methoxyl content of the preduct of resotion is the previously
desoribsd appesrsnce of the mixture, As wore methoxyl snters the
esllulose, the product of reaction would de expected %0 become wmore
and more imsoludle in acstone aad henoe %o precipitate from the solu-
tien, Thus, the latter part of the resstiosn would taioe place on the

pregipitated, dut otill very finely divided material.

Agetone Solubility of Netlylcsllulede Acetatss. While the
asetate i» being methylated, it passes through a nusder of iater-

nediate stages--i.¢., mothylcelluloes asetates of decremsing acetyl
and {ncreasing methoxyl contents are being formed. In viev of the
prodability that the greater part of the cellulosic material remains
‘in soludion duriag most of the reaction period, it was thought that
the mechamism could be still further elucidated by prepariag some of

the predadle interwediates and by studying their seludbility in seetone.
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Oompletely substituted methyloellulose acetates of inoressing
medhoxyl content were prepared from the commereial acetone-seludle
scetate (Naterial 1). In prepariag sush mixed ether-esters, it is
nsceseary to etherify first and then esterify, for, if the reveree
procedure were apnlied, the ester greup would insdvertently bob
sapoaified by the alksli of She methylatien mixture. Iu order that
the cellulosic material would de the ﬁn as the whieh existed ia
the methylation rescsions, the scetons-eoludble scetate was chosen

as & startiang material.

(2) Methylations. The cellulose ceastituent vas regensr-
sted from the asetate as follews. Twenty-five grams of the acetale
wvere suspeaded in 800 ce. of pu? gent sodimm hydroxide iz a triple-
Becked two-liter round-botitemed flask and stirrsd for one-half hour
" in order \bat the surfaces of the particles weuld be unifersly vetted
by the solutien. Jor the purpose of methylation, the flask was thea
surrounded Dy & bath maintained at 5% to 56° C., and the requieite
amouat of dimethyl sulfate added at She rase of 30 cc. per ten
minutes., Stirring at this temperature was coatinued for two hours,
The methrlated preduct vas eollected on a Bshaer funnel with the
aid of sustiea and washed with hot water uatil free of sulfate. I
vas washed with ssetone and air dried to a white grandulay preduet

wvhich shoved no aceSate growps by the etandard methold of ssalyels.

(b) Ascetylasions. The methylcellulese preparasions of in.
creasing methoxyl contents wvers suspended or, if soludle, Gissolved

in 160 ce. of pyridime and alleved $0 rotats on s wheel overaighs.
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The mixzture vas then treated with 100 co. of acetic ashydride without
ths use of an soid euimnt.an&. ;ﬂot ii#m fer twenty-four hours

at room Sesparature, was sllewed to remain in & bath at 50° 6. for
aine days. A¢ the end of this tlic the scetylation solution ves
filtered aad the filtrate sumd te 4rop slowly iato 2 1iters of

¢old water for precipitation. ﬂu preduct thus obﬁuod was colleoted
aad washed vith eold weater on a Bichmer fumnal with the aid of eustion.
IS vas redisselved in pyridine and precipitated agaia inte water,
isolated ‘u before, allovwed t_o air-dry, and placed in a vacuum
desicostor over phosphorus peatoxids as 5€° C. for ‘he fimal drying.

The solubility iz acetons was detersiaed by extraetion of
the material (about 1 gram) in & Soxblet extrester with 1%0 oc. of
the solvent, evaporation ef the agetone and drying %o aonstant
veight at room VYemperasure. The experissatal resulis and edservatioas

are presented {n Tadle VII.

By observation of Tadle VII it ie seen Shat the solubility
in acetons of the methricelluloses increased as methylation pro-
casded. Comparieson of the sctual methoxyl and comdimed acetic noid
 gontente with the theeretical values shows that coaplete substitutioa
had taken 1vlase. The semewbat greater dissrepancy in case of
Produst 1 may possibly Ve accowatsd for by the 7ast that at the od
of the scetylation seme of the pncﬁet' inseludle iz the asetrlation
aixture ves removed vy filtration. This is ales reflected in the

lov yield for Produes 1.
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Although none of these cenpounds wvere 100 per ceat sel-
uble im asetone, amalysis of the scetons-seludle and -insolubdle por-
tions ntiu reveals wuoh goncerning the solubility of the eellulosic
saterial durisg methylatioa of an acetone-soluble seetate in acetone

solutien.

It 1s ssen shat the insoluble portions of Products 1 aad 2
are rather l.ov’ is methexyl content and should, therefers, be high
{n scetyl eontent. This would mot be surprising if one comeiders
that highly asetylated ecelluloses are, iz gemeral, mot soludle ia
scetons. The inseludle portion of Produst 3 may bs a cosbinatien of
saterial representiag a high scetyl and a low methoxyl costent. Ia-
versely, vhen ths methoxyl coatent ie high and the agcetyl conteat
lew, the predust is again iaseluble, es is the oase of the inseluble
portions of Product 4, This 1s in acoord with the faet that, ia
general, methyleellulose of any methoxyl content is imseludle in

acetons,

fhus the resulls isdieate, in genersl, that eo-pictny
substituted methylcelluloss acetates will de soluble in acetone
exeept those pertions that pﬂﬁu (1) lov unnqi (bigh asetyl)
and (2) nigh methoxyl (low ﬂaotﬂ) contents. The reason that ocomplete
s0lubility was mot showm by She methylcellulose soetates prepared
here is prodabdly due to the fact thad the methods used resulted in
very heterogenous products whish s$ill contained varyiag amouats of
the twe above-mentioned portiocms. The imsoludble vertion (1) would

provably net ceme into consideration in connection with the
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vere muah emaller. The resultant sethexyl content was UL 5 per
a638--1,0., 20 higher than vhen mno vrecautions o mininmise

~ €lobulation were takes (Lk, 6% per cemt).

In viev of other experimentis which seemed t0 promise mere
suscess, further attempte of preveating the formation of glodules

or_or dispersing them were ositted,
NETRTLATION OF CELLULOSY IN SOLUTION

If 18 1e prodadle Shat the good results obiained by meth-
lating cellulose acetate dissolved in moetone are due to the eliuin.
ation of nesrly all of the s0lid phase for the greater part of the
methylation resstion, the same effect should be produced by metd-

71atton of an umacetylated cbl}ulou disselved 1a & medien, ualees
chemical sctivation m»& Sy the presence of asetate greups actually
exist. Cellulose dispersed in & quaternary uinuiu bass s &
suitable material for such a reaction. Here ve not only aay eliminate
the 0114 phase for at least & sonsideradle portion of she reaction,
Wt one 1iquid phase as well, since the organie dase itself will
Sake the place of the inerganic base. The material used here
(previously erho& as Material £) was & solutien of wood pulp in
8 U0 per cest agqueous solution of Srimethyldensylammoaius hydrexide.
The sellulose content wvas 3.9 per cont. In some cases selutions

prepared in the laderatory were used,

Iafermation availadls coacerning the methylation of cellu.

l1ose in solution applies oaly to the preperatien of water-soludle
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products of lov methoxyl ceatemts (Book, 11). No attempt at ex-
haustive nethylation nor a study of the eoffect of various eondisions
upon the reaction have bdesn reperted. 1Im the preseat work it ves
necsseary $o study eome of the various fastors involved, so that
sxperimensal proeedures ceuld de developed vhish would represent
optimun conditieas for exhaustive methylation of cellulose in eolution,

The factors studied were as follows: (1) resction temperature,
(2) sellulose comceatrasion, (3) time of reastiea after additien of
setbylating agent, and (1) rate of additien of nethylating agente.

Tor this purpose & series of methylations were carried ous
in whish one factor at a fime would be varied. The experimental
conditions and resulis are summarised in Tadle YIII.

Ia experiments T-a through T.4, 151.%5 grems of the Tritos 3
osellulose solution containing 3.9 grams of cellulose were placed in
a U00-ce. Tallform besker surrounded by a water dath, A emall
variable speed stirrer wae them iniroduced, The propeller of thie
stirrer was as largs as the dimensions of the beaker permitted and
was shaped so that the material vas foroed downward at the ceater.
Vith sueh a propellor, efficient stirring way de obtained at a slevw
rate of spesd. If a high speed 1o used, foaming msy bdaceme aritieal
bYecause air is whipped into the mixture. At a temperature of 25° C.,
24 ce. of dimethyl sulfate were added drep by drop st the rate of
b ce. per ten minutes. This quantity of Gimethyl sulfate was chosen,

decause 1% represented a pod part of the maxisum amouat whioh could
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e added without complete meutraliration of the existing orgsaio

base. At the end of the methylation the remaining Triton B was
neutralized with dilute hydrechloric seid. %o prcoiﬁitato wvas formed
at this atuco, lnl [ ubltc flecculent proo!pttut. appeared when the
volume was brought up to 2 1itere by the slov lddltion of scetone,
accospanied by modernse mechanical stirring. This cellulosic material
esuld thes be collected on & 9-cm, Mchmer fummel with the aid of
suction. It was washed on the filter with acetone, mized thoroughly
tn o Hamilton Beaoh Yodel 25 malted milk mixer with 200-~¢., portions
of atetone. The residue was dried in & vacuus desiocator over cal-
elum chloride o & white crumbly solid which could be vewdered. (If
alloved %@ 4ry in the open air, condensation of water owing to sooling
effeats of the evaporating acetone will give a etioky and even

gelatinous material in csse of water-soluble preducts.)

Yariation of the eonditiens resulted in 4ifferent effects
as shown in Table VIII, In general, i¢ may de said that 1% is detter
to work at normel rather than higher tﬁuparQGuren and that there is
very slight advantage 3o vrolonged stirring after complete addition

of the methylating ageat.

ggzoriuantn f-a and T

A 1 per cent solution of cellulose, preduced by the addition
of more Tritom B, does not methylate mearly as well as & 1.9 per cent
solution, only 7.17 per cent methoxyl being obtained compared with

about 21 %0 27 per cent for the higher concemtration. This shows that
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with that of the product resulting from Experiment T-s (methoxyl
content, 26.%) shovs st onee the bemeficial effects of having the
cellulose coupletely dissolved in the Triton B,

Experinent ?-f

| In the previcus experiments, the amouat of dimethyl sul-
fate had been limited %0 24 co. in order to ensure alkaline reaction
uader $he conditions chosen. 1% was likely that this amount 4id a0t
represent 3he necessery exeess to produce high metbylation, Therefore,
in the present sxperiment 120 cc. of dimethyl sulfate vers used. This
Resessitated an additicn of She dase. Bafore thie ves added, it had
bdeen obaerved that the dase availadle in the 3.9 per cent sclution
Vesame neutralised after 36 %o MO co. of dimethyl eulfate hed bess
sdded. In contrast %o the previous experimenss, this time--1.9e,,
usiag 120 ce. of dimethyl sulfate--the product of reaction had pre-
olpitated at the ead of the operatiom and could therefore e filtered
off directly (without the addition of acetons) on - 9-cw. Mohner
funnel with the aid of sustion. IS was wvashed shoroughly with hot _
wvater and mcatones and ariil‘.'u' prMilr @uc”xv'i.bod. | fhe beneficial
sffect of the excess of dimethyl sulfate is shown i3 the inoressed

methoxyl coutent of 19.8 per cenml.

Experinents T-g sad T-h

In Experiment T-g, still greater amounts of dimethyl sul-
fate and Triton B were ussd. The latter agent was also added dropwise

%0 meice sure that no interruption in -uhnhiu slkalinity ocourred,
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Txperiment 7-h shewed that 1t mede practically mo difference if
the rate of additien of dimetdyl sulfats vas inersssed and the pre-
longed etirriag after additdion eliminated,

Rxperisent 2-h.l

The product from T-h was suepended ia Triton B (in whieh
it ves insoluble) end remethylated. The methoxyl contems of 0.6
(an inorease from 19.5) per ceat shovs that such remethylation
poessssed 118tle 1f any advaniage over the one methylation operation;
nor s ‘thon aay advantage %0 de ssen in comparing these results with
thess whieh wvers obtained vhen fibrous cellulose vas meihylated and
remethylated by the usual precedure. r;mm. there vas litile
reacon %0 expect that more than oane remethylasioa weuld bdring thne
methexyl content up to the theoretieal simce sueh methylation would

take place upoa »0lid methylated cellulose.

m_.__:uin. 2-n, ¥-p, and %o

Replacing the sdditional amount of Triton 3 dy eodium
bydroxide solution of ths same mormality as the Tritea B, as shown
in -1, yielded identicn]l results as T-h, Very similar results were
alse obtaimed vith & 30 per cent sedlus hydrvexide selution if Ahe
temperature vas kept 1ov.l s¢ shown in mcﬂ-ut T-9. If She ten-
perature vas highsr, ss i»n Mxperiment T-eo, 19“: nathoxyl values were

obtaimed,
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degraded while deing diseclved or while being kept in eoluliesn,
fhis would confirm the observation nade by other Savestigators.

Experinent ¥.r

In Bxperineat T-r, 10 cmo of & commereinl asetone-sol-
uble acetate (Material 3) were dissolved in 145 grams of Triton B and
wethylated as showa 12 Tadls VIII. The material was cosnletely
deacetylated vhen it diseolved ia the stroag dase and bcforq the
methylation was started. This is trus, sinee it was shown experi-
weatally that the Triton B may be sudstituted for sodium hydroxide
in the determinatioa of acetyl groups dy alkaline sapsaification
metheds. However, the methexyl content odtained was not higher than
that obtained ia the case where unscetylated cellulose was the
starting material, as ia Experiments T-a snd Y.¢, dut lowr, samely,
42,7 per sent. Thus, ve may oomclude thas there is definitely ne
other advantage in the use of ocellulose acetate as & starting

material than that of improved physical comditions.

Vhen compariang the bebavier of the cellulesie materials--
the scetate dissolved in acetone and the osllulose diseclved in the
organic base--we nete great similarity. In Yotk cases, the greater
part of the resstion occurs on the cellulosic material which s ia
solution; in doSh cases, the latter part of the resstion, vhere the
smethylated products become mere and more imsoluble iam their respective
solvents, preceeds on solid (although finely divided) saterials. Ia
this wvay the speed of reactien decreases markedly. Thus, the result

obtained vith unacetylated cellulose in solution supperts the previeusly
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expressed opinion, according $o which She advantage of usiang sa
scetons-soluble acetate as & starting material is due to the faot
Shat the resction procesde o & large exteat on oellulose ia the
state of eolution, From this peint of viev, both methods appear

$o be equivalent. Ia pursuiag this line of tRought, one would
mo@t to be able to overcome the obetacle which decomes noticeadle
during the latter part of the reactiea by preveating She resotion
predust--both the scetate aad the unacetylated cellulose--from pre-
eipitating-~1.0., by kesping the preducte in solutien., If Shis
eould be done, bebter results wvould surely de obtained.



SUNRARY
TEE ROLR OF AOYIYL GROUPS IN OXLLULOSE DURING WYFRYLATION

The litersture reveals the fast thas 1t 1 Aifficuls, (f
20% impossidble, b0 iotbyuto uﬂn «ugluo to the theoretical
msthoxyl eontent of the tri-ether. This theeretical value, howaver,

aay be odtaimed if collulose is used in the form of its acetate.

It has Deen suggested that this resuls might bde dus to
activation of the hydrexyl m--i.o. » the acetyl greups imﬂ.d be
wors stsily subatituted tham the former.

I8 1s 1ikely that the acetates whick are reperted to have
been converted into trtuthyleoilnlou wvers 0f & lov degree of
polynerisation, and this suggests that the rewuls is due to degrada-
Sion ef the cellulose bVeommse the numder of Mdroxyls ie theredy

inoreased,

The fact that seme of the investigutors carried out the
methylation reaction on asetates dissolved in asetons suggestis that
it sight e the state of solution rether than sotivation whioh is

responsidle fer the better ‘nmn; :

Degradation of Oellulaep 4e & Reasen for ;_ugni»ﬁ
' Degree of Nethylation

It vas 2ot pessidle to reach the theeretieal methoxyl
conteat with acetylated celluless, The highest value odtained with

an sestate prepared ia the ladorstory was, after three nethylnations,
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k&, 5 per om. m au aet insrease w . mmv asthylation

“ the thoontlm mao 18 55.6 por cent). This result does nod

cuftu Ahat OW \7 Mﬂh l‘l “-wmn (g. Y. wt H “u

’mﬂn the runlu ot vulm nbuqun umro vho uped ertl'
ntm A co-ncul uctno diseelved 1a acetone gave pmuonny

".\u uu ron;u. uuu. uh, l por mt. ‘

- Nowever,. wvhea & nuny utwut“ sellulese (14,5 per. ceasd) .
“whs agais’ mm»u el thea n-mnma. almost the theoresioal

) '-mx mmc (vs. 3 por «m vas sdtalned. Slase the mhu.;_, .,
after uuotrnun. m [ vny lov degree of pnnoriuuon u U
very likely shas mo high valie vas dus ‘o wuu vhich m |
,mhluo sufferel during resgsetylaties. m- nun sppesrs 4 °
cenfirm Karrer ast Sschar's coneeps (W) that Abe theorstieal valwe

: esn be reached emly on_oellulese. h a etate of M-«uu. lomr. -
fagz-mma nas o Ve quite omu.nuo. stheryice tne nnotnﬂtu |
um-um of m:n mtpt vill have bardly eay sffect ol m rmn“
of mwumn. ma is showa w 'Y mmuu ofm -n:vm

of th!.t ffecs (p_o,_g m 'm |

) ncm m un c..rmmu ommd hrtu m m\yuuat
process prapie, ummm ucnuq ct chata leagth teek place

' me uputﬂunon--t. e., wvhile sac mm ‘content of the muh

ia the uov:nlu umu vn utu nhul Ss the peiat lt whieh
m muh w noetoRs nlmo. O‘nnpouimy sho triscetate

whuh vas uuuuc m- 1.7 t«mnlu nxm pouuud a uw
degres of pelymerisation than the scetone~soluble ascolate; ﬁo _
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latter was very nearly the same as that of a commercial asedone-
soluble scetate. ZThis i¢ in acoord with observations of Yarsley

(_}1) who fouad that the viscosity of the pariially seponified acetates
vere generally lower than that of the parent triacetate.

Siatlarly, 1f acetylatiea was carried ocut under mild oon-
distons in which the cellulose maintained its fidrous forms, She degree
of pelymerization of the resuliing acetate was appreciably higher
Shan that of the nonfidrous triscetate. It is likely that the acetate
of 1inited acetyl centont which had been prepared by 'p-nm acet-
ylation vith acetie anhydride and pyridine, without the use of an
soid ostilyﬂ. possessed the highest degree of pelymsriration ef all

acetates used,

The degree of polymeriszation of the methyleellulose samples
prepared from the asetone-soludble agetates during Shis investigation,
vith \he exsepiion of one meationed sdeve, ranged frem 120 %o 2%h.-
1.0., sbous 1/10 to 1/15 of that of the original cellulose. The data
are cempiled in Table IX. This tadle alee comtaine the results of
the previocusly quoted investipgators,

Thus, the pessidilifty thas cellulese in the form of its
acetate renches the t”hnr-tieal methoxyl eoﬂt‘nt because the cellulese
sonstitueat is in a state of degradation seems %0 oxist only ia cases
in whiech degradatien has actuslly gone very far. Howvever, vhea this
is net so, dufn«tlou as a oause of incressed methoxyl contend

appears 0 be pracstically elimineted.
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Astivation of Hydroxyl Greups 2s & Cause
for Improved Wethylation

17 sstivation of the hydroxyl groups of the cellwlese by
vay of scelylation wers the esuse for reashing the theoreticsl meth-
oxyl content, the trimcetate ia which all three hydrexyl groupe per
- glucese residue mast de mssumed to be acetyliated, oughd easlly to be
aonvirtod into trimethylcellulese, This, however, was 2ot the case.
As was shown on triacetates of varied degree of polymerisation, the
methozyl content remsined far delow the theoretical requiremeats.

In viev of the Tesuits obtained on $he triscetates, i% vas not sur-

prising that diacetates dehaved in the same way,

Phe failure to introduse into cellulose witheut diffieulty
the Sheoratical number of methyl greups after the theoretical musber
of moetyl groupe had once been intreduced remains hard to under-
stasd, unless one postulates that the hydroxyl groups are less re-
sative %o methylation Shan "to acetylation, me matter vhether they
react as such or in the form of acesyl groups--i.e., vhether or net
the intramicellar aystem of‘ the fiber has Deen made more accessible

%y wvay of ssetylatten.

Physical Cosditiens as a Osase of Improved Wethylsties

The acetone-soludle acetate dissclved in acetone $00k wp
in one methylation almost 29 per ceat more methoxyl tham fidrous cellu-
l1ose under the same sonditions. However, whea the same acetone-

soludle acetate was methylated withou$ deing dissolved in seetone,
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1t took wp almost LD per ceat less methoxyl than in the dissolved
state. Sisce the prodadility that degradation and aotivation as
potaidble esuses for inoreased methoxyl conteat have been greatly
roduced, the above-mentioned facts seem %0 indicate Shat 18 is the
_state of solution whioh is responsidle for the izproved resulids that
are odtained by using cslluless ip the foram of its acetone-seludle

acetate dissolved in acetens.

Although the state of sclution does aet exist throughous
the whole process of opsration, the resction product deconing wore
and wore inecludle in She ecetone-methylation mixzture, yet the

reaciion, now proceeding on the precipitated reaction producs, ie
| s811]1 more officient than 1t 1is with cellulons in fidrous form,
Thie oo@cluoton is drawva by a compariesa of the results whieh were
obtained on A& dried fidrous triacetate vwith the enme produet iz the
fora of a fine préclpiuu, She aethoxyl mhal of the latter deling
76 per ceat higher than that of the former. The sans deneficial
effeot of the physical state inm which the cellulosic material is
expossd %0 She methylating agente is scen fTom & comparison of the
resulis on a ﬂicl: presipitated nonfidrous triscetate with these

o8 the same material ia thrfori of a Adry powler,

An Au-pt %o utilive such impreved physical couditioas on
cellulese 1%eelf was unsuccessful since the materisl (regenerated
cellulese), although eriginally in a state of fine suddivielen,
agglonerated and gelatinired under the influsnce of the methylasing
agents under the conditions used, The fact that such dlieturdances
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414 not esceur vhen utilising the improved physical conditions in

the ease of the scetate may be valued ae an atditional advaniage

in using the latter. No douds, the reason for this difference in the
Yehavier of the two types of cellulosic material lies in the presemce
or absence of substituted hydroxyl groups. This ie further bdorne

ous by the fast that the regenereated cellulose lest its gelatinous
eharaoter tovard the end of the reaction sni became well suspended

in the mnn‘. sinilarly as Shough the scetate had desn the siarting
meterial. ¥Yhea this stage vas reached, methylation became mers
officiens. Thus, fimely Mviid unﬂoﬁ regenerated from an acetone-
soludle scetate yielded a produas with 27.8 per cent methoxyl content
after one methylation and with 18.U per eceat after & second meth-
ylation, Likewise, very finely ground pulp fehnicullr usmodified)
yielded & produst with & methoxyl content of 16 per cens after one

sethylasion and 35.7 per ceat after two methylations.

Susming up She results diecussed so far, 1% appears quite

certala that the advantage observed im the methylation of cellulose
ia the form of ite acetate i due neither %o degradation nor %o
astivation, but %o Vhe lmpreved physical genditiens uander which the
reaction takes place,
TH? RELATION BYPVWERN PHYSIOAL PEYSOMYNON OBSTRVED DURING THR RTACTION
AND THR RATR OF DRACYEYLATION AND MRTHYLATION OF CYLLULOSR AGRTATE
DISSOLYYD 1IN AQYIONE

Oontsrary to anticipation, the rate of methylation of the

acetate dissolved in acetons wvas slovw at the degimning of the resetion,
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even slever than on fibrous unaceirlated sellulose. This result ie
explained by the observation shas ‘he eodium hydroxide solutien,

in spite of officient stirriag, dees 0ot aix with the acetone selutica
of the acetate, the former separating in the ferm of gledbules. After
a while, hovever, the alimli gledules dreak up and $he mixture

asoquires ths appearance of sa emulsiea. As seon as the soatact be-

tveen the alknli and the acsetate was ostablished, the rate of meth-

ylatiea increased rapidly. V¥ith this inocreass coimoided a change
of the emulsien inte & suspensien of & finely divided precipisate

vithia the methylation mixture. Mt soen after, the rate of methrlation

sloved down comsideradly and remained so, apparenily, indefinitely.
This interpretation of the course of the reaction is alses supported
¥y the type of the curve representing the heat gonsrated during the

reaction as pletted againes tinme,

Difficulsies vere encountered in folloviag the rate of
a.uutntuﬁ bocﬂnn the preducts of reaction, isolated at certaia
tine hhmh. lost their acesyl groups very rapidly while Shey were
being prepared for saalysis. It wae shewa that this eccurred upoa
neutralisation of the excess alkall, and it would asleo prodadly eceur
during the usual operasions of filtering and vashing. l!owoné. fron
the results of a smber of blank experimsate it is very probadle
Shat, while !‘h‘o ‘alkmlt Liﬂomu oxieted in the l!ethvhuou nixture,
most of the scetyl groups vere -sm in oo:bmt.iu with the cellulese

asd vere saponified omly if and vhen contast was established.

hat these oonclueions are correct is seen from the results
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ebtained whea the prosese of ;nhmuu was followed by utilising
the experience gained on the bdlank experiments. In the earlier
stages of methylation she alkmli glodbules couvld be separated from

the solution by filtration, It was found thad the acetone solutien
coatained the bulk of the resetion produet with moss of its agetyl
groups intaet. As methylation proceeled, separation vas no longsr
possible, and Ahe product of the resction was shown to have lost most

of its agedyl groups.

¥hile the acetate is deing methylated it passes threugh a
nusber of internediate stages, these interncdiates being preducts
of desreasing asetyl and incresasing netdoxyl cntntsﬂ, Sherefore,
doudtlens of varying eoludilitiss in acetone. Results of experiments,
is whioh some of Qh. proYable intermediastes were prepared ani their
so0lublility in acetone deternined, shed further light on the sechaniem
of the methylation reaction. The results of these oxperiments permit
the contentisn that in the methylatien mixture, preaipitation takes
place defors all acetyl groups are saponified and that the fimal
phase of the resction thus ovcurs on & precipitate of high methoxyl

and low ac+ty) oomtents,

Attempts %o disperss the alkali globules aad thus to
establ {sh comtast betvesa the alkali and the scetate 13 solution at
the bsginning of the reaction wvers mot sucesssful, bdus 1t would

appear probable that eueh mesms could de fousd,
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WETEYLATION OF CELLULOSE IN SOLUTION

If the advantage of using ‘celhlou in the form of its
acetate is dus to the fao$ Shat the methylation reastion takes plase,
&t least partly. on cellulosic materisl im solutios, this advantage
should be ales odtained by using unscetylated cellulose ia solutien,
At the same $ime the results would show whether the mcetate offers,
after all, any sdditional advantage. So far, methylattion of cellu-
lose in solution, for instanse in & quaternary amsomiusm dase, has
been studied only in viev of proiusing water-soludble nethyleelluloses
of the lovest possidle methoxyl centent. The aiam of the preseat
investigation was, of course, % reash the Sheoretioal methoxyl con~
Sent required for trimethyleelluloss. The effect of various in-
flusnces were studied and comditions were established By which She
highest methoxyl eonsent was odtaisadle. ¥Noet pronsunced was the
iafluence of temperature, lover temnerature yielding s higher nethoxyl
contens. Mt even under appareatly the most favoradle condidions,
the methoxyl eontent ﬂuhﬂl only 43,1 per cent. 88111, this valus
appears 3¢ be the Mﬁcit sver mon‘u for methylgellulose preparsd
by & siagle speration fggu £ibrous “nulgn-d.o. , without ueing

an iatersediate derivative.

As regards the mechanion of utwintion of cellulose ia
solusion, there appears %o be great similarity vith the setbylation
of an acetone-soludle acetate. Here, alse & great part of the re-
sotlon Sakes place on cellulese vhile 1t is in solution, During the

latter pars, however, She cellulosic material has %0 de reacted
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upos while it i¢ in the form of a precipitate, although ia a finely
divided state. This could de assuned t0 csuse the slowing down of
the reaction 80 that she methoxyl content remained (by adout 2 per
cent) Delow She theoretical walus. If this vers true, one ought %o
be _mo to intreduse the last percentage of methyl groups if 1% were
possidle to find a solvent which would bLe eapable of maiataining
the sellulosic materisle--i.e., the methyl.ncetyl derivatives as
vell as the fibrous parsially setlylated sellulese~~in solutiea

Shroughou$ the vhols operatioa,

As ve have seen, it Lo the iatroduction of msthyl groups
which gradually leads to precinitation of the preduct of resstion,
Mgreover, 1t is likely that it is not alone the fact that the
reaction continues on s0lid material vhich is responsidle for the
aiffioul sy of introdusiag She last relatively ssall pereentage of
methyl. Ooume deliberation on the probadle nature of the solid
saterial seems %0 offer a direction iz which an explanation mighd be

fousd,

In the oase where fibroue cellulose is disselved in the
organic base, it {9 nrprto{:g that 20% even this poverful ageat s
eapable of kesping the produect of reaction dispersed. Obviocuely,
forees of expansion sXerted by the organic base are n0¢ capable of
overconing the forces of cohesion which dind the ehain molesules
together 42 the partially methylated c¢ellulose., It way de usM

shat the foroes of cohesion increase considerably oan methylasien,
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¥his is illustrated Dy the bebavier of partially methylated cellu.
lose with sodium hydroxide seludlons of merceririag streaginh. JFor
sxample, dimethyleoslluloss dees not swell at all ia caustio sode
solution; it does not form an alksli ecellulose compound and uo
xanthate (viscose)(sse Heuser snd Hiemer (1)). fTals is due to the
f£a0% that the derivative adove & certain methoxyl content bdecomes
nydrophobic. BSuch a preperty ought So faver the develonment of
cohesive forces betwesn individual ehain molecules--i.e., Detveesn
hydroxyl greups nod yet covered by methyl. On tﬁh assuaption tbke
difficulty of imtreduning the last percentage of methyl groups inte
a system, vhich may be regarded as an assooiation of noleculees having
lost moss of its hydrophilic properties and exkiditing etrong forces

of mutual niraeuon. could dDe guite woll understood.

Suah & conception would also be in accerd with the ob-
servation that the iatroduction of more methyl into sn already highly
nethylated prodmt‘h faoilitated by lowvering the temverature, for
at lov temperatures thé system regains some of 1%e lost '-nuuy ‘o
svell im strong slkali, | | | |

Further vork ‘wight io ma on t!u m«;u«» explained
Above--i.e., OB & search for ways and means ef redusing the tesdeney
of the partially methylated sellulose ohains 3o develop sueh forees
of wutusl atstrsction vhieh may be sssumed to decrease eonsideradly

the reastivity of the iatermsdiate product of rescdion,



9.
10.

11.
12,

13.
1k,

15,

16.
17.

18.

19.

96

BIRLIOGRAPRY

Rouser, Muil, and Biemer, Norbert, Cellulosechem. 6:101-122,
125-132 (192%).

Hawerth, V. X,, Hiret, B. L., and Thomas, K. A,, J. Ohem. Soc.
19311821824,

Bawvorth, V¥, N., and Machemer, Hans, J. Ohem, 8Seo. 1932:2270-2277.

1198 (191%6).

Reuser, Buil, and ven Neuenstein, Valter, Sellulesechen, 1:89-
96 (1922).

Irvine, James Oolquboun, and Niret, Fdmund lLangley, J. Cheam. See.
12%:1518-512, espeeially p. 529 (192%).

Hess, K., ADel, @,, Sehdn, V., and Komarewsky, V., Cellulosechem.
16:69-77 (1935).

Urban, Belmut, Celluloseshen. 7:17%78 (1926).

?n;z:. J., and Hibbert, Harold, J. Am. Ohem, Soc. 5811006-1007
19%6).

Book, L. H., Ind, Bng. Chem, 29:985-987 (1917).

Trsube, William, Pivenka, Richard, and Funk, Albert, Ber. 691
1483-1493 (1936).

Froeudemderg, Xarl, and Beppel, Hane, Ber. 7011542 (197%7).

Ress, Kurd, and Lung, Xsa-Fou, Ber. 70:1259-1262 (1937).

Preudenderg, Xarl, Boppel, Hans, and Meyer-Delius, Margos,
Naturvissensshafien 261123124 (1938); 0.A. 32156558 (1918).

Freudeaderg, Karl, and Codn, Rrnet, Ana, 331238275 (1927),

Beses, Xurs, utlololiuh. ¥alter, and Messmer, Brast, 2, angev.
Ohem, 3Wikkg.ks5k (1921).

Hees, Xurt, and ¥Weltsien, Wilhelm, Ama. bBM2:46-60 (1925).
Barnett, W. Leigh, J. 80c. Ohem. Ind. LO:18T.10 (1921),




o

97

Yolfrom, M. L., Soviea, Joha 0., and Lassettre, E. K., J. An,
Ohem. S0o. 6111072-1076 (19%9).

Staudinger, H., and Sehols, K., Ber. 67:84.91 (193b),

Sperka, Harold O, "Commemts on the application of the Haworth
method for estimating ths chaia length of cellulose %o a highly
purified sulfite pulp.” Master's Dissertatsion. Appleton, ¥is-
conein, The Institate of Paper Chemistry, 133, 36 p.

Haworth, ¥alter Norman, Hiret, Bdmund langley, and Yebdd, Jolm
Ivor, J. Chem. Sos. 1928:12681.2640,

Staudinger, R., end Busemann, ®., Amn. 527:1195-236 (19%7).
Preudenberg, Karl, and Rapp, ¥ilhelm, Ber. 69:20u1.20L5 (19).

Boehringer, C. 7., sad Soehne, ¢, m. b. M., Brisish patent
387.5%% (Mareh 2k, 19%2); J. Textile Imst. 2U:1A183 (1973).

Don’.). Charles, and Fealey, A. C., J. Textile Inet, 29:727.42
(1918).

Hess, Yurt, and Ljubitsoh, Noah, Ber. 61:1460-1462 (1928).

Staudinger, B., and Bilers, H., Ber. 68:1611-1618 (1935).
Staudinger, B., and Reinecke, 7., Ana. 5Y5:U47-100 (19%8).

Murray, . 7. Jr., Staud, 0. J., and Oray, H. LeB., Ind. Pag
Chem. , Anal. R4, 3:269-27% (19%1).

Krldger, D. "Zelluloseasetate." 1st edition, sspecially p. 230,
Dreeden and Leipaig, Theodor Steinakepff, 19%3. 1391 »p.

Yarsley, V. B, *lver die Herstellung und physikaliechen
Rigenschaften der Celluloseacetate,” Berlin, J. Springer, 1927;
Dorée, Charles, "The matbods of celluloss chemistzy,® let
1';““”' erpecially p. 267. New York, D, Van Nostramd, 1913,
99 ».



