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INTRODUCTION

Cellulose acetate is used in the manufacture of plastics and
rayon. In 1941 it ranked fifth among the various plastics, and it 2ce

counted for ome third of all the rayon produced.

Commercial cellulose acetate is produced by treating cellulose
suspended in scetic 2cid with scetic anmhydride and a catalyst, usually
sulfuric acid. The reaction is allowed to proceed until the cellulose is
subetantially completely esterified, at which point it dissolves completely
in the scetic acld. This materisal is then partially hydrolyzed to remove
some of the acetyl groups in order to obtain a produet which is soluble

in acetone,

This is an indirect process, but 2 cellulose acetzte which is
Produced by the partial esterification of cellulose directly to the same
acetyl content =2e commercial acetate has different phyeical properties.
One of the most important differences is the insolubility of the esteri-

fied product in acetone or other common solventes.
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HISTORICAL REVIEW

Cellulose consists of long chaine of amhydroglucose units linked
together by ﬁd.h linksges. Three hydroxyl groups per glucose unit, those
on the second, third, and sixth carbon atoms, are available for mtiom
Of these, the hydroxyl on the sixth carbon is a primary hydroxyl, and the
others are secondary.

The hydroxyl groupe on adjacent chalne are capable of forming
hydrogen bonds. In portions of a cellulose fiber where the chains are
arranged very regularly, large numbers of these bonds may be formed, and
orystalline regions may occur., Other portions where the arrangement of
the chains ie¢ less regulsr and vhere few hydrogen bonds are formed are
known as amorphous regions.

Cellulose exhibits the typical resctions of primery snd second-
ary hydroxyl groups. The course of these reactions, as well as the
physical properties of cellulose fibers, is strongly influenced by the
existence of crystalline and ameorphous regions.

Spurlin (1), in discussing the solubility of high polymers,
says, "The trisubstituted (cellulose) derivatives, as a clase, are rele-
tively insoluble:. As substitution is decreased, the derivatives become
much more generally soluble until a maximum is reached between 2 and 2.5
At lower substitutions, the solubility ie controlled to an inecreasing
extent by the interaction between hydroxyl groups, and solubility in all
but hydroxylated solvents decreases. If the distribution of the hydroxyls
slong the chain epproaches randomness, it may be expected that the chance
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of two hydroxyles on adjacent chains being near each other will be pro-
portional to the square of thelr concentration in the derivative. Hydrogen
bonding will therefore be negligible if most of the hydroxyls have been

substituted and will increase rapidly as the substitution is lowered."

In the case of cellulose acetates this has long been understood
practically if not theoretically, Cellulose triacetate 1s soluble in a
few solvents, notably chloroform. A patent was filed by Miles (2) in
1904 on the production of an acetone-soluble acetate by acetylating to
produce = substantiszlly completely esterified material (the “primary
acetate® of commerce) and then hydrolyzing with water and acid in solu~
tion to the acetone-soluble product (commercial Ysecondary acetate),
0st (2) analyzed these products accurately and found that the production
of acetone-soluble derivatives was accompanied by deacetylation. Kita,
et al. (4) showed that acetone solubility was not produced by degradation
alone when they reacetylated a secondary acetate to a trisubstituted

"tertlary® acetate which was soluble in chloroform but not in acetone.

Al though acetone-soluble derivatives can be produced by come
pletely acetylating cellulose and partially hydrolyzing the product to
a degree of substitution of 2.6 to 2,1, the corresponding derivative
produced by partial esterification directly to the same degree of substi-
tution hae very different properties. It is only slightly soluble in
acetone, It is horny, rather than soft and fluffy. Thie material is not
sufficiently scetylated to correspond to the commercial primary acetate,
and 1t will be referred to as a partially esterified acetate, The
commercial secondary acetates will be referred to as partially hydrolyszed

acetates,
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Partislly hydrolysed acetates have deen extensively investi.
gated, but 1ittle information has been published about the corresponding
partially esterified ones. Sekurads snd Kitabateke () prepared the
triphenylmethyl (trityl) derivative of = partially hydrolyzed cellulose
acetate and found that about one third of the hydroxyl grouve reacted
to form trityl ethers, Shortly afterwvard & mumber of investigators
(6~32) wucceeded in preparing trityl derivatives of sugars which had no
primery hydroxyls svailable for reaction, and the tritylation method of
distinguishing primery hydroxyls fell inte disrepute,

Purves and his students (10-12) applied the method of Oldham
end Rutherford (1) to commereial cellulose scetates. They prepared
ptoluenesulfonyl (tosyl) esters of the unesterified hydroxyls and
iodinated these derivstives to determine the proportion of primesry
hydroxyls, Oardner and Purves (12) determined that in a commercial
acetate with a degree of substitution of 2,44, 295 of the free hydroxyls
vere prisary, 4Of were secondary attsched to carbon three, end 25§ were
secondary attsched to carbon two, Of these secondery hydroxyls, only
2,6% were present in the form of glycols. This in loss than the amount
predictod for random deacetylation and much less than that predicted for
locslized deacetylation,

Cremer snd Purves (JQ) cited = patent iseucd to Clarke and
Malm (l4) for rescetylating partislly hydrolysed cellulose acetate '
(restoring substantislly most of the scetyl groups) by bedling it for
200 hours with glacial scetic seid, produeing sn scetoneeinsoluble
product, Cramer and Purves state:
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"The acetone-soluble acetate loses this property when heated
with glacial acetic acid which probably re-esterifies the primery
hydroxyls preferentially. ... a directly acetylated product might have
the same acetyl content and the same aversge molecular weight as an
acetone-soluble acetate produced by the partial saponification of the
triacetate, The distribution of acetyl and hydroxyl would nonetheless
be sharply different, as primary hydroxyl would de present in the latter
cage and none in the former. Free primary hydroxyl may prove to be

necessary for true solubility in acetone.®

Since this work was done, the tosylationeiodination method
has come in for ite share of eriticiem. A tosylated primary hydroxyl
may be rendered stable sgainst lodination by the presence of an adjacent
keto grouwp (l3) or scetalic group (L6). VWhen treated with fodine, 2
tosylated derivative with two neighboring tosyl groups or = tosyl group
beelde 2 secondary hydroxyl may form a double bond and liberste iodine

(12-20).

The method was eritically evaluated by Malm, of al. (2L) who
concludeds

“fhe method of tosylation and lodination did mot give exact
results in the determination of primary hydroxyl in cellulose and cellue
love =cetate] since as the resction conditions in both the tosylation
and iodination steps were extended, increasing amounts of primsry hydroxyl
wvere indicsted,

In viev of these difficultles, the reaction conditions must
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be stendardized in comparing the amounts of primary hydroxyl in differ-

ent samples of cellulose scetate."

More recently Timell (22) studied the method and set the
following conditions under which reliable results may be obtained.

#The sample should be soluble or at least capable of swelling
in anhydrous pyridine., If the latter be the case, then the eeteri-
fleation must be carried out with continuous and vigorous stirring.
Higher temperatures than 25° C. are to be avolded.

In the tosylated preparation the number of secondsry tosyl
groups must not substantially exceed half the number of primary ones.

At 120° C. the fodination should not be alloved to proceed
for more than 2,0 hres. Most samples dissolve or swell sufficiently for
the solvents used (acetone or acetonylacetone), the sodium lodide also
contributing to this.

It 4s advisable to carry out several tosylatlon-iodination
experiments, slightly varying the degree of tosylation. Finally, the
sverage value of the iodine may be used."

At the same time that doubt was being cast on the reliability
of the results obtained by tosylationeiodinstion, the tritylation re-
sction was being re-examined. Hearen, gt gl. (23) found that under
moderate reaction conditions tritylation may be carried out to cover
spproximately 90% of the available primery hydroxyls, and a small proe-
portion of the secondary hydroxyls slso react, Honeymsn (24) later
reached the seme conclusioms. Melm, gt gl. (25) applied the method to
studying various cellulose acetates and to following the course of the
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hydrolysis of cellulose under varying experimentsl conditions.

There are two methods aveilable for the determination of the
aumber of glycol groupe in a eellulose derivetive. Cramer, gb al, (L)
spplied the lead tetrascetate method originated by Criegee (20) to a
commercial cellulose mcetate. OSince thelr work, lead tetrascetate has
been largely replaced by periodic seld which behaves similarly in meny
vays (22).

¥hile no intensive studies appesr to heve been made of the
partially esterified scetatee formed, the course of the acetylation
reaction is understood quite well, NHeuser (20) and Malm and Fordyes
(29) eive good summaries of tho extensive work on this subject. The
reaction proceeds rapidly in the amorphous regions of the fiber and
more slovly in the crystalline reglons. The rete of the latter portion
of the reaction mey be increased by various pretreatments desisned to
swell the eryetelline reglone. However, the slow rate of penetration
of these reglons remains the chief obstzcle to the acetylation resction,
vhich ia of escentially Sopochemical charscter. A recent study by Signer,
8t als (30), uwsing streaming double refrmction, ultrecentrifuge sedimens
tation diagrams, and electron micrographs, showed the presence of fusie
fornm particles which eppear to be mecromoleculer eggregetes and which
persist in an acetylation for a long tine after the cellulose scetate
bhas gone into solution in the scetic acld. These particles could be
concentrated with the more insoluble portions of the acetate by fraction.
ation,
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PHESENTATION OF PROBLEM

There are at least two explanations of the mechanism of
esterification of cellulose acetate and the lack of acetone solubility
of the partially esterified acetates, According to one explanation
the more reactive, primary hydroxyl groups on carbon six in the glucose
units of the cellulose are esterified first, and a portion of these
hydroxyls must be free in order for the acetate to be acetone-soluble.
The other explanation of the phenomenon ie that the acetylating reagent
attacks the more accessible portions of the cellulose fiber first., Ale
though the primary hydroxyl on carbon six msy be more reactive, the
controlling factor is the accessibility of the chaine. The reaction
proceeds slowly into the highly ordered, crystalline regions, which
persist for a long time during the course of the acetylation but eventu~

ally break up as the triacetate stage is reached.

According to the latter view, the acetone-soluble, partially
hydrolyzed zcetates are formed by random deacetylation of the nearly
completely acetylated cellulose chain, Approximately ecqual proportions
of all three of the differently located hydroxyls are free in the partiale
1y hydrolyzed acetate, and their distribution 1s random, so that a chain
of uniform characteristics is produced along its full length. The
partially esterified acetates with the same degree of substlitution have
the same number of free hydroxyls but they are clustered together in the
portions of‘ the chaln which were protected from acetylation by their
loecation deep in the erystalline regions. The cellulose acetate chain
18 not uriform elong ite length., This leads to different solubility
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properties, In addition, there is the possibility of strong hydrogen
bonding between unscetylated portions of adjacent chains, This would
lead to the formation of polymolecular aggregates whose effective
molecular velght would be too large for easy solubility,

The problem in this imvestigation is the preparation of partiale
ly esterified acetates and partially hydrolyzed acetates of corresponding
degrees of substitution. These will be studied with every possible
means in order to characterize both as completely as possible. The
results should support one or the other of these explanations of the
mechanisn of the esterification of cellulose,
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EXPERIMENTAL PROCEDURES
ACETYLATION

Acetylations were carried out in a laboratory-model, sigmae
blade, Baker-Perkins mixer, The desired temperature was mainteined
by eirculating water in the jacket of the mixer, The temperature of
the acetylation mixture followed very closely (within one degree)
that of the water in the jacket, The temperature of the latter was
meagured since a thermometer could be more easlly suspended in it.

One hundred grams of cotton linters (109 grams airdry) were
placed in the mixer with 816 grams of glacial acetic =eid and mixed
at 35° C. for 45 minutes. Then 324 grams of glacial scetic acld mized
with 2,76 grams of sulfuric seld vere added, and mixing wes continued
et 35° C. for one hour. The mixture was then cooled to 189 C. This
temperature weas held for 15 mimutes, Meanwhile the slow addition of
310 grams of mucmmm‘apouodcteuhnumbm
After the first 15 minutes, the temperature of the mixture was slowly
relsed to 50-55° C. =2t the end of the hour. This temperature was main-
tained until a chloroformesoluble, fiber-free product was obtained
(2.25 hours). 'Then 1080 grems of 50% acetic aecid which contained 2.5%
sulfurie acid were added slowly for the hydrolysis. This took place
at 50=55° C. The time of hydrolysis was adjusted to give mcetates of
the desired degree of substitution, Partially esterified scetates of
corresponding degrees of substitution were obtained by stopoing the
acetylation reaction before it had gone to completion,
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The acetylation mixture was precipitated by pouring it through
a small-orifice funnel into water near the vortex created by a repidly
rotating Lightnin! mixer. The precipitate was washed with boiling water
until the wash water was free of acetic acid (basic toward bromothymol

blue)., Then the acetate was air dried for storage.
ACETYL ANALYSIS

The method of Whistler and Jeanes (31) was modified for use
in the apperatus designed for Institute Tentative Method 19 (32).
Wm;ul methanol was prepared by refluxing commercizl a‘ﬁnoluto metha-
nol for six hours with magnesium ribbon, after which the methanol was
distilled. Freshly cut sodium was dissolved im the methanol to make
& 0.2 § solution. The sodium hydroxide solution used was 0,1806 I,

and the sulfuric acld used for back titration was 0,0893 }.

A Oy3=gram sample of acetate, previously drled in yacup over
vhosphorus pentoxide, was introduced into a 250-ml. round-bottom flask,
together with 20 ml. of anhydrous methanel arnd three glass beads %o
promote smooth boiling. The flask was attached to the condensers, which
were arranged for refluxing, and placed in = hot-water bath., Its contents
were allowed to reflux for half an hour in order to wet the sample thorough-
ly. Another 250-ml. flask eontaining 25 ml., of sedium hydroxide solution
end three glass beads was attached to the other end of the condensers
and placed in an ice-water bath, The condensers were arranzed for
dietillation, 2nd 10 ml, of sodium methylate solution were added to the
cellulose acetate through the dropping fumnel. The rate of distillation

was 2djusted to 35 drops per mimute and mainteined until less than § ml,
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remained in the flask. Then a fresh 20-ml. portion of methanocl was
added to the flask. When it had been distilled, it was followed by

two 10=ml. portions. After this, the heat was removed, and the appa-
ratus was swirled to mix the contents of the receiving flask. The
water bath beneath it was then heated so that the contents of the flask
bolled for 15 minutes to complete saponification of the methyl acetate.
Then the source of heat was removed. The contents of the flask were
diluted with 75 ml. of boiled, distilled water and titrated with sul-
furic acid solution and phenolphthalein indicator., From the amount

of base congumed in the determination, the acetyl content of the sample

could be calculated,

The eslculation was made as follows:

0,043(ml. NaOH % ¥ NaOH - ml, y x K HaS0p)
m3°° (%) = ¥t. of ovendry -u:p‘f%?og. b

TOSYLATION

The method of Cramer and Purves (10) was followed, with modi-
fications. Anhydrous pyridine was prepared by distilling commercial
pyridine from barium oxide. A technical grade of tosyl chloride was
recrystallized from benzene to obtain a product with 2 melting polant of
67-69° ¢,

The moisture content of the cellulose acetate was determined,
and a welght of acetate corresponding to the ovendry weight of acetate
containing the desired number of moles of free hydroxyls was dried in
¥acuo over phosphorus pentoxide overamight. This materlsl was then dis-

golved in 115 ml. of anhydrous pyridine. At the same time, 125 grams
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of tosyl chloride were dissolved in 240 ml, of pyridine, The two s0-
lutions were cooled to 20° O., mixed, snd stored at 20 + 1% 0. Samples
wore taken pericdically to be anslysed for sulfur content.

The reaction was stopped by mixing the semple with an equal
volume of 10¥ agusous acetone at 0° O, for five minutes, The cellulose
acetate derivative was precipitated Ly pouring the mixture slowly inte
distilled water, with agitation, After stending 20 mimutes, the pre-
eipitate vas filtered and dried over phosphorus pentoxide in Xagug,

The amount of cellulose scetate which was reguired %o provide
the desired nmumber of moles of fres hydroxyle variedj the smount of
solvent which was required to dissolve it had to be varied accordingly.
The partislly esterified scetates proved to be insoluble in pyrridine,
If they were dissolved in chlorvoform, however, a solution of tesyl
chloride in pyridine could be added without precipitating them. The
materials used in each tosylation ave 1isted in Tablee I snd 1I,

The use of chloroform in the tosyletion systen necessitated
modification of the procedure for isolating ssmples during the course
of the resction, Chloreform is not miscible with water, nor 1o 1%
miseible vith & waterepyridine-soetone mixture., Vvhen an aliquot of the
resction mixture containing chloroform was mized with 10f aqueous scee
tone, tho solution slowly turned milky white, Vhen this mixzture was
poured into water, the chloroform remesined in the cellulose acetate
derivative and formed a second liguid phase, The chloroforn was ro=
__m’ummmummuuwmm’mmo
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TABLE I
COMPOSITION OF TOSYLATION MIXTURES
TOSYLATION.RATE STUDIES
Partially Esterified Partially Hydrolyszed

Acetates Acetates

Cellulose
Acetate A B ¢ D B
Acetate, g, 300” 5‘-12 37.06 50.25 15,00
Hydroxyl, moles 0.,0535 0,0590 0,0679 0,1084 0,0323
Chloroform, ml. 205 hss -— - -
Tosyl chloride, g. 125 125 125 125 125
Tosyl chloride, moles 0.656 0,656 0,656 0.656 0.656
Pyridine, ml, 250 150 150 150 20
Ratio, tosyl chloride: '

hydroxyl 1z2.5 ii.1 9.7 6.1 20.3

TABLE IX
COMPOSITION OF TOSYLATION MIXTURES
FIVESGRAM BATCH TOSYLATIONS
Partially Bsterified Partially Hydrolyzed
; Acetates Acetztes

Cellulose
Acetate A B ¢ D B
Acetate, Eo 5.00 3.00 5.00 5-62 500
WI moles 0,0088 0.0@” 0.0091 0.@108 0-0103
"ﬂm. ml. —— ae n,.2 ”os 38-3
Chloroform, ml. %.0 ko6 - - -
Tosyl chloride, g. 20.8 11.3 16,9 12.5 41,7
Tosyl chloride, moles 0.109 0.059 0.089 0.066 0.219
Pyridine, ml, k.5 12.4 20.2 15.0 80.0
Time, hr. 1bk 192 192 144 b4

Ratio, tosyl chloride:
hydroxyl 12.5 11.3 9.7 6.1 20,3
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boiling water to drive off the chloroform, The mixture weas then cooled
by edding cold weter, The precipitate formed in this wvay was not flocous
lent. It was ground in a Waring Blendor for one mimmte to reduce the
material to a finely divided form, This meterial was allowed to stand
in conteot with water for 20 minutes, then filtered, washed, and dried.
A second purificstion by redissolving and reprecipitating the semple was
found %o be necessary in the cane of the acetates vith higher degrees
of substitution (1, ey 2.7), in ovder to remove entrasped petolucns-
sulfonic acide

SULFUR ANALYSIS

The Parr sulfur bomd (31) wes used for sulfur determinations.
The charge consigted of 0,2 gram of tosylated acetate, 0.2 gram of
bansole seld, 0.2 gran of sucrone, 1.0 gram of potascium nitrate, and
A5 grame of sodium peroxide. Theee were mized in the bomd by sheling
for one nimute. A fev drops of water were placed on the cover of the
bombe The bomd wee placed on & wire gausze and hested with a Bunsen
burner until the water on the top bolled, It was then removed from
the flame and, ofter 30 seconds, quenched in yunning water.

The melt was washed out of the bomd into = bBOOwnml., beaker
with hot water, This solution wes acidiffed and filtered to remove
carbon. The filtrate was heated to bolling and treated with 20 ml, of
10% bariun chloride solution, The barium sulfate precipltate was ale
loved to settle overnight before being filtered into a tared Gooch
erueidble, ignited, ond welghed.
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The sulfur content was caleuleted =8 followe:

Sulfur content (%) % FyyTyR; o¥ ovendsy samTey BT

Todination was carried out by heating one gram of tosylated
cellulose acetate derivative with two grams of sodium lodide in 75 ml,
of redistilled scetonylacstons for two hours at 120° ¢, The lodinated
product was isolsted by cooling the mixture and pouring it with repid
agitation into two liters of ice water., The derivative was alloved to
stand in contact with water for one hour, then centrifuged to concen
trate the precipitate, filtered, washed with 0,1 J sodiun thiosulfate
to remove adsorbed jodine, washed with water, and dried. This washing
with thiosulfate solution removes adsorbed lodine snd ylelds derivatives
vhich are free of the yellow color often reported by othor experimentors.

I0DINE AWALYSIS

The aliphatic fodine determination described by Clark (24)
vas used to analyse fodinated derivetives. The sodium thiosulfate
solution used to titrate the fodine liberated was 0.,0912 X, A OJl-gram
sample was welghed into & 250enl. Erlemmeyer flask. Twenty milliliters
of & 10f solution of sodiun scetete in glaclal acetic scld snd & few
drops of bromine were sdded to the flask., It ves then heated on a
stean bath for 30 mimutes or until the material being snalyszed hed
been completely dissolved. At thet time the flask was removed from the
heat, cooled, and dfluted vith 25 ml, of » 25% solution of sodium
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acetate and 100 nl, of water, A few dvops of 98.100% formic acld were
added to destroy excess bromine., The mixture was allowed to stand for
10-15 minutes before the next step. Ten milliliters of 107 sulfurie
seld and one gram of potassium fodide were added to the solution. The
iodine liberated was titrated with sodium thiosulfate solution immedi-
stely,

The equations for the resctions invelved arei
RI + Byy— RBr + Iy
1By + 2 Brp + 300 —HIO, + § By
HI0q + 5HE—3 15+ 3 B0

The csleulation was made as followss
Todine content (%) o Do10

TRITYLATION

Trityl derivatives were prepared by treating the acetates
with an excess of trityl chloride (Raetman Xodsk triphenylohloromethens,
Bepe 109=111° C.) in pyridine, following the method of Melm, gt sl. (25).
Tenmgrenm samples of acetate previously dried in yagup over phosphorus
pentoxide were dissolved in 50 ml. of anhydrous pyridine., The amount
of trityl chloride sdded was caleulated from the formulas

t of trityl chloride it -
/10 . of sellu) '“'“+12(ﬂmdmuuﬂ 0450)

The trityl chloride was added to the cellulose ccetate dissolved in
pyridine in a bdottle with a groundeglass stooper. The bottle was
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plaged in an oven maintained st 70-75° ¢, During the firet fev minutes,
it wae inverted occesionally to dlesolve the solid trityl chloride.
After that, 1% was alloved to remain in the oven for 2 hewrs. The
product vas isolsted by diluting the mixture with acetone and pouring
it into methanel with rapid agitation, The precipitate vas washed with
methanol snd dried,

)

The partially esterified scetates were dissolved in chlovoe
form which had been diluted with pyridine before the sddition of trityl
chloride. In order o check on the effect of this modification, partial.
1y hydrolysed scetate "D' vas trityleted in & chloroforsepyridine mix-
ture as well as in pyridine.

TRITYL ANALYSIS

The method of Hearon, gt al. (23) wee used to anelyse for the
trityl content of the derivatives, 7The samples consisted of one gran
of tritylated cellulose scetate derivative which had been previously
dried in ysgug over phosphorus pentoxide, This wes placed in a 250.ml.
Erlenmeyer flask, snd 10 ml, of concentrsisd sulfuric seid were poured
over 1%, This mixture was stirred until the derivetive had completely
dissolved, Them water wes added elowly, in o fine stream, undil the
solution changed o a gray eoler, a2t which point 90 ml, of additional
water vere ndded. The precipitated triphenyloardinol (PhaOON) ves fil-
tered through » tared, fritted-glass crueible of fine porosity, vashed
until free of sulfate, dried st 100° C. for one hour, cooled, snd
weighed, The percentsge of trityl wae cslculated sccording to the
fommlal
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243(Wt, of PhyCOH, g.) + 100
260(Wt. of ovendry sample, g.)

Trityl (%) =

CALCULATION OF DEGREE OF SUBSTITUTION

Cellulose acetzate derivatives were analyzed for acetyl conm
tent as well as for sulfur, ledine, or trityl, as the case might be.
The only exceptlions to this were the tosylated-lodinated derivatives.
Iodine interferes with the acetyl determination, and the acetyl content
of these derivatives could not be determined, The degree of substi-
tution of acetyl in these derivatives was assumed to be the same as

that found by anslysis for the corresponding tosylated derlvatives.

The degree of substitution was calculated using the formulas
MW, =111 59X 1Y 1272 17 (3-X-Y-1Z),
Acetyl, (%) = 43 X x 100 / M.V,
gulfur, (%) = 32 Y x 100 / M.V,
Todine, (%) = 127 2 x 100 / M. W,
X = Degree of substitutlon, acetyl
Y 2 Degree of substitution, tosyl

Z = Degree of substitution, lodine,

For trityl derivatives, the formula used was}

MW, 2111 59X 259W 17 (3-%-¥).
Trityl, (%) = 243 ¥ x 100 [/ M.V,

¥ = Degree of substitution, trityl.
LEAD TETRAACETATE OXIDATION

Each of the cellulose =scetates studled was oxidized with lead
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tetraacetate to obtain a measure of the number of unesterified vieinsl
hydroxyl pairs (glycols) on carbone two end three., The method of
Cremer, g} al, (l1) was followed with slight modifications., Lead tetras
acetate vas prepared according to directions given by Bailar (39). In
8 500-ml, three-neck, round-bottom flask fitted with 2 themmometer and
mercury-sealed stirrer, 270 grams of glacizl acetic acid were nixed
vith 90 grams of acetic anhydride., To this mixture, 150 grams of dry
mintun (h,‘.) vere sdded gradually in smell smounts with cooling at
first and later warming to keep the temperature st not adove 65° 0,
¥hen 21l the minium had diesolved, the mixture wes cooled, =nd the
lesd tetrascetste was filtered through = large Buchner funnel. The
lead tetrascetate wae stored under glacial acetic scld until used.

For the determination, a weight corresponding to 0,01 mole
of cellulose ncetate was dissolved in 25 ml. of glacizl acetic acid
in & 100eml, volumetric flask with groundeglaes stopner., To Ny wad
added 25 ml. of = 0.1 J solution of lead tetrascetate in glacial acetie
ascid, The flask was then filled to the merk with glsecial ascetic seid and
stored in = constant temperature bath st 25 + 0.1° 0, The contente of
the flask were protected from esposure to light with heavy sluminum
foll wrapper. A blank solution was also prepared,

Samples were withdrawn with & 10.nml, pipet at 12, 24, 26, L8,
80, 120, 200, snd 360-hour intervals. The pipet was dischanrged into
20 ml. of a 25% solution of sodium acetate conteining an excess of pPo=
tassium fodide, =nd the pipet was well rinsed with 5 ml. of glacisl
acetic acld. The lodine liberated was titrated with 0.,0912 J sodium
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thiosulfate contained in a mieroburet, using starch as am indieator,
The end point was difficult to judge because of the presence of golden
yellow lead lodide in suspension.

The partially esterified acetates were not completely soluble
in glacial acetic acld, and 50 ml. of chloroform were added in each
determination to put them into solution. This had no effect on the
consumption of lead tetraacetate, as shown by the constant results
obtained with a blank prepared with chleroform.

The consumption of lead tetraacetate was calculated by sube
tracting the volume of thiosulfate used for each sample from the volume
used for the blanmk, An average of the elght values for the blank was
used to minimisze errors. This showed an initial, rapld reaction, mptzh-
imposed on a gradusl, continuous one. The rapid resction was taken to
be the consumption of oxidant by glycols. The continucus reaction was
extrapolated to zere hours, and thies velue was taken as a mezsure of the
glycols present. One mole of oxidant consumed corresponds to one mole
of glyecol.

DEGRER OF POLYMERIZATION

Viscosity measurements were made on dilute solutions of the
acetates to determine intrinsic viscosity and aversge degree of poly-
merization, Solutions were prepared by welghing 0.25-gram portions of
the acetates into 100.ml. volumetrie flasks, filling with solvent, and
shaking until solution took place., These solutions were diluted to
give solutions with specific viscositles between 0.1 and 0.3. Viscosities
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were measured in modified Ostwald, constanteoverflow viscometers in a
constantetenpersture bath at 25 + 0,01° C. Intrinsic viscosity wes
ealeulated using Badgley and Mark's (36) formmulas

[V(]* sp ]2 +x' = Nap)e
Coneentration § was expressed in grams per liter, and k' was taken as
0.3. The sverage degree of polymerization was calculated, using the
values given by Houser (32) of K, is 5.3 x 10™" for partislly esterie
fled cellulose acetates in chloroform snd Ky is 6.3 x 10~ for partisle
1y hydrolyszed cellulose acetates in scetone. The relationship between
intrinsie viscosity and degree of polymerisstion ist D. Po &  [0]/ Ky

FRACTIONATION OF ACETATES

The partially esterified acetatos were not completely ine
soluble in acetone, but only a small portion of the acetate dissolved.
Separation of the soluble and inseluble portions wes carried out in an
effort to determine qualitative differences.

A 10-grem semple of acetate was placed in = centrifuge jar
with 100 ml, of redistilled acetone and was shaken for half an hour.
Then it wae centrifuged at 2000 r.p.m. for 15 minutes to settle the
undissolved portion. The solution was decanted and concentrated under
reduced pressure at room tempersture, The procedure wes repested four
times, =and the ccetone solutions were comsolidated. Finally, the ine
soluble residue was dried at 60° C,, first under atmospheric pressure,
thern under reduced pressure. The same procedure was followed after
the acetone solutions had been concenirated as much as possible under
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DISCUSSION OF RESULTS

ACETYLATION

The values for acetyl analyses of the five acetates studied
are listed in Table III, Partially esterified acetate A, with 2 degree
of substitution of 2,53 corresponds very closely to partially hydro-
lyzed acetate C with a degree of substitution of 2,51. Acetate B 1s
obtained after the acetylation reaction has proceeded further toward
completion and 2 degree of substitution of 2,71 has been achleved.
Acetates D and B each have a degree of substitution of 2.43., Trityl-
ation studies show that they have the same number of primary hydroxyl
groups, Lead tetrascetate oxidation indicates that they have practi-
cally the same number of unesterified glycol groups. It may be assumed

that these two acetates are very similar,

TABLE IIX
ACETYL ANALYSES
Partially Esterified Partially Hydrolyszed

Acetates Acetates
Cellulose
Acetate A B ¢ D B
Acetyl, ¥ ko, 6 b2,2 Lo b 29,6 9.6
Acetyl, D. S. 2.53 2.71 2.51 2.h3 2,43
TOSYLATION

Acetates A, B, and C were tosylated with an excess of tosyl
chloride over unesterified hydroxyls of approximstely 10tl. Acetates
C and ¥ were treated with a 631 and = 2011 excess of tosyl chloride,
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respectively. The exaet figures are in Tables I and II, The tosylation-
rate studies described in Table I and in Appendix I were sampled at 1,

2, 3, 4, 6, 8, 10, 12, 24, 48, 96, 1h, 192, and 240 hours, The partial-
1y hydrolyszed acetates reacted very smoothly with tosyl chloride, and
the gulfur content of the derivatives followed = course eimilar to that
reported by Purves and his students (10-12, 38) and other workers. How=
ever, the sulfur content of derivatives of the partially esterified
acetates varied erratically. For this reason it was impossible to use
the rate of tosylation to calculate the proportion of the two secondary
hydroxyls in acetates A and B, The calculations for acetates C, D, and
E are described in Appendix I,

The only samples to spproach complete tosylation were those
of acetate B, which was tosylated with the greatest excess of reagent.
Even so, of the 0,567 hydroxyl theoretically available for tosylation,
only 0.450 reacted in 144 hours, It hag been pointed out by Purves and
his students (10-12, 38) that a slow substitution with chlorine takes
place, although this can be held to & minimum by working with low temper-
atures (i.e., 20° C,). The 240=hour sample of the tosylation of acetate
E was analyzed and found to contaim 0.98% chlorine, corresponding to a
degree of substitution of 0.092. That left 0.025 or more hydroxyl per
glucose unit, or one per 13.3 glucose units, unaccounted for in the 1iA.
hour sample., The presence of these unsubstituted hydroxyls was not satis.
factorily explained. They may have been present becsuse steric hindrances
prevented complete tosylation, or becsuse the theoretical number of hy-

droxyls were not avallable for substitution.
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Infrared anslysis of a film of the material (east from an
acetone solution) was carried out., A chloroformesoluble partislly es-
terified acetate with a degree of substitution of 2,88, and s cellulose
triacetate (L4,44% acetyl) prepared by Minnesota Mining & Manufacturing
Company were a2lso analyzed. The transmittance curves are reproduced ia

Figure 1.

Interpretation of these curves is difficult. There is a small
inflection in the second curve but none in either the first or third
curves at 3360 en."}, This is the region vhere hydrogen-bonded hydrox.
¥ls usually are found. From this one may conclude that the acetate
vhich by analysis has 0.12 free hydroxyl per glucose unit actuslly has
some free hydroxyls., The tosylated derivative may have no free hydrox-
yls because of the presence of some substituent for which no analyeils

was made,

A chart by Williems (39) showe unbonded hydroxyls appearing
in the vieinity of 3500 em.~}, No compounds snalyszed at the Institute
have been found to have absorption bands im this reglon. All three
acetates show bands at 3500 snd at 3650 em.~l. The appearance of two
bande gives riee to the speculation that they represent primary and
secondary hydroxyl absorption bands, If these bends are caused by
unbonded hydroxyls, one might conclude that the triacetate had some
free hydroxyls, the tosyleted derivative had more, and \hn partially
esterified acetate had nin more. This order is in agreement with the

chemical analyses,
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Tosylation of scetate D with a 631 excess of tosyl chloride
geve & meximum of 2,18% sulfur, corresponding to a degree of substie
tution of 0,201, as compared with 4,327 eulfur, or 0,450 tosyl per
glucose unit obtained wvhen acetate B was toayloted with & 2011 excess
of reagent. Thus the number of tesyl groups introduced sppears to de
dependent upon the excess of tosyl chloride used,

Piveegren batches of scetate were tosylated. The reaction
conditions, listed in Table II, were the same as those used for the
tosylation.rate experiments, The products of these tosylations were
anslysed for sulfur snd for scetyl content. These figures appear in
Table IV, together with the figures for the sulfur content of the ace-
tates in the tosylationerate reactions., It 1s interesting to note that
in every case except that of scetate D, which was allowed to resct 48
hours longcer in the bateh tosylation, the sulfur contents obtained were
lover for the bateh tosylations than for the rate experiments, It
would seem from this thet the tosylation resction is not accurately

reproducisle,

Analysis of acetates C snd B showed that they lost acetyl
groups during tosylstion, This deacetylstion mskes more hydroxyl
grovps evailable for toaylation and lodinstion, which introduces a
source of error into the resulte.

IODINATION

mmmmnmmmmmmm
Acetyl anslyses could not be esrried out beceuse fodine interferes with



=29~

TABLE IV

FIVE.GRAM BATCH TOSYLATION
SULFUR AWD ACETYL ANALYSES

Partially Beterified Partislly Hydrolysed
Acetztes hcetates

Cellulose

Acetate A B ¢ D B
Sulfur, ¢ 2.00 1.12 2.81 2.47 b, 21
Acetyl, % 37.0 50,0 Wb 5.3 30.L
Tosyl, D.S. 0.16 0.10 0.27 0.23 0.43
Acetyl, D.S, 2.51 2.7 2,44 2.48 2.29
Sulfur, max., $* 2.09 2,32 2,94 2.99 4,32

*fosylation-rate study; see Appendix I

the determination. The degree of substitution of acetyl groups was
assuned to be the same as 1t wae in the tosylated derivatives. The
analytical values and calculated degrees of substitution for each sube
stituent are listed in Table V.

It will be noticed that the combined degree of substitution
of tosyl and lodine groupe does not equal the degree of gubstitution
of tosyl groups in the tosylated samples. There is no clear trend in
these discrepancies, and it is probable that they are due to experi-
mental error rather than to the presence of large smounts of chlorine

which would be replaced by lodine (10-12, 38).

TRITYLATION

Tritylated derivatives of each acetate were analyzed for tri-
tyl and for acetyl content. These figures and the calculated degrees
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TABLE ¥V

IODIHATION OF
FIVE-GRAM BATCH TOSYLATION PRODUCTS
IODINE AND SULFUR ANALYSES

Partiszlly Esterified Partially Hydrolyszed
Acetates Acetates

Cellulose
Acetate A B c D B
Iodine, ¢ L,26 1.92 6. 64 5.8 9.9
Sulfur, % 0.86 0.56 1.28 1.08 1,72
Iodine, D.S. 0.10 0.04 0.16 0.14 0.23
Toeyl, D.S. 0.08 0.05 0.12 0,10 0.15
Acetyl, D.S. 2.51 2.71 2.4 2,48 2,29

of substitution of each group appear in Table VI. It is of interest to
compare these values with those obtained by iedinstion, since both
methods are supposed to measure primary hydroxyls. There 1s close corre-
spondence between the values for each acetate, and in only one case are
the values obtained by tosylationeiodination higher than those obtained
by tritylation. This is acetate H, treated with a 20:1 excess of tosyl
chloride. It would appear that if such large excesses of resgent are
avoided in the tosylation step, Timellls (22) limitation on the number
of secondary hydroxyls which may be tosylated was too strict, In each
cage more than half as many secondary hydroxyls have been tosylated as
primary hydroxyls, and yet the iodinstion values do not exceed those
obteined by tritylation when the proportion of tosyl chloride does not
exceed 12,531,

Since it is kmown that nelther method is absolutely accurate,
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TAHLE VI
ANALYSSES OF TRITYLATED ACRTATHS
Partially Bsterified Partially Hydrolyzed
Acetates Acetates

Cellulose
Leetste A B ¢ » i %
Trityl, § 8.4 b,§ 13,8  15.5 15.8 15.9
Acetyl, # 7.6 39.8 .6 32,0 3.0 355
Trityl, D.S. 0.10 0,08 0,18 0.19 - 0.19
Acotyl, 0,8, 2.58 24007 2.L8 2,26 - 250

‘i-plo tosylated in chloreformepyridine mizture.

1% would appear that tritylation is to be preferred as much the simpler
method for obtaining en approximate messure of the number of primary
hydroxyls in s cellulose derivative,

LEAD TETRAACRTATRE OXIDATION

The titration in the lead tetrascetate oxidation has an end
point vhich is excesdingly difficult to determine, Jven the least de-
graded starches used as indicators finally tumed purple, then red, ss
the end point wes approsched, Vhen this color change was superimposed
on the golden yellow color of the precipitated lesd iodide, the color
change obeerved was from muddy brown to goldem yellow. The Sitration
date and the curves plotted fyom them are given in Appendix II., The
variation in the valucs obtained for the blank titration gives an indicew
tion of the precision of the titration. The calculated velues for the
degroe of substitution of glyecols are given in Table VII, The caleulated
values for the ocourrence of glycols with random ddstribution of the
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TABLE VIX

UNESTERIFIRD GLYCOL GROUPS
LEAD TRTRAACBTATE OXIDATIOR

Partislly Esterified Partially Hydrolyzed

Acetates Acetates

Cellulose

Acetate A b} [ b B
HasS04, nle 00243 0,071 0.332 0,578 0.518
Vols x j 0,022 0,006 0.0%0 0,053 0,047
Hydroxyls in pairs 0,022 0,006 0.030 0.053 0,067
Glyecol groups, D.S. 0,011 0.003 0,015 0,026 0.024
Glyeols, esled.® o o 0,018 0.007 0,028

® D5, of CyuOH x DS, of g0, Soo Appendix I

secondary hydroxyls ealeulated for acetates C, D, end % in Appendix 1 are
also tatulated. In no case is the figure obtained by oxidation measurenments
significently different from the velue esloulated for random dlstribution
of the hydroxyls., This finding is in dissgreement with the observation

of Gardner and Purves (12) vhich has puszled other observers (28).

The values obtained are open to the objection that scetyl groups
on cellulose derivatives mey rearrange in acetic aeid solution (Z)e FHowe
ever, the close sgreement between acetates A and C does not necessarily
indieate that the distribution of substituents ie random in both acetates.

URGREX OF POLYMERIZATION

The degree of polymerization of the respective acotates as shown
in Table VIII contributes nothing positive to the study of their selubility

propertiss. All acetatos fall within She range of values required for good
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agetone solubility. A degree of polymerization of 200 is usuzlly ex~
pected in a commercial acetate., A comparison of the values obtained

by measuring the viscosity of scetate C in chloroform with those obe
tained in acetone shows that the constant used in converting intrinsic
viscosity in chloroform is too low in relation to that used for acetone.
The degree of polymerization should, of course, be the same in both
solventa, This discrepsncy would raise the values obtained in chloro-
form slightly in relstion to the values measured in acetone, but the
difference would not be emough to explain the lack of acetone solublility
of partially esterified acetates.

TABLE VIII

INTRINSIC Vlﬂnlﬂ AND AVERAGE DEGEEE OF POLYMERIZATION

ruaily Beserieted “°**Pasl1atly Hyarolysed

e Acetates Acetates
Acetate A B c c D B
S.e. /1. 1,153 1.573 2,703 1,188 1,530 2.030
Solvent x x x y ¥y b 4
Viscometer B B E D D D
Solvent, seconds 136,10 136.1 1%6,6 1b46,6 146,6 146,68
Solution, seconde 46,4 150,46  162.2 166,6 1814 185.2
sp. 0,0757 0.1051 0,187% 0,136k 0,2765 0,2633
0,062 0,0688 0,0656 0,1095 0,1445 0,1202

D, P, , 121 122 -12h 174 229 1.
FRACTIONATION OF ACETATES

The information obtained by the attempted fractionation of
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acetates A snd B, presented in Table IX, is disappointing. ¥From the
decrease in both degree of substitution and degree of polymerization,

~of the isolated fractions, it would anpear that degradation took place
even under the mild nn‘iﬁm used, However it is inleresting to mote
that, in both cases, the insoluble fractions showed higher degrees of
substitution and higher degrees of polymerization than the soluble
fractions. This may be due solely to the faet that the insoluble frece
tions were subjected to the fractionation conditions for shorter periods
of time,

TABLE IX
PARTIAL ACETONRE SOLUBILITY

Cellulose ;

Acetate A B
nl‘t 2 20”
D. P, : ﬁg 122
Acetone soluble, § A 30,0
D.P, soluble X' O%g ah
D,8. insoluble 2.62
D.P. insoluble 13 143

ELECTRON MICROGEAPHS

Films were cast from 0.4% chloroform solutions of acetates A
and O, shadow cast with 16,3 A, of gold at an angle of 115, and examined
in the electron microscope. In filme cast from partially esterified
scetate A, small particles, similar to those observed by Signer, gf gl.
{30) may ve seen. No such particles were observed in the films of ace-
tate C. PFlgure 2 shove a cluster of these particles. These particles
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Signer presumed to be crystzlline reglone which had only been super-
ficlally esterified. The fact that they sre not present in acetate

C indicates that these particles are destroyed by the complete esteri-
fication to which ¢ has been subjected.
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SUMMARY AND OONCLUSIONS

The results of this work tended, in the main, to support the
view that in the esterification of cellulose, the acetylating resgents
attack the more acecessible portions of the fiber first, and then pene-
trate slowly into the erystalline regions. Although the primary hye
droxyl on carbon six may be more reactive, the controlling factor
appeared to bde sccessibility of the chealns.

There wae & slight difference in the proportions of primary
hydroxyls at various steges of the reaction, but primary hydroxyls
were always present in considerable amounts., The fact that there were
fewer primary hydroxyls unsubstituted in the partially esterified ace-
tates could be attributed to their greater reactivity. The drop in the
proportion of free primary hydroxyls in the partially esterified ace-
tates as the acetylation reaction a2pproached completion was interpreted
as 2 sign that the acetylating reagents were penetrating the crystal-
lites more deeply, and that the primary hydroxyls were reacting more
rapidly with the reagents.

However, the clustering of unesterified hydroxyls in reglons
vhiech formed crystalline portions of the cellulose fiber would produce
a higher proportion of glyeol groups than would occur in the case of
random distribution of the secondary hydroxyl groups. This was not
observed in the partially esterified 2cetatee studied., There is the
possibility that the reaction medium used in the lead tetrascetate oxi-
dation for the estimation of glycols permitted the migration of acetyl
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groupe, This would tend to rendomize the distridution of hpdroxyle and
bring the mumber of glyeols down into the renge of observed values.

There are three properties of polymers which tend to resist
solution, They are stiffness of polymer structure, perfection of pacdie
ing of adjacent molecules, and nature of substituent groups in the molew
cule. Those mmet de counterbalanced by eguivalent forces before solution
can ocour.

Applying these ariteris to partially esterified cellulose
acotatos, 1t was noted that cellulose acetate is a very etiff chain (1),
The completely substituted triacetate is particularly stiff, If partially
esterified acetates consisted of chains which vere almost completely acew
tylated for portions of their length, with very slightly scetylated pore
tions botween, the completely acetylated portions would be very stiff
and would resist solution.

Electron micrographe and other neasuremente shov the existence
of fusiform bodles in solutions of partlally esterified acetates. It
appears likely that these are the slightly scetylated remmants of crye-
talline reglons of the eellulose fiber, If this be the case, then the
perfection of packing of sdjacent molecules would be good. Acetates
containing such bodles would resist solution,

The exigtRce of insoluble fusifors bodies lends welght to
the theory that the cellulose chain in partially esterificd scetates is
highly scetylated slong portions of ite length and very slightly
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acetylated along other portions which were protected from the acety-
lating reagents by being buried deep in crystalline areas. If thie is
the case, then highly acetylated portions of the chain would tend to dbe
soluble in solvents for cellulose triacetate, The slightly acetylated
portions of the chain would more nearly resemble cellulose, which re-
quires entirely different solvents. This extreme difference in the
nature of the substituent groups at different points in the same mole-

cule would slso prevent solution in most solvents,

Thue, partially esterified cellulose acetate appeared to
possess in a high degree all three of the properties of polymers which

resist solution.

It appeared that acetone solubility is a complex property
which is affected by the average degree of polymerization of the ace-
tate, by the average degree of substitution of the acetate, snd by the
regularity of distribution of unesterified hydroxyles slong the chain.
Regular dlstribution and good acetone solubility may be obtained by
complete acetylation to destroy hydrogen bonding between cellulose
chains of the fiber, followed by random deacetylation in seclution.

In addition to finding evidence which elucidated the mecha~
niem of uhritiuttoa and 1te effect on the solubility of the product,
the investigation brought to light = number of points which had not
previously been reported.

The excess of tosyl chloride which was used in tosylation
governed the mumber of tosyl groups introduced. If complete
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substitution is desired, = 2011 excese or greater should be used. Yor
customary tosylation-iodination methods of estimating primery hydroxyls,
2 lbll‘mon appeared to be lﬂ.pl’.

The tosylation resction was not completely reproducible.

Deacetylation of samples being tesylated did ocour, This
made available for toeylation more hydroxyl groups, introducing s fac-
tor of uncertainty into any snalytical results calculated for samples
which suffered deacetylation.

The stricture of Timell (22) concerning the proportion of
gecondayy hydroxyls which may be tosylated without interfering with
aceurate lodinztion results may be disregarded, provided results compae
rable to those obtained by tritylation are sufficiently sccurate.

Lead tetraacetate oxidation to determine glycols showed no
deviation from the values which might be expected for random distridu-
tion of secondary hydroxyls. This finding conflicts with the obser-
vation of Gardner end Purves (12), who postulated that deacetylation
of one secondary hydroxyl stabilized the glucose unit against further

deacetylation,

A partially hydrolyzed acetate was found to contein 2,51 sce=
tyl groups per glucose unit, 32% of the unesterified hydroxyls on carbon
gix, 50% on carbon three, snd 18% on carbon two. Of the secondary hy=-
droxyls, 6.2% occurred ss glycols. A partially esterified acetate with
2.53 acetyl groupe per glucose unit had 21% of its unesterified hydroxyls
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in the primary position and 4.7¥ of the secondary hydroxyls present as
glycols, Esterification to 2.71 acetyl groups per glucose unit de-
creaged the proportion of primary hydroxyls to 16% and glyeols to 2.0%.

Partially esterified acetates had not been studied previously
with these methods. The establishment of unesterified primary hydroxyls
in these acetates contradicted predictions which had been made concern-
ing them. The number of glyeols found in partially hydrolyzed acetates
was also in contradiction to previous findings. The pleture of the
mechanism presented by these studies makes it appear unlikely that
there can be any short cut in the present, indireect commerecial process
of manufascturing cellulose acetate. Complete esterification followed
by random deacetylation appears to be the only method of obtaining the
desired acetone-soluble product,
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APPRIDIX 1

TOSYLATION-RATE STUDY

Mshoney snd Purves (30) used the rate of tosylation to dise
tinguish between the secondary hydroxyls in a cellulose derivative,
Iodination of the tesylated derivative gives the degree of substie
tution (D.5.) of unesterified primery hydroxyls. Subtraction of this
value from the total D.5, of unesterified hydroxyls gives the 1,5, of
secondary hydroxyle, Qge The D.S. of these secondary hydroxyls vhich
have reacted to form tosyl derivatives, Zg, can be determined by sube
trecting the D,8, of the lodinated derivative from the total D.S. of
toayl groups at any given time,

A plot of log £,/(8y = Z,) versus time shove a rapid initdal
reaction, a sharp bresk at about one day, and another, slover reaction.
If Lo 18 the initial D.S. of the slowererescting hydroxyl (essumed to
be that on earbon three), and [ is the resctionerate constant of this
hydroxyl, the equation for the slower reaction is3

mb.l&-w-ucs.l(h~w-

Tables XI, XIX, snd XIXI show the velues for the three pare
tially hydrolyzed scetates, The third column, the D.S. of tosyl, is
ealoulated from the sulfur analyeis alone, sssuming that no deace-
tylation has taken place. The fourth column, Z,, 1s calculated by U
tracting the D,8, of lodine in the fiveegram datch tosylations from the
values in the third column., Strict accuracy would require that each
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TABLE X

TOSYLATION-RATE STUDY
SUL¥UR CONTENT OF CELLULOSE ACETATHS DURING TOSYLATION

Partially Esterified Partially Hydrolysed

Acetates Acetates
Cellulose
Acetate A B ¢ D E
Time, hours : Sulfur Content, ¥ Sulfur Content, %
1 1.39 1.90 — 1.16 2.14
2 1.4 1.55 — 1.39 2.53
3 1.65 - - 144 2,92
l" 10“0 1072 - 1.5‘* 3020
é 2.09 1.92 - 1.69 2,95
8 1.51 - 2,27 1,78 3.21
10 1.69 2,32 2,36 1.83 2,71
12 1.70 e 2, b0 1.87 3, L6
2 1.42 - 2,60 2,06 3.56
L8 1.69 1.61 2.70 2,18 L,02
96 1.22 - 2.82 2.79 L, 24
144 1.3 1.26 2.94 - k.32
192 1.32 . 2.94 - he22
ZM - 1. 62 2. 86 L aad L"- 29
. Sampled at 16 hours instead of 12,
TABLE XI
TOSYLATION-RATE STUDY
CELLULOSE ACETATE €
Time 1 :
hour; S, % D.5, Tosyl E'Z Cq - 1‘3 g./(g'.g')
8 2.27 0.213 0.056 0.273 1.205
10 2,36 0,222 0.065 0,264 1.246
12 2,110 0.226 0.069 0.260 1.265
2l 2,60 0.2u8 0.091 0.238 1.382
48 2.70 0.259 0.102 0.227 1.449
96 2.82 0.272 0.115 0.214 1.537
1hly 2,94 0.286 0.129 0.200 1,645
192 2,94 0.286 0.129 0.200 1,645
240 2.86 0.277 0,120 0.209 1,574
1 D.S. tosyl = 3.2“% : See page 19.
2 3

Z : ede - » c
Zg = D.5. tosyl - 0.157 792 3.000 - 2,514 - 0,157
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TABLE XIT
TOSTLATIORLPATE STUDY
CRLLULOSE ACRTAYS D
s, ot 22 Oy = %y
:::a - —
0,137 0,001 0,130
0,152 0,006 Os
0,141 0,025 e.&
0,166 0,030 0,401
0,170 0,036 0,297
0. 0. 0.378
- R 0r3c8
R 0,087 04340
0. 0.095 0,336

.m, M'm&hl””l’.

? % * D5, Towyl = 0,126,

TABLE XIIX

TOSTLATIONSRATE STUDY
CR'LULOSE ACRTATE B

%3, Toat® g2 e =8

- S KL, R
o.g “3 04207
0.312 s 0.255
0. 204 040 0
I B
0.325 / 04004 Oe2h2
0.2 0.225
0s 0, 022
o @ R T
A
O

Col (gt

1,002
11082
11008
i‘.‘x‘?ﬂ
hﬂB

3 85 % 3,000 « 2,433 = 0,136,

g.',.m.&m‘uocu
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gample be lodinated and analyszed, but Gardner and Purves (12) observed
that tosylation of the primery hydroxyls is essentially complete after
two hours. Analysis of each sample after this time ghould give the

geme D,8., and only the velues in the table after 12 hours are of inter-

est in the caleulation of Qb.

The values for log 0,/(Cy = Zg) were plotted against time in
Pigure 3. The best straizht line was drawn between the 2l-hour point
and succeeding points up to and including the point corresponding te
maximum sulfur content., The points beyond this one have been disre-
garded because the substitution of tosyl groupe by chlorine is known
to take place slowly and is indiecated by the diminishing sulfur content
of these samples,

The intercept of thls line with the ordinste is log Gg/Cpe
From this value, Oy may be calculated, The D.S. of the more rapidly
rescting hydroxyl, C,, can be found by subtracting O from Cge These
velues are listed in Table XIV. Similar calculations could not be
carried out for the partially esterified acetates because the sulfur
contentes of the samples at various intervals fluctuated erratically,

a8 may be seen from & glance at Table X,

TABLE XIV
DISTRIBUTION OF UNESTERIFIED HYDROXYLS

Partially Bsterified Partially Hydrolyzed
Acetates Acetates
Cellulose :
Acetate A B c D ®
D.8, of 06-03 0-”7 0.0“* Gcl” 04136 0-231

D.8, of 0.085 000“5 00186

-

D-ﬂ- of H baand - o.m 0.385 0.1”
o -
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APPENDIX II
TABLE XV

TITRATION OF LEAD TETRAACETATRE
WITH 0.,0912 ¥ SODIUM THIOSULFATE

Partially Esterified Partially Hydrolyzed
Agetstes Acetates
Cellulose
Acetate Blank A B c D B
Time, hours
12 L,087 3.959 4,089 1,849 3,768 1,76
24 b,152 3.963 4,096 3.938 3.876 3.469
36 k,158 3,940 b,119 — 3.814 3.379
L8 1,085 3,840 b,062 2,765 2,711 3.736
“ “QW 3!m “Uo’s 30 ‘32 Soﬁ 3:’2
120 L.124 3.680 .980 3.668 3.389 3.412
200 b, 090 2.585 ,03k 3. b2k 3-% 3.393
360 4,000 3.398  3.973  3.520 3. 3307
Av, -’5;~m .1.

These values are grephed on Plgure 4 (Acetates A, B, and C)
and Plgure 5 {Acetates U and E). The best straight line was drawn
through the points for 80 to 360 hours and extrspolated to the ordinate,
This intercept is the value for the volume of sodium thiosulfate solue
tion equivelent to the lead tetraacetate consumed in oxidiezing the
glycol groups in each sample, These values are tabulated in Table

VIII, page 33.
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