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INTRODUCT ION

The effeot of ultraviolet light on cellulose is of
great practioal importance in the Sextile and paper fields
aad, for this reason, most of the investigations have been
made from a more or less practioal standpoint, the degrada-
tion deing followed by strength ochanges and chemiocal tests
of an empirical nature. Vhile such an approaeh is satie-
factory for some purposes, it is incapable of shedding muoh
1ight on the mechanism of the reastion, especially vhen only
s single pryoperty is evaluated,

It 1s unfertunate that differences in apparatus,
materials, conditions, and methods make it impossidle teo
correlate the results obtained by various observers, becsuse
in most oases the effect of these differences on the remotions
has not deen satisfactorily demoanstrated. These differences
are reaponsidle, at least to some degree, for the many die-
orepancies found in the literature,

All investigators agree that, in the presence of
oxygen, cellulose is degraded dy ultraviolet light whether
it be from the sun or an arsifiocial source, such as & msroury
vapor lamp. 7There is no general sgreoment, hovever, en whather
or not any action takes place when exygen is completely ex-
oluded. Little 1z kmown sbout the kimetics and almost
nothing sbout $he mechanism of the reaotion,
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According to the preseat concepts of the chemigal
structure of cellulose, there are two seecndary alcohol
groups, one primary aleohol group, and one glueosidic linkage
per anhydroglucoss unit. A¢ one end of the oellulose molecule
there is a hemiacetal group and st she other end there is an
anhydroglucose unit haviag three secondary aleohel groups.
Oonsideradle work has besn done on the photolysis of
simple alocohols and the results are useful in predioting
vhat might be expected from eellulose. Gluocesidio linkages
in the presence of water have been shown to be hydrolysed
when irradiated by ultraviolet light, but their behavior
in the abeence of water 1» not known. The photolysis eof
hemiacetal groups has not been studied,

Although considerable work has been done oa simple
sugars the primary reazction has not been detersined. Sinoce
the sugars vere exposed in water solution the resulte do
not mnegemsarily apply to photolysis in the solid state, No
investigations on oellobiose sxoept in its methylated form
have been reported.

It is olear that there is much to be learned
about the effects of ultraviclet light on osrdohydrates
in general and cellumlose in pertioular,
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HISTORICAL REVIEW

PHCTOLYSI8 OF COUPOURDS RELATED TO OXLLULOSE

A ocensiderstion of the effect of wltraviolet
light on simple compounds struocturally related to oellulose
might be expected o give some indicstion of what happens
$0 oeslluloss iteelf, In this connection aloohols and
certain relevant cardohydrates will be oconsidered.

Alsohole

Meshyl snd ethyl sloohols are transparent in the
near ultraviolet but at about 300 mmu a continuoss adbsorpe
tion dand degins (]). In agreement wish this Berthelot and
. Gaudechon (3) found thats aloohols are stable %0 ultravioles
light unless She wavelengths are shortsr than sbout 200 mmu,
Farkas and Rirshderg (2) showved that below 200 mmu methyl,
ethyl, and propyl sloohols were decompesed acoording %o She
following equation.

RCHaOE + h)Y = RCRO + Hjy
8ince the aldehyde formed by the primary resetioa is de-
composed, oarbon monoxide and hydrooarbone may also be found
among the reaction products. Isopropyl sloohel forms hydrogen
and sgetone as the primary products of decomposition.

Cantieni (4) found that, in the presence of moleoular
oxygen and ultraviolet light, a number of alochols formed esmsll




amounts of oxidizing rubstances, which were deterained
colorimetrioslly with titanium sulfate., 8ince his ox-
periments ruled out the formation of hydrogen peroxide,

he postulated the formation of & peroxide of the alochol,
RO-0-0H, whieh, under the influenoce of uldraviolet lighs,
reaoted with the aloohol $o form the correspomnding aldehyde.
In the case of methyl alookol traoes of faormaldehyde were
found,

The rate of peroxide formation decreased with
inoreasing water comtent. Using the full 1ight of &
sercury are the rate of formstion deoreased with increasing
aumber of oarbom atome in the normal aloohols bus inoreased
vith inoreasing numdber of ocrbon atoms in the isealcodols,
Using only the ultraviolet radiation txansmitied by »
glass filter the rate of peroxide formetion inoreased with
inoreassing number of carvon stems for beth normal amd ise~
alookols., PFor example isoaayl slcohol formed She peroxide
four times as fast as d1d methyl alechol when using the
unfiltered radintion. The ratio of the rate in unfiltered
14ghs to the rate in 1ight filtered shrough a glass plate
was 130 for methyl aloohol,yv.u for busyl sloobol, snd
3.3 for iesodutyl aloohol.

Simple aloohels in the gessecus state or in water
solution appear %o be stable to ultraviolet 1light of wave-
length greater than 300 mmu, In the presence of molesular
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oxygen, however, they are subject to oxtidstion when
irradieted by light of much longer wavelength, Cantient
did not give the spectral transmittance of the gless
filter he used, but, unless made of a specisl glase, it
probably did not transmit appreciably below 340 mmu,

Sarbohydrates

Henri and Sohow (5) found shat, with specially
parified gluocose, an adrorption continuum sets in at about
230 muu, They found no absorption maximum in the neigh-
borhood of 360 mmu ns reported by earlier investigators
and conoluded that this maximum wes due to impurities,
Steurer (8) determined the asbsorption spectrum of pemta~
moethylglucose, vhich showed the beginmning of & continuum
a$ sbout 260 mmu, and of ootamethyleellobiose, which
shoved a consideradbly higher absorption extending to longer
wavelengths,

Bershelot and Oaudechon (7) divided simple sugars
into four claeses according to their photochemioal notivisy,
The longest wavelength wvhieh affeots ketoses is adove 300
mmu}; aldoses, 300 mmu; straight ohain polyhydric aloohols,
260 mmu; and ring polyhydris alookols, 300 mmu, They state
that aldoses are pra2tically unaffested by exposure %0 sune
light, Salley (8), however, found that squeous solutions
of mannito)l showed no reaction when exposed to the complete
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spectrum of a quarts mercury arc for %0 minutes in the

presence of oxygen,

Various investigators (9) have reported the for-
mation of nocid, oarbon monoxide, cerbon dioxide, hydrogen,
and methane as the produots of the photolyesis of glucose,
The results are in poor agreement both quantitatively
and qualitetively, probably due to differences in the
puarity of the glucose and ths oonditions of irradiationm.

It seems probable, in view of the complexity of the glucose
molecule, that several primary photochemical reactions are
poseible when the oomplete radiation 0f & meroury vapor
lemp 18 used, With wavelengths bdelow 300 mmu, the onergy
is almost certainly sufficient %o oause decomposition of
any of the aloohol groups 2nd also of the hemiacetsl group.

Water colutiqna of gluocosides are hydrolysed
under the influence of ultravicles light. Starck, susrose,
maltose, glycogen, and some other naturally ocourring
gluoosides have been investigated., A-parently no attemptd
wes made $0 determime the zinimum enexgy nsocessary %0
split the gluoosidio linkinge in these compounds, Prao-
fically all of the studies were made in aquecus solutioms,
and no mechanism for the splitting of a glucosidic linkage
in the absence of wveter has deen proposed,
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PEOTOLYSIS OF OELLULOSE AND ITS DERIVATIVES

Absorpijien Speotrum of Gelluloee

The ultraviolzt absorption spectrum of purified
esllulose of high average moleounlar weight has not been
reported., 7Thies seemes strange in viev of the numerous
photoghonioal studies that have deen made, but oan
predadly be acesounted for by the experimentsl difficulties
involved., Oguri (10) end Modgman (1]) have reperted de~
terminations of the speotral transaission of cellophane,
presumably oommercial samples, Their results are in very
poor agresaent, perhaps due %0 1npu§1t1¢- such as hemi-
gellulose and plassioisers, Marchlewski and Skulmwowski (13)
investigated the sbaorption spectrum of hydrocellulose
in 2 § sodium hydroxide. Freshly prepared solutions showed
no seleotive abaorxption, indlecating no free aldehyde groups,
After standing three hours a band sppeared with a maxisum
at 317 amu whioh hecame more intense and shifted to 390 mau
at the end of 23 hours. The signifieance of the deta e
doudbsful in view of the extremely complex shanges which
eardohydrates undergo in the presence of alkali,

steurer (§) determined the sbsorptiom spectrum
of methyloellulose before and afser exposure to ultraviocled
light, The absorption befors exposure was sppreciable at
340 smu (the highest wavelength reported) and inoreased



continuously wvith decreasing wevelength. MNethyloellulose
adbsorbed eonsiderably more tham ootamethyloellobioee, and
expoaure to ultraviolet light decressed the adbsorpsion
somevhat over most of the range. The fact that the
ultravioles absorption of the methyl derivatives of
glucose, ocellodiose, cellotriose, and cellulose increased
regularly in that order oan be explained most simply by
assuning that the number of glucosidio linkinge is ree
sponsible for the differences. These linkages appear %o
absor® quite stroagly in the ultraviolet and most of the
absozption above 280 mmu is probably due %o them, This
at once suggests that they are the poiats at whioh the
primery reaction ooours when eellulese is irradiated by
ultraviolet light, especially in the loager wavelengths,

Photochemiesl Threshold

There ies good agreement among the various
investigators aa to the photochemioal threshold, the
longest wevelength which 1s oapable of degrading cellulowe.
Kauffusnn (13), experimenting with a meroury vapoer lamp
with and withous glase plstes, concluded thet only radiation
of wavelength less than 350 mmu caused photoohemical changes
in the cellulose. Barr end Naafield (14) found that the
rate of deterioration of ootton fabrio exposed to sunlighs

was the same in guarss Subes ss in glass tubes, transparent
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rasneotively do-n to about 180 and 330 mmu. They inteXw
preted this to mean that wavelengthe less than 330 mauu are
unimportant in the deterioration of cotton, dbut it seems
more probedble shas, under shelr conditions, the sunlight
contained an insignifiocant amount of energy in this range,
Turner ()5) reported that wavelengths greater than 380 mau
have no destructive effect, but there is apparently no
1imit on the short wavelength side, Linen threads were
exposed to the spectrum, produced by s Hilger Gquazds
speotzograph, 0f a Vestinghouse Cooper-Hewitt quarts
meroury arc iamp and wers tested for bresking in the region
of exposure. Hirsshkind, Pye, and Thompson (18) etated
that radiasion of wvavelength less then 300 mau has a
detrimental effcot on oellulose and that the sbeorption of
1ight by csllulose degine at a waveleagth of about 350 mmu.
Experimental evidence for these statements 19 not given,
Oguri and Takei ()Q) irrsdisted quantitative filter paper
one hour with the radistion of n meroury vapor lamp with and
without filters, Their resulte shov that only light of
wavelength less than 360 mau hae & significent effeoct upon
the copper number of cellulose, Steurer (§), working wish
methyloellulose in dioxane solution, found the photochemical
threshnld to be at 335 mmu,

A wavelength of 3850 mmu corresponds §0 an aotivasion
enexgy of about 3.5 electron-volts or 83 kilogres-oalories per
mole. This is snproximately the value comnonly given for the
stzength of the O=0 dond,



«) 0=

rhys and Chemical O

The most obvious effeots of ultraviolet light
on cellulose are the losn of etrength and echange in coley
which ocour when oellulonic materisle nre exposed 30 sun~
1ight, Scharwin end Peksohwer (17) reported Shat semples
of cloth sealed in glass in an oxygen atmosphere and
{rredicted for 30 hours with a cuarts meroury arc shoved
oo>nsiderable strength loss, Exnosurs of cotton fabrie
to sunlight for five weoeks wae found by Barr nnd Hadfield
(14) to zemult in an apnrecisble loss in tensile lt:tﬁgth.
Turner (L5) exposed linen threads in sealed guarss tubes
with 8 similar result, Cotton halrs, yarm, and oloth
were irradiated under a varioty of conditions by Cunliffe
and Farros (18). They found that hairs lost strength at a
constant rete until 40 per eent of the originsl value wes
lost, after which the zate fell off slovly, Yarm and
ocloth lost strength at a slower rete; the bleached materisl
was more repidly affected than the unbleached. It must be
remenbared that, in She oase of any sample of fimite thickness,
the intensity of light of wavelengthes which are abgorbed de-
aresses progreseively with inoressing distance into the sample.
Thicker samples will thus shov less ohange in their everall
properties than thin sssples under the same oonditions,
Henk ()8), in contrast to other observers, hes olaimed that
short action of ultraviolct light resulte in an increase in

strength due to polymerization, Thes copper nusver and the
alkali solubility were said %o de decrensed,
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The chemiocal changes whioh ocour when cellulose
is irradinted by ultraviolet light bave dbeen studied dy
use of the common tests. Bary and Hadfield (14¢) found that
exposure $0 sunlight caused & d.orotui in cuprammonium
viscosity, an inerease in oopper number and silver number,
and 1i¢tle shange in the Methylene blue adserption.
Ouwnliffe and Farrow (18) reported sthat the oopper number
increased but she Methylene blue adsorption was little
affeoted when cotton was exposed tc the radirtion of a
quarts meroury arc, Three rag pulps and one alpha pulp
wers exposed %0 the light of e carbon-are "Fade-Ometer*
by Foete (30). In all eases he observed e deorease in
viscosity and alpha~oellulose ecntent, an inorease in
copp:Y number and ons per oent alkall solubility, eand ne
ebange in pentossn content. Lewis (g)) revorted that ex-
pesure of the same pulps to the light of & quarts meroury
vapor lasp also resulted in & lowering of the viscosity
tn all esses. Inorease in copper number was frund by
Meson and Rosevear (43) when ramie was exposed to the
light of a quarts meroury vapor lamp and by Oguri and
coworkers (1Q) whea a variety of cellulosic materiale were
exposed t0 radintion from the same type of sourve,

Momtana (23) found that light of wavelength
below 290 mmu ocaused consideradle drop in the viscoesities
of solutions of cellulose in euprammonium hydroxide snd of

cellulose agesate and nitrate in various solvents. MNo
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other ohemical ohenges were obearveble, Exposure of
solutions of oellulosre roetate, cellulose nitrate, end
ethyloellulose was reported by Clement, Rividre, end

Reok (24) t~ result in decreased viscotitiee. In the
solid state gellulose nitrete wes affeoted but not ethyle
eoilulose. There vas no dscresse in the viscosity of
bensyloelluloss when exposed in eolution. Steurer (8)
found that the viscosity of methyloellulose in dioxane
solusion was decreased by exposure %o the radietion of &

GUATSS RETCUZy VADOT lamp.

The formation of oarbon dioxide has been noted
by Seharwin and Pakechwer (17), Barr and Hadfield (14), and
Henk (1f). Oarbon memoxide snd an aldebydic odor were nleo
reported by Barr end Hedfield, snd Henk observed the
formetion of water. Kauffmenm (}3), however, could detect

no los=s in welight,

%ffegt of Extrancous aterials

Atwosphers

T*hers 1s on outstending lagk of agreement among
the various investigators on the effeos of the composition
of the atmosphers surroundiag the sanple durimg the irradi-
ation. Results are especaially divergent wvith respect %o
oxygen. Xauffmenn (13) stases that the presenoe of oxygen
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is not required in the photoohemical nction of light on
celluloee, as the aotion takes place in hydrogen to the

same eoxtent as in ailr, Oonversely, Berr and Nadfield (}4)
elaim that loss of strength ocours most rapidly in oxygen,
less repidly 4in air, and $o an almost negligible axtent |

in a2 wvaouum, hydrogem, or carbon dioxide, In eontrast

to this, Ounliffe and Farrow (]18) obeerved that, compared
with the lose of strength in dry =ir, the loss of strength
in dry hydrogen was onaly 13 per osnt lese, in d4ry carbon
dioxide 17 per cent less, in dry nitrogea 40 per cent less,
and in dry oxygea 62 per ceant more. Oguri and Yamaguchi
(10), who oontinuously passed verious uixtures of oxygen

and nitrogen over gqualigtative filter paper irradinted for one
hour with a quarts meroury vapor lamp, found that the ocopperx
number inoressed more rapidly with inoreasimg amounts of
oxygen in the gas. OCompared with air, the rise in copper
number in nitrogen (1.3 per cent oxygea) was 31 per osnt less)
in pure oxygen it was 10 per ceat more. In snother series
of experiments these investigators found that shere was no
apparent relationship detween the oxygen content of aifferent
gases and the rise in copper number of filter papex sxposed
in these gases. In oomtrast t0 the results ef Barr and
NHadfield, the greatest inorease in COpper mumber was obw
served in the ease of hydrogen (0.8 per oent oxygen); oarbon
dioxide (2.7 por ceant oxygea) was secomd, closely followed
by air. It must be remembered, however, that Berr and
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Hadfield based their conclusions om tensile streagth
determinations, whereas Oguri and Yasaguohi deteramined
only the copper number. MNoreover the latter authore

based thelr oonolusions on very small differences, Turner
(AE) found thet replaoing aix by hydrogen reduced the
strength loss from 30 per cent to0 8 per cent, and in
another experimens the loss in streagth in air was 34 per .
oent, wheress Shat in & vecuum vas 10 per oent, Masom and
Rosevear (33) nllowed Sheir samples $0 stand two days over
solium wire $0 remove oxygen, water, and carbon dloxide.
Exposure rssulted in inoreased gopper aumber.

The effeot of oxygen on the resotion might ocon-
eceivably de due %0 osone formed under she influemce of
ultravioles radiation. EKllis, Yells, and Heyroth (§) have
given a review of the literature on She oxygen-osone Srans-
formation. Under speoial oconditions wavelengths as long
as 253 mmu are capsdle of osusing the formation of osons,
bus in genersl this reaction is eaused by wavelengths below
200 mmu while there is a deoomposition of osone between 185
and 200 mmu, This agrees with the fact that oscme has an

absorption maximum near 358 mmu.

It should be pointed out thet almost all of the
previous investigations were ecarried out by sealing the
oellulose sample im glass or quarts Subes, Unless thg
amount of gas in these tubes was large as sompared with the
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amount of cellulose, it 1s probeble thet the compoeition
of the gas ochanged considersdly during the period of ire
radirtion, beosuse it has dbeen demonstrated that gaseous
products are formed im the oourse of the resction. I

12 aleo quite poseidle that certain gases, partiocularly
oxygen, are consumed, Therefore, it it obvious that most
of the inveestigations were not carried out i a medium of
eonstant coanposition, but rather in an atmosphers whieh
varied continuously during the experiment, the magnitude
of the variation depending upon the conditione employed,

Mojetyre

Moieture sppears to have little effect on the
resetion, Xauffmann (13) etated that the notion takes
plage on dried cotton in dried hydrogea. Turmer reported
that the presence or absenoe of molsturs does not seem to
have much e¢ffeet, Molsture was found by Cumliffe and
Ferrov (18) to favor somevhst the lose cof stremgth in alr,
nitrogen, snd oxygen. Oguri (]10) obtained results showing
tha¢ moisture content less tham 20 per cent had no effect}
above this amount thers vas a sssll inmoreese in the sotion,
The effect of water was somewhat gzreater in mitrogen thaa in

oxygen,
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Qasalysta

The influence of certain foreign meterisls on the
photolysis of cellulese h=s been studied. It is prodedle
shat the aotion of some of these is not Sruly eatalytie,
the material merely acting ss a light filter or else bLeing
{%self used up in the resction. In she following drief
summarYy no attempt will be made to distinguish between
these different setions,

Again the resulds are oconflioting, Berr and
Madfield (J4), working with strips of cotton fabrie sealed
in exygen and exposed to sunlight, reported that the
presence of ferric hydroxide resulted in s much more rapid
rise in oopper number dut only s slight increass in the
rate of carbon dioxide formatsion, They hypothesise that
iron is a photoeatalyss in a resstion which produoss less
eardon dioxids, The gas evolved contained carbon momoxide,
and possibly sleso hydrogen, to the extent of sbtout 10 per
oent of the weight of the oarbon dioxide, To deteraine
whethezr $she irom ia the ash of cotton was respomsidble for
the effect of sunligh$, a plece of cotton was soaked in
0.1 N hydrochlorie acid, Shoroughly washed, and exposed.
It wvas less affeoted, Pabrico which had Deen impregnated
with 0,01 ) sulfurio scid showed a greater rise in sopper
number and s grester productiom of ocerbon diexide,



-)7e

Cunliffe and Parrow ()8), using & quarts meroury
aro, found ferric oxide to have a slight protective influence
on cotton cloth ne Judged by strength tests., Chromiuam green
(onromio oxide) has a great proteotive effeot, prolonging
the 1ife se much as five or six times, and a mixture of
chromio snd ferric oxides waes 2e good as the former alone,
The rate of strength loss of samples exposed in molst alr
~ was increased somevhat in the presence of ammonia and very
much in the presence of sulfur dioxide. Some organic dyes
accelerated the reaction, some had 8 protective effect,
Tannioc acid gave protection ~gainst she light of a oarbon
arc, but was only slightly effeotive when the fabric was

exposed to the weather,

Eenk (12) distinguished between direot cntalysts
and substances whioch become catalysts under the influence
of light, In the firss elaes he placed oxides and per-
oxides of hervy metals; in the second class he included
certain vat dyes whioh, although themselves faret %0 light,
act as sensitizers, »nd certain other dyes which are decom-
posed by light to form produote which affeet the celluloss,
Specifio examples are uranium compounds, Indanthrens red,
and lcvéral indigoid vat dyes in the yellow %o red range,
Basic dyes ars seid %0 oause the greatest strength loss,
whereas the aotion of sulfur dyes ie errstic, some of them

sexerting proteoction as do the vat dyes of the anshracuinone
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series snd the direot dyee, perticulrrly those of the

dirzo series,

Oguri (]0) found less rise in copper number of
tiseue paper when molstened with 5 to 10 per cent sodium
hydroxide than when exnosed dry or moistened with water.
He oonoludes that the presence of sodium hydroxide re-
tards the formation of reducing products, but it seems
mors probable that she strong alkali removed pars of the

reducing products formed,

Turner (1B) renorted ths sirnlane fabrice were
covered with lead chromate ¢ cut off lir-ht of short vave-
lengths, and that later a pigment varnish (».0, 10) was
developed whioh practiocally nrevented deteriorstion., In
the discussion of Turnex's paper it was pointed sut by
Knecht that a mixture of ferrio oxide and lampblack hed
been found to be the best protective medium,

Scharwin and Pakechwer (17) found $hat dyed
cellulose evolved more oarbon dioxide than did undyed,

Xinetics and Meohanism of ths Reaction

Little attention hae been paid to the chemical
kinstios of the reactions of cellulose brought about by 6x-
posure to ultraviolct light., Thie 12 unfortunate sinoe

suoh an approach is usurlly of value in studying the
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meochanism of a reaction. It i+ regrettable thot so many
investigators have been content to sxplain she resaction as
the formation of "oxyoellulose”, Although many authors
speak of "oxycellulose” as though it were a chemicel
individual, it is really only a general term customnrily
anplied to the intermediate producte of unknown oonpoattlon
resulting from the partial oxidation of cellulose, To eay
that "oxyoellulose" is formed is just another way of saying
that exidation takes place,

Steurer (§) followed the rate of deoresse of
ehain lengtih of methylosllulose in dioxane solution when
irradizted by a quarts mercury vapor lasp. Precsutions
were taken to exolude oxygen and water, Except for the
early stages, the rate of degradation o-uld be expressed
fairly well by the squation of Ekenstam for the hydrolysis
of cellulose by phosphoric acid, He odssrved no gas forma-
tion in the osse of methyloellulose, but methyleellobdbiose
yielded methane and carbon monoxide and showed a lose in
weight, From a deteraination of the photochemieal threshold
he found that the minimum energy required to split the
methylcellulose ohaine was 88 kilograms-calories per mole,
compered with 84 for the aliphatic C-O0 bond, Simce the
deorease in chain lsngth determined by the visocosity method
was greater than the decrease in ohain length cslculated

2,

t:onI;nd group determinations, he conocluded that there are



cross linkings between the cellulose chains and that these,
as woell as glucosidic linkings, are split by the sotion of
ultraviolst light,

Barr and Hadfield (14) stated thet the resotion 1s
essentially one of oxidation. They believed thet two ree
agtions oocourred, one resulting in the formation of reducing
groups and the other in the foraation of carbon dioxide,
Renk (19) claimed that two types of oxycellulose are formed,
At first alkali-insoluble oxycellulose results, accompanied
by the evolution of ocardon dioxide and water, the latter re-
sulting fros she oxidation of hydrogen of $he cellulase, On
further exposure, carbon dioxide lideration cesses and
alkali-soluble oxycellulose containing reducing groups is
formed., Scheorwin and Peksobwer (1Y) ooneidered two possi-
bilities: the formation of oxyocellulose which then breaks
down to yleld carbon dioxide, or the simultaneous formstion
of oarbon dioxide and oxycelluloss due to the oxidetion of
the cellulose, Oguri (10) conoluded thet sldehydic sube
stances are formed in the presence cf a small am~unt of
oxygen, If more oxygen 1s present; there 1s s simultaneous
formation of aldehydic subetances and oxidation of these to
oarboxylio neids, the rates of the two reaetions deing about
the same. By extrapolation, aldehydic substances are formed
in the abaence of oxygen. Cunliffe and Farrov (18) found
that cotton hairs lost strength at a constant rase until the

loss amounted to about 40 per eeas, the rate then decreasing.
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Yauffmann (13) asoribed the actiom of light to
the formation of a compound he onlled "photocellulose”, He
gtated that thie product does not result frow oxidation
either by oxygen or by the splitting off of hydrogen, and
that 4% ie isomerio with cellulose,

Mason and Rosevear (23) made the interesting
observation that when ramie ves exposed to polarised
ultraviolet 1ight vibrating orocsswise %o the fidber, the
incretse in copper number was 25 per cent greater than when
the light was vibrating lengthwisze $o0 the fiber., In other
words, the effeot is greatest when the vidbration is in the
direotion in which the ohains are more deformable.
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PRESTRTATION OF THT PROPLEM

The aim of thie investigation was firast to
definitely estoblish whether or not cellulese is degraded
by ultraviolet light in the sbsence of oxygen. Although
much hss been published on this poimt, there is mo general
agreement, =nc a thorou:h investigation might Le expegted
not only to answer the cuestion posed but $o bring out
some of the reasons for the disorepancies fiund in the

literature.

A further goal wag to throw some light on the
neghanism of ihe degradation. Previous investigators
hnve hed little to say on thia soore, generslly oonfining
themselves to stntements that oxycellulose ies formed.
Even if this 1# true, it is not very enlightening. It wae
hoped that a study of the kinetios of the resction would
yleld some informasion about tho meohaniam,
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APPARATUS, MATERIALS, AND METHODS

IERADIATION APPARATUS

The experimental setup used for exposing materirlg
to ultraviolet 1ight is ehown schematically in Pigure 1 (nd
photograghioally in Pigure qé? Essontially she apparatus
couat-t;ﬁo! s gas purification train, an exposure chamber
vith magnetic stirring and capable of being evacuated, a
Reroury vepor lamp, and a gas anslyais train with provision
for the quantitative estimstion of water, carbon dioxide,
formaldehyde, hydrogen, oarbon monoxide, and organic com-
bustibles,

The gas Leing used as the utgptphero surrounding
the saxple durin: the experiment paouq;‘ftrst through a
calibrated flowmeter of the orifioce typnzr;haln -éholat—
iocally in Figure 3. The difference in level (hg - I)
gives the volume rate of gas flov upon reference to the
ealibration oh-rt; (Jo ~ by) snd (jp - Ra), respeotively,
give she pressures of the inlet and outlet gas with respeot
to atmospheric pressure. In addition, the motual ges flow
oan be csloulated from

a = PY/RL,

o ?*/3 j Y,

where »
L = rate of gas flov in millimoles per minute,

P = pressure of exit gas = barometric pressure
?inohol of water) ¢ (hn - ]a).‘;7
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GAS FLOMMETER

/l/ Oxifice
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1

;i<! s gas flow in ml. per minute obteined from
oalibretion ohrrs of ¥ ve. (hy - Ny),

1 = tempersture of exit gas (sssumed to be room
tewperrture) in degrese Kelvin, and

R = gas constant = 33,27 ul. inches.
The rate of flow in millimoles per minute 0an thus de found
f’°'.51o ho. hg- barometrio pressure, and room tenperaturo.'7

The ges line leading from the floemeter haivu
side cqnneotion leading to a dubdler, in which the water
level ;:ynaintulaod about $wo inches above the gas outlet,
This side tube cervoﬁ{au a safety valve, never permitting
the gas pressure in the exposure chamber to rise above
tvo imohes of water, From the flowmeter the ges palnqﬁf/
through a oaleium chloride tower to remove water vapor, a
oopper gause furnace to remove oxygen, an Asocarite-Anhyirons
bottle to remove oarbon dioxide and the last traces of
vater vapor, and finally through $he three-way stapooeﬁ
into the exposure ohamber, The oopper gause tu:naocli;/of
the type desoribed by Bavage and Ordal (35), comsisting
of 40-mesh copner wire gauze wound on a "Calyod® heating
element (General Eleotric Company), the assembly being en-
ossed in n tight-fitting Pyrex tube, When oxygen was being
used in the geaseous atmosphere the furnmoe was turned off}

otherwise the gas received the same purifioation tresjment,

writgnro 4 is a eorle drawing of the sxposure
ohaaber and sgitator, The outer shell 1y an open-top = = ¢ifri,
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brass cylinder, inside of whioh«iar; concentric rotatable,
brass oylinder supported on ball bearinzs., Two pleces of
iron :;:;gggtaned to the vottom of the inner oylinder so
that it o;;4bo turned by the motor-driven, rotating eleotroe
magnet below the outer shell, Direot current {sdfod to the
coils of the magnet by means of simple slip-rings, about 80
watts Deing required for satisfactory operation of the
azitator. The materisl to be irradiated is placed in the
inner oylinder, and, when this rotato:a the material te “:
mixed by stationsry plows atteched to the cuter shell, As
the plow-holder £ held in plsoe by bayonet olampe it eem ('~
be removed easily, thus sllowing the inner oylinder to de
taken out, A conventional meroury-in-glass thermometey tsm- .,
attachad to the plow-holder. To keep the temperature down
during irradintion a fan blow;dgir aver the exposure chambey,

cd
The ocover consisth of fiur plecss, each 5 5/8

inehee sguare, of *Vyco¥y® high silicn ultraviolet-trans
mitting gless (Corning Olmes Iorta)ﬁ[?!ha spsetral trance
mission of this glass in the two -u;_thioxnocs used is
shown in FPigure 5, bath ss received nnd after 30 days' ex~
posure to the meroury vapor lamp at a distsance of four
inohes. It was necessary %o use four pileces beoauszs a
single plate of sufficient size oould not be obtained, The

components were not permanently cemented together, but worii]

-sealed in place with D-eswax-rosin mixture at the start of

eaeh experiment,
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[éince the glass windov could not withetend much
pro:eurégxin auxilirry cover conriesting of a vacuum deeiooator
114 waa-blaood on top of the Vycor glase during evecuation, ::~

[;oth the ineide of the exposure chamber and the spece detween |
“the tvo covers being simultaneourly evaousted, The ultra-
violet-transmitting plates were placed directly on the top

of the drass shell which had been ground flat, dbut a

greased rutber gasket the same sise and shape 2¢ the rim

of the shell was used between the two covers to Stake up

any 1:0qunltt10q;j-2‘%.hoé Kyvao pump was used f0r evaoe
uation, the pressure bdeing indicated by a closed tube mer-

oury manometsr opening into the svecuztion line, wiiech

also consained an Anhydrone tube $0 absord water vapor,

“ A General FTleatric Portahles wleva ~uet®® nope
sisting of the UA-38A2 quartr tubular, A.0, Uriarc in &
matte alusinum reflector was used as the source of radimtion.
Techniocel data for this 380-watt Aischarge tube have been
given by Johnson end Wobstor[agggjzln all of the expariments
the distanoe from the discharge tube to the glese cover of
the chember was eight ineches, the shortest Adistance whioch
could be used and still have the whole sample ares uniformly
1lluminased, A 280-watt Oeneral Flaotrioc infrarsd Arvin-~
lamn in & goldeplated reflector was used in some of the
experiments to heat the sample before exposurs for the

purposs of drying it..

—— — . . - .
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¥ The gns emerging from the exposure ghamber
pnsso?‘throngh a Zlasn wool trap to remove any entrained
partioles of celluloss, through an Anhydronc tube for she
estimation of water, an Asoarite-Anhydrone tube for the
estimasion of carbon dioxide and an alkaline solution of
standard iodine for the eestimation of !br-aldhygp(pr

Ve

g et

other eneily oxidizable substances, At thie pétnpkoxygon
1;&7—b0»ia%roauag§¥to aid in thudfub!equtnt combustions,
The mixture of gases then passes through 2 osloium chloride
bottle to remove veter, an Asorrite-Anhydrone bottle to
remove any oarbon dioxide and the last traces of watez,

and into the_ft:at ouprio-oxide~filled ecombustion tube,
This tnbc»iiw;ﬁlntutnnd at 380-370°}ﬁ} for the oombustion
of oarbon monoxide to oarbon diexide and hydrogen to water,
The water and oarbon dioxide :;:lostlnntcd by absorption
in Anhydrone and Ascarite~-Anhydrone tubes, and the gas
panoi on into the second cupric-oxide~filled tube. This
tude f:ﬁ;ainentned at about Boo°/ﬂ: for the combustion of
organic metter to cerbon dioxide and water, whioh 3¢ then
estimzted as before, The pressure drop through the gas

iy 8-y

anelysis train is compensated by & pressure regulator con-
neoted to the end of she traim, thus maintaining the

pressure in the exposure ohember at the desired value,

—

A1l eonneoting tutes in the gas purification and
-

analysis trains were of glass, The Junctions were made ;

o~

, .
RGN TN PRV IR S
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[;1th rubber nrescure tubing which had becn crustic extracted
and impregnated vith molten prraffin es specified by Pregl
(22). The oonnections were made so as to exposo a mimimum
emount of rubber to she gas., The six sbsorption tubes for
eatimating water and carbon dioxide were af the type speoci-
fied by Pregl, and were constructed from 13 x 14 mn, standard
Seper flesk length ground Pyrex joints, The ground joints
in these and the other absorption bottles were sealed with
FySnig's cement] stopoocks wers made tight with "Lubriesenl®,

The combustion tubes were hoated dy suitadle
windings of Niohrome wire, layers of asbestos pener deing
used for externnl insulation. Ths lor temperature tube was
of ordinary Pyrex tubing, dbut the high temparature tube was
e special combustion type made of Vyeor glass, A meroury-
in-glase thermomater wam inoluded in the former, and the
tempersture waes ndjueted by moans »f 8 varisble resistance
tn seriees with the heating wire, As the temnerature of the
secon? tube Aid not have to be olosely aontrolled, it was
adjusted onoce 2ad for all at the dbeginning of the work, a
shermocouple beins uesed as the measuring 1nsttaloat{}

The prosedure followed in making 2 run on cellulose
was as follows: the sample, whio: had been dried at room
temperagture in a vaguum desicoator over Anhydrone, was
'iotghed aqé]introdaood into the exposure chamber, The. = .
rblonn ultraviolet=-transmisting cover was then put in plto‘;?



f;nd ell of the joints sealed with a 1:1 breswax-rosin
mixture anplied smoking hot from 2 mediocine dropnar, After
¢~oling, the exces: sealing materisl wns shaved off the top
of the glras with m regor blade, Ths nuxilinry cover with
its freshly grersed gnekaes was them nut in plsoe, oonnected
to the vacuum linc, and evaouation started with the stop~
cocke s0 adjusted that both the inside of the chamber and
the space between the tmo covora were timnltanoously eva-

-1 ,.z st ,-{ (_(‘U.

uatod”»ﬁay ncana or a snall electr!o hotplate beneath the
exposure ohanb.r; the,teup:;a;;;i of the aellulose was

raised to 38-40° £., snd evacuation was continued until no
more water vapor was being removed, ss judged by the Anhydrons
tube ocoming to oconstant weighs, OCellulose dried in this
sanner was found %0 retain about 0,3 per cent moisture as
determined by oven drying. An alternstive drying nrocedure,
which vas found to be more cffcotlve, ez ¥ b, ncat She nanplo
to sbout 60°“£J%§§ radiation from an 1ntrlrud drytng la-p//miffi

while passing through the chambor a enrrnnt ot alr or

crie I A -

nttrogcn dried over Anhydrone. [ly thia nnthqggtho ooilulonn R

7 fes ‘; ;‘» -
[eould be drtc&Tto less than 0.03 per oent moisture as de-

terained by oven drying. /In the first method, the maximum
temperature was limited by the softening of the beeswax~
rosin sealing meterinl; in the second, the seals could be
kept 000l by blowing a ourrsent of sir over the outside of

the ohanbor€7
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When the exposure was $0o be mrde in the absence
of oxygen, the drying neriod was followed by repeatad
evacurtion to a pressure less than 0,1 mm, of mercury and
admission of purified aitrogen to a pressure of about 200
o, of nercury. Caloulation chowi ‘that seven of these
oyoles aro suffioient to remove all oxygen which can be

¢

removed by the progedure, Aftor the seventh evacuation,

nitrogen was admitted %o a:tuospherio pressure, the stop-
cook in the line lending to the auxiliary cover was olosed,
and this cover was diszoonneoted and removed, A brass
sunpors was then olamned over the Yyocor top to protect

the senling material from direot redintion and to keep

the glaes from bulging upward due to the samall exoess of

1
pressure in the ohamber.,

L fhe entire system, inoluding the z=e anelysis
train, was then awapt out by ba-utngigéi'gﬁxongh it for
about five hours at a rate of 50 ml. per minute, which ts: -
squivelent to sbout 2,0 millimoles per minute under the
conditions obtatntng.; ;he absorption tubes were then
removed, wiped, -olgho&, replaced, and the gas flow ocon-
timued for a suffiocient time %o determime any blank changes
in weight of the tudes. In most cases the imfrared lamp
was used during the blank to maintain the cellulose tempera~
ture at the value whioh prevailed during the actual exposure,

A% she gonclusion of the blant;wph. infrared lamp was
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repleged by the merocury arc nnd the gne flow was continued
at 50 ml, per minute throughout the exposure exeent when
the absorption tubes were being weighed.éjihe agitator wos
run ~nt a speed of 30 r.p.m,; higher spceds produced too
violent en action. TFinnlly, a seoond blank was run in
most osses, The oover wna thcn removed, tws molsture
samples immedietely taken in tared weighing bottles, and
the rest of the materiesl transferred to » té}od aluminus
oan, After weighing the latter, its contents vere stored
in a sorew-ton bottle until needed for analysie, It was
not f-und peoscible %o determine the yleld with suffioclent
acouracy to messure the small loss in weight which probmsbly
ocourred zs & result of tha}evolntion of volatile products,
The material in it» dry conditicn sasily pioked up a atatie

4

ochrrge which made quansitative transfers 1npa-aib1¢;/

w—

MATERIALS FOR EXPOSURE

Seiluloes

The osllulore used in sll oases comsisted of cotton
linter nulp (Hsroules Powder Compaay) which had been caut to
a npowder-like stete by the Ol-iremont Waste Manufacturing
Compeny. Microsoopic examinntion showed the fiber lengthe
to range from 0,01 mm, to 0.6 mm,, with most of the fibers
in the neighborhood of 0,4 mm, The cheaionl analysis of
this cellulose is gliven in Table III,
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Beta-g~Glucoee

The betamd-glucose wis prepared fr>m oommeroisl
dextrose by the method of Hudson and Dale (28). The
specific rotation of tho‘puritlad product wae

() = 20,0° (water, g * 5.02)
three minutes after ihe start of solution,/end the
moleculsr extinotion coeffioient is plotted as a funotion
of wavelength in Figure 11,/

Cellobiose
{"7 reely .
‘TthOOIIOBIGCCZ;QQ an agousulation of student

preparations, lf/wao purified by dissolving in 2 minimum
amount of hot water, filtering, and preoipitating with
agetone, The speeific rotation of the purified product vas
[2)3% 35.8° (water, g = 3.02),
Lgnd the moleculer sxtinotion cosfffiolent is plotted as a
funotion of wavelength &{n Figure 12:J/

Eisrogen

Tank nitrogen of 39,7 per cent purity was used,
After passing through the ocopper gsuze furnage 1% contained
sbouts 0,002 per cent by volume of oxygen as determined by
the staroh~1odine complex in a manner similer %o that given

by enell (29).
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[ oxygen
Tank oxygen of 99,7 per oent purity was used,

—

|OPTICAL MEASUREMENTS

A

Speotxal Refleotange

Xeasurementa of speotral refleotance in the
visible range wore made by the Gsnaral Xleotrio recording
speotrophotometex, The samples were placed in sn open
glass gup, the open side being turned %o the sanple
opening of the instrument. To prevent contamination
of the integrating sphere, s sheet of "Tthofoil® wag
used in front of both semple and standard,

Hsraviolct Absorption
The absorption of ulsraviolet light dy the glucose

and ecllobiose in water solution was deterzined by means of
8 Bausoh and Lomd medium quarts ipaotrograph aquipped with
the nultisten ssotor nhotomeser developed at the Institute,
The solution and solvent wers ocontained in e divided cuerts
eell having an inside thiokness of one om, The source of
illumination was sa iron aro, the alis width was 0.15 wa.,
end the seotor freousnoy was 40 per second, Nolecular ex-
tinotion oceffioclents were caloulated from the formula

Ee (1/g0)(logyp 1/D),

ot
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- where

Z = moleculrr extinction coefficient,
£ = concentration expressed us molarity,

& = length of psth in the solution expressed In
on., and

I = tranemittance of the solution,

Speolfic Rotstion

A Bausch znd Lomb stocherimeter with a tungsten

. 11ght source 2nd a yellov filter wes used to measure the

rotation of the glucose and cellobiose in vater solution.
In the oase of the teta~gd-glucose the sample wes dissolved

in water at 0° C, anc the rotation teken s quickly sp

‘postitle to minimize the mutarotation effeot., The specifio

rotation was caloulated from the formula
)y = 34.86 3/gx
where
2 = soale reading of the instrument,
£ = ooneentration of the solution in g./100 ml., and

X s length of the path in the solution in decimeters, /

p—

ANALYTICAL KBTHODS

Copper number, alpha-cellulose, ;hdfnnh dotarainntlona
vers rua in duplioste by Institute Uethods 809, 421, and 483,

/

ronpeotivoly. ,Uronto aoid ooutant vas estimated according

7
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Z;o Institute Tentative Method 25 by distillation with 13

per oent hydrochlorioc aoid and Roasuresent of the garbon
dioxide evolved. In deternining pentosans, thc distillation
was sarried out according to Inatitute Rathod 434 oxaotly
350 ml, of distillate being oollcatod.fxrha ruxrural’tn a

30 ml, aliquot of this was determinec oolorinotrtcnlly by

the method of 8tillings and Browning (30). With the ro-
meining 230 ml,, the ntandard preetpttstion by means of

R D S

phloroglucinol was u-od/

zee e T L t, 0

Por deterninations of scidity, a oonduotimetric
titration procedure wes used., A one-gram sample of ocellulosre
vas oovered with 35 ml, of distilled water and slloved to
etand about 15 hours. It was then rinsed into the titrating
beaker with 15 ml, of dletilled water and titrated with
0.01 i sodium hydroxide. A oonstant voltage was apnlied
seyoss She eleotrodes and a reading of the ourrent vas
Sakon aft«r each addition of oaustio,

The reducin; power of the glucoss and cellobiose
was deterained by the method of Auerbaeh snd BodThnder/(31)/ 7
using 0.1 N fodine buffered to a pH of 10,1-10,2 with a
oarbonate~btoarbonnte mixture., The samples were allowed
to stend in the dark for ¢wo hours at room temperature
before acidification and back-titration of the exoess todine.

8taudinger's viscosity method wae used t0 determine
the ahain length of the cellulose, eaploying the npparntun

e - ~ ' 14 v W
“ ’ ( //»l ,u' ]‘. N f/ . ’qll .‘ {s, - tl ll“ . -

[oos 00w
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and prooedure desoribed by Reurer and Oreen [( 3_;;):/ In ¢arl-
culating the degraee of polymerization, 5 x 104 wee used
ae the value of Etaudingur'q;éonatant.[Tnecent ultrecentri-

fuge vork by Yrnemer gzg) confirms the validity of Staudinger's

vircority squation but indiomtes that the above velue ol

the constant mey be 28 per oent htth et e o AR

#Tvdt'lxc'd'{ (’t/"‘ e u /y(‘;(ogn o ke 270 /«f:

—_—
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 PREGENTATION AND DICCUTSION OF DATA

BTANDAKDIZATION AND CALI®RATION

Eff101en0y 0f Mixins of Cellulose

Thoroush mixing ie necessary to insure unifors
sxposure of the mrterial. To test the speed and completeness
of mixing, 20 grams of the cellulose to be exnosed end 20
grame of colored cotton flooe of similsr narticle rize were
rlaced in the apparatus, the agitator was started, and
ssaples were taken at intervale, The di=position of the
tvo materials is shown in the aketoh,

“hite @«douﬁ @/wuto

%hen the two materials wers placed as in sketoh A, the mix~
ture nppcarcd oompletely homogeneous afser 5 minutes of

o

- ;e L
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g_mixing. “hen starte! ss in B, 40 minutes were required to
attein homogenlety. This was coneldered sntisfnotory,

because thae ehiortert exporure mnde wre for 24 hours,

Bl Dete ati

To deteraine the Llank increasss 5f weight of
the gns analysis ebsorption tubes, nitrogen and oxygen were
passed through the apparatue under opersting oonditions.
As these blanks were somewhat variable, it was decided to
Trun & blank determination before and after each exposure.

Typioel vszlues of the dlank increases in welght
vith nitrogen paseing through the apparatus et 60 nl., per
minute ere given in Table I, The absorption tutes are

numbered in the order in whioh the gne passes through them,

TABLE I
TYPICAL BLARK VALUES
Gain in ¥eight of Absorption Tubea, mg,/hr,

1 2 3 4 8 8
F,0 003 H~O from CO, from
K0 00; frok H;  from°c0 Ofganic Organie
0,08  0.01 0.18 0.03 0,04 0.00

¥hether or not the arc waes burning mnde no

eppreciable differense; from this it onan e ooncluded $hat

-
'

the besswex~rosin mixture used to seel on the Vyoor glass

i
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. cover imtroduced no vol-tile products into the systca Zuring

irraediation., The hydrogen blank ie much bigher than eny of
the others, which mey te due to hy.rogen given up by the
nitrogen purifier (herted copper gsure)., Pecause the Gopper
was reduced wvith hydrogen, it ie¢ probeble thrnt some hydrogen
ves retrined by the metel, to be later released as the copner
wns oxidized by the oxygen nresent in the nitrosen., Thias is
supported by the fact that in one dlank run, in shich sir
instead of nitrogen was acoldently drewn through the syetem,
the blank increase im weight of tube I Jumped to about 13

mg. per hour,

Although the blenk velues epp-er smell, they
probebly affected to some extent the aocurncy of the gas
anelysis reeults, because the blanks were somewhat varisble
end of = precieble size compzrec to the anounte of grsus

prodused.

Ansaly=1s of Xnovp G L ]

The results of an anslysis of = known mixture of
oarbon dioxide, carbon monoxide, hydrogen, end methane are
shown in Table 1I,

The pure gases were measured out volumetrically
st 30° 0, and 738 mm, pre:sure, and the weights were oal-

culated from the gns law., A blank was run first =ith the "/
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[j TABLE I
ACTURACY O (A2 1¥ALYSIS
Volums Yeight Welight Poroentage
Used Used Tound Rrroy
Ges ml, - 2. on Yeight Used
00g 30.4 0.0383 0.03886 +0,58
na 31.1 0.00353 0.003‘8 -2036
co 33.1 0.0280 N.0248 -0, 80
*0H, 4.4 0.0158 0,0130 -17.8
ltrou Rao)
0,.0144 -8,85
{from 004)

* Probably oontained some ethane
ultzaviol~t lamp burning and nitrogen flowing through the
systen at a rate of 50 ml, per mimute, The mixsture of gases
was Shen introduced imto the expesure chamber and the
nitrogen flow resumed for five hours. Finr1lly, = seoond
blank was run under the ssme conditions, The results given
in the table are oorrected for the blanke, No oxygen was
aduitted prior to the combustioms, end this perhaps sceounts
for the low methane values,

In the onse of o=rvon dioxide, hydrogen, and oar-
bon monoxide, the acouraoy is gonsidered very satisfsotory.
The methane snalysie could probably have been isproved by
iatroducing oxygen, but in view of the non-snecificity of
the desermination 1t Aid not seem jJustified.

It oen be concluded further from thie run that
there was no appreciable interaction of these geses under 77

vt
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[ the conditions obtaining in this and subsequent experiments,
Therefore, the volatils produots found in these experiments
must have been formed as suok from the materisl being
irradiated.

Rate of Sweeping Cus of Ghesber

It oan be shown that the time required to sweep
out a given freotion of the gas in the exposure chamber
is given by the equasion:

3 = (2.35/0) (colog, , ®

where

3 = tize in minutes,

Y - volume of cheab:r in aul.,

L = rete of gas flow in ul,/min., and

X = Irsotion of original gns remeining,
Instantaneous mixing is assumed in the derivation. Solutions
for this apparatus (¥ g 2800 ml.) when the gas flov is 50 ml.

per minute are given delow,
A 0.5 0.1 0.01 0.001
1 39 min, 129 unin, 2358 min., 3687 min.

Standard Oonditions |

In all of the experiments on gellulose, the vweighs
of sample used was 38,87 graxs on an oven-dry basis. The
teauperature of the cellulose during exposure was 45 & 5° o,



G

the flusturtions being due to varintions in room tenpereture,
mxcept in rrre crzes the temporaturc ley between 43° »nd

¢6° C, 1In sll experimznte cxoept 8, the rote of gae flow
through the epparatus war mainteined at 50 ml, per minute,

A positive prezsure of sbout one inch of wsler wes maine

talned in the semple chamber during exposure, ‘i /..., e Ve

r
/ BUMMAFY OF EFPEOTS NOTED

The brief enumeration at this point of the changes
which were found to take place when cellulose was exposed
t0 ultraviolet light mey ald the reader's perspective in
appralesing the more detailed mocount to :ollow.:/

Exposure both in the premence and absence of
oxygen resulted in deoreased chain length, increased ocopper
number, and decreased alphs-cellulose content, All three
effeots took plroe more repidly in the presence of oxygen,
In nitrogen, no change in uronic soid content gould dbe
deteoted, tut in oxygen there appeared to be a very small
inocrease., Ko change in pentosan content could be deteoted
in either case, There was a slight production of acidigy
in both stmospheres, the sffeot being much greater in oxygen,
The speotral refleetivity of the materirl was changed, the
exposed samples being more yellow, In thie case the effeot
was greater in the absence of oxygen than when oxygen was

presens,
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An 1ntercﬂt1ng point Lrougsht out by thi: investigee
tion tv thPt the meterdsl wes left in an unsteblc state at
the conclusion of the exposure to the meroury vapor lamp, < o,
Pegradotion of the samples contlnued during storag; following

the exposure,

THE SFFSCT OF OXYGEN
[ / ‘
/ 1t has been poinsted out thg:j%ho literature coes
Loos

- not give a oonsistent answer to the question of the role
played by oxygen when cellulose is exposed t3 ultzaviolet
light. Most investigators regard the effect ss an
oxidation, but there is some avidence thet cellulose is
modified even when oxygen is oarefully exoluded. If the
latter is true, it means that the action of 1izht can not

be explained as the forsation of oxyocellulose, even if there

is some oxidetion in the presence of oxygen.

A series of experiments was made, therefore, to
deternine whether the oellulose was affeoted in the adsence
of oxygen and to what extent the presence of oxygen chenged
the reaction. The data obtained from these oxpoitloatt
are given in Table III, As the analyses of the sauples
sontinued to ohange for tcviral months after the sotual
exposure, the data are not direoctly comparable unless taken
nfter annroximately the same storage period, The number of
days elapsed between the beginning of each exposure and the

’
?
[
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determination of the chain length is given in the table,
These values are close %0 the ultimate velues which would
be obtained on further storage, becauss most of the change
was found to take plage in the first two months, The ocopper
number and alpha-ocellulose determinotions were made from
four to eleven days after the start of the exposure, and

are therefore not necesssrily the ultimete values which
would have been reached. As the changes were smell and
slow, the figures are dirsctly compnrable despite the time

differences.

The experiment listed as *blank" was made to
deternine whether any of the effects noted were due to the
elevated tonperatu;;?:;od during drying and oxpoanro.zf;ho
usual prooedure was followed exoept thas, instesd of exposing
the osliuloss %o ulsraviolet light, the sample was heated
to 43° 0. by plaeing an eleotric hot plate under the ohanbo!;7

;urff,rhe material so treated showed no significant increase in

oopper number, and therefore the effects obeerved in the
other experiments must have been photochemioal,

L~7

Is oon;;c s-en from Table III shat the samples
exposed in nitrogen, with all poreible presautions $0 ro-
move and exclude oxygen, shoved considerable degradation,
The effect of the oxygen oontent in the atmosphers sur-
rounding the sample during irradistion on the ohange in
ohain length and eopper number is shown in Pigure 6, snd
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the offect on the amounts of gases formed and the deoryense
in alpha~sellulose content is shown in Figure 7. The rate
of degradasion of the oellulose increased with inoreasing
oxygen sontent over the whole range of oxygen eoncentratienas,

In spite of the precautions taken $o rewove ond
exolude oxygen during the exposures oonduoted in nitrogen, the
possibility of oxygen haviugwgppqup:qcong in signifioant
amounts must be oonuldartd.{fbxygun niﬁht be present in
the system at the start of the exposure or it might be
introduced during the exposure Shrough a lesk in the sp-
paratus or as an impurity in the aitrogen. The folloving
faots indicate that the effects noted upon exposure in
niszrogen were not due to the presence of small amcunts of

oxygen. |

[:!hn systen was tested for leaks before esoh
experiment, Only leeks in the exposure ehamber itself or
in the line lending $o 1% from the copper gauze furnace
could admit atmospheric oxygen to the sample being exposed.
This portion of the system was always kept under a positive
pressure with respeet to the atmosphere, so that if a leak
were present, nitrogen would flow out dus no air would ges

7

{
/
1‘1J

S 7M)”Anslylto of the nitrogen showed th:t, after paseing
through the copper gauze furnace, it still ocontaimed a very
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small smount of oxygen (about 0.002 per cent by volums). A
comparison of Experiments 4 and %%;gé;u that this a2nount

was 1uulgnirieant. The two oxpo:ﬁruu were made under $he
sam¢ conditions exaept t.as nitrogen was passed dontinuously
through the system at 50 ml, per minute during Experimens 4,
whereas during Experiment 8 the nitrogen-filled ohamber was
sealed off, If the oxygen in the nitrogen wers responsibdble
for the degradation, the effeet should be much greater in
the sxperiment in which nitrogen was oontinuouely intzoe-
duced, Refersnoe to Table III shors that this was not the
case, as the anslyses of the two exposed samples agree with-
in experimental srror. The oaloul-ted amount of oxygen
introduced with the nitrogen in Expsriment 8 is 0,034 milli~
woles or 1.8 x 10”4 peT oent based on the cellulose. To
prepare an oxycellulose of the ssme copper number ss exposed
saaple 8 would require abouts 0,05 per eent oxygen, assuming
oxidation was earried out under ecnditions which give the
greatast taaritco in eopper mumber for a_glvbn oxygen eon
sumption. This is 380 timees the anou;‘;;;tnallii;;oucnt in
She nitrogen f1illiny the chamber in Xxperiment 8. FYurther-
more, the shapes of the curves in Figures 8 and 7 leave no
doub$ that degradation oocurs at sere oxygen conoentration,

as the curves are far from passing through she origin.

In spite of the evaoustion, heating, ~nd flushing

treatsent employed to remove moisture and oxygen, a very
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ssall smount of oxygen wes doubsless retrined by the
cellulose. If this were responsible for the degradasion
ihioh ocourred, the rate of reaction would be expeoted to
e maxinum at the degimning and fall off to sexo as the
oxygen was oconsumed., Aotually, no such effeot was observed,
Degradation oontinued 4o take place over the whole range

of exposure time studied. 7Vigure 9 shows the rate of
ehange of copper number and ohain length, and Figure 10
!gpii the rate of ovolntioh of gaseous preducts, The
latter rates asotually inoressed continuously with inorsasing
time of exposure. Thus the degradastion ocourring in a
nitrogen ateosphere aan not be asoounted for by oxygen
retained by the cellulose.

Compared with air, the inorease in oopper anumber
was 68 per cent less in nitrogen, 148 per cent more in
oxygen; the deorease in ohain length was 38 per cent less
in nitrogen, 35 per oent more in oxygen; the deorease in
slpha~oellulose was 75 per sent less in nitrogen, 104 per
oent more in oxygenj and the oombined amounts of oarbon
dioxide and eardon monoxide evolved were 68 per eent less
in nitrogen, 73 per gent more in oxygemn. ¢3? atgfn}étativ.
vay these results confirm those of Ounliffe and rarfaw[riggy,sa
who found thas, oompared with air, the less of strength in
nityogen was 40 per ‘fZ' less, in oxygen 83 per cent more}

those of rum:[(m_;,’ ¥ho found that the less of strength
fg) G/Lv?z[x /‘H ) ;“( raeee, Gred {t'a‘w:.:‘l Q{/ ' 2_‘ J.I.S_:ﬁ[:_- )'J“;“{-i -
Iﬁ/q—’/"’lr‘fﬂ-b\ v
@Y Tewrianr s @eSur gesstlercn, o D,/687120).
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vas 70 per cent less in hydrogen or a vaouum; and $hose

of Oguri snd Yamaguchi/(10) ¢,#ho found Shat the rise of '/
copper number in nitrogen (1.3 per cent oxygen) was 31 per
ot less, in gen 10 per oent more., The ecnclusion of
Xauffzann Rm;?lut 1ight degrades oellulose in the absenee
of oxygen is eonrzr-od, but a0t his statement that the

action takes plage to the same extent in the absence of

. oxygen es in aiy, ,Thc rnaéi‘aﬂé; not confiym those of

Barr and Madfield [{ 11)] who olaimed that, in the abaence of |,

oxygon, the astion takes plsoe only to a negligidble extent,

THE EFFECT OF WATER

No comprehensive study of the effeet of the
presencs of water on the reaction was oarried out, One
experiment was made in nitrogen at & higher moisture cone
tent (4.34 per cent) to determime whether 1% vas neceseary
%0 dry the samples prior %o exposure. The nitrogen was
humidified by bubbling through water before entering the
expssure chamber, thus preventing the ssaple fyom drying
out during the exposure, A comparison of sxposure 7 wish
exposures 2 and 3 (Table V) shows $h:t the presence of a
considerable amount of moisture markedly retarded she
resction, the degradation beimg only about half us greas
es vhen the matcerial exposed was dry, However, a comprrison
of Experiment 8 with 3 and 4 with 8 tndtoatot that the

'—7) é«‘;w ol G ol Ye tina G e e A g v /t(u‘:_-‘ j.,if ‘,?f/’“"" .
, — .
Sl :::-f‘.:.:w_z'_Q, 4075,“(-,;»( 19T ‘
,8\ }"\gpi‘lf ¢ Bfgder,. , C(cCC(Qb’( ,cg r'/.’f(:“.“",_, / (7/7(, ¢ \’).

- T . ' ! ;: eyt 24 e tI
(7)) Twawr o i dfoe af/ y# L gt :Tni:ﬁ M_f'f"’9’9C‘(/"“'/l
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effect of the small verintions of moisture oontent whieh
normrlly oocurred waa less than the experimental error
arising from other s uroes, &s in these osses the samples
having the high:r moisture contents showed slightly greater
degradation,

This retarding effeot of moisture does not confirm
the results of other observers., Ounliffe and rarrov[?ggiﬁsj
fourd that molsture favorsd somswhat the loz, of strenzth
in air, nitrogem, and oxygen; and ?nrner[f}g) reported
that moisture had listle effeot. Oguri/ (19) oékainod
results showing that moisture contents less than 20 perx
cent had no offe0%, Dut adbove this amount thers was a
small inorease in the aotion, the effect being greater
in aitrogen than in oxygen., The reason for this dis-
orepancy is not clear, but it may de owing to differences
in the apsotral energy distrivutions of the radiasion
incident on the samples., In the three investigasions
oited, quartz apparstus and meroury ares wers used, so
that the short wavelemgth limit was probably about 180 mmu,
In this investigetion the lower limit was abous 230 m=u,
Aleo, 1t should be pointed out that the data here presented
conoerning the effect of moisture are the result of = single
experiment and so must be interpreted with eautiocn sven
though the differences revealed were guite large.
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COLOR ORANGES

The speotral refleoctance ourves of the unexposed
eellulose and of exposed samoles 4 and 13 sre given ia
Yigure 8. Due to veriatione in the preparation of the
sample for measurement, the reproducidbility was good to
only £ 0.5 per cent. To minimise this erroz, all of the
ourves were normelized at 700 mmu, This proeedurs is
Justified beoause shere was no appreciable ohange in
reflectance above 640 mmu even in the ocase of sample 12,
vhioh showed the greatest change in golor.

Figure 8 shows that the samples exposed in
nitrogen experienced a pronounced drop in refleetance
in the blue-~that is, they were definitely yellowed. The

- Ssmples ean thus be conveniently compsred by giviag their

reflectances st some arditrarily chosen wavelength in the
blue region of the spectrum. In Table IV she values at

458 mmu are given, This wavelength was shosen begause it

1s the effeotive wavelength of the General Kleotris reflee-
tion meter using filter nunber one. The valuss sivcn in the
teble are therefore eomparable to "brightness® readings
which would be obtained with thia instrumens,

An interesting poimt drought out in Table IV &g
that exposure in 100 per gent oxygem did not result in a
drop in reflectance, but exposure in altrogen did. As /

!

oo
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! Judged by chemical snslyeis, seuple 8 was the most degraded

cf those listed but it showed no losz in reflectence, where-
as srxple 12 showed & drop of nearly 5 per oent. Sxposure

in 2ir geve intermediate result=, It is apparent that the
color and brightness of gellulose ere quite stz2ble t> ultre-
violet light, especielly in the presence of oxygen, ¥ith

the exeeption of sazpls 12, the largest changes which ocourzed

were scareely perceptible %0 the eye,

TABLY 1V
RETLEOTANOR OF BAUPLIS AT 458 mmu
Length of
Experiment Atnosphere txpg;?zo "31%'3:§=°'
Unexpoeed 8%7.2
Blank 0g a3 £88.7
5 Ny 34 85.8
10 10% 0, 24 8e.8
8 0% 0, a4 88.4
8 Oz 24 87.1
3 L 48 88.3
3 ‘3 48 88,1
4 L 06 85.8
8 L e 86.8
18 Ha 338 88.3
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KINSTICS AND MZCHANISM OF THE REZACTION IN NITROGZN

in studylng the kinetice of the resction, a
separate experiment was made for ssch time interval rather
than taking samples periodically during » single run. There
were several reascns for this., Samples eould not de taken
without introdueing oxygen and moisture, the removal of which
woulé have required a repetition of the procedures used at
the beginning of the experimeats. Furthermore, the removal
of sufficient mrterial for anslysis would have appreciabdly
ohanged the average light intensity o which the remainder
was exposed, and this would have neoessitnted an extrya
series of experiments to determine the effeed of size of
sample on rate of rerotion, Alwo, the method used insured
an ample amount of materisl for analynzuij
o)

- Theoretios) ConsideraMioms

.

Under certain oconditions the photolysis of e
compound irradisted Ly light of s constant intensity might
be expeoted to display the overall dehavioy of a mono-
molecular reaction. The oconditions that would have $c be
fulfilled are that the produste do not eater into side
reactions with the original compound and that they abeord
light of active wavelengths $0 the sasme extent as does
the original, If theme prerequisites are met, the resction
rate at any time would be axpootod;to be proportional %o
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the concentration of unreaoted materiel, ﬂomidu the
oaze of a aaxzple of oolln.lou bunz subjeoted to & photo-—
1ytic reaction which results ta ehntui-pliftiﬁ’g} . 1t K 1s
the total number of rp}%u ponm.e and § is the nunb,r
which have occurred at time §, then the rate of ;’ipllft\triux:;’ |
at this $ime is given by d§/df = E(d = §). During the
initial stages of thn rmuou when 8 is swall coapared
with N, the rate of . tplttung i» propertional to X and,

Sherefore, is easentially constant.
/)

Sakurada and Okamura [ (‘a)]nnnuy dovolopnd an
scuation relating the average number of splits per molesule
to the change in aversge degree of polymerisstion as detex-
mined by the viscosity method. PFor the early stages of the
reaction their equation reduces %o the form

A=z (23/88)(g~-10e 497D,
where

£ = degree of polymeriszation after she resotion,

i = original degree of pelymerisation, amd

A = aversge number of l;lcttn jw: moleoule.

The formula is derived by ntatlnloul ?on-(tgofat(iom on the
assumption that the prodability of being: npltt is the sane
for sach potential point of sttroh, The authors do not
assume chains of wieﬁe length, as hss been done by others,
Using data obteimed by Bkenstam for the hydrolysis of cellu-
loss by oconoentrated soids, the authors demonstreted the

nltduy cf their ecuation. ] ‘
/ /7 ) wle e o e _,é*,f;i;._fm.:.- Zlecner 4 {78
1 sy e,
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The reletion 1s ureful in exemining the data ob-
tained in this investigrtion, If the photolysis proocoded
e Iirst-order rerotion, the rate of s plttting nhould heve
been constant over the limited range studisd., By mesns of
chain length mersurements by the vtsoouity method, and the
8skurada equation, the rate of apllttlngxoan be oalculated,
%hather or not this rxate is constant, the g wvalue {8 an
important one when oonsidered in conjumetion with other
mesgurable ohanges, booause such e comparison is oapab}e of‘

indioating wvhethar these changes sre coaooruedAwith ohain Cie
fppltttingj

te O b §

The data on the rate of reaoticn in nttrogou are
pressnted in Table ¥, The reprodusibility of the resulss
is quite good, as can be seen by oonparing Experiments 3
and 3, Experiments 4 and 8 are also directly eomprrable
exgept thas, in the latter case, nitrogen was not passed
sonvinaously $hrough the chamber during the exposure, The
poorest ngreement is in the guaes evolved., This is probably
dus, a8t least in pars, to imscouragy in the determination of

the small gusntities involved.

Deoreese in Ohain Longth

The fezot thats she degree of polymerization of the
exposed saaples deoreased merkedly during storsge after the
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irradiation indicetes that there wns 2 primery photochemticel
reaction which did not brerk the chaine, but produced poinss
of weakness whioh later resulted in chain splitting, PFor
simplicity, however, the kinetios of the reaction will be
treated as though the breek immedintcly followed the primary
effect, er the extent of this effeot is measured by the

‘ ultimate deoresnse in degree of polymerisation, Bxperiment
12 hns only & limited usefulnes: in thie connsction boca;lo
at the oconolusion of the investigzation the degres of poly-
merisation of the product had not reashed anything like &

constant value,

Figure B shows the actual rate of deorense of
chain length compered with the theoretical rate caloulated
on the assumption that she photolysis proccedfﬁ;c s first-
order rezotion; Sherefors, that the rate of change of g- -
1s constamt over the limited range studied, The theoretical
rate was arbitrarily ohosen so that she ourves interseot as

the tvwowdny mark,

It ie apparent that the actual rate deviates oon-
sidersbly from the oaloulated rate, and, therefore, that
the photolysis does not proceed &s a monomolecular resgtion,
Several explanmations of this are possible. If sn appreciadble
amount of oxygen vcro procant in the system at the start of
the exposure, the oiain splitting would prooeed faster in
the beginning and would come to a gonstant rate only after
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the oxygen Was used up. As each point on sthe ocurve

wvas obtajned from a sepnrate experiment, such an effect
would operate as an additive feotor, but the ocnstaney of
Shis faotor would depend on whether or not all of the
oxygen was oonsumed in each experiment. Assuning that,
because of the presence of some oxygen, the g valuss need
to be deoreased by the oconstant factor 0.45, the values
given in Table VI were obtained. The sosual correoted
degrees of polymerisation were oaloulated from the core
Teoted g values; the theoretical vorrected degrees of
polymerisation are based on a constant rato'ot\tpltt;iné’
equal to the actual corrested rate whioh prevailed during
the first day of exposure.

TABLE VI
HYPOTHETICAL CORRECTION FOR OXYORN
Aoctusl Theoretionl

Length of Correated Corrested
Kxposure & a - 0.48 D,P, D.P,
M 0.88 0.4 1230 1330
48 1.%8 0.8l 1080 1090
o8 1.78 1.20 950 870
3368 ————— —es 390

Although this correction brings the aotual rate much closey
to the caloulated one, the H8-hour exposure still shows a
deviation large enough to be significant, If the correction
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fagtor were not comstant as a result of the hypothetical

oiygen not being all oon:cumed during the shorter sxposures,
then the devistion would be even grester., This means thas
the failure of the resction to follow a monomolecular rate
can not be explained by the assumption that an appreciable
amount Of oxygen was present at the atart of the exposure,
It is possible, howevar, that oxygen was a oontributing

factor,

Another possitle sxplanation for the deoreassing
rate of resotion is thaﬁ)?f:lfroduntu abasrb light of
aotive wavelengths to a greater extent than did the original
material, Z;int this aciunlly oocurred oan be inferred
rzon the spectiral reflectance curves given in Pigure 3,/

e

- !ho sxposed material shoved a decresssd :Qticotanco in
the blus end of the spestrum, maih'; shape of the curves
indicates /that the differsnce was even greater in the
ultraviolet, !urthornaro{stho nblorptton of ultraviolet
light by gluecose and ocllobtoq, was inoreased by irrzadiastion, .

r— !
/ as shown in Pizures 11 and 12,

A 3hird pessibility is shat the oellulose ohains
had a comperatively small number of linkages whioh reacted
at & faster rate than did the predominant type of linkage,
If this were true, it would shed some imteresting light on
the strusture of the cellulose moleculs, bdut sn accurate

evaluation of the firet two faotors would be a prersquisite

to suoch s study,
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ateurarZﬂitzvirradieting metihyloellulose in dilox-ne
solution with Hrecaution:s to exolude oxygen and woter, also
found that during the early stages the reaction was not of
the monomoleoular typs. During the later stages of some of
his experlments the rate ap-roximatel that of a firsteorder

reaction, but hle data are not oon:istent in this respeot.

igoreass in Copper Numbex

[T}t nhoﬁld be pointed out that the copper number
deternsination 1s an empiriosl test and bears no exacs
etoichiomnatrio rolatlonnhip to any partiouler group in
the ocllulose -oloculo./ It is reasonable to oxpeatl‘ho-
ovqﬁ/ that the inorease in copper number upom exposure $0
ultravioles light is proportionsl to the inorease in re-
ducing groups. If the renotion which formed the reduoing
groups were of the first-order type, then a straight line
should result for the first stages of the reaction when
copper number is plotted against time of exposure, TFigure
9 shows that thie wes not the oass. The considerstionas
brought out in the preceeding seotion are equally spnlicable
in explaining this deviation.

Tormtlon of Gaseous Produots ' wfe.
Although the ocellulose being exposed could not

conveniently be snalysed ot intervals during a single run,
the rate of evolution of gaoea could be followed throughout

£

2y Siewe, _i;,wf:;w LT e ey

4

d-’ . .« . , . - -
iy d ({ e ida, Tl e PRV
/ - v



«70=

the oexposure. Figure 10 shewe thet the vates of evolution
of ecrbon monoxide, oarbon dioxide, and water all inoreased
oontinuously during the osurss of the longest exnosure made
(Experiment 13). In the oase of the first two of Shess pro-
duats, the rate of evolution was prodably equal to the rate
of formation, but shis doet not hold for the water. As
celluloss in the dry state is extremely hygrosoopio, the
rate of evolution of water would not equal the rate of
formation until the moisture oontent had risen %o a certain
valus determined by the experimental oonditions. Unfore
tunately, this made 1t impossidleo to follow, by the proe
osdure used, the rate of formation of water during the
irradiation, Purthermore, oving to she wariability of

the molsture contents 0of the samples at the start of the
exposures, the amount of water formed during & given ex-
pesriment ocould not be measured acourstely. The date ob-
$ained in Experimens 12 definitely shov that water was
formed during she exposure,

The fact that the earbon monoxide and ocarbon
dioxide were formed at increasing rates during the exposure
indioates that they were the products either of seeondary
reactions or of both a primary reaction and of secondary
resctions, As the curves extrapolate to an apprecisble
rate at 3070 time, the latter alternstive is more probdable.
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[‘The difference in the pronortion of functional

gEroune present in glucose, cellobloss, and an idealized
oellulose e shown in Table YIiI.

Cet
Pt

0 3
TABLZ VI1X

NUMBER OF PUNCTICNAL OROUPS PIR CLUCOSE UNIT
Mlucose Cellobiose Cellulose

G!Ow D.P, = 1l D.P. = ) D.P, » 1400
Gluocoesidic 0 0.5 0.999
Neaiagetal (End Group) 1 0.8 0.000Y
Primary Hydroxyl 1 1 1l
Secondary Hydroxyls 3 2.5 2 ,7

"

z_ln view of these relationshlpa! E;o exnosure of
glucose £nd cellobiose under the sazme oandxtlonijhaod for
cellulose u&cb¥f¥:jexpeoted 10 give some information of
value, For exaaple, 1f carbon monoxide resulted only
from the photolysis of glucosidic linkinge, no omrbon
monoxide would be expeoted when glucosze was irradiated,
Table VIII gives a comparison of the rates of evolution
of carbon monoxide and oarbdbon dioxide from glucose,
cellobiose, and cellulose, The value for the latter is

an average 0of several experiments.

No change 1n reduoing power of either the gluccse

or cellobiose oould de deteoted, although the method used
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TABLE VIl
RATES OF nAe TYOLUTION

Length of Rate of Evolution
Exposure maoles per Day
Compound Rr. o 002
Glucose 48 0.03 0.04
Cellobiose 108 0.02 0.038
Osllulose - - 0.09 0.07
_ _

wae reproducible to ¥ 0.2 per cent. Both compounds after
exposure showed an increased light ab-;rption in the ultra-~
violet, as shown in Figures 11 and 12, but there vere no
charaoteristic features about the curves which might indioate

the chemical nature of the produots. .

The rosults of thaese experiments give no diresst
informetion as to what actually happens to cellulose, but
they do eliminate ocertain possibilities. The geses did
not result from the photolysis of hengadetal groups} if
this were the case, the rates of evolution from glucose and
ocellobiose should have been much greater than from celluloae,
because of the much higher proportion of hemiacetal groups
in the sugars. The gases were probably not formed as pri-
mary produote of the decomposition of glucosidic linkings,
becauss they were evolved from glucose to abous the same
extent as from cellobioze, It should be remembered in this
conneotion that the glucosidic linkage in sellobiose is not

exagtly equivalent to a glucosidic linkage in oellulose,
owing to differences in the surrounding groups.
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Inatatility of Tx-oged Samples
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J;ﬁcgradation of the exposed samsles continued
during storage aftgr the conolusion of ths actual irradi-
ation, fﬁnfort&gg;clyjéthio effect was not discovered
until late in the iavestigation, with the result that -
the data are somewhat herphazard and incomplete. The ex~
posed sexples were stored in air in sorew-ton glase bostles
on @& shelf in a laboratory with windows on the north wall,
The samples were thus never exposed 40 direct sunlighs or
to elevated temperatures., No degredation occurred in the
unexposed materisl stored under the esame conditions

during the investigation,

Figure 13 shows the ohange in degree of polymer-
ization of several samples during storage. In the case of
exposed sample 4, sbout two months were required to reach
n constant valuse, Teble V shows that the ocopper number and
elpha-cellulose content also econtinued to change during
etorage. The changes were much emaller for the samples

exposed in the presence of oxygen,

Afsex exposed aample 12 had been =stored in aly
for a week, a portion of it stored in nitrogen in the dark
for the suoceeding two weeks showed no decrease in chain
length during the latter period. At the same time, the sample
stored in nir in the light of the laboratory undervent
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a drop, from 780 to 700. A portion of, snauple'14, which had

Y S A

been lrradiatedfié hours in s nitrogen utmocphero‘ wASs
stored in nitrogen in the oxdinary light of the lnﬁorntory
immediately at the conclusion of the exposure. The rest
of the exposed material was stored in air under the same
conditions. A% the end of the irradiation, the degree of
pelymerisation wrs 1280, After six days' storage, the
sample in nitrogen had a degree of polymsrization of 13103
that of the ggrtien in air hsd dropped to 1300, These

:ccult-/detinltcly cotabliah that the after effects are
due to oxidation Dy atmospheric oxygen.

,‘ '» >
L S t . [ N SN

In an attempt tc[aitormiua whether any dooraane
in ohain length actuerlly ooccurred during the irradi-tion
in a nitrogen atmosphero,/the oupremmonium visoosity of .-
Bxpo-od eample 14 was determined as soon &# posrible after
the end of the irrediation. The materisl was expored to.

et [

alr for nbout one honr during the -oightag of the saaples

el i g P

and f1lling of the diseolvers. (A deorease 1n ohain Length ]
/hnd Béourrod, an tho anuo obtaiueé é}efhic proocdurg/was
1380 compared with the original degrse of polymerisation of
1400, On the basis of the deta obtained, hovever, it oan
not be snid definitely that this decrease was oaused by the
sotion of light in the absence of oxygen. The deoreass
oould alzzwgo explained by the-presence of a small amount

of oxygoq/in the celluloses at the starts of the frredintion
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0T by the fsot that the sanple was exposed to ailr for a
shors time between the end 0f the exposurs and the staxs
of the viscosity deterzination.

:ilfhe oacurr-noe 0f these secondary oxidation
effects nrobably helps to explain the many discrepancies
in the literature on the relation of oxygen to the
photolysis of osllulose, lf one investigator performed
his analysis immediztely after exposure in the absence
of oxygen, he probably observed smaller effects than
another who stored his exposed samples in alr for some
$ime before analysing them. it 1s belleved that this
difference would show up not only in chemical analysis,
but also in strength determinations, as tensile strength

of fibers 1a'o1oaoly related to viscoeity in ocuprammoniums
hydroxide or ohain 1-:;1257

r—

Misoellaneous Analyses

Yolagile Products

No hydrogen or volatile organic producta gould be
detected in the ges issuing from the sample shamdber during
any of the exposures, Any easily oxidizable compounds, sugh
es formaldehyde, would have been detected dy the sodium
hypoiodite solution; eny other organic meterinl would have
been burned in the high temperature combustion tube and

[R—

detected as c:irbon dioxide end water,

/
/

—
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| oxene

The formation of osone oould be a faotor in the
degradation of cellulose by ultraviolet light im the pre-
sence of oxygen, During Experiment 9, comduoted in air, the
gas lesuing from ths chamber was tested for the »reaence of
ozone by bubbling through a potasssium iodide-starch solution,
No osone oould be detected by this sensitive test,

Fentosang

Table IX shows that there was no appreeiable change
in the pentosan content of the cellulose during irradiation
in eisher nitrogen or air, The markedly lower values given
by the ocolorimetrio method are probably due to the faot
that this method is speocific for furfural, whereas the
phlorogluoinol precipitsation is not,

P
r

- PABLE IX
EFFE0T OF EXPOSURE ON PINTOSAN CONTENT
Length of Phloreglucinel Colorimetrie

Exposure Pongatnnl Pentosans
Expsriment Atamos, Er. ;A
Unsxposed 0.75 0.38
12 N, 338 0.77 0.38

0 20% 0, 24 0.73 0.38 /
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~
[ serdisy
Figure 14 shows that ninute amounts of &

sonobasic acid were produced by exposure in both nitrogen
and oxygen. This acid could not have been responsidble
for the degradation of the sample during storsge for
seversl reasons. In the first plece, any acid formed
would be necessarily organic and therefore weak, Exposed
sample 8, whioh showed the lergest scid content, suffered
less secondary degradation than did most of the other
exposed samples, 7Finally, the aotion was -toppod by

exsluding atmospheric oxygen, and therefore éould not have

been caused by acid hydrolysis.

Figure 15 shows the spestrsl transaission ef
cellophane ss determined by several investigators. Cello=
phane is not cowposed wholly of cellulose, but it seens
probable that the sbsorption of light by a relatively pure
cellulose would be no greater than that of the mos$ trane-
parent sample of cellophane. The sample measured in this
{nvestigation had been water axtracted t0 remove the
plasticiser, whioh perhaps sscounts for the higher trans-
sission found. It would have deen desirable to express the
results as absorption coefficients, but this oould not be
done beosuse the index of refraction of cellulose in the

ultraviolet was not known, /

-
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hydrogen wus formed during irradistion of the cellulose,
Photolysie of simple primary sloohols results in the fore
mation of hydrogen and the corresponding asldehyde; secondary

aloohols yleld hyirogen and the oorreanondtnp ketone,

[MESE"Y ,.:"-; -(‘ T »x
If the primary aotion worc[pho tpltttinq of

glucosidio linksges, the ohain length would necessarily be
deoreased during the 1rrud£&tion. It hrne boe? shown that
this oocurred only to m lllll extent and couldw;: oxplalnod
[oqually well by the presence of a rmall anount:g; oxygen

A Cte s L Ty K0

in the co;lulono at the start of the exposure. -Even  § 4
-ouojoi;iﬁ -plltttngfdid ocour as the result or the pri-
mary photolysis of gluoosidic linkings, this could no%
" have been the only primery reaction, The fact that the
ohain lengthjof the exposed sazples were decreased by air
oxidation following the aoctusl irradistion period necessarily
mesns thet some other primary reaction took plagce., This
roncttgn was not directly conoerned with ochain-splitting,
veot s G

but 1t modified the linksges affected so that they were no
longer stable to atmospheric oxygen.

The question arises whether the incresse in re-
duoing power and the evolusion of gases rere ooggcrnod in
_the resction thnt made the ohains subjeot to/%nlitting by
air oxidation. Some indication oan be obtained by couparing
the 3 velues caloulrted by the Sakurada eauation with the
production of reducing groups and geses expressed as



nillimoles per millimole of celluloee. Based on an average
ohain length of 1400 gluoose units or & molscular weight
of 237,000, & millimole of cellulose is 337 grams,

Table X 4s & tabulation of suoh & compariaon for
most of the experiments. As the g velues were caloulated
from the chain lengths which were resched after oxidation
of the exposed samples by alr, only those experiments are
inoluded in whioch the ohein length had reached 2 practiocally
constant value. Thc reducing power weg ocaloulated from the
increase in copper number, The values of reducing powex
given for Experiments 2, 5, snd @ 2re based on copper
numbers determined about a week after the starxt of the
exposure, and so ave not the ultimate values which would

have been attained,

t

It can be seen that, on the whole, there is a
fairly close correspondence between the g values and the
carbon monoxide and carbon dioxide values, This is a
strong indication that the production of these gases was
direotly associated with the reaction which ultimately led

C  repk o

to ohain /splitting, one molecule of each gas veing produced
per /eplit/
The values for reducing power run about ten times

the § values. This would oorrespond to the produetion of

five aldehyde or similar groups per ehain split, which seems



Rea oche

In considering the photolysis of cellulose in the

abasence of oxygen, several possibilities present themselves.

If only the end reducing groups were involved in
the primazry reaction, no appreciable deore-se in ohain length
would be expected unlezs the attagk continued progressively
along the chain. In suoh s came, 2 given reduotion in degree
of polymerization would be accompanied by the form=tion of
8 corresponding amount of low moleculer weight compounds.

If the ohain length were deoreased to 60 per oent of itse
originsl value by this type of procese, & corresponding de-

orease in alpha-gellulose content would be expeoted. This
was not the ocase, The fact that the exposure of glucose
and cellobiose, which have s very much larger proportion of
redueing groups then cellulose, resulted in no measurable
ohange in reduoing power ies another indication that the

reduoing groups were not apprecisbly affected,

A segond poseible point of esttack is an aloohol
group. Other investigators have shown that in the absenoce
of oxygen simple sloohols are stable to light of wavelengths
above 300 lﬂﬁéé)hl the lover wvavelength limit in this inves-
tigation was about 230 mmii, analogy indloates that the
aloohol sroups, especirlly the nrimary one, were probably

not effected. Thias was confirmed by the fact that no
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TABLE X
RELATICNSHIP OF ANALYTICAL RESULTS

*Reducing

Exper- Pover *C0 *00
iment D.P, 8 milliequiv. mmoles nmol8s
5 1070 0.87 5.0 N.47 0.38

3 870 1.22 7.9 0.88 0.70

3 280 1.28 13.8 1.29 1,23

4 880 1.70 18.8 2.38 1.40

8 860 1.0 18.0 3,57 1.99

10 950 1,30 13.8 0.99 1,08
9 870 1,885 17.8 1.39 1,29

8 740 2,31 44,3 3.16 3.28

4 1330 0.40 4,3 0.84 0.94

* Based on one millimole or 337 grame of cellulose

rather improbable. More likely, the reducing groups were
formed, at least in nart, from some other resction not

ultimately resulting in chain splitting.

The aoidity formed during exposure 6 amounted to
only C.23 mililequivslentz »n-r millimod of ccllulose, and
in the other experiamcnts the proportion was even smaller,
Thus the produstion of acidity was either n seeondary re-
action or the result of some reaction not resulting in

ohanin splitting,
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The faot that oarbon dioxide and oarbon monoxide
were formed necsssarily means theat anhydroglucose unita
were being decomposed., This suzyests that pentose units
might have resulted, but no ohange in psntozan content
ocould be detected, oonfiraing the results of Foote (an{ﬁk
The poseidbility remaine that desoxy pentoses or oarboe
hydrate units of still fewer carbon atoms were formed, bus
the amoumts oorr.lpoidiag to the quantities of ganes pro-
duced would be very smsall,
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SIMMARY AND ONONCLUSIONS

An apparatus has been developsd whioch is suitable
for the ultraviolet irrsdintion of sclids in powder fors in
various atmospheres. Provision was made for evagustion
prior to the sxposure, contimuous mixing, e=nd continuous

anslysis of gaseous products.

The influence of oxygen on the photolysis of
eellulose has been studied, as have the kinetios of the
renction in nitrogen. 8Bamzples of gluoose and ocellobiose
have been irradicted in a nitrogen atmosphers under the
same conditions as used for oolluloeeif,fhe most important
results obtained in the investigation may be briefly sum-

merized as follows,

1. The samples irradinted in nijyrogen wvith a1l
posaible precautions %o remove and exolude oxygen showed
considersble degradation, the smount incressing with
inoreasing time of exposure. These changes could not be
explained by the presence of oxygen in the nitrogen or
retained in the cellulose at the stard of She exposure,

3., The rate of degrasdation inoreased with ine-

oressing oxygen oontent in the atmosphers.

3, The rate of reasction was smaller for cellulose

in the airedry state than in the oven~dry state,
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4. The cellulose was yellowed by irradiation,
the effeet inoreasing with inoreasing time of exposure in
nitrogen but decreasing with oxygen oontent in the atmos-
phere,

8. The rates of change of chain length and
copper number during irradietion in nitrogen did not
correspond to the ratees caloulated om the mssumption that

the reaction was of the first-order type.
ROUTE
€. Exposure of glucose and colloblosg§rc-n1tod

in the prodwstion of ocardon monoxide and carbon dioxide,
but at a consideradly slewer rate than in the oaee of
eellulose, No change could be detected in the reducing
pover of these sugars, but exposed saxzples showed an in-
oressed absorption of ultraviolet lighs.

7. Oesllulose irradizsted in the sbsence of oxygen

was left in an unstadle ltcto at thﬁ oonolusion of the ca-

e, Cha oy 0 L Cen wh el G E, o L,
posurse, oa&dnt%onphg~ns-nnph.xto osyccu ecoua:&ag «ursng
itOln‘o R"’Q‘.:‘,-nﬂfl“'.dr1r:h SRR YU O

woeond oy 1/ (0, K¢, 1y 1 & e, !

The following main ocomolusions oan be arawn from

the results.

R

NI 1. The photolysis of oellulose oocurs in-the

i

/ abeence Bt oquon,lbnt at a slower rate than when oxygen is

present.
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2. One primary zreagtion whioh oocurs in—the g,

ubt.nct*ef~auygoa'1z & modifiostion of the original

[£
efeal v e o
rt<~ IR SR

linkagey without[ihntn uplti%tn@] Subsequent exposure
to atmospherioc oxygen at room teaperature results in

breakage of shese modified 1tnka¢oa.
— L o
3. There is also sone evtdenoa that,chatn /

bty o !y
' f

/hpltttins oocurn durzng trtud&atlan in the sbsence of -
5 oxygen. g

b &, The production of carbon monoxide and
eardbon dioxide are probebly related 1n some manner %9

vhe o F2 ¢[ LA .‘»e{

the primary reastion whioh results 1n tho easily oxidizable
linkages.

/: 8% The preduction of reducing groups is pro-
bably independent, at least in part, of this resction.

Caesre b e v g
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