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ABSTRACT 

Thin films of polystyrene have been photolyzed by 2!> 37 A radiation 
in vacuum and in air at 25° , 80° and 120° C. Random scission and 
cross linking occur simultaneously, with oxygen acting to inhibit the 
latter process. In air, the apparent quantum yields for random scission, 
measi,red by viscosity hanges , are 9X10- 5 and 1><10-4 scissions per 
quantum absorbed at 25° and 120° C, respectively. Crosslinks exceed 
scissions in vacuum, and no reduction in vis osity is observed; the ratio 
of cross links to scissions increases with temperature in the 25° to 
120° C range. During photolysis, hydrogen appears to be the major vol­
atile product emanating from the polymer itself. Of the remaining vol­
atile products , carbon monoxide, carbon dioxide , and methane probably 
arise from polymer imperfections; benzene and monomer are present 
as impurities rather than major photolysis products. Large variations 
in the product yields, which are very small on an absolute scale, and the 
detection of ethylene from one batch and acetylene from another empha­
size the importance of small impurities and imperfections in the photol­
ysis of a highly stable polymer such as polystyrene. Changes in the 
ultraviolet spectra during photolysis are compatible with the formation 
of conjugated double bonds along the main chain; in air, these changes 
are supplemented by oxidation which results in carbonyl formation along 
the chain and a relatively small fragment absorbing at about 340 mµ. 

PROBLEM STATUS 

This is an interim report; work on the problem is continuing. 

AUTHORIZATION 

NRL Problems C04-04 and C07-02 
Projects RR 001-02-43-4801 and RR 001-01-43-4804 

Manuscript ubmitted Ma:-ch 30, 1965. 
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PHOTOD GRADATIO OF HIGH POLYMERS 

PART \' l - PH r OL Y l O OL Y. T YR E ', J FIL 
' cu DI I IR 

INTRODUCTION 

0th r r p rt from thi Lal ra I with th ph tol • of p ly(o- rn th 1-
tyr n ) film and ·oluti ( ution ). poly h l methacr late) 

films (4). and (m th . l a at ompl th of prototyp film 
tudi . an inv gation of ph n m in air and in va uurn was 

undertaken. 

Much o • tur f pol mer ph tod gradation ha been review d in our pr vious 
r p r r ed in th r evi w ' of J l1i (6) and Gras ·i (7). Polystyrene 
ha th umber of radiolyti c and t 1110 1 • studie . Ph t ly f 
p n ittl alt 11tion exc p ical tandpoint or oxidative 
d • o , ion by light of wa h r at than 3000A (8-12). At 
th gth ' .t orpti nco ffici n tyre r quite mall. C n -
qu r i0 n ur • at t mper or 60 ' C and high r wer r equir d t 
o • able d • tion : quantum ie not rep rted. It wa found that 
p xidation in th nee of ultr adiati n occ 11ainly at th C'a rbon 
at ch th ph n nd d. A p irradiati n t wa not d and 
a cribed in part to ph to imilar to ' - "' i erizatlon of benz-
ala on . Achham r (10) a mas pectr m tri c 

x, f th volatil m urlng th t (3130A) irradiatl n r 
pol in vacuum an nc ox g n 20 cc. al 

r : ( ) the tion of v latil from th , lmpu-
riti h d iti n f t labil trurtu (b) oxid t ti n 
whi ted i inking, di ati n. and th formati n of l w- lar-w ight 
ox g produ 

EXPERIMENTAL METHOD 

Mat rial 

Sp tr SC pi -grad 
T trahydr furan wa 
aluminum h drid 

olv ntQ w r u d thr ugh ut th L v rk. 
r nitr g n aft r tr atm nt with lithium 

Tw p t w r • • • 
way b h . 
wa a d ri 1 

u a , I I -
na - 1: 0.5 - ?). t 'al 
wa d ff a . lt 
twi t tr · ch and dr ra-

ut 40 in run. 1pl P - 1 an 
intrin ir vi c 1 . , . , r ct Ivel in benz n at 30 °C. 

1 
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Apparatus

Mass spectrometric analyses were carried out with a modified Consolidated Electro- 
d\7iamic8 Corp. Model 21-103C mass spectrometer. Ultraviolet spectra were measured 
with a Perkm-Elmer Spectracord Model 4000 recording spectrometer.

Ultraviolet exposures were carried out in a quartz apparatus similar to that described 
previously (1) and limned in Fig. 1. Also shown in the figure is the radiation source, the 
housing of which acts as a shield and contains a mo\ ible window, and the pho'otube used 
as a monitor for the radiation emitted by the source. This assembly has been described 
in detail elsewhere (13). A Hanovia 93A-1 low-pressure mercury lamp producing pri­
marily 2537A radiation as the photolytically active wavelength was used in this work. The 
distance from source to tilm was 15 cm, and heating effects from the source were negli­
gible. Incident radiation was determined by ferrioxalate actmometry (14); approximately 
5x10** quanta g/ min were absorbed by the films used in this work, which was carried

I

Fig. 1 - Portable ra<liation shield with ultra­
violet source, showing phototube monitor and 
quartz irradiation chamber
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out at constant intensity. For runs above room temperature the quartz cell was placed 

in a heating mantle consisting of two concentric brass tubes between which was coiled 

nichrome heating wire ; a window approximat ly 2 x 7 in. was ut through the tubes to 

allow exposures to be made. 

A 80Co source was used in the gamma irradiation. The samples were exposed to 

5.81><107 roentgens , equivalent to an absorbed dose of 5.47X109 ergs per gram of polymer. 

Viscusity Measurements 

Viscosities of the polymer samples were measured in benzene solutions at 30°C 

with Ubbelohde-type dilution viscometers having running times of about 170 sec for ben­

zene. Kineti energy and shear corrections were not made. lntr.nsic viscosities were 

determined by the usual extrapolation of 11 / versus c plots. Number-average molecular 

weights, ij , were calculated from the relationship (15) 
n 

Procedure 

The same general procedure as that described in our previous reports was used in 

this work. Films of polystyrene in flat , rectangular , quartz or Pyrex dishes of about 

50- m2 area were formed by the slow evaporation of methylene chloride or tetrahydrofuran 

solutions ontaining 0.1 g of the polymer. These lilms were approximately 20µ thick. 

Volatile materials were almost completely eliminated by heating the dish containing the 

film in the irradiation c 11 at 120°C for at least 16 to 24 hours with continuous pumping 

at 10·5 torr. 

Exposures in the absen e of air wrre made at 10·5 torr at the desired temperature 

(25 ° , 80° , or 120°C) with the cell ut ff from the spectrometer inlet system. The cell 

was then eated 4 hour at 120°C and the volatiles thus evolv d expanded into the mass 

pe tromet r for analysis. Th same film could be cooled and re-exposed and the batch­

wise collectJOn of products repeated. At the on lusion of a series of exposures with a 

given film , the cell was opened the ultraviolet spe trum of the residual film was det.er­

min d, and the film wa taken up in benzene for the mea urement of intrinsic visro ity. 

Exposures in air or in the pre n of a known pressure of oxygen were carried out in an 

analogous fashion. 

This re proved to be quit ad quate for the determination of viscosity and 

ultrav · hanges . It was al o u eful for the identifi ation of th volatile prod-

u a r ugh timation of the quantum yi Ids of thes products. Repro-

d 1 d terminati n of the volatil produ ts from polystyrene photoly es 

c d in th ver , and it was nece ary to modify the pro dure. 

on th ' lity of mas spectral re ults in the polymer d g-

radatl mil d ence ar given by Wall (16)) , th1 in 

t • i ill be d tail. It i proba t tyr nts 

xt • m st radiatl n-st ym an v 

l ,? ufficient quantity tne., a . Appro-

te d tim s would be ary when th meth d i 

w . 

• • • t • ad ' ion absolut ly 
c1 o by rin es. T sibility of 

w n t ed but an wa mad 
. r tak n t t ad rption 

-
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of atmo ph ri on aminant at th surfac of th di h s aft r l aning. inc- thl will 
aff ct the d:!Pr enc of the film to th di h but ma w 11 r suit in r hang in th 
lay r of the ptJlymer film aft r it ha be n form d. Th qu. rt z irradiation c II 

wa n d by r ep ated washing with a mild d t r g nt and with w, t r. Baking at 500 
for 24 hours r e ult d in complete utga ing of th r 11. 

It is n c,. sar that each of th pol m r films be form d und r th same condition . 
Thi was a c mplished by allowing the p l olut lons tu vapo r a in th , pr • nr of 
each other in a s mi-enclos d spac . Th am batch of olv nt wa us d for all film . 

Two such film in Pyr x dish (which ab rb 2537A radiation/ w r e pla ' d back-to-
back in th i rradiation c 11 and th mbl y evacuat d to 10-5 Torr and h at d at 
120°C for at least 62 ho volatil (only benzen wa ob r,· d on ·e m th yl n 
chloride was eliminated) could be d t t d in the ma s p c-trom t r . T mp rature 
within the cell were continuously monit r d by an iron-con tantan th rmocoupl plac 
between the dishes. Once a run wa begun, th c 11 wa s not allow d to co 1 be low th 
temperatur at whi ch the irradiation wa • carried out. Art r the preliminary heating 
period, the ell was closed off from the p ct r m t r , and irradiation of one film wa 
carried out for the d sired time. Th r 11 wa again heated at 120 C for a uitable 
length of time , on the order of 48 hour . Finally , th arcumulat d gas w r xpand d 
into the mass spectrometer for anal is. An additional h ating p riod at 120° C was u d 
to ensure complete r emoval r volatil betw n xpo ure . lrradi'.ltion of the econd 
film was carried out in exactl th ame mann r as for th fir t film. This proc dur 
of alternating exposures of th two films wa r pPa t d as oft n a - r equir d for on run . 

RESULTS AND DISCUSSION 

Molecular W ight Chang s 

A in our earli r work , mot cular w ight hang s hav be n ass s d on th basi of 
mea urem n s of the viscosi ty f dilut s lution of th tfograd d pol m r. Th r suit 
ar ther efor e subj ct to the r tri clions of th meth d. inr cros linking was vi uall 
ob erved in all of our vacuu m xpo ur a w 11 a in th long r xpo ur s in air. 

Qa ntum yield were evaluated on th a sumption that wher ev r appar nt sci ion 
occurr d it was a random proce and that a "mo t probabl " molecular weight distri ­
buti n cxi t d befor and aft r degr dation. Th valuations w r mad from plots of the 
number of ri sions against th number of quanta ab or bed per gram of polymer , i.e. , 
(1 ,, J I ,1J) 1 ' - I v r us I at, wher i. i th xpon nt of th Ma rk - Houwink equation and 
I •,

0 
! and I · I are th intrinsic visco ill . of th polym r befor e and after degradati n. 

Quantum yi Id fo r scis ion are given by 

wh r A is Avogadro ·s number and M i the initial number-average mol ecular weigt-it f 
n 

th polym r. 0 

The r e ults fr m xpo ·ure of p l yst yr ne films to 2537 A radiati n are summanz d 
In Fig. 2. At 25° and 120° C in air, th e data 1 ad to appar nt initial quantum yields for 
random sci•; Ion of 9x10- 5 and 7xl0- " ci ions p r quantum absorbed, respectively. 
Th s GUantum yi Ids ar only indic tiv of the diff r ent rates at the tw temperatures 
sine benzene-Ins luble mat rial was evident at doses as low as 2xl02 l quanta per gram 
at 120 C and at somP.what higher doses at r oom temperature. If the ov rail effect of 
cross linking is to increase viscosi ty, then the true quantum yields for s ission are prob­
ably higher than th se given. 
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Fig. 2 - Apparent sciuions occurring as 
a function of irradiation in air 

In the absence of air, ultraviolet irradiation of polystyrene films at 25 ° 80 °, and 

120°C almost immediately results in the formation of benzene-insoluble material. For 

5 

a given dose, the proportion of insoluble polymer increases with irradiation temperature. 

At the same time, the intrinsic viscosities of the soluble portions of the irradiated film 

also increase, as shown in Fig. 3. The overall effect is therefore one of increasing cross­

linking as the irradiation temperature is increased through the range of 25 ° to 120 °C. 

This qualitative observation Is seemingly at variance with that of Burlant and co-workers 

(17) for polystyrene under gamma radiation. They reported the G-value for crosslinking 

to be constant over the range -196 ° to 65 °C and to de rease as the temperature was 

increased from 98 ° to 130 °C. Pravednikov and co-worker (18) found that additional 

crosslinks formed when polystyrene gamma-irradiated at 25 ° was warmed to 95 ° but that 

the degree of cross linking was reduced if the irradiated amples wer heated to 140 °C. 

Significantly, glass-transition points for polystyrene ar about 80 ° to 100 °C· above these 

temperatures . chain mobili t is gr atly increased, and orr pondingly the ease of 

cr osslinking 1s increased. At the same time, it would be xp ted that th ease of dis­

proportionation, whi ch ompetes with er ssllnking. would al increa with temperature. 

Thu our r ults with ultraviolet irradiatl n agr with th with i nizlng radiation for 

th i polymer. Similar finding in r eferen to th gla s-tran iti n t mperature have been 

r p rted for poly thylene und r gamma irradiatiori (19) and f r p ly(ethyl a rylate) under 

ultrav iolet i rradiati n (20). 

Oxygen apparently act to prev nt r osslinking by s avenging radicals along the 

p I mer chain. Su h av nging would not aff t. the s issionlng process once a hain 

br ak had oc urred. Inhibition r cr osslinklng by oxyg n during gamma-irradiation has 

been observ d for man polymers , such as polyethylene (21). 
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Fig. 3 - Chang ., in the intrin ic v i o ity of th 

oluble fraction of poly tyren irradiat d in va uum 

Comparative quantum yields for random s ission for polystyrene and other polymers 

having well-defined stru~tures are given in Table 1. Analogou data for the radiolysis of 

many of these polymer have also been reported (24). Th se polymers having tertiary 

hydrogen atoms in the backbone stru ture generally be ame cros linked under any con­

ditions. Gel formation is fairly rapid in vacuum with polystyrene and poly(methyl a rylate) · 

and changes in th slop of the viscosity-d se urves for poly(methyl vinyl ketone) indi-

cate that with this polymer also, crossllnking is taking pla e. Crosslinking was not 

observed in polymers without tertiary hydrogen atoms in the ba kbone. The data in 

Table I als indi ate that the apparent stability of a tertiary-hydrogen-containing polym r 

ex eeds that of its methyl homolog. The order of stability in regard to major chromo­

phores is qualitaUvely C8H5 >> COOCH1 > COCH,. 

Table 1 
Quantum Yields for Random Scission at Room Temperature 

X 10 1 

(S 
s 

p lymer Environment issions/ quantum Referen e 
absorbed) 

Polystyrene Air 0.9 This report 

Poly( -methyl tyrene) Varuum 10 l 

P ly(methyl a rylate) Air 130 5 

P ly(methyl metha ry!ate) Air 200 4 
Va uum 300 4 

P ly(methyl vinyl keton ) Vacuum 200 22 

P ly(methyl is propenyl ketone) Air 2200 23 
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Spectral Change 

Irradiation of polystyrene film in vacuum giv s ris t a small gen ral in rea e in 
absorpti n throughout the n ar -ultraviolet regi n of the pe trum. F r example at 80°C 
the transm ittan e of a typi ca l film t 300 mµ hang d from 0.94 prl r to Irradiation to 
0. 77 after absorpti n of 28><1021 quanta p r gram. The rat at which th e hang to k 
pla e in ~reased with increasing temperatur , but th appear n of band stru tur at any 

temperature was not obs,nved. 

The hanges in th absorption p trum of pol styr n mm lrradiat d in ;;.ir pr sent 
a mor e Int · resting pi ture. A in the va uum expo ure , th r is an v rall In r a in 
ab orption in the near-ultraviolet region , but this In r as c ur at a mu h fa ter rate 
in air than in va uum. After th ab orption of 7X1021 quanta per gram in air a typi al 

film will have a transmittanc of 0.27 at 300 mµ. 

In addition to th g neral in r ea e in abs rr,ti n, two band In th form f weak 
h ulder at 282 and 340 mµ were obs rved in the pe tra of films irradiat d in air at 

r o m t mp rature .~ Aft r storage of the film for 72 hours in the dark it abs rpti n 
pectrum was un hanged. Other w rkers (8 9,12) h ve ob erved an in rease in absorption 

at 340 mµ during st r ag at r m t mperature foll wing irradiati n f pol t rene at 60°C 
in air with a 3130A our e. They also not d that this post-effe t \\as rem v d by a brief 
r e- xposur t the ultraviolet radiation. Sin e we have not observ d the po t - ffe t w 

an only p ulat that it rigin li in differ n e In composition In the two sampl of 
p lystyrene r in differ n es between th radiation our . If th po t-effe t wer due 
to a onsumable Impurity r structural an maly pre ent !n both films , it is possible that 
in our xp r i ments this Impurity had be n onsumed during the irradiation. It is al o 
pos ibl that an int n ity eff t ma be perating in th absorpti n m ·ent of 
poly t yr n at 3130A is quite small wh reas all th in id nt 2537A radiation .vas abs rbed 
b the film us •d in ur work. 

styrene monomer bands ar at 282 and 292 mµ. Sin 
• peared at 292 mµ , it . u • that th -m ulder 

Furth rmore wh n mpl irrad ma was 
d . rid and repre ipitated with l, it w und h 

282-mµ ed b the polymer , while the 340-mµ h ul ppeared In the 
filtrat . i the 282-mµ I du ni or aldehy p 
in th p I su p hown ar • tro be 

f ed duri ida e so f th - µ. absorpti n 
vid ntly a • all ul pol ra and may w 11 be 
mp und t ge t th tigat 9) . 

It ha hown (25 ) that fa - irra n o f 
air . due hang in • ar f t ly r th 
f on njugat d pol 

cur during u uum and t 
n th ultravi f irradiat d a d 
bc,nd formati u an n stru r Ing 
r ;,:1 b nd in Similar doubl 
n air , but u on tra wi ll 
t d r up n m f r th r nc 

in absorpti n during air irradiati n. 

2 - m ,J lo 
ub qu nt xpoi.u r s , thi b o i ridd l b 
h • 340-mµ ho ld r w not. ob 20° 
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Volatile Products 

As indi ated in the Experimental Method section, quantitative reproducibility in the 

analysis of the volatile products was difficult to achieve. Qualitatively, the same products 

were always formed in the photolysis of films obtained from one batch of polymer. Even 

though every effort was made to make polystyrene samples PS-1 and PS-2 alike in all 

respects except molecular weight, differen es between the samples can be seen in the 

volatile products. Most of the results reported here were obtained with films from poly­

styrene batch PS-2 ; the products were primarily hydrogen, carbon monoxide , carbon 

dioxide, methane , acetylene, benzene and styrene. Multiple exposures using the •back­

to-back" technique were carried out with l'S-1 films ; the same products were formed, 

with one exception: ethylene, but no acetylene, was observed. Other oxygenated com­

pounds were not detected among the volatile photolysis products from either of the poly­

mer samples irradiated in vacuum. 

One qualitative run with PS-2 under gamma irradiation at about 25° C showed the 

volatile products to consist primarily of hydrogen with traces of carbon dioxide and a et­

ylene; carbon monoxide, methane, benzene , and styrene were not observed. In most 

radiolyses of polystyrene, hydrogen has been the only significant product (17). 

Alth ugh the absolute quantum yields of the individual products or even the total gas 

yields from films of PS-2 did not correlate well with the absorbed dose of radiation , some 

useful information, both positive and negative, can be obtained by comparing the yields of 

products relative to each other. In three instances, a reasonable constancy in quantum 

yield ratios was found under a wide variety of conditions. These ratios were determined 

from the slopes of the curves in Figs. 4, 5, and 6 and are given in Table 2. Thus some 

correlation in pairs of products can be obtained involving five of the seven compounds 

detected among the volatiles from th PS-2 polymer. 

3 

• eo• 

0.2 

0 

0.4 

•c H • IQ4 z z 

0 

0.6 0.8 

Fig. 4 - Relationship betw e n hydr og n and acetyl ne 

formed during irradiation of PS-2 
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2 
• 2 • 

2 .. 
N 

0 
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Fig. 5 - Re l ationship b tw n carbon 
dioxide and arbon mor.oxid formed 
during irradiation of P -2 

. 
~ 
♦o 

Table 2 

Fi . 6 - R lation hip betw n arbon 
dioxide and m h n formed during 
irrad iation of PS-2 

Quantum Yield Ratios for Selected Volatile 
Produ t From Irradiated Polystyrene (PS-2) 

Irradiation 
Temperature Ha/C2H2 CO/ CO2 COa/CH 4 

(OC) 

25 - 7.5 -
80 7 4 3.3 

120 3.7 2.4 3.3 

The remaining data for which little or no interrelationship can be determined, are 
ollected in Table 3. For a given exposure, the second column gives the incremental 

absorbed dose followed in parentheses by the total absorbed dose re e ved prior to that 
exposure. The corresponding quantum yield for hydrogen formation is given in the third 
co lumn. Subsequent olumns ontain certain calculated quantum yield ratios for the 
products formed. Sh uld the absolute amount of any specific product be desired, it can 
be al ulated from the ratio of that produ t to hydrogen and the absolute hydrogen quantum 
yield. 

It is apparent that the widest deviations in Table 3 involve benzene and styrene, the 
two major prod 1cts not in luded in Table 2. Evidently, these compounds are not formed 
entirely as a onsequen e of the photolysis of the polymer. Both benzene and styrene 
would be expected to adhere strongly to the solid polymer during the preli ninary degassing 
operation, and both were probably present in the rude sample. As indi ated in the earlier 
polystyrene work (10) , however , irradiation of the solid polymer appears to in rease per­
meabili ty ,•and as a r esult , such residual low-molecular-weight impuritie would be more 
likely to be released from the film. 

Temperature has a marked effect on the rate of evolution of the produ ts from the 
films, although there may be a question con erning the effect of temperature on the photo­
degradati n process itself . At room temperatures , many products , especially the higher­
m lecular-weight and more strongly adherent compounds , are only detectable intra e 
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amount at m t. The quantum yield for h dr gen formation t nded to be mu at 
room t mperatu : e than at 80 °C but at 120°c th average hydrogen ield wa 
than that t 80 °C. Except f r th hydrog n a odu lelds I n 
with temp ratur alth ugh no d n in ng t ugh th -
temperature (about 100°C) wa id nt. It has be port 17) th 
quantitativ ly and sE>ntiall antl fr m powd gamma-lr.:-adiat d po t 
at -196 °C. 

It i f int re t t omp f xpo ur f poly t r n sampl 
PS-2 . Poly tyr n PS-1 wa u d only at 120°C with th r 1 tiv ly refined pro dur 
des ribed in the Exp riment 1 Method s ction in whi h pair f films wer xpos d in the 
ame c 11. Th qualitativ diff r nee in the natur f the v latile pr du t from the tw 

p ly tyrene hav air ady been n ted. In additi n for a given dose the total gas yields 
from PS-1 were gr at r than fr m PS-2 . Sin e the irradiations were pr c ded by an 84-
hour heating period, during whi h only a v ry mall amount of benzene wa volved . the 
high gas yields do not e m to be due to the presen of thermolabile linkages. M reover 
in one run , the fir t 4-h ur exposure was followed b a 128-hour heating period in whi h 
the quantities of pr ducts appr ximately d ubl d th se formed during the exposure it elf. 
Sin the total pr ducts formed at thi point did not represent an ex e siv initial surge 
(relative lo later exposures of the same films) of material, it would appear that the sample 
is nearly free of highly photolabil linkages as well. Lengthy heating periods after subse­
quent exposur s produ ed no measurable ari unt f produ ts. 

The cum lative formation of some f the e produ ts is shown in Fig. 7. This repre­
sents the result from two back-to-ba k runs, i. ., two pairs of PS-1 film . Th repro­
ducibility within a given pair of films is 'ndicated by the length of the vertical lines at 
each point on the urves. Betw en the two run th reprodu ibility is go d only for hydro­
gen , and the quantum ields for hydr gen for both PS-1 and PS-2 sample were approxi­
mately the am , about 10·• m lecules p r quantum ab orbed. There i theref re, reason 
lo beli ve that hydrogen i formed almost entir 1 by the photolysi of pol tyrene itself 
as distinct from n n-polym r material or from polymer imperfe tions uch as points of 
xidati n al ng th hain. Th vi om,~tri result do not allow a orrelati n between 

hydrogen form lion and the number of scis ions r cros links. Wall and Brown (26) 
observ d that under gamma irradiation polystyrene undergoes crosslinkin~ more rapidly 
than can be accounted for by hydrogen formation and suggested that the benzene ring may 
be involved in the crosslinking process. 

Carbon monoxide and arbon dioxide an be fol'med only by the photolysis of impurities 
or of imperfections in the film , sin e there was n spe tacular release of these substances 
in the arly tage of the irradiation as might be expe ted if t.h y were present initially 
as adsorbed sp cie . Appr ximately th same ratio between arbon mon xide and arbon 
dioxid exists in the produ t from both th PS-1 and PS-2 ample although the arbon 
di xide :methane rati for the PS-1 sample I much mailer (1.3) than f r the PS-2 
sample (3.3). Thi sugg ts that , allh ugh the f, rmation f carbon mon xide, 'arbon 
dioxide, and m thane may be involved in the same ph tolytic event, they must also repre­
sent more than one impurity r imperfe tion. A 11.kel? explanati n is that arbon monoxid 
and arbon dioxide arise from th ph tolysi f groups formed by oxidation al ng the poly­
mer hain, while methane arises from chain ends whi h may themselv be :,artially 
oxidized. That poly tyrene may be undergoing ontinuous oxidation in air is support d by 
the disparity betwe n th tw runs shown in Fig. 7, sin e the run giving th gr at t 
amount of arbon m noxid and arbon dioxide wa made om month aft r the first 
run. 

The remaining volatile pr ducts, tyr ne , benzene , and ethylene w r 
tinuou ly during both runs with PS-1 film . A with the PS-2 film th r 
littl relati n hip am ng th e and the ther ph t lysi produ t . Th fir t pair of PS-1 
film xposed how d a much gr ater disparity betw n m mber f th pair and gr ater 
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total yields or styrene benzene , and eth lene. It is on luded that the bulk of these prod­
ucts must aris fr m impurities in the film rather than fr m ph tolysis of the polymer , 

ven though it is r a onable to assume th ir formation at least in asso iation with a main­
hain s i i n. 

Th volatil formed by irradiating p lystyr n (PS-2) at 25 °C in th presen of 
20 torr f xyg n w re investigated in a ingl run. Aft r an abs rbed d se of 10 21 quanta 
per gram r polymer ther w r ev Iv d arbon dioxid , arbon m n xi d , styrene, and 
benzene in qu?.ntum yi Ids of 250 100 , 1.4 , and o.2x10· 4 mol ul per quantum absorbed , 
respe lively. Wat r was also formed in r latively large quantiti s, but hydr gen, alcoh ls 
and other ox genated produ t and ther h drocarbons wer ab nt. H dr g n Wi\S pr b­
abl y on um d by reaction with oxygen. A etyl n , if form d nu t h v been ompletely 

xidized although , if su h i the ca e, m produ t f oxidation or tyren hould al o 
hav been n untered. No measur was made f th r idual ox g n in rporated in th 
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p I 111 r aft r irradiali n und r our condition . . hut Achhamm rand r -w rk r (10) hav 

r p rt d th.t ~ t 1 t 8 r und r 3130A r , diation . . ·tab) , oxyg nat d tru rtu r ar r adil 1 

f rm d in p l y t r n b x g n. 

GENERAL CO ID RATIO 

Th • of phot d gradation p H i d 

t of gh photo • • f th p >I r th ugh mor 

p r ur r m·. v be n I i on of 

·on conclus till qua l itativ a • 

bontion of thos 21 i h 

n a \ be n r port r od t d 

to 3130A r adia tion at 120 c in vacuum. wPd 

c • • • • rbon m • n di -

a m u than pu 

t o artua l i f th ph 

i n f c 1d th i f phot d gr adation. 

During irradiation in vae uu • • ioning of m, in chain and r r o 

linking betw n ac cr o i r xc· din th number 

o • ion . al r xI u but with a r duct ion in 

king d • in rti -p 1 r adica l 

H dr t ct w h nat m th p 1-

th pur at d with c-ro . ing pror 

• 11 11 n pl • g r • t • 1 st 

Th is 11 pr nt i I • l r a fo 1pl 

r adi t xi ink 1i r oup ma 

of a mai - i thu t i and ca r bon 

di • fo rn be a ' oc·iat cl w· ing pr nc fo r thi • 

nd i work n p I (<Y- ) (1 ). c1ati n of m th -

a h th ca r bon monox· and ca r bon dioxid i a com · , but i t v. r ia ti n 

betw bat gg t t m thane must form onl fro ific· ox g n-r ntaining 

grou , pos th nd f polym r chain . 

Although ri zation of poly ur during th rm I d gr adation, 

thi s be inor pr c ss i adat' at 120 c- C and be l w. Both 

tyr nd Iv during ir , ·n h ·on a t indicat 

thei r pre nc im iti . It i t w r whi ch I 0 

th fo rmation 'au acr unt ma d r tral cha 

being a r ult of co n aturalion along S p cul r 

be n m d by oth r (8 , · rding nat d th r chr m . 

Th formation of ac tyl ne in one batch and thy) n in anoth r batch f n 

ti al polystyren p int up nc , gain the fact that the most min r photolyt ic f atur of 

a ampl I m larg n xt to th actual d gradati nit lf. Th r i at pre nt n ad quate 

explanation for thi ciiffer n in behavi r f th two amples, x ept t again cribe the 

pr sen fa t.yl n or thyl n to impuriti 
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