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In my 9 January report of a visit to EPA in Research Triangle
I stated that I had been referred to a Dr. Altschuler for informa-
tion on Agency studies on vinyl chloride in the atmosphere. I
have not been able to reach Dr. Altschuler, but did contact a
Dr. Joseph Bufalini of his group.

Dr. Bufalini was not able to cite a reference to the reported
6=hour half-1ife of vinyl chioride in air given in the Briefing

Report dated October 15, 1973.

He did know of the work sponsored by Diamond-Shamrock at
Battelle and reported earlier through MCA. This was the smog
chamber comparison of VCM with Toluene. {Dr. H. Everson of
Diamond-Shamrock was Dr. Altschuler's professor at school.)
He did not mention the Dow work that also has been reported.

Some work was done by EPA three years ago in a 335 ft3
chamber, and more recently in a 9.1 meter glass tube, comparing
VCM to ethylene. This work has been submitted to Environmental
Science and Technology, and a draft i{s attached.

He knew of no other studies in progress and felt that none
were needed, since it has been shown that ¥CM is“npt persistent,
and the oxidation products have been identified

{320)
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' -‘.‘.-.*. ".  The. photoo‘d.datianbf several halocazbous in the presence of oxides

of nitzogen was investigated. These imclude, winyl chloride; 1;- I-di="-. . . .o
chloroethylene, 1, .?.-dichlo-oet::ylane, cr:.:h_mtoetbylene, terrachloro=-
ethylene, chloroform, and chloroform in the presance of ethylene, aad

ethylene. Tha latter compound i.e. ethylene was photooxidized to

cz:a‘ble coTparisons of the reacrivity paraceters. .

" Vinyl chloride in the presence of ¥o_ and ultra.-vn.olet liﬂ'ht leads
to the formation of formic acid, hyd:ochlor:.c acid, .carbon monoxide, .. -
formaldehyde, ozore, and a ssall quantity of foroyl chloxide. 1, 1- .
dichlorpechylene reaction lead to the formation of produsts sinilar to

‘.- *.tThose found with virnyl chloride. EHowever, phosgene and nitric acid ware

£ls0 observed. 1,2~Dichioroethvlene also leads to similar products as
those of vinyl chloride wizh the exception of fyroaldenhyde formation.
larger quantities of ECl are observed for-the reaction. This product

“r.- .. .probably arises from for=yl chloride decomposition simce this cespound B

Quickly thermally decouposes to ECL and CO. The photooxidation of
trichloroethyrlane resulted in the formation of phosgene and forzvl .
chloride 2s well zs the other produects (EC1l, CO, INO 4> &0d ECODH) . -

rome -Ihe tetrachloroechylanse was found to be the least reaccixe of all tke
" eblorinatad ezhvlenes. The products observed were ECCCE, ECl, CO, ‘
COCL,, and O,. <Chlorofora was frradiazed with ethylepe largely be-—
cause this cézpound was expected to be very unreactive whan photooxidizad
-2lone. The preoducts arisicg fre= tha chloroforzm~ethylene-N0 system are
.0, formaldehyde, 03. phoszene, aad formic ac:.d. = '

e s o = ——
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rate constant for the vinyl chloride~0. reactios is 1/

. N ' : N

L

From thesa studies, it was found that vinyl chloride is approximately
60 percent as reactive as e:hyleae in ternos of cpd reacted. In ter:s of
NO oxidation, the vinyl chloride is 70 percent as reactive. .The ozone
produced from a winyl chloride-#0_ systen 1s approxizately ocue~half that.

pzoduced with the ethylene~NO systems. In terms of 0i reactiea, the

0 that of the
ethylene~0 reaction.3 Ihe iate copstait for the 03 vinyl chloride

reaction 1S 0.3 X 10 min,
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‘. '&esponsiblc for less than 10 percent. Because pf conecern with pol=

LI

OXIDATION OF ETHYLFNE AND EALOGENATED EYDROCARBONS : . .
Bruce W. Gay, Jr., Richard C, Noonan, Joseph J. Bufalini ‘

INTRADUCTION
Vinyl'chlo:;:ide has recen:iy received notériety by being linked..
to angiosarcoma af the liver, a rare type ¢f cancer in the human
liver. Exposures to vinyl chloride axe greatest in occupatioral
J‘Ltuations and in the past when wvinyl chloride was used as pPro-
e ...J.lenr. in aerosol products in many home use products. (The use as
pmpellen: has since been banued.) Atcospheric emissions are prinarily
ftom vinyl chloride and polyvinyl chloride prodm:tion pla.n:s. Vinyl
chloride losses have been estimatad at approximat:ely 6 percent based
primarily oz material balance studies of these types of plants. It
is estimated that emissions of vinyl chloride éur:ently-ex:eeds 90
millfon Kg amaually. Of these emissions SO percest are estimated
.- =as emanations from polyvinyl ;hioride plants. Monomer plants are -
lutants in the acbient atmosphere and more so because of the health -
dmplications of ;J:i.n.yl chlgride, the Envirommental Protection Agency
has initiated a program to make extensive ztmospheric vinyl chloride
measurements -m—thé vicinity of vinyl chloride — polyvinyl chloride
production sources to determime ambient exposure concentrations which
might effect the gemeral popule:'u:'../ ‘
. The nmeasurements to date suggest that in the majority of cases,
- samples obtained some distance downwind from plauts are beleow 1 ppm (v/v)
..., vinyl chloride. Although conceatrations of vinyl chloxide in the at-
...masphere zay be low it-is just one of rcany halogenated campounds exitted
"dnto the atmosphere. There is in genmeral a paucity of information om
possible environmental effects arising froo the degz:adatian'af vinyl
" * - xghloride 2s well as ather halaca.rbans in general in the atxmosphersa.
) The production of halogena:ed hydrocarbons :Ln the Unite.d States alone
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" totaled more than 16 billfon pounds in 1968 (Tariff 1969). Information

concerning the degradation products of halogenated compounds is critically
peeded. The wvork presented here is concerned prinmarily with the oxidation

of the chlorirated ethylene compounds. -

EXPERTMENTAL

The ultraviolet irradiations were carried out in two different ~
chambers. The first chamber was a 335 fl:3 aluninum chacber equipped
with polyvinyl fluoride filn windows (Korth, et.al., 1964). This
chamber was equipped with fluorescent blaﬁklights- and- sunlight lo—
cated extermally. The kd valu.e for the chamber was 0.4 :ni.n.'-l
{Tuesday 1961). The chamber was preheated with infrared lamps be=
fore the start of the irradiations and operated st 32 + 1°c at a

relative humidity of approxiza:eiy‘BB percent. The ga.secus reactants

were charged directly into the chamber by calibrated syringes.

~ Nitrogen diaxi:’.e was ana._yzed cnlorimetrically (Saitzman, 1954).
Nitric oxide was analyzed as nitrogen dioxide after oxidation with '
dichronate paper (Wilson and Xopczynski, 1968). . Oxidant was de—= .. ... .. ..
termined manually by the colorimetric 1 percent neutral potassiim
iodide wethod (Byers and Saltzean, 1958). The ethyleue angd v:f.nyl
chloride were analyzed by gas chroutography.

The seccnd r:ha:ner was 2.9.1 meter long by 0.31 mater inside di-
gmeter borosicilate glass tuobe E.ade::.gp of 6, 1.52 weter sections.
Around the tute are fluorescemt blacklights with energy raxiza at
3660 L. This ﬁhcéoche:.inal.::eacto: also serves as a long path I.R. celi.
An eight =mirror optical system= is <sed in order to achieve multipie
reflections. The cell ismzhle’lnf'?z n meters vhere 1 is any in-
teger from 1 o 25. The oprical :paﬂ; lengz:h used for these e:-:peri_u:s
were 500 meters. The s;mn-_ete 3z’ a Digiladb F"‘S rapid scan :
Michelson intarfere—eter whick is._z:a;mble of 0.125 cm =
{BEanst et.al., 1973). 1iiguid nitropen coocled detectors are used in
this ;ys:ez. o -

resolution

The reactanzs for The experirenrs are.introduced into the long

path cell through'a.zanifold f;u:;’~z;;1§ss gas handling system that

- -
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had two knowm voluze bulbs. ‘By using 0-50 Torr and 0-800 Torr pressura
gauges and the kmown volumé bulbs, the calculated guantitities of gases
could be Introduced, The reactants were used as obtained from the
manufacturers withour further laboratory pre-purification. It is
doubtful that any impurities were present since no unexpected ox
unidentified bands were present’in the Infrared with detectiom limits
of less than one-tenth part per milliom. -
RESULTS : T

]

The photooxidation of the chloroe:hy-lmes is sumcarized in Table
l. Exact coz=parisons on the reactivities is not possible since the
same hydrocazbon to No_, ratio was not mai.n_.tained vit?l each compound.
However, since the ratic was approximately constant, the reactivities
are at least qualiratively correct. The various rims made on each

system will be discussed separately. -

chaober of 335 ft3 Volume

Ethylene

_ The photooxddation of e'r_h}lene: in \tbe presé.ﬁ.cé;ofv ’So;cis ‘shown
:!:n Figura 1. This hydrocarbon being a major comstiruent of auta
exhaust has been studied extansgively. It is shown here primarily
for comparative -purposes. After 200 minutes irradiation, approximately
67 percent of the ethylenme had reactegt. The NOZ maximmm occurs at ap— -
pProxizately 50 minutes and the 03 reaches a maxinun of 0.82 ppm at SOQ
minutes. The formaldehyde maximum of 1.06 ppm also ocecurred at 300 min-

utes.

Vinyl Chloride ) -

-

‘ The rezction of winyl chloride in the presence of Nox ig shown in
Figure 2. The conditions for this phortooxidation are the sama as those
for the ethylene. After five hours irradiation, approxi:atelyﬁ? percent
of the vinyl chloride had reacted. The NOZ wmaximum occurs at 130 min=-
utes. The ozone ahserved after 330 minutes was 0.44 ppm. The formaldehyde

concentration reached a maximum of 0.32 ppm at 140 minutes and leveled off
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at this value for the remainder of the run. This suggests that the
production rate of formaldehyde is appraximately equal to the rate

of da&::uccion after 140 minutes of ;rradiation-

In terms of NO oxidation, the vinyl chloride is approximately
70 percent as reactive as ethylene. In terms of compound reacted,
the vinyl chloride is about 60'§er;enc 28 reactive as ethylene. The
ozone produced at the close of the run f.e., 330 ninutes, appears -
to be one~half as grear for the vinyl chloride case compared to the
ethylene c;se. However, for the vinyl chloride photooxidation tha
slope of ozone versus time curve is still positive even at the close
of rhe run. This suzggests that with continued irradiation the czone
concentration would build-up to a higher value. At the close of the
{rradiation, spproxicately 20 perceat of the reacted vinyl chloride
appeared as formaldehyde, where-as 33 parcent of che reﬁcted ethylene
appeared as formaldehyde in the ethylene phatooxidation. The higher
farmaldehyde_yield.from ethylene is io be expected since both ends of

the molecule can give rise to formaldehyde.

Long Path Iunfrared Chember ' . . e e mam
Ethylerne

. The photooxidation of ethylene aad KO, im the 700 liter LPIR
cell is shown in Figure 3. Afrer 240 minutes irradiation approximately
82 percent of the ethylene had raactai. The naximun ozone concentration
of 1.23 ppm was formed at about 200 minutes; After 180 minutes irradiation,
the formaldehyde comcentration became ceonstant with increasinog irradiation

tice.

Vinyl chloeride

.The data for the irradiacion of vinyl chloride iz the presence of
HDZ is showm in Figure 4. At 160 min. ifrradiation rire, approximétely
40 percent of the vinyl chloride had been reacted compared to 25 per-"
cent reacted for the 335 ft3 chanber. The reactiou is more répid in
the LPIR chanber for two veasons: (1) The light‘intensity used was



"

peroxyacetyl type compound is produvced. The compound produced from

.

greater (kd approximrarely 0.6 min,”l versus kd = 0.4 m’l for the

335 ft. chamber) and (2) The starcing No_ was exclusively 1!02‘ wvhich
enabled O, to build up more quickly. The LPIR chacber systam optiecs
for ip-situ measurerments gave direct product analysis. The products
observed were, formic acid, hydrochloric acid, carbon monoxide,
formaldehyde, and oczone. Trace amounts of formyl chloride and nitric
acid were also datected but were nor gquantified. The formyl chloride
4s thermally unstable and decomposes to BCl and CO. A small fractionm
of a ppm of Cf}2 is probably produced but this goes undetected since

. part of the o*'ptical systen is exposed to room air vwhich is laden

v:{.th app=oxicately 350 ppm of t.'.C’2 Weakly absorbing unidentified
peaks vere observed at 790 ca and 1165 cm l. In an attempt to
identify these bands, 3—chlorapropene-1~rox was photoox:{.dize.d to pro-—
duce the chlorinated PAN. The products from this photooxidation had
peaks at 790 and 1185 cm-l. This suggests.that a.c.hlorin.ated

these systecs had the larger absorpzion at 790 em than at 1165 cm—l
compared to the case of PAN, where, rhe absorption at 11562 em 1 i largex
than at 790 cm l. At the conclusim of the irradiation i.e. 160 min-
utes, 76 perceut of the original mn could be aceounred for as pro-
duets and 87 perceant of the Cl cnﬂ.ﬁ'be accounted for. ‘

1, l1-Dichloroethylene , .-

ey

The 1, l-dichlorcethylene plm::i::::idizes much rore quickly tHan
vinyl chlaride. After 140 ninum-d:rad:‘,étion (Figure 5), approximately
85 percent of the compound has remaeted. The products observed were those
found for vinyl chloride plus phosgene and a large unidentified peak at
720 co 1. This latter peak coudd e :hloro..cetyl chloride ~ a praduct
from the ozonolysis of 1, A-dishiorpathylene (Eull et. zl., 1%72). How-
ever, this compound shd‘uld.'be mstalle in the presence of water vapor.

- P

1, 2 -~ Dichloroe:hyle.ne

<% LT

The photooxidation nf?l,ﬁ-di:hlﬁioethylene is shown in Figure 6.
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The ;eactivi:y of this halocarbon is also:greater_than vinyl chloride

but less than 1, l-dichloroathylene, The preducts from the photooxidatien
of this compound are sinilar to those obsarved with vinyl chloride with
chevexception that no formaldehyde is observed. Hydrochloric acid appeared
to be the largest product accowmting for 45 percent of the chloride con— '

sumed.

Irichloroethylene

Trichloioethylene was photooxidized a number of ye#rs ago by
Ropczyuski (1968). This investigator found tha{ this compound reacted
faster than ethylene but slowéi-than propylene. This compound was
reinvestigared in order to-establish the fofhatiou qf phosgene and
formyl chloride as was suggested in Kopezynski's work (Altshuller and Coe
Bufalini, 1971). In Figure 7 is shown the photodissociarion of tri- -
chloroethylene with phosgene as prcduct. FEormyl chloride was also
" observed but its concentration could not be quantified.

Tetrachloroethylene

The photeoxidation of tetra:hloroethylene'cozpleﬁes the study of
the reactions of the substituted ethylenes. As can be seen from Figure
8, the reactivity of this compound is quite low. It is the least re-~
active of the chlorosubstitured ethylemes. Only 0.37 ppm or 7.5 percent
of the compound reacted over a period of 3 hours. Formic acid, ECl, €O,
COClz, and g lirtle ozone were produced over the three-hour irradiation.-
The presence of a small guantity of ozone suggests that nitric oxide °
inhibition is 6ccﬁring since the nitrogen dioxide concentré:ion is
quite high after 3 hours irradiarion. '

Vinyl Chloride = Ozone Reaction

Our phocaaxid;tiou ¢f vinyl chloride in the pre;ence of Nox suggest
that this cozpound is moderately reactive. Its reactivity appears to be
approximately 60 percent that of ethylene. Since it is ;oéérately reactive,
the 0; - vinyl chloride reactiona should also be moderately reactive. Thé

3
results of this investigation are shown in Figure 9. The primary products
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of 'tlhe ozotne-vinyl chloride reaction 'arg; co, CHZO, ECOOB, and a2 smai]_
quantity of HCl. The rate constant for the reacrion assuming a second

order r:_gchanisn is 0.34 X 10"3 ppm—l' min_'l. This value is app’:éxinar.ely

"~ 1/10 that for the ethylene-ozome reaction (3 X 10-1 ppm-l m:f.n.-'l) re—
.comended by Garvin and Eamp::on ©574), This ratio i.e. kvclke is-wuch
greater than that found by Williawson and Cvetanovic (1968) in CClA snlutinn.
The st:o:.c.h:x.unetry of the reaction shown in Figure 9 suggest that more
ozone than vinyl chloride is comsvmed. However, the czone curve has not
been carrec:ted for thermal and hetz:bganuus degradation of ozone. The
Qzone deg—aded in the LPIR chacber at a rate of 4.7 percent per hour., If
this saoe correction is used for the vzonolysis rum, the amounr of O3 con-—
sumed in 3 hours is only approxicately '0.§ pem. Thus, more vinyl chloride
than ozome is consuned during the reaction -« an observarion compatible
with other olefin-ozone raactiohs (Bull et.al. 1972, Bufalini, ead |

Altshullar, 1965, Wei and Cvetanovic 1963)

Chlorofo—n . . S

The irradiation of 9.85 ppm of chlorofor with 1.08 ppm of NO, .. .. _ ... .
resulted in almost no reaction of chloroform. A 6 percent reaction in
230 min. was observed but there wis considerable uncertainty dn this
walue. A1l other reactivity parameters were very low., Witk 230 min-
utes irradiation, .05 ppm of COCl,, 0.2 ppm of HCOOZ and 0.08 ‘ppm of
CHZO was prodiuced. No ozoae was produced during ‘the irradiation. The: )
slight a~ount of ECOOH and CE,0 are pro‘ba‘bly a result of wall contam=
dnation. )

Chlnrofor::—Ethylep.e—ND:-Sys:ems

Since chloroform is unreactive when Irradiated alone im the presance
of NDx, it was investigated in the presence of ethylene. In Figure 10
are showa these data. o gezerzl, even in the presence of a moderately
reactive hydrocarbon, the reactivity of chloroforxz is gquite lew. Over
a period of 3 hours irradiation, only 17 percent of the chloxofora reacted.
In contrast, over 54 percent of fhe ethylene ha.d reacted, Most of thae
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reactica product produced from chloroform is phosgene with enly a
-trace of fcrmyl chloride and.HC].. No C014 was observed In this or

the tri and tetra chlorinated ethylene systems. The amount of ozoune
and CO produced from this system is not significancly differeat from
that produced from the irradiation of ethylene alone under similax
conditions. Thus, with echyleme at 1.8 ppm and X0, at .8 ppm, 1.24 ppo
ef 0y was produced at 3 1/2 hours. Tha €O level was 1.56 ppm at 4
hours. In the chloroform—ethylene system wich 2.21 ppm of ethylene
and 1.28 ppm of NO,, the 0, produced was 1.24 ppm at 3 1/2 hours and

€O is X.5% pp=. : . . ' .

DISCUSSION . .

The products arising from the oxidation of chlorinated ethylenes
are not unexpected when compared to products arising from ethylene
oxidation. The imitial artack on the double ‘b;md is a result fronm
& comhixmation of reactions. These 'im:lude; (1) O-atom reaction

‘arising from the xoz photolysis [Nt)2 + kv = NO +0 (39)], 2)
03 reacrtion from 0 + 02 (M), (3) OE reaction from E\‘Oz phorolysis’
or from an organic free radical decomposition and (4) Hoi' asd Rcz"

reacticnsg,

Products observed can arise from fragzentationm of the chloro-
~ethyleme molecule after attack from omné of the above speciles. " 1f ozone
1s takan for exacple, the fc;llowi.ng set of reactions would occur with:

vinyl <alorida. ' - A

(1) Oy + CECL = CB, ~ H,CO+ 0, CECL

(2)' + HCICO + O,CH,
(3) O,CE, - OH + CHO ".
(%) CED + 0, = EO, +CO

¢s) BWCICO - ECL + CO

() HC1CO + 'Ezo + HCOOH + HCL ‘
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,tha:_produced forgyl chlorids i.e. .

e -
t

Y

: This mechanism is not meant to be complete since a large number
of Teactious can be writtenm with the free radicals .arising from the
phocooxidation. Also, the role of NO* is not shown and many reagtiqﬁs
can be written involving nitrogen containing compounds. Instead, the

above reactions as shown only to suggest how some of the products are

~ produced. The formyl chloride can arise from reaction 2. This pro-

duct bas been observed by its spectra but has not been quantified -
largely because of izs instability. Hisarsune and Heicklea (1973)
bave shown that formyl chloeride gas is ihermally ustable with a half-
life of approximately 20 minutes. They report that the thermal de-
camposirion products are HCL and CO. Both prq#nccs have been observed
in the photooxidation of the chloroeihylenes. The HCl concentration
‘is in every case greater than CO. This obéervation is compatible
with the formation of BCL wia reaction (6). Phosgene that has been
cbserved as a product from the i, i dichlora, the irichloro and tetra-
chlorgethylenes, iﬁ_expec;ed‘to arise from the same type of reaction

(7) 05+ CCl, = CH, + CCL,Q + O,CH, "

+ CCL0, # CEQ - e el

. Hb‘6614 was detected in any of the irradiations invelving the
chloroethylenes. This observation is mot inm agreement with the re-
cent findings of Singh et.al. (1974). These investigators report

6614 forzation from the ﬁﬁotootidaticﬁ of'tgtrachloroethylene and -
suggest that a large fractiomn of the azbient levels of CC].4 cogld arise
from the degradarion of chlorohydrocarbons.

It is interesting to note that most of the irradiations gave rise

. o high concentrations of ozome. A4lsc, as shown in the case of the

chloroforz-ethylene—xox reaction, the quantity of czone produced was
pot significantly differgnt from that preduced from ethylene-NQx
alone, This observation suggest that chlorine atoms are not produced.
If chlorine atoms were preoduced, then the following reactioms would

. lead ro ozone destriuction:

(8) CL¥0, - ClO+0 -

3 2.
9 €10 + 05 +~ CL + 20,
€10) Clo+ CO~ CL+ co, : -
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“*{i This nechanism for ozone-destruction has been proposed for
'&~

“upper atmospheric chemistry (Molina and Rowland 1974). However,
;;x: it 4s possible that a more complete cmechanism for these chamber

‘type conditions, would show no such ozone depletion when applied
to lower atmospheric conditions even in the presence of chiorine

¥ Patoms. .
248 : : :
e This study has shown that most of the chlorinated ethylenes are

}I‘Eof moderate reactivity and are photooxidized to compounds such as
i&fomldehyde, hydrochloric acid, phosgene, formyl chloride, and
*'9 tentatively chlorpagetyl chlor:f.de and a chlorinated peroxyacyl type
tr*‘:.- compound. It Is, therefore, possible that such p:cducts i.e.,
2;‘.# phosgene, formyl chloride aznd hydrogea chloride will be produced in

*& the ambient atzosphere under stagnant meterological conditions arouxd

,,Y? the vicinity of sources emitting these halocarbons. It is doubtful, .
B
B4 hovever, that high concentrations of such products could ‘be observed,
;,,% since these products are usually only a fraction of the original
: ‘;é reactant, which are found at low concentraticms.
e
-
;‘f‘.f. 5 .
T
:;;-‘:.
-
e
g
&
e
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.‘;:v'*%s-&%-




LITERATURE CITED

Altshuller, A.P., Bufalini, J.J., Enviroo. Sci, Technol., 5, 39 (1571).

Bufalini, J.J., Altshuller, A.P., Caa. J. Chen. 43, 2243, (1965).
Byers, D.H., Saltzzan, R.E., J. Am. Indust. Hyg. Assn., 19, 261 (1958).

Garvin, D., Hamptom, R.F., “Chemical Kinatics Data Survey VII, Tables
of Rate and Photochemical Dazra for Modelling of the Stratosphere (Re—
vised)," Natiomal Bureau of Staundards 74-430, Washington, D.C. 1974.

_ Hapst,.P.L., Lefohn, A.S., Gay. B.W., Jr., Applied Spectroscopy, 27,
188 (1973).

HBisatswme, X.C., Heicklen, J., Ceater for Air Enviropment Studies Repor:
Ha. 309—73, Unlversity Park, Pa., (1973).

Full, L.A., Hisatsume, I.C., Heicklen. Julian, Ce1cer for Alr Environment
Studies Report No. 270~72, Universiry Park, Pa., (1972) :

Xopezynski, S.L., Prive Communicarion to .T.J . Bufalini {19683 .

" Forth, M.W., Ross, A.H., Stahman, R.C., J. Air Pollut. Contr. Assz.,
.14, 168 (1964).,

Molina, M.J., Rawland, F.S., Nature, 249, 810 (1974).
Saltzman, B.E., Aval. Chem., ‘26, 1949 (1954), , C e \

Singh, H.3., me, D., Applebg, A., I.ohba.n. 1. Private Communication \
(1974) . . '

Taxiff Cormission Reports, Miscelladeous Cheaicals, Wasnington, b.C. . \
{1969). . —

Tuesday, C.S., "The At:osphé*ic Photooxidation of Trans—-2-Butene and
Nitric Oxide,” in Chemical Reacriocs in the Lower zad Upper Atnosphere, :
Interscience, New York, 19481, p. 1-49, AT

TR P R

Williamsea, D.G., Cvetanovie, R.J., J. Anmer. Chen. Soc. gg;'ésas (1968).

B R

Wilson, D., Ropezynski, S.L., J. Adr Pollut, Conty. Assm., 18, 160 (1968).

1

wom— e b A o

APO0013349



~

Halocarbon

Vinyl Chloride

1, 1-Dichloro~
ethylene

ethylene

Trichloro-
ethylene

Tetrachloro-
ethylene

HC/NO

3.0

2.15

2,66

2.83

"TABLE 1.

4.63

- h.85 °

3.45

5.0

REACTIVITY PARAMETERS FOR CHLOROETHYLENES

> 160
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115 -

- >180

" 0.9

2,20

2,07

’ 2'07

0.07

140 Min. Reactivity

K o/foliC

1cl |

reacted PPL -
34 1.25
83 1,12!
66 2.90°
66 1.45
7.0 0.42

o
Ppm

1.20

0.87
1.75
0.80

0.27

[

None -

0.72

None
0.47

0.12
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