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t. ntroduot

The formation of 'photochemical amog' in polluted atmospheres results from

. the oxidation of hydrocarbon substances in a photochemically initiated reaction

involving oxidea of nitrogen. The oxidation pm&ucts.eharant’eriatic of photo=
chenical smog inolude oxidanta (mainly ozona), aldchydes, CO, organic nitrogen
compounds and nitric acid. The relative importance of the various hydrocarbons
vhich are emitted into the atmi:ayhcrc in produwaing pho’cochemi:ca}. snog in & given
area depends on the rate at which they undergo photo-oxidation. Invoatigators
have drawn up an empirical scale of reactivity which is based on the messurement

of certain rate paramoters for the oxidation of individual hydrocarbons in .

- laboratory experinents, carried out under simulated atmospheric conditiom. The.

paranetera most widely used for comparison ars
(a) the rate of conversion of KO to Noz
AUy ie Tais o4 Lydrucarbun convumpuivn, ana

{c) the rate of ozoue formation

" The following zenaru.l order of reactivity has been estab.ushcd(" ¢ 2)

Internal.. > polysuhstituted > terminal % mono alkyl )parafrinn
olefins benzenes: i olofins benzenes

Tis reactivity oi‘ a given hydrocarﬁon may be ascertained by' comparing measured

values of the abave para.metera with those for other hydrocarbona which have known

Hucentﬂtivu;és conciming the neclm.niam of ﬂte hydrocarbon«}m‘ pacto=
oxidatiom h;vv: :uggeated. that the ma;}or free radical apecies involved in the
initial atiack on the hydrocarbon is the hydrvoxyl radical, OH. There is
accumulating experimental evidence which confirmas this. In particular the rate
of OH reaction with aliphatic-hydrocarbons co.z'responda clogely to the émxiiricany
determined photochwica‘l reactivity for both unsaturated an& saturatoc.l conpounds,
Although a similar correspond.ence is fou;id fo;.' atozic oxygen and ozone reaction

with olefins, the reactivity of 0 and 03 with saturated hydrocarbons is too slow

- . -l -
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to account for tho observed photochenical reactivities of this class of hydrow

carbons.

}
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In order to detormine the photochemical ?eaetivity of vinyl chloride two
series of experimex;ts have been carried out. PFirstly, tho rates of photo-
oxidation of ppwr concentrations of vinyd chlor;.de. ath.;rlono, propylene and ’
trang-2-butene in tho presence of" { ppm NO in ailr were measured and the rates
conpqred. Secondly, the reactivity of these four olefins with hydroxyl radicals
vas measured by a technique recently developed in these laboratories (3) which uaes

the photolysis of gaseous nitrous acid as a source of hydroxyl radicals..

2, Photo-oxidation Experiments . Lo

(a) Procedure
Mixtures containing part-per-million concentrations of olefine and nitrie

oxide in synthetie air vere mada up in a 200 1 flexible bag constructed of 'L'edlar
filn, There was no detectadble adsorption of olefins, NO or NOZ on this material
(10ss rate ¢ 1% he"'). Ozone loss rates woe measurable (~10"' hr 1) dut not
aerious, '.l'h; bag was irradiated by two banks of fluoreacent lanpa which had a
broad spectral intensity in the blue-UV region (300 - 450 nn) with maximun
intensity at 365 nm. Tho Tedlar film is trmpax;ent throuzhout this.re.gi:on. ‘The
light intensity was appr.oximate]y 75% of that of patural sunlight (:oni.th. L=
0°) in this spectral range, as moasured from the rate of photolysis of N0, in
pure nitrogen (k d(!ioz)c‘. 0 27 nin 1) '

Syntheﬁv aix vas: nad- up by int"oducing 50 1 breathing grado oxygen to the
bag and ﬁ.ll:!.nz ter 240 X u:i.th nitrogen (oxygen free grade). The “trace gaaes,
olotins and NO vere added to the Kz stream. during filling. After allowing
ten minutes for thorough mixing, the mixturea were irradiated and the concentra~

- tions of tho olefin, the oxides of nitrogen NO and Noz and the ozone was determined

as a function of time. The relative humidity of the air in the bag was approximately
20 + 3% and the temperature 22 3 2%. -
“'~Annlys:l- of XO and }{02 was carried out using a chemiluminescence NO,. analyser

. .
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(TECO Modal 124). Ozome was moasured om & Nederbragt type .ehnm cheui— ‘
lumincacence ozone detoctor, and the olefins wers measured by gas ehroutogrsphic
‘ uxluah us.‘mg;t flame ionisation doteot;r. The minimum detectable concentrationa

using each of th_eso techniques was of the order of 1 ppd and the pr;ciaion at the

1 ppm devel was better than 4 5%. ‘

¥ateriale: Nitrio ;xide vas taken from a standard mixture containing

118 pm NO iz Ky, Ethylene {99.68), propylena {99%), trana-2-butene (99%) and

viny} chlorids (99.9%) vers taken from 'leoture bottle* cylinders (epg Ltd). KXo
inpurity vas detected either by gas ehmmtographic or infre~red apectroscopic

mmu of the vinyl chloride.

(b) Results

a; Photo-oxidation of vinyl chloride in the presence of NO

Fige 1 shows thoe concentration tims curves for the reaction of ;
2.21 ppa 02831::1 with 0,970 ppa NO \;ndor continucus irradiatfion. A typiedl, -
though rather slow, ‘photochemical smog' type reaction is observed; after

a short induotion period, oxidation of NO to N0, commences with accompanying
- consumption of the vinyl chlqz"ide and aa the NO is depleted, the concentra-
" tion of ozons rises. Evon after siz.houfsvirradi'ation. oxida\:i-.ou.ot :)to was
inconplete and only 26% of the vinyl chloride had been consumeds After
prolonged irradiation (22 hours), 79% of the vinyl chloride had been '
* oonsumed and the ozons concentration had increased to 0,60 ppm, Tﬁu,

significant ozone coneeutrationa result from the photo-oxidation of vinyl

S S -

chloride 1& u!.:e b\lt- on];r after a long period of irradiation.

B. ari. on of toa of photo—oxidat f vinyl chloride wit}
t hzdmcarbona . .

Simtlar experiments to those described above were carried out for
’ sthylens, propylene end trans-2-butene with initial concentrations of )
2,36, 1.67, 2.10 ppa respectively. _Initial NO concentratione wore 1,02,

-3 -

~ AP00018361



- 0:81, 0.97 pra respectively. Fig. 2 shows the concentration time curves

for removal of NO and the olefins. Clearly ‘the reactivities of trans-2-butene
and propylene are much higher than that of vinyl chloride vhich is
similar Yo ethylene. The absence of a noti.ceablo. induction poriod for )
NO pxidation with propylene arises from the presence of a higher initial
concentration of ﬁoz in this experiment { (xoz)o = 0.10 ppm for C,H, compared
vith £ 0.03 for the other hydrocarbons}. The eame order of reactivity is
also evident from the plots for osone fl;mation shown in Pig. 3.

A quantitative comparison of the photochemical reactivity can be made
on the bdasis of a numbex; of parameters. For the preaent diacussion we will
conaider tha‘ follovwing:—~ _ ’ .

(1) Tho average rate of NO oxidation to 50% NO consumption

(B) The amount of reactant consumed after & given time (4 hours) ¢

{¢) The maximum.rate of ozone formation , .

- a—

{D) The finel ozons concentration after ezsentially complete oxidation

of N0.

The numerical valuea t'o;- theae peram*orn, ostim:tod from tho ecucentmtion

tine eu.rveu are giren in frablc I. . .

On the basis of parameter A, the rasctiv:lty of vinyl chloride is rather
close to that of ethylene but in terma of hydrocarbon reaction rate (B)
vinyl cbloride oxidation is significantly slower. Both compounda are

conaiderably leso roacti.vo than propyleae and trans-Z-bnteno.- For sll four
subatanuéthi ﬁna.'l. ozone concentration wan approm;toly the game, ghowing

R W Y = ol

" that the chlorinated Ivddomrbon, vinyl chloride, can potentially produce

. Je

()

as much ozone as the ‘reactive' olefina buf only after a much longer reaction

time, ' . ; . : .
Bydroxyl Radical Attack on Vinyl Chloride ’
roceduy V ' *

" Hixtures containing As7 ppm gaseous nitrous acid together with approximately

. . -4 -
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0.7 ppmr each of KO anﬁ-'}iaz} diJuted in a N,-0, mixture (2:1) were made up in
the Tedlar bag. The mixture was drawn from this reservoir at a comstant flow
rate through a 27 cu’ eylindrical photolysis ceil irradiated with 330 = 380 nm
1ight from a mercury arc source. The concentrations of NO, NO, ;.nd ENO, at the *
inlet end outlet of ths cell were messured and the rates of fomation of HO and
¥ (Ryo and 'RN;,Z) in tue photolysts deternined. Successive aliquots of
* winyl chloride (or ather olefins) were then added to the mixture and the effect
of increaaing olefin concer;tration on km and RNOZ d'etami.ned‘. The maximum
extent of photolyeis of ENO, was approximately 4%.

 {v) Results
¥ig. 4 shows the offsoct of added vinyl chloride on the rates of HO.‘HO‘Z and

total NO + noz formation in the photolysin of moé. The rates are nornalised to
unit HNO, concentration. It will ba seen that the addition of increasing undﬁn’@m

L]

of vinyl chloride leads to a fall in the rate of KO formation, an increase :Ln*
' the rate of NO,_ formation and a less pronounced decrease in the total rate

Similar offects were uieo obtained for the hydrocarbons othylena.

q-‘:‘

R0 -+ w0,°
prop;rlen- and trana-z-buteno.

The mechanistic interpretation of the results in Fig. 4 is complex and
a:xbdeot ¢o considerable uncertainty. }Iow‘ve::, on the basia of the toilowing

sixplified s.chent, the data can give an estimate of the relative reactivity of
- o .
the added twdrocarbm witlt OH. '

Y -

In the -.bsence of addz.tivo the photolysis or BNO, precaeds by

Py """—:" - R .
-

_Fe.. JHNO, = OH 4 NO . (1)
OH 4 ENO, = H,0 + KO, \ O

'ﬁhua' equal ratea of KO and NOZ formation are expascted in the photolysis. The alightly
‘lower rate of Hoz formation with zero 0211301 shown in Fig. 4 is due {c ihe side
reaction of N02 with OH to give mios which was not measured. VWhen a compound, R, ia

present which reacts with OH radicals, reaction (3) thon competes with reaction (2), eg

cr -5~ ' . ‘
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" known rate cmtunt ror i:ho reaction of OH with co. valuen of k, of 3.4 x 10

A + R & free radical product ¥ - (3)

) Tha frea radical product from {3} reacts with molecular oxygen which is present
"4n groat excoes to yleld @ poroxy radfcal which can oxidise NO to No,

(P}6, « No - Mo, + (£)0

Some of the (P)8 radicals may then be lost by recombination or undergo further .

 Teactions leading to the formation of NO,. Soma of the ('r)éz radicals may aleo

be lost by recombination. The radical loss procesges &re reflected in the decline

in the total rate Ry, oo vith increasing additive (Fig. 4). In the simple

cage of R = 00, then (P)Gz end (P)4 arse HO, and OH respectively and it has been

. choun(” that the above mechanism fita the observations for the photolysis of

m«oa-ca pixtures, Purthermore, the relative rate conastants for OX reaction can

be obtained from a plot of the equations

] o | (no+n02) k] s fR]
T =80 + ¥0,) sz“’T kz (]

vhere ANO and A(HO + N0 ) represmt the diffeorences betveen the RHO/ HNOz'J and

RHO + KOy / [imz] val ues mapectively in the absence and presence of additive, ﬂ1

is the disscciation rste of HNO7, k, and k5 ars the rate conatanta for reactiopa

“and (3) respectively*and [W0,] = [NO + XO, + HNO,]. Fig. 5 -shovs a plot of the

data for vinyl chloride, CH,s Oxfs and tuC B 2 accordinc to equation (i), The
slopes of tha plots give a measure of the ratio k,/kz, 1,0, the relative

that found in tha photo-ox:ldn‘l:ion. experiments.

By using the value of k, previously doterninea(3); relative to tne weld
ol -12

5.6 x 10°% 11 ca? molecule™ &1 unite are dertved for C,B, and €01
reapectively from the adove slopes. Recent determinations of the absolute value
of the rate constant for the reaction ot OH with ethylene all lie in thc region

123

o 4(4)
‘of 3 x10° molecule ! 8 ‘ « The apparently higher value obtained in the

. Present analysis almost certainly arises bocause more than one NO molecule is

oxidised in the reactiona foliowxng tho attack of OH on czn 4" A compar;aon of

(2)

" reactivity of the hydrocarbons with OH. The oxder of reactivity is the same aa _

and

.’kﬂ 18 A "LHMN0AR wata fancioat ——lPV ., Aw matF, .U . & . . m rE.... & A

-~
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. the lc3 values indicates & stoichiometry facter of about 3. The stoichiometry
factor for vinyl chloride i{s unknown and therefore the rate conastant valug -
obtained can only be regarded as an upper limit. By analogy with ethylens
the true value is probably & factor of 2 = 3 lower than the value given.

4. Comparison of Reactivity Data with Other Investirators '

Table IT shows a comparison of the relative resctivities of the substances
under consideration with those obtained by other inveatigators whioh
have been summarised by Altshuller and Bufalini_(u » Tho OR reactivity data a;c
conpared with those of Horrie and Nui(®, e ‘

Theres is reyonably good esgreanment between the felativo reactiviti-os of the
various substances baaed on A, the rate of KO oxidation and B, the 'cc;naumption
of reactant, The differences whioch are observed can probably be attributed .t'

to the different expardmental Cond.:l.t:l.ons snd measurement methodsa used in thaﬁ-

s

verious investigations. A close correspondanee between rblative reactivity
;‘.oward CH and reactivity. in thp photochemical oxidation aystem ia

also evident. This correspondence has alasc been noted by Morris and

Niki on'the basis'of their OF: reaction’ measurements, with which the present’
estimates show gooni agreement considering the up-csrtainty in the stoic‘h:l.on;etry
o mentioned above. It is alse of interest to note that tho reactivity ot

trjchlorethylena is ‘similar to that of vinyl chloride and sthylene.

s, Products of Vinyl ghloride Photo-oxidation

In thl- praaont ntudy—no investigation of tha produota of the phnto—oxidntion
i of v.lnyl chlor.id& hnw been made. The nature of the expected Rajor products may
be deduced by analogy witb. ethylenoe for which the ma:!or products ara formaldehyde,
€O and CO,. Thus ‘fission of the C-C bond occurs in the oxidation reaction, and
in a@dition to the other three producta observed for 0234. viny} chloride would be
expocted to yield formyl chloride. Although formyl chloride has apparentiy never _

been isclated as a stable compound, it may be stable at very low concentrations

-
*

-T-
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im air. Formelly it decomposes to ECL and CO which vill undergo further
oxidation only _llnv]'y in the photochemical systenm. ) .-
6. me:rritatiog. ’ | . ‘

_While there is a strong correlation detween the various chemicsl parameters
used to chn.racter:!.u the roactivi’cy of hydrocarbons in tha photochomical system,
no such corrslation exists with the eye irritation mde:(a) « Thins 1s no doubt
duo to the widely differing lachrymatory effacts of the products fomod..fm Quite
similar starting materials, In the absencae of experimental dats,' any attempt
to assess the eye irritation index for vinyl chloride must therefore be largely
speculative. _ | _ . ‘ : . -

The only chlorinate;l compound for which the eye irritation index has been
reported is trichloro-ett\vlens(” and there ia uwnfortunately some conflict betwean
two separate investigations. '!richloro—ethy!ene lies between propylene and _
ethylene in photochemical rémctivity and gives an eye-irritation index reporté to
bs either somevhat greater than pmpylena(S) or somewhat less than ethylena(s).
Taking the more pessimistic value, fhought to be more realiastic because of the

. possible formation of the strongly lachrymatory compounds phosgene é.nd formyl
chloz-;ldc {the la.tter also being & potcntial product of vﬂwl chlorlds). anad

tnlu.ng into account the somewhgt lower photo-reactivity o:!' vinyl chlor.lde obaerved
in ths present investigation, then the data suggests that the eye-irritation index
- tor vinyl chloride ehould ‘bo similsr $o that for promrlene. Heuss and Glasson(z)

and 1,3—mtad£m mpccﬂvou, togather wi.th those for many other hydrocarbons.
The cyu-imtation wasz aaaessad by & panel arter 4 mins, exposurc os:  none,
1ight, moderate or mevere and assigned numerical values ¢f 0, 1, 2 and 3
. respectively. It should bc; pointed out; however, that .;tmosphor.tc measuraments
of eye irritants are almost an order of magnitude lower than ladoratory concentra=-
tione resulting in equal eye-irr:ltation. according te Schuck and Doyle('n and

thoro is much uncertainty surrounding the subject, ’ .

‘. - -8-_
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7. Conclusienm :
The resulfs diacussed above show that

‘s (a) Vinyl chloride undergoes photo-oxidation in a similar manner to other
- hydm'cub;m compounds when C5H,C1-FO-air niztures are exposed to UV .'
rediation of wavelength and intensity similar to that of solar radiation
near the esarth's smurface. . ) )
‘(b) Tha photochemical reactiv;lty.or vinyl chloride, u measured from a
nunber of rate pnramofnra in tho photo-oxidation .reaation and also from
~dte reactivity toward OH rsd:lcals_, is sinilar ;:o or slizhtly leas than
_ ethylene. Vinyl chloride ia, therefore, only a moderately reactive
precursor to phofochemical £uog being less reactive than propylens _
end higher oieﬁnn, but more reactive than ths normal paraffins, __
() The rate constant i“or the reaction of OX with vinyl chloride has m
wovez 1init of 5.6 x 10712 ca’ molecule™ . &~! at 300%. The trus
value 1s probdably a fa;utor of 2 = ¥ lowey than this. -

CRIN A e e . bl i wwme gt ceas Top Foe o wmemeg sNes se o L Bee (e o vl Rlee s e
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TABLE I
Rate par;etcrs Ig‘ghotb-oz'ida'cion of viny) chloride and some hydrocsrbons
. A B ) ¢ D -
Reactant - 4 [(nol/as % reactant (a[o)at)pax final [0,]
. 2 consumed : 2 37
{pim/min x 10°) | after 4 hours | (ppo/min x 10°%) (pm)
Vinyl Chloride 0.51 i3 yo.o17? 0.60
. (1300 min)ws
) (1300 min)
Pr;)pylena 1.40 83 (13)» ' 0.58 0.66
: (240 min)
Trans-2-butens 3.0 »100 (75)* 395 0.7%
“u ) . (80 min)
® hydrocarbon consumed after 30 minutes ‘_
/ waximum rate no% achieved during reaction time used
" én fihe At whiél-z_'f:l_flia.i"osono: concentration measured. . —'f' :
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Fig. 1 Concentration time curves for tho photomoxidation of vinyl chloride in the
- prosance of 0.
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« 3 Quzens formation during the phote=oxidation of hydraearbons and vinyl chlorid
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Fig. 4 The effect of s.ed vinyl chloride om the phote imaciation of nitrous l
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acid. The plat shovs the ratoes of formation of NO and NOp (RRO and RNO
and the total rate Ryo.No,» expressad per unit HNOp concentration as &
function of the concontration ratie [(.‘28301]/ [m:oz].

. Revef [n&oz] .'(‘sc::"mu’-) |
\D

2

\D Ro +Nog )
\

e = 16 -

AP00018374



SL£81000dV

-’

.

., . [‘onj V
o /191

90

_L“.

64 FUTPIOOOT OOATIXTW UTFOLO~CORE JO vFolrozoud oy3 w=o

. : Con+ondy - I8

(Con+oN 74 ONgy

*(3x33 eos) (7) uoyjunbe

-~

\.

<> TITP 03TI OY3 JO 30Td & ‘7L

L]




\

VINYE CHE GRIDR OF FAKE OF MOE L HON (244

"

A
Lo
o,

The “"m«wv;w'tﬂv.

Miller, B. G. VIGS. Simultuneous stutisticol flcrence, Toronto: McGrawtill,

Suhaumenn, O, 1734, Alsurptio, file and exceeitans of viayl chivride. Med, Ehem. (Lewrkasen, Ll
Gen) Z130-141. RS
Tharmvasy & 0., Papeer, it., dark, P, O., Sclikotf, 1. . and Falk, it 1975, Vinyl chiocide induced "f"'-‘
liver discase. M. Lyl J, Med. 202:171-22, . [
Jianw, N. 1L and Catlessn, . V. 1972 Lecluses on the analysis and interpretation of cell designs - ]
with unequad cell freq ics, College of Education, University of Pittsburgh, Penasylvanis, "
vat Eschy, G. J. and win Logtem, M. J. 1975, Vinyl chioride: A report af 3 European assessment. A
Food Cusmet. Toxicol 13:121-13% :‘ P
Viola, P. Z., Bigotti, A. and Capulo, A. 1971, Qacagenic cesponse of rak ykim, lungs and bones to KO
vinyt chloride. Cancer Res. 31:516-822. ERNRRE |
Wagner, §. G. 1971, Biopharmoceutics and Relevent Pharmecokinelics, chap. 23. Hamiltom, itiinaisz T e
Drug inteiligence Pubtications. . ’ 3
Williams, D. T. and Miks, W. F. 1974, CGasliquid chromatographie determination of vinyl chiotide LI
in aleoholic beverages, vegetable ails and vinegark [, Assoe. Offic. Anvl. Chemr, 58:272-215. srte
Withey, R. . 1976, The pharmacodynamics and uptake of vinyl chiorlde manamer administered by e
varlous roules ta rats. /. Toxicol Envirom. Health 1:381-394. """"'"_"
Received Aprit 26, 1978 .
Accepted iy 14, 1376 "
Sy .
- * - "
< .
oy
? : ¢
- &, .
T ?.
- 3
- -~ ‘=
o
a

- -
PN 4
° -

" a———
v

=

W

ok

B e SR LT S AR W A

G
<
X
. o
FIR PR
I
- L
§
- ¥
pEsE el . ey - Ly DT R A DR R A of
- e W e R L R R i o R T B R AL oy '
- o —
. . . - . - . . . R
j ) R T —— e e —

AP00018376



| _ MANUFACTURING CHEMISTS ASSOCIATION

1825 CONNECTICUT AVENLE, NNW. WASHINGTON, .G, ?060& (2025 483-G120

ol
sLLIVED
ngsmcu & DEVELOPMEN®

: | | - APR 28 1977
‘ April 26, 1977 W. M. SMITH

TO: vinyl Chloride Techinical Panel

SUBJECT: A Statistical Assessment of the Quant.itative Uptake
of Vinyl Chloride Monomer from Aqueous Solution

Gentlemen:
Beé'ause of its relevancy. to research currently in prog- '

regss the attached subject paper is being made available to alla;“.'
Panel members.
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« T. Seawell

Project Manager
Vinyl Chloride Research
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