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Vendeil L. Diliing,%*" mucy 3. Tefertiller, 3 and Corvia J. Iedeweg’

Chenicals Meseareh, Dow Dnterdiscipiime Growp, and Chemicels laboretory,
e Dov Chemical Company, sidland, Michigan b86MO .

In order %0 estimate the resctivity of shlorimated solveata in the
m,mmmmmammnma
MMMMmm.meﬁeMﬂm.

23 other ergeale OaWFouads uader simulate) atmospberic conditions. Most
resations included nitric exide or aitrogea dioxide, and vater vaper in the
alr) Qe rates of disappearance of the crgasic campounds wWaro measursd.
Yader :immlatod sea level atmospheric comditicns (A > 890 mm}, viaylidems ehloride,
S48~ eat \niag-diehlorcethylese, trichlovosthylens, and vizyl ohloride vere
noterately roastive vhen ocmpared with the resctivity of a seriec of cissdard
Wérooartcns. Chlorchensese, mmm, and 1,),2-trichlorosthane
!;mm: (Bimunm)

Care 10 (Dilliag ot al., 1970e).

Ynentoals Mesearen.

“to vhem corrospondence chould be addressed.




bad & low reactiviwy. mmﬁl.ﬂhﬁmtﬁﬁﬁii
acnreactive under sea level conditions, bdut were rapidly decomposed under
eimulated high altitude cenditions (\ 854 mm prineipally).




', dhe fate and effect of chlorinited selvents vhich may be diseharged bo
the anviremest (Wirrey and Rilay, 1973a) Marrey and Miey, 19730 Purber, 1973)
are importent from an ecologicel standpoint. In the pressding Japer (Dilliag
ot Al., 197ha) we shoved that the major porticns of saveral chlorinated solveats
evaporatod relatively rapidly from dilute squecus solutions under simulated
Maﬂi&m. Ve therefore undertock & atudy of the resctivity of
several of the mere important chlorinated solvests in use today, methyleas
chlaride (%@!‘), 1,1,)-trishioroethane (GI’WI.:), richlorce thyiene (@WI.).
and tetrechlorcethylsne (ee:.-ecz.).name several other related chlorimated
coxpounds uader simulated atmespheric comditions.

To the West of ouwr knowladge no studies have besn reported cn the phote-
resctivity (rate dﬁw)ﬁ%@*ﬂ%ﬁ%““ﬂ
ataocspharic conditions. Nowever “NMM(MWMW.
M)&tMNRMMMMMMﬂ{M
Mﬂﬂnﬂfﬁhmﬂo‘hm&wd%&.eﬂﬂ’ﬁl’mhm
in other chemiocal studies on these ompounds. lAquid CRCly ves unresctive Wward
OXygaR &ven at Semperatures up %0 W0° (Carlisle and lovine, 193). G,Wl.,
12 the liquid phase was very resistant to oxidation with cxygea under relatively
nild conditions (Archer, 1970), bus 4id resct under high pressure (Young, 19%8).
mmmmurumzmmmummdasmhum
vapor phase vas mush lover than was the quantum yield for the photoomidaticn of
Celg=cCl, (Bertrend ot sl., 1ST1).

GMEWMMNM(&G%MQ&MMW
simulated ctmospherie conditione than on the other chlorimated solveats
considerad in this paper. 7There is Tecscnadly good agreement on the effect af
m&hﬂnlﬂmwh. Beoed on other ariteria the agreemsnt is not

TLL BT




& goof. In geserel CNTLeOOly 10 of Latermediate resstivity vies compered |
vith other coumcn atwospberic contemisants (Schuck aad Doyle, 1999 Mmmisg, -
1967; Wilaen ot al., 1969e; Altehuller and Dufalini, 1971). The date vere vavisbdle
oad casily affectsd vy changes ia axporimentel ecoditicns (Masming, 1967; Wilsem
oS al., 1965a; Wilsem et al., 19650). The rates of formatiocn of amog componemts
ool their mximm chserved scmosatrations fell raptdly s the CNOLeCOL tdtrie
cxtde (NO) ratio dearessed; at retics 1080 than one, the photoresctivity of
CNCA=001, was oompletely’ ishibited (Wilsom et al., 19650 Wilscm, 1969). AS amy fixed
wwx‘mnmﬁ-mﬁuvemw:,m“mmmnm
nuuwmwmm:,unmumummn
(Wilsem, 1969).

CIC1=00l, was moderetely reactive under simulated atmespheriu comditicns
a8 Juiged Wy 1% rate of disappearance (Bchuck and Doyle, 1999; Wilsem, 1969; Wilsea
o4 al., 19650) Wilaon et al., 19650; Altshullar end BDufeiiai, 1971). It was
lass reactive than proprlane (n-a-a.) (Schuck and Dayls, 1999; Wilson et al.,
1969s) . but there vas disagresmsat ‘comoerning its reactivity relative %o the
shandard coupound ethylene (CHy=CH,). Scme vorkers fousd CMCLCCY, disapweared
BOre Slovly than Ry =CR, (Wilacm, 1969; Wilson et al., 1969%; Wilsca et al., 1969¢)
vhila otbecs found ORGLeCOly reacted ncre rapidly than CR =GN, (Schuck sad Deyls,
19%) umn.u Nfalint, 1971). The effect of several other variadles
nmnu«mgm:‘nnmam. Thess varisdles
inolude CHOLaCCL, N0 retic aad Sheir absolute comoeatraticas, asd replacemest
of FO vith aitrogen dioxide (NO,) (Wilsen et al., 19690).

In general ocx.-ocx‘ hé & relatively lovw reastivity under sirulated
atmospheric occoditions (Schuck snd Doyls, i9%9; Mamming, 1967) Altabuller and
Dufalind, 19{1).
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254 QRaTatien, e reactor (9.98 liters) is showy in Pigure L. All msterials
18 the resctor ¢ vhich the reastics mixtuse was axposed vere construsted of
glass, quarts or Nfloaexesht for twe silieceme rvlber gasheta for 20als at the
end:. The reastor and Light souress were eaclosed {n & vesdez dax 60 tat there
vould be little axposure of the wmiraviclet light %o %he chenist and fwr
mmhmdwuewmﬁﬁmm

The resstor teaporature (26-08°) was oantrolled by & ecnstant Seugereture

bath viich circulated water through the jaaked surrounding thes reacier as well
&8 through the 2 inch cylinders attacied to the eads of the reactor. The eooling
vater in the aylinders at the eads vas necessary ¢ remcve the heat frca e

sunlamps.
In order %0 contisuelly cirvulate the contests vithia the reactor, aa iaterssl, HEE

leak-proof and inert cireulatice aystem was dosigeed. OStirrers (Pigure 8) ‘-

vere used; they were constructed fraa wvated glasses, Teflen dlades and dar

magne’s, and vere rotated v externsl magnetic stirrers. e effectivensss of

these stirrers vas dencastreted by the addition of & sample of ayslchamre

(@=Cglyy) %o the resstor. lniform mixing cccurred iz 1ees than cae wimwie

vit2 the stirrers on,while it tock over 14 mimutes with the etirrers off (Tabls I).

See below for reactor loadiag and sampling techaiques. ,

*
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Figure 8., Stirring Devices For Mictochenical Measter
AP Pgrngigng
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Table I. Effootivensss of Air Cireulatios

Witk lt&mnu

Vith stirrers off




. The witraviolet light sourses vers two Generel Elestrie 279 wats
reflector sualampe (Xoller, 196%:) whose akert vaveiesgth cut off was 290 ma
o8 detarmined wvith an Interuaticoal light Ino. ILSOO Medearch Maotometer and
nmwmuumm umnmmumum
mmamtewnﬁnmum(hm 19658). These
langs were used sinse to IMPMMM*W
(Riaksic et al., 1%44; Koller, %)Am casily maintained; the cutput ia the
umommumuwmtemuumwuumm
convenient for use vith our resctor. A Osasral Blectriec ulireviclet meter,

model S0WOYLT, wus used %o capare the ultraviclet Light outpus of the tua
vith thut - frem the sualamps. Figwre 3 shows Whe ultraviolet Light
cutput of twe sunlaups. The date were cbtained by lsaving cne ead of the
reastior opea vhile Whe lamp and eccoling jacket at the other end were in oparation.
mnmnmwmmwmmummmnmm

distances from tho lampy. The process vas rpeated with the second
lamp 1n place of the £iret cee. The upper curve in Figure 3 4s the ccublned
intensity of both laps. An eversge of ~90 B-vitcas/m’ 1s estimated. e
intensity of maturel sunlight ot noom cna summer day in Frespord, Temas, vas
39 Bovitons/en’. Thus, the ultraviolet Light intensity withis the resctor varisd
from about @ %0 b tines that of mettral sunlight; the estivated aversge is
~2.6 times. This higher iatensity does not affect our ocemelusicns %0 asy
sigaificant extent since all the rescticn retes were compared ia o volative

1 memmer. IV should be noted What the contents vithis the roecter received
approximately o times mere ultravicled rediatics than 1f ibese sams coatents
vere %0 conigy u aimilar volume 4i® spece bdetweea the lomps if the resctor were
20t thare, piwwnmmmmmmumm

0000




Distanee in inshes from meter 1 lamp §

12 ¢ 20 M4 2
Distance in inshes from meser 1o lamp A

. violat t intensity inside resctor; intensity from
m !3!::.‘ (--1‘5; mgtmh-i(—--—):m
intensity from lempe A and B (e ),




© ‘wultiple reflections vithin $he rescter vells, 81ace the svalangs gredually
am,wmmm. To dctermine vhen this was
nevessary, & séries of standard materisls were pevicdlsclly run and daagaved.
A constant voltage twansformer was usad 0 stabilise the output from the
sunlasps, here should be essemtially 2o 1088 of ultraviolat light frem the
sualanp vhich yasses Whrcugh & inshes of dlstilled water and Wwe thicknesses
(3/16 snd 3/8 1neh) of 101 quarts (Rollar, 196%).

The reacter leak rete or rete of loas of contents Shrowgh glase wall
wsorptiens, absorption ia the Tefiea, or psrmeation through the silicems
rubber gaskets vas minimal, 900 low to determine. The less of suaple tarough
W'mmwugomﬁﬁmzmumﬂm.
It 48 estimated that there was less than 55 less ia an 8 hr rwa, azd certainly
oot greater than 10% in a £ hr rua.

e reactor vas oleaned By evacuating 40 ~0. ¢ mm for es hir or more. e
cleanliness of the reacter was pericdicaliy checked by filling with pure eir
04 analysing the air Wy g0 for any residual solvest or Luguritiss. Mo
evidence of comteminzant buildwp ves found duriag Wais week.

ARlisc Rekiicus Al Maluant: The rete of solveat disegpearsnce ia
the reactor vas determined with o hydregen flame lomisaticn gas ohremstograph
(P 5790). Imitdally, 1 oo senples vere Femoved with & ayringe frem the sanple
port vhich ves stoypered vith & servm sep. These shaples vere thea transferred
khm“tm.ﬁwlmu.hwmnwmw*,
Posk height or by pesk aree vith an Infotreales CM-100 Blestronic Integrator
which vas comnected to a Teletype Priater. All-glass hypederuic ayriages, ladeled
3-0 Yals, vere used. later; an sutcmatic sampling devize was incorporeted iate
the analysis., This device gave exeellent raprofucidility vhil: the ayriage

1]
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Mmmmmﬁcmmmlmmmueﬁ
ﬁi‘hﬁﬁneﬂnhmﬁﬂm A mall ddaphregn pump .
(Universal Bleotric Co., Model 13-005) wad weed to eiroulate the reactor
cantents through o Declman gas sampling velwe, ALl wdiag detwesa \he rescter,
PP and sampling valve ves stainless steel (88) 0.0hS inck ID with a capecity
of ~0.3 ea/fs. A four-way Asco colemeid valve (Model 83NSA) was used %o
change the valve positicas on the gas seapling valve. Al) of e cperations
eﬂ.ﬁﬂﬂﬁﬁn%&lhnm@ﬁklmw'imm
tining device,

T™he go conditions were as follows: lim flov through colwmn, ~49
oc/uimute (83 pei); hydrogen flov at the flame heed, ~10 oo/minute (b pai);
tﬁﬂucﬁﬁnﬂulﬂd,%u/ﬁnﬁ(”m);mmmm,
200%; injection port tempsruture, usually near the column Serperature; columa

temperature, wriadls but usually less thaa 19%0°. ALl apalyses were carried

mmmmmammmwmumw
vere . -imvestigated together. The coluans used were a 18 £4 x 1/8 inoh 68
packed with Foropak Q,.7 28 x 1/8 inch 88 packed with 208 Ordnite, and 6 £4 &
1/8 inch 88 packed vith 108 UC-W98 {silicone rubber). Table IT shows the relative
resposse of various chlorinatad ccmpounds along vith same kydrocerbons. The
lover Limits of detectability for most of thess materials were not determined,
muwmmp&huo.xuxmums. | '
saudibility of the additicn of materials o & ccnstant
volume of air and the Liasarity of the analytical method,liquid gis-CHCleOWCL
vas sdded in izerementsl voluras from ¢ ot Eiorelitar syaiuge %o 10 liters of
altrogen 1n & Sarac® vag, After sach solveas additicr, the air vas analysed by
. The fellowing éate were cbtained (volums of gip-ONCLeONCL added and gs peek
Belght given)t 0.15 11, 1hid whiW{'0.30 Ui (~10 Jpm)i 3.5 uaita) 0.60 1,




Kropak Q
Viayl chloride (%-GM) Orinl%e

“fc%gx.s Ordnite us A

ﬂmmsn vc-w98 (V1] 2.5

N
«CHOL=CN01 ) Orinite 619 5.8
CNCL4002y

Area
19
3
97

Orinite . A3 g.3
ool =cCl, Orinite ke 2.3
ORy00Ly w-=wyl (- 1] 3.3

~2=Butens
MeCRaCliMe ) Orinite b0

980

®Saxple sise was 1 oo and cll areas were based on a sensitivity of
1 x b vith 3 compound concentration of 10 pgm in air,




60.8 units; 0.90 ul, 86.3 uxits. In anotier experisent, 0.29 ul gig-CMCLeCEOL .
vas added to the reastor (9.8 Liters) and go enslysis gave & peak beight of
31.79 unite. The exoelleat agreement between the resctor asd tbe Sarad® beg
indlcated that thers vere no peeuliar vall affects or adsorpiicn effects vith
sither comtainer. |

Katarials, '1tre high purity eir (synthetio, 208 G, 80F §) obtained
fron Mathescn showed no impurities by ge. mmqmmnmmm
used aa regeived. Water was redistilled. ORCly (wminhidited) vas redistilled,
Sod the oenter cut ves used. OX,001, (uaishidited) was redistilled, aod tbe
ceater ous, bp Th*, was used, ONOLeCOl, (MI-TRI®) which contained 20 ppm ditscproyl
RiDe was uded withoud purification unless othervise stated. ocx,-cellm
redistilled, gig-CNCI=CHCL from Matheson was redistillsd to give & center ous,

bp %8-60°. $raRg~ONCI=CHOL from Bastman ves redistilled to give s ceater out,
bp U8°. CHyeCR, frem Mathescn and research grede Srang-#¢PMChis from Rilllipe
Rtroleus wvere wsed ac received, 1-Cglyo Va8 redistillad, Other materials
vere either redistilled or shown to be pure by ge.

) 1 Batelya After the Meactor wes evacuated % 0.8-0.5
M for an hour of more, 7.9 ul of NO, ieken from an exit tube of a cylirder
ut&.m.mmnmzmmvnhthaﬂm-ﬂeategwnﬁnl
m\nﬁads.m. The i was added at this polat to pruvent the premature
mmgeruann.cmmumuwmma"gm'mmﬁm
of O in alr. Wnile ths rescter was still under vecuu, 9% ul of Alstillsd
vater wvas added ind evaporated with & heat gun from cutside the chamber to give
o relative humidity of 35-b0f. Pure eir-was then added from s Sarer® vag 1o the
reactor until the pressure inside tbe chamber ves squalised with atmospherie
presaure, m.o.yuxammmuumru-nm
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"Mﬁm(wgﬁmum#m)wawn
codseatration of 10 e (a1l ecmocnirations on & moler or gas velme bests).
ammg,awnumtmmmwm.wmm
frem the ead of the syringe needls ia less thas oma minute, The reactor tewpereture
ves miztained ot 26-86° throughout the resctizm. Constant volume samples
(la}mmMWumnyum(ﬁummmamh
O minutes, 85 units; 17,78 3%, 75.9) 51, 70; 68, 66.3; 83, 61; am, 57.9; 19,
53.5; 136, %0; 193, b9 170, b6} 187, Mh; 204, ha; 881, h0; 238, b0; 839, 3T;
¥72, 35) 889, 3:.3) 06, 33. e half life of the CNCLeOCL, Was thus 3.3 hr,
am&wmm,mhmmw-.mmumm
hmammlm&-mmirmmd. e reate of osapound
é&ﬂm&ﬁn&mtﬁamﬁﬁﬁ“ﬁmﬁrﬁaﬁm&m
i peek height (most of the peaks vere highly symmetrical) or reducticn in
poak area. a.muu-u«ummmemeﬁucuau
(mwmamem:m&)mmagmdmnuuﬁv
of the compound. The 6-8 heurs sectics tims 1s equivalent %0 2-3 days of intense
Bocu-time sun for 6 hr sch day. The chlorinated solvent concemtratice vae
mmmnmmumuammnmw
the run. '
mqmummmmamn-mmmmt
dascrided for NO adove, the dlmersstica equilidrium was takea X0 ‘scoount for
purposes of eeleulaiing the correct velume of gas at atmoepheric preseure,
Scae of the reactions were run in duplicate or more. Average valuse
ere given s Whe Wables) duplicate velues chtained withia several veeks geaerally
agreed vithin ~108 of each other. e variavion in compound half-lives ameng
the differeat tables 1s prodebly dus %o variatiens 1n lighi ixtensity inside the
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readtor. The resctivities listed withia a given tedlo are consisssnt within - & -
Shat table. '

The photo reactor used in this vork was designed to ninimise the poggidbility
of leakage over percids of several wesks. Consequently, there were saly two
non-glass seals, & 4 me Teflon stopoock noar one end and a oaPpillary tudbing
sample port wvhich vas sealed with a silicome rubber septum near the other end,
The reactor was & flat-snded pyrex cylindes similar in shaps and sise to the
one shown in Pigure 1; the volume was 11.6 Liters. At each end was poaitioned
the same type of sunlemp descrided above. idway detveca esch land and the end
of the resctor (16 am) was a 3/8 inch thick quarts plate to reduce the warming
of the photoreactor by the sunlampe; the reactor did not have a water jJackes.
The ends of the reactor were furtisr cocled by foreed alr vhich had Leen passed
over & ¢old vater cooling coli. The catire system was placed in a hood to maintain
adequate air flow to dissipate the heat. 7he tempereture waa measured dy &
tharmooouple taped to tha ~utside of the reactor nsar the ceantsr of the aylinder.
e hood in vhich the agparatus was placed was covered by black cloth to
aliminate the possidility of eye injury from tha ultraviolet rediation.

e simulated atmospheore used in the photoreactions was cbtained by
sremixing, in the desired proportions, & 4ry air stream vith an air stream
utmmutnmmmmmnhuamtermﬂ. ™he gas streans
vere sonitored by flowmeters (Diling and Tefertiller, 197:) and the photo reactor
vas flushed with the gas mixture for a period of tims caloulated to replace 99.9%
of the ambient air in the photorasetor (Dilling et al., 1974b). A sample of
the a8 mixture Vs then romoved and asalysed for N, uwing & wodified Saltmen
(19%) procedure. This procedure iavolved vithdreving a 47.8 oo gas saxple
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"irwuimmmmmwngwmmms, e
ﬁwmmmuhmmﬁﬁuﬁﬁm
prepared directly by prersure-volums measuromists ou & veowm lime. Fimally
a quantity of the chlorimated solveat celsulated to give % jgm ‘o a melar
n-u)ummw«mnmmmmmmmm.
The system was allowed %0 oquilidrets overnight, and gas samples were removed
for analysis befcre turning the lamps on.

Sounling Dachelanad And ASelYaan. Oas semples vere removed at intarvals
vith Memilton pl'-tt.‘tmm“ww“;

Tvo go systems were used %o amalyse for the chlorimated solvent cemceatratioca.
The firet sysism, vhich employed & thermal conductivity dstecter, vas a F & M
mix\l'nmﬁwnﬁnmﬂ:xllm«m;u&nlv&‘ﬁlﬁmmb
on chramoscrh VAN, The colusn temperatuce was 125°, the detector X00°, asd the
injeotion port 140, The heliuh flow rate w the col.an was 43 oc/mimute.
A 10 cc gas sample wua used. The poak areas were measured with a planizeder.

AHMIM“%@HHM%MMM“&“&““WI

with the former compound.
The seoond add more precise go systen employed @ hydrogen flame ionisation

dectector. An Aeorgreph Ny=Fi Model 3950-3, with a Dendix elesctrometen vas
squipped with & 10 £4 x 1/8 inoh column packed vith 20% N,F-bis(2-cyancethyl) -
feramide oz chromosord W. The column tamperature vas gensrally ST° and the
carrier gao vas nitrogen. A 8 co ges sample was used. A gus standard was wed W
calibrate the go. It consisted of % pgm of the chlorizated solvent in eir ia

a 12.6 Liter Pyrex glass sphere vhich had two cpeaings, & b am Teflon stcpoock and
& capillary sampling port closed by a silicoms rudber septim. fHamples froem Whis
buld were reproducible for at least 6 veeks, iadieatiag 2o leakage fyom the btuld,
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Maseriala. gmmm(wmw«n)mmq@;ﬁ“f
materiel fram Matbescn at 0° and degassing % 10mm {n three freese-pump-taew
aycles (-78° to 0°). as.ummmmmmumsmm.mmnu
vas found to be 27 ppm by the modified Scltaman methed. Dry air was chtalasd by
nomnmmmqmmw.mmmummm
Peatoxide dispersed ca celaium sulfate. CHCL asd carbon tetrachloride (CC1,)
vere diatillad in glass zovrrials ;ramam.hm. ‘nnc‘ll,wl,m
the seme as desaribed abowe,

ARAzaie ot GRoCle BOACKAGH HLEWER, The comtents of the resstor from the

reaction stova in Pigure 6§ (after 13 days irrediation) vere removed from the

TeAQtar by riasing 4t with 20 al of C.0L ¥ sodium hydroxido solution and 40 al of

vater, mmmimmnu.-uum, acidified with

altric aeid,and $trated with 0.100 N silver nitrate solutica (Pilling sad hmuuu.: :

1974). The titraticn required 0.36 ml to reach am end point. This represests 7%
of the chlorine presomt in the iaitdal ORCl. (1.51 ul, 0.0MTO mg atoms of chlorinss). . °
R ALSiSade Sinulatet Betolraey. e photc(resctor was s Pyrex sphere
of 12.1 1iters capacity haviag a b xw Teflon stopcock and & capillary wuding
sample port closed by a siliccne rubber septus. The resctor had a 60/90 sillcone
Greased ground glass joint into which wvas inserted a lov pressure immersiocn
mereury are lamp. Alr blowvers were directed at the top and bottom of the reacter
to dissipate the mmall smount of hea$ gensrated by the lamp. The Sempersture
of the reactor s measured by a thermocouple taped to the ocuteide of the flask
near the middle between the blovers.

The short vavelangth Light source was a 10 vatt Manovia lov pressurs
merowry erc lamp vhich vae 1z the form of & ceil. The emission from this lamp .
mmn.mmae.bummmunﬁmnmumm.;‘
Thotmeter aseribed dbovs. T iateséty ob vericus vavelsagths wes s follws:
0% m, 3.3 i vaves/an’; 263, 0.06; 297, 0.008; M3, 0.1 A%, 0.0003; 366, ~

iS00 s ] ) -

i DR i
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2.9 vathe. Madiation of 105 s mey have been emitted (Calvert and Mitte, 1966s),
But it wis not neasured. The intensity of shord vavelungth light eutsife W
earth's atmosphere vas caloulated from data given Wy Ksller (19€30). The ietel
intensity in the 240-360 mn renge vas 0.887 milltvavee/a, 1a tae 140-080 sa
rangs 0.716 milltvatts/en’, and 1n the 140-300 mm renge 1.67 milltwavte/a®.
The materials used asd the techaiques enployed for loading Whe resster

and for saxpling and analysiag the resction mixtures were the seme a8
mmmmmmmw. ‘

“vca,au, (np)mmmwlhmuﬁmuﬁ-m-e

uarmwhumiﬂnmmmuhm\c.

umqm”unmmuaumsu,wﬁ
on the resctorwils umnwmm.uvxuh&lmtuﬁn
gt phase after multiple injectioms,

. D Jpuce) fAes loy . M. ' chose %o carry
out this research with small photoreastors (=10 liters) besause of eertaia
disadvantages of large saog chanbders (o.g. Dimitrisdes, 1967; Duyle, 1970)
ineluding the following. The chasber camnct be Built eamplesely o of an imert
and impermsadls materis) such o glase, since a rigid Cremeverk made of some kind
of metal such as alumioum (Wilsom et al,, 1968) ia needed for swgpers. It
cannot Yo evacuated for clsaning purposes. Cilsaniang met be dome Shrowgh
A purging process vhich requires o leagtly tise and large volumes of air. e
axbient air must o purified ot the chember site threugh o camplisated precess
wmm.msaaﬁw,ﬁuﬁmm.m.,m
4% 10 not prectical to wis Surifisd aylisder alr. Temperature comtrol is mewe
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Aifficuly than with a small recetor. m.mmhnmw
vhich inelude the folloving. The ccnstrudiica of the Lighting system has .
mﬁ:wvmsﬁamwwmmhmwmutm
spectral distridution and intensity whick simulates Sualight. 8isce relatiwely
large volumes of air are availad) & amalysis, wet chemical analysis aaa be
W:nm.q,os y lde 8, ¢4, , vhich are important ia eveluating
photochenical smor yrodustion. Towever, wve have boen abls to msasure Sotal
oxidant furmation with the semll reector (Dilllag ¢t al., 197Wb). Eye erritetice
huawumwmumxemm«uummn
s.mmwmmam.

Correlation of ties results fram one atudy to another is oftes diffieult
m-wétﬁmmmamm,mm,ammnau
materials, air purity,and other reaction condisicns are Aifficult %o evaluate and

sontrol. To beat compare results mmmm. standayd materials

are run vhich reage frem very slov reacsiag materials to compounds vhich are
Righly resctive. Tuble ITI shove o ocuparisca from seversl differess
laboratories, of the absolute photochemicsl resctivisies (rate of compound
diseagpearance) and approximate relative reactivities of seversl starard
Wpdrocarsoms (9-Cgltyy, toluens (Mue), Srans-HeCK=CHNG) and of ONCLCCly
congared vith aﬂ.@'. ™ere 15 » relatively good cerrelation between the
five sets of data. The veriation in absolute resctivities between groups
ia Table IIX can b0 attriduted largely to the differences in light inteusity
.and Feactant concentratioms,

There 15 a good correlation detween - reactivity and
light inteasity (see Below).

Y Y
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Tootaotes to Tble III.

“Data from Wilson et al. (1969e); iaitial coneentrations (pgm) of
organic compound and NO1 8.0, ., CReC, and CAOLaCOl,, 8 end 8) Srapg-
MeCHeONM6; 3 0ot 1.3. "Date from Meuss and Olasson (1968a, 1963v); iatttel
copoentreticas, @ ppm organic compound, 1 ppm NO. “Dete frem Levy (1968);
initlal conceatretions, b pgu organic campound, 2 pgm WO. SDute of Kopomymski’
cited by Altshuller and Bufalini (1970.). *Initial coscentrations, 10 ppm
crganiec compound, S ppa [0, ‘hhﬁmnmsiuamesaaus
compound i the iadicated langth of time. SMelative reactivity compared with
ONyoCN, as 1.0. "jeMemans used 1astesd of g-Og,. ‘Erirapoleted fram dste
at different light intensity by sssuming aa inverse relaticaship between

light latensity and half-life.




mﬂsamssmafﬁﬁfﬂﬁwﬁmm

m&ﬁﬁ@o@tﬂﬂtgﬁmmmﬁu‘ﬁﬁﬁm
hydrocarbons end other materials. ALl of the data are based on the rete
ﬁﬁwammmmmmmmm. e
wmumummm reactivity vith W0,
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®ALL reacticns carried ous vith 396 relative hmidity. “ALL compounds
6t 10 pgm in air initially unless specified othervise. ALl tmitial comcentrations
s jpm. AL ingttal concentraticns 16.3 POm exoepi ss nuted. “Corrected for '
reactor "leakige" viich was estimated %o be ~9% in £ hr. Ratimated value for
Md{ma‘m. ‘hnhl.lq' concentration 5 pgm. ‘l"‘o"c'k“‘
¥ Cclt, measured simultaneeusly ot initial concentrations of # and 8 yym respectively,




:tummsa,cu!mex.m,mummmm-nm
uptoauyvs’h uihrloﬂlo'mms. eex,-m‘ {8 less resctive thea
§-Cghg Vhile the remaining chlorizated sibylenes iseluding CHOL=OC)y are
comparebls to ﬂlﬂéﬁﬂ”ﬂﬂ.ﬂ‘- Thus, Wose chlorinated compounds
vhialk are lesas seactive mtﬁh.weﬁfez’ma‘ezﬂm
Dot be expected to produce significent photochemiesl smog symptoms, vheress
mmcx,mmmmuuwm.mhmmam
photochenical smog symptoms. In general the relative reactivities of the
maberials in Table IV roughly parellel what is kuown or expected for their
reastinue vith electrophilic redicals. ‘

In several reactions, light iatensities were varied in order to
determine the effect on the reacticn rete sinoe cur reactions were carried ous
vith o higher Light intensity than real sualight. The Sotal light intensity
vas 7eduoed by placing a 30 x 30 mesh $8 screcn between the suzlamp and the
reagtor. One seresn reduced the light intensity by 0% vhersas two screeas set
nnhs'mnnmmmmmumwwm. Tahle V shows
& §90d Linear correlaticn between reactivity and light iatensity with the
poasidle exception of mwex‘ At the lowest Light intensivy. These results
also sugpest wp 1t s unnecessary %o Suplicate the intensity of sualight
to study photoshemical reacticns related to air pollutien. It should ocaly
be nexessary to knov hov the laboratosy ultraviolet redlstion intessity
compares to that of suslight and that a realistic wave length range is used.
Thus, one eould readily calowi(Je vhat the resctivity of the ccmpound would
h&nﬁ.mltﬂhﬁa&ﬁﬁ#ﬁ@ﬁﬂumﬁ&mﬂaﬁq
factors.
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SALL reactiona carried out with 10 ygm of the

compound, 5 ppm NO, and 398 relative humidity. ‘l«-l Light intensity used in
this work.




X This Linesr correlaticn between Light intensity asd resstivity is
8190 15 agrosment with She results cheerved by other workers (Schuck and
Dayle, 1939; Tvesday, 1961; Dufelini and Altsiauller, 1967). These verkers
found that the distridution of resction products ves nearly indepeadent of
the Light tatensity vith She emoeption taed Oy had imareased with
increased Light intansity. In owr vork 0o data were obiaises on hov the
photochenioal resction 18 affected by & variation in the vave leagth
diatridution vithia the 300-400 mm ramge, but 20 majer effucts are axpoated
(laswy, WN).

Tuesdey (1961, 1963) cdeerved an incresse in the rete of photooxidation
of SIsas-MeCIGIMe vhen N, vas used iastesd of NO. We also found that SraDs-
MoCN=CTde (a0d g=CgR, ) were comsumed fuster whem NQ, wes initially preseas.
Rovever, vith tlover resetisg mterials, the diffureses ia resetivity vith

WO and NQ, is insignifi Lt‘mh IV). Prosumably, the reasca is that WO
mihﬂnteﬂ.ﬁaﬂhﬂ.hﬁnﬁim&uumsmm
(Altebuller and Bufulini, 1963). In the case of slow reactors, there is
suffiofent time for same of the oxidatios of WO 40 Coour) Vhereas in the eas?
of ATaps- WeCH=CIMe aad g-CcK.,, Whe iaitial presence of Ky allovs an
iamediste reaction to cgowr,

In the resl atmosphere, the adeclute concentraticns of orgaaie
saterial and FC may b constantly changing, particularly as the compomento
leave the source of emission and Decoms diluted into the atmesphere. A shange
in the sbaolute conceatrations of compound and NO from 1013 to 10019 (pgm)
resvitd 40 & 8 %0 3.%5-fold increase in reactivity (Tedla VI). Ny extrepolatioe,
the reactivity probably would continue to decrease as the concentrations are

docrensed. Jurther date oo the resctivity of CRCly, ORyOOL,, CHCL=CCLy, 001 w00, ,
’ ’ RXt)
TR

1

E




33 br
3.0
1.9
1.0

6.5°nr (29%) 1.0
(.94

7.0 1.6
” 3-‘ 300

“ALL reactions carried out vith 39 relative humidity. “Reactioms
vith Sraps-MeCHsCIMe carrded out vith 0.9% relative light intensity. °Time
required for 295 disappearance of CClyecCl. “etimated value for 308
disappearance of coxpound.




mien'-emznmuﬁiarnmammeenmn'
are given in & later paper of this series (Dilling et sl., 197W0); theso date

\naéﬁiniu::w#mtrmﬁaummmcrmnms.




Initial concentraticn (ppm)" Time (nr) for %08 dise

1 7.0 (308)°
(10.9)°
1.8
2.0
2.9
2.9
2.5

ALl reactions carried out vith 39§ relative humidity. “Time
required for 3% dlsappearence of CACLeCCl,. “Bstimated value for 90%
disappesrance of cm.-em‘.




“ALL rescticas carried out with 10 §gu CWCI=CCly initlally. “Time
requirea for 3% disappearsnce of CACL=0CL,. SZotimated value for %08
disappuarance of mx-ccx‘.




Sinoe c)gcx. and cn,ec:.,
mmulummmmmmﬂmwmtmw
conditions dessrided sdove, it was of intersit to detarmine 4f these Wvo
important chlorinated solvents vould undergo & very slov deccmposition under
simulatedlow altitude atmospheric conditicns over an extended time periad,
Ruperinents were uuuehduuu;uu; leak-free reactor for up to b
veeks of continuous irredisties.

c:,oox, (90 ppm) was atable for at least 4 wesks when subjected to
mmuunmmmam-u—qumvm-nhuw
humidity of 39% at 25-87° (Pigure b, data at 19 and 88 daye vere cdtained vith

a less precise thormal conductivity gas chromatogreph).
ON.Cly (% ym) was stable for U-6 days vhen irrodisted in air vith
wmlla.alﬂ-ﬂ'uAuuhun humidity of 39 (Pigures 5 and 6). Then

within s fev days the QI.OI. reacted completely. In the products of the
readtion, from vhich the data ia Pigure § were obtained, it was possidle to
titrate 77§ of the total ohlorine charged (in the CR.Cly) s inorganic
chloride after vashing the reactor with diluta sodium Idroxide solution.
cn,ocx!wmwmwmmumm.mn for s long
time, %GI. BAY alzo e stabla. The rather abrypt disappearance of the
%el! after several days Airrediation is unexpleined. It is poasidble that an
impurity in the CI.Cl, inhibited the reacticn until the impurity itself bad
decomposed or that a product was formed at ¢ low concentration which catalysed
the reaction. It is not particularly surprisiang thet a,cm., and cgcx,
) were not reactive vhen irradiated with long vavelsagth ultraviolet light
- > 890 nm) sinoe their ultreviole$ spectra show Do abuorytion in that spectral
region. Appareatly these chlorinated gRlvents are uareactive toward the
redicals ull atome derived frem the photoiysis of WQ,.
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m :mu-maotsopez,cz‘ with xomr% in air with a relative
bunidity of 39% st 23-86°,




1

4—-—*—-
¢ ] 10 12 W
Time (deys)

Fgure 6, muuuﬁmcﬁckvtth:LDmm.hmvﬁhcnhﬂw
wumidity of 39% at 29-98°,




. B AR Betelag.  Stace CR,001y and probadly ORClLy
vere stable for prolonged times under simulated lov sltitude atmcerherin canditions apd
both chlorinated solvents evaperated rapidly from water, the quesiien arises
48 %0 what ia their ultimate fute. One possibility is diffusion into the upper
atmosphere ( 0 layer) vhere short wavelsagth lLight (dowa to L0 mm) is present
(Roller, 1963a). Diffusica betwesa he troposphere and the stratosphere vas
predicted (Machta, 1958) and demcwreated (Manace et al., 1961). In order %o
qualitetively detersdss the resctivity of CiyCCly aad CHCly under high altitude
comditions ve fmediated these materisls vith short vavelength lighs. OCl, wed
alsc studied under these conditicns simee this campound has been detected ia
the stratosphers (lovelock et al., 197%) at an altitude of ~12 kilwmeters (Loveloak,
1973},

The short vavolingth light source vas a4 lov pressure mercury arc lasmp.
%uéunﬁtu#bsﬂut&&at&awdm-@m at 2% o
(Calvert and Pites, 1966%). There also may be redistion of 185 mm emitved
from this suurce. The emission from this lasp at 2% m 4s 10-40 times s
intense as \de sun's redlatica Just outeide the earth's atmosphere in the
h0-260 or 1h0-300 mm region. Just vithin the earth's stmosphere (~40 ‘rilometers
altitude) vhere the sunlight intensity is decreased %o ~L/3 of i%s origimel
iatensity in the 800-800 om renge by absorpticm of ita shert vavelength redistics
iyO, (Chon. Bag. Wevs, 1968), the lamy would be 30-180 times as intense as
sunlight,
The teuperature of the atmosphere at the altitude whick vas  simulated $a nodll

knovaj at Ll Jm the temperature is -30 %0 -60°C and rises %0 about O'C et
9% ¥m (Chem. Bng. Mews, 1966). The photoreactions were rum at 23-33°., Tw




Wﬁﬁﬁiﬁifﬁﬁ-mimiﬁﬁiﬁﬁ“iﬁm
18 lower, 210 wm ot 10 km, 0.75 mm at %0 ¥n (Weast et al., 1964). Pressure
prodably 2as an effect on the rates of thess jhotoresstions. The rate ceuld de
either increesed or deoreased with a desreass in pressure depending cn the
nmechanism of the photodesompositicns., Thare is relatively little weter in
m-mnucmnnmnmn-mumw(ﬂ.u-)
(Chem. Eng. News, 1966).
me;a«a;eexgummaamnusnuunmw
ﬁSﬁﬁﬁaﬁM!@.mmM’hﬂ“ﬁﬁﬁﬁMm
caused 2  90# docomposition of the CRyOCL, vithis 10 sisutes (Pigure 7).
The rcascn for the variatics in the extent of resstion oftes 10-80 mimutes
for the wvarious reaction cwoditiona is not knowa. Wdﬂ!&k’hﬁe
mm:«m:maemo’naamwmmumm
leed to wmlmbumauuerﬂna,wl’mahmmu.

Simulatad high altituds irrediatioas of ﬂ.@l‘ (rigurd 8) and W%
(m9)amwwumt>mm~mnmamm
within 10 minutes.

Assuming & linsar relationship between light intensity and rete of
photodeoamposition, one can estimate that these three chlorinated compounda
vould be greater than $0% deocmposed vitiiin several hours 0 & fev days if the
compounds 40 diffuse %0 the ugper regions of the earth's atmoephere. 8inoo
thess chlorinated oompounds 4o absord ultreviolst redistion at 25 m cad
mmcuuammoeosnmm&umma
NO and MO, with longer vavelengih light, ve sugyest thet photodissociation is
the initial reaction of these materials.




soaatoianveaentea
' Time (mimntes)

m Trradiation (short vevelength) of 50 ppm CRyOCl, in Ary air at 8h-33°
(Q.____); 40 air with a relative humidity of 39% at £9-33° (D emewm wm)}
with 9 ppm % in air vith & relative humidity of 3%% at 23]33°
(&) mem=e)




m Irvedistion (short wavelsogth) of 90 ppm CH.Cly ia ary air et
ﬂS-SS' (Oand O for 8 identical runs)




- ; )
5 -
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Figure 9. Irrrdiaticn (short wavelsagth) of %0 ppm CCl, ia dry air at 23-33°,
L o "
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Ansizagt

‘In order %o estimate the resctivities of chlorisated solvests ia the
atmospbere, laboratory studies were carried cut on the phetolysis retes of
aixtures of four common chlorinated solvests, three other chlorinated clefine,
and 1h other organic ccapounis under simulated atmosphoria conditions. The
reactivity of trichlorcethylens vwes determinid, and variows competitive resc-
tions were carried out, in the presence of nitric oitide, aitrogen &ioxide,
csone, chlorsl, asetaldehyde, bromotrichloremethans, chlcrine, phosgene, end
dichloroscetyl chloride. The procence of other organic materials amd mitric

lpart XIII: (Dilling et al., 197H).
fpart IT1  (Dilling et a)., L9TH).

370 whom correspondence saculd be addressed at Chemicals Mesearch,

Yonemicels laboretory.
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axide reduced the photochamical veactivity of triachlaroethylsns. Vinyl
chloride, vinylidene chloride and gij-dichloroethylsns bdebaved like -
chlorosthylsne wharsas the presence of other organic nﬁ;ﬂah 414 not
significently affect the photochemical reactivities of sethylens chloride and
1,1,1-trichlorosthane. Trishloroethylene incressed the photochemical reac-
tivity of tetrachlorcathylens. The resctivities of most hydrocarbons increased
in the presence of trichlorcethylane. Chlorine atems (cr other similar species)
are suggested as poasidle reactive intermediates.




3-

. T™he fute and effect of chlorinated o yuﬁim)

to the envirommeat (Murray and Riley, m{m. 1973) are important frem
an ecologioal stendpoint. In the preceding paper (mm.u ot al., 19%)

the reactivities (rates of disappearsnce) of four of the sore importazt ehlor-
insted solvents in use today, methylese chloride (CR,Clg), 1,1,l-trichloro-
eShane (OK,WI.!) » trichlorosthylens (ﬁhﬁl'). and tetrechloroethylone
(eaxﬂsam‘), and severel relatsd compounds were dsterminod under simulated
atmospharic conditions.

Changes in the roactivity of one organic ompound in the pressnce of
another have been reported (Altshuller et al., 1966; Bufalini and Altshuller,
1967; Wilsen, 1969; Wilsam et al., 1969). For cxample, Bufelint aad Altshuller
(1967) reported that the photochemical reactivity of l-buters (BCECN)) ia-
creased in the presence of §rang-8-butens (Srang-MeCH=CBis) and nitrogea
dioxide (WQ)) compered with the resctivity of BSCHeCH, in the absence of fEang-
MeCR=CIMs, (n the other hant the reactivity of BeCHeCH, decreasod in the presence
of mesitylene (35!3’.3)' Sinoe the order of inureasing photochamical reactivities
of these materials by thomselves with lQ.ﬂs Gsl,h3<lml. < S8 -Ve0MClile ,
thede authors concluded that leveling effects should exist vbea cambimations of
materials were pressnt, e.g., organic ccateminants in the atmosphere. Tt is,
the pressace of slov-reacting hydrocarbons would dearease the reactivity of the
fastar roacting hydrocarbons and conversely, the presence of fust-reacting hydro-
carbons would increuse the reactivity of slower-reacting hydrocardons. Faoto-
lysis of mh; M)-MMn oxide (NO) mixtures in the presence of
cmmcx, produced slight sccelerstions of both the formatica and decay of oxidant
as campared vith the photolysia of mc&cn.-uo alone; there vas no signifiocsns
difference in the lavel of eye irritants (Wilson, 1969; Wilson st al., 1969).
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Therefore it vas of interest to determine bov the pressnce of othar

ormenic matorials sffected the photochemical reactivities of the chlorinated
solveats. These types of data are importast ia evaluating how the ohlorinstud
solvents, as wall as other materials, bebave in a real atmosphere vhich con-
talns o mixture of slow- and fust-rescting components.

Exnscineatal

QARATAL: TOe reactor design and operatica, sampling techaiques \ad
asalyses, materials, and an example of s typieal Fhotelysis have bees dessribed
ummmmm:mm.mm«ﬁk)mwx
Simuiated Photolyses (Dilling et al., 1974). In most cases the ratio of organic
msterials to MO was kapt near 0:) decause the highest resctivity generally
caours et this ratto (Tuesday, 1963). ALl experimeats were oarried ocut at
R6-88°, 39% relative humidity, and with the same light inteasity as previously
desaribed (Dilling et al., 19‘1”f) unless othervise specified.

» A streaa of air was paased ianto o
flagk in vhioh vas suspended a screen elsetrode. Ths clectrods was charged
by & small Telaa coil. The exit gas which contained a mixture of csone (0!)
%0d air vas collected in & 80 Liter Saras® plastic bag vhich was then used to
£i1l the previocusly evacuated photochemical resctor. According to a published
procedure (dyers and Saltemen, 19%9), the concentraticn of Oy in the air stresa
vas determined by bubbling the 03-m stream at a constant rete for a apecified

length of sime through two gas sorubbing towers. The towers contained a solution |

of 90 g of potassium Lodide in "0 ml of 0.00R N sodium thiosulfats, 50 ml of

9,088 N potassium dihydrogen phosphate, and 50 al of 0.023 N disodium hydrogen
phosphate. The abeve solutiou was then titrated with a standard 0.00R W iodine
solution wvhich coatained O.0Mf potassium iodide; a 1¥ starch solution was used




' 48 @b indicator. The aur fmwmesmmﬂsmmu
foat the concentration of Oy used ia the photochemical reactions was 10-80 yym.

Daaulte and Riscussies

Since veriocus formulations of CNOLeCCl, (Twble I) are marketed, it vas
of intersst to determine if these grades showed different reactivities under
stmulated atmospheric conditions. The resctivity differences vers emall; the
formulations with lover stabiliser concentretiocns were more resctive. Tble II
shows that there it essentislly no differemce between the reactivities of uain-
hibited CH,OCL, and the most highly stabilised CIOnONEN® V0. ALl formula-
tions shoved very little or no reactica (Dilling et al., 197h).

The photonhemical resctivities of a mumber of chleriaated compounds,
standard hydrooarbons (Dilling et al., l974). and other crganic compounds were
investigated in cambination vith other crganic materials vihieh bad & wide renge
of resctivities, as shown ia Tedle III.

caehecx,mommmmumwmr compounds. In
all combirr tions, except those vhich involved em.-oez, with 601‘-&5 and
with GR,&SL,. the photochemical reactivity of m:-w), decressed compared with
the reactivity of CHOL=CCl, in the abseace of other arganic oompounds. In the
extrems case with u-oqcum the reactivity of enex-ecx, was reduced adbout
three-fold. In a mixture of CMCLeCCly and g-Cgl,o, e reactivity of CNCL=OCLy
vwas sbout ope-half that of i“’s"‘n in the nixture, and vas scmevhat less thas that
of g-Ogh,o in the absence of CHCL=CCl,. ‘fhase results are qualitatively ocomsis-
teat vith the gensrsticn of chiorine atoms as reactiwe iatermediates. g-CcR o 1o
about five times more reactive toward chlorine atoms thau is CNCl=CCly (Poutema
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. It should also be poted tiat in nearly all cases, e ghotochamieal
maﬁ’dv of the other organic material vas UNW iaaresssd over
mtammuwum.mummg humm thare

a reduction in reactivity. 7be resctivities of QMG QF'gs A-DWAK,
end $Tang-MeCH=CIMe changed the most drematically, vhile]|RtOAe, j-BuOW, CNy=CR,,
and g-Cgll,, changed cnly slightly. Thus, in an atmosphere vhich coxteiss o
vids variety of resctive materials, it cammot be dedteruined vhich organic
material(s) are vhe most resctive siaply by izvestigating coly single ocmpooent
aystens, particularly vhere CY0l=00L, i involved.

In gensrel, the reactivities of ﬂ,&ls. %ﬂl‘, and Ql‘-&l.. in eombins-
tion with materials other than CHCIa(Cly, were 0ot appreciably affected. In
only two cases, the combizasticns é%ﬁhﬁ%ﬁhﬁﬁ;&l’ﬁﬁ
n.-a,. wus there the poesidility of same imterectica. Mowevar, ia both
ouses the reactivily of cnly ocis of the sempounds was affected wharecs the
other redainsed ncarly unchanged. Bovever the resctivities of the chlorimated
colvents are still very iov comparcd with the reastivitwy of & "slow reacter”
suak as g-cslm alone, Although ecx..-ecx‘ was not affected appreciably by
g-c‘gﬁ, cs.-cn., or {ang-wCieCie, it ves 2onsidersbly scre reactive vhea
CHOL=00L, was present. B

Since the %‘e‘aﬁe;l resctivity of mx-eax, was sigaifioantly reduced
by the presence of a wide variety of organic materials, it was of imterest %o
determine if other olefinic materials vould beiiave similcrly. ﬁl.-cl‘. whioh
12 normally moderately reactive, showe a slightly redwesd photschamioal reac-
tivity ia oombination with a wide variety of materials (Twble ITI). The reac-
tivity of the otber organic msterisls ia conjunodicn with ClyeCH, gemerelly
Lnsreased, pastieularly in the case of p-IuON. The photochemical resctivivy
ormm.mummcanuzmn.mmmmw
by the plesence of oiber crgenic materials, with the exveption of CHOLeOCly.
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The reactivity of some compatitive materials did change, ¢.§., peudti -
and g% incressed ia reactivity, while G%EL!QQ!T decreased markedly
iz resotivity. ‘

When the ohlorinated ethylenss were inmvolved in competition sxperiments
with g-csuu, scwe cigaificant ciinges vere ocbsarved. In all cased excepting
GGI‘O&L'. the photochemiocal reactivity of Q-G‘lm inaressed vhile that of
the chlorinated ethylenes decreased. gig-CNCIsCNCL was more than four times
less resative than 1t vae i& the adsence of 2-Cglyg-

A "real" atmospheric envirooment vas simulstved by adding CiC1sCCly to
the reagtor which contained ceversl other materials which had varying resc-
tivitien (Twble IV). It was again cbsorved that msay of the reactivities
changed 4in the presence of cther organic compounds, emxseex,. ia particular,
wag reduced in reactivity by more than a factor of throe. It is also interesting
to note that the reactivities of 8-Cglyo and $rans-NeClaCR were oearly ideatiosl
to thoss found in the axperiment vhere thess two materials were the caly organic |
ccmpounds present (Teble III).

The retio of CHC1=COl, to other organic materials ressonably can be expeated,
under real atmospheric situations, %o range from very high (at a CICL=CCly emis-
sion point) %o near sero {some distance dowmwind from the emiaaioe point). fn
order to dxaocnatrate what might happen to the photochemical reactivity of CACle
CClg under these conditions, g-CgM,o (an unresctive ecmpound) ves chosen as o
model crganic contaminant in a: atwmoaphers whioh scatained cmnecz,. By holding
the MO ccacentration constant, it was found thet the half-life of mx-em‘ in.
cressed from 3.5 hours (caly CNCleCCly Present) to more than 20 houwrs [retdo of
csn-eex' ‘o g-c‘l!n 0.2 (Table V)]. A balf-life of 20 bours or more indicates
thet CBCLeCCly wouid be auch less resotive taan g-Ggllyy (8, = 6.9 bowrs).

In contrast, \he photochemical resctivity of g-Ggl,. increased markedly, from
e half-i{fe of 6.9 houras % < 1 heur, as mmmma%mm.
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Zable IV. Motochemioal Machvity of ONC1aCCl, in Cosbimticn vith Seversl

Compouna®
9-CNBLCR, 0
CHeL=001
CRe=Chy
%My

STORE-HeCKaCTe

0.3

In

L =

e 3.'
15.0
3.9
2.9

c.87

0.%

®ALL resctions carried out with 3% relative humidity. "Bach oespound
initielly present at 10 ppm (total 30 ppm organic compounds); WO inttial

S pm NO,

concentration 29 pmm. “tatstal concentrations: 10 ppa organic compound,




-

*

Matio Initial MO
{cm.-ec‘;l}_ concentration,  Tige (hr) for 0% disappearn

ppm QWI-CClg o BC‘GEE

TaCehig
10 0 - 3.3

10 1000 3.3

10 10

10 10 1 10

®ALL renctions carried out vith 35§ relative humidivy.
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' .The photuchemical resctivity ol eech componeat ia the CNC1eCC), -
5-668; system also was dependent on the KO comcwmtration, but the effeat

wes dependent on the relative smounts of the two organic componenss. In

the 10:2 ratio (cmuocx,:g-cénn) experiments, the recctivity of each orgaaic
component decreased as the NO conceatration wes changed from S pom to 10 ypm.
The opposite effect vas cbserved vhen the imitial retio of organic oompounds
vas 10110, In the latter case, at the 5 pym NO lewsl, CNCleOCly appeared %0
cease rescting, vhich suggested that all the N or lb. had been consumed.

In & series of axperiments similar to those desoribed in the preceding
paragraph, g-csecﬂ,o, which has & very low reactivity in the absence of other
organic compounds, was used as s competitive materisl vith cmx-ecx, at various
ratios. Similar to the results described above, & trend vas cvserved vhare
the photochamical reactivity of c&mx, decreased a0 i3 coneantration de-
creased, and the photochemical reactivity of g-mwa.o increesed as its con-
centration decreased (Tadle VI),

The conclusions from these competitive expariments can be summarised s
follows. In the presence of other organic materisls, the photochenioal reactivity
of cacx-em, changed, as 4id the resctivities of the other organic matariala vhen
they vere combined with cmx-ecx,. The photachemical resctivity of cl:hcm,
decreased by as much as three times whon mixed with n-ecs,cm, vhile the
photochemicel resctivity of the competitive reactant gemerally increasad, in
some casee by as much as a factor of two (e g., vith g-CHESCH.O, m—m
CHMe, and g-BuOH). If the ratio of CHCleCCl, to the organiec matersals (e.g.,
g-csuu) vas < 1, CRCl=CCly became quite unrea:tive and the reactivity of the
organic gaterirl vas not significantly affected. It follows that in @ real
atmosphere vhere the retio of orgsnic cuntaminants to CHC1=CClg is yuite larye,

00Gii3




| Table VI, Effect of Organic Compound Ratio oo Photochemical Reactivitiea of CHOL=CCly

a4 g-CHBLCH,O

' Inttial O
| Initidl comcentration, ppa® [mx-em‘;_ concmtration,
0

ORClscCl, g-CMRWOR0  (-CEEACNC

m CNCl=CCly  g-CHRECRO

10 0 o» 3.5
h" h.l

6.4

W.9° (W78)
(2.,

®ALL resctions carried out with 35¢% relative humidity, Prtme required for 479 Alsa-
ppearance of g-CNBYCH.O. “2atimated value for 50% disappearance of campound.
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quite ‘ssall, If the ratio of CNCL=COly %0 $he other orgaide materisls (e.g.,
.g-t‘s-!lu) vas 3 1, CHCOIaCCly appearsd to bebave as & catalyst and inereased

the rate of decomposition of the organic materials. %!ﬁl!u"l, %!@l‘. and
$48-CHC)=CHC1 behaved like CHCI=CCl,. Of the compounds studied only Ml!
inereased the photochemical reastivity of m,w:,. The other organic materials
exanined did not alter its reactivity sigaifieantly. The photochenicsl reastivistes|
of cnicl.amcaacma vere not affected asignificanstly by ths presense of aay other
organio saterials. 7The photochemicel reaciivities of cza-a.. $1008-MeCR=CP ,
S'célle’ and g-Coh, o geoerally were less affected by other organic materials,
excluding the chlorinated ethylenes, than vas the resctivity of exm-emg.

There vas some indication of leveling effects (Bufalini and Altabuller, 1987)

vhen only hydrocardons vwere invo)ved. M@wﬁmms&mu

in the combiration experiments, the leveling effect was pot importest, vieress
other cstalytic effucts my bde.

The above results which showed that, for example, g-CgR\o vas 1888 resctive ti
cmx-ecx‘ in {individual experimsnts, vhereas in axperimsnts with both MWI‘
and g-csllm present, the reactivities were reversed, with g-c‘!u being vove
resctive. This change in reactivity indicated that a reactive aspecies vhioh vas
formed fram CHCl=CClg, reacted more rapidly with gge‘un than with mx..

An sttempt was made to identify this reactive speciea. This involved the use
ef NO, mﬂ, Q3, and other ¢ tentially reactive species with mmxz and other
organic materials in individual and competitioa experiments.

Provicus work (P.lling et al., 197h) showved that with slov reacting materials, |
both NO and uo, gave similar results, while with vary reactive materials, such as

ARA-NeCHeCHMe and g-CgMlyo, MOy produced an increased resctivity over that cbse: «
vhen MO vhi 'used (Table VII). Otber data, shova ia Teble VIZ, indicete that 0y

umh;aimcﬁnmnl%‘!um..

. L it
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Tuble VII. Photochemioal Mectivity of Organic Materials vith W0, Ky, ~* ]

¥

”' o
~CHBECR0 1,98 (478) 15.8
. (13.9)®

9-Cghyy 6.9 7.8

CWOL=C01g 3.9 'K a

Cy=CH, 2.9 0.5
2-0gh, 0.67

SIARS-MeCHeCH 0.3 16.9

®ALL compounds at 10 ppm initislly. a1 reactions carried out vith
39% relative humidit,. °ALl inttial conoentreticas 3 ppa. “Date from
Dilling et. al. (1974). “All initial comcentraticas 5 ppm except aa noted.
fInitial concentration 15 ppm. STime required for W% disnppesrance of
4-CHRWCR0. "Ratimated value for 0% disappearance of coopound. Initial
NQ, concentratica 1§.8 PIm.
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« ' ,Tuble VII shovs that the relative reactivity of g-CHBGCAL0 is greater with O,
My&&hﬁce: HOg. ‘The differemces in the relative resctivities can be partisily
.Qx}m on the basis that all of the resctions do act imvolve the same %)Me and
Quantity of reactive intarmediates. lor exampis, same aﬁaa materials can cause
e faster oxidation of NO to iu, than do others, and some organic materials produde
°3 at a fastar rate than 4dn others., Consequeatly if 03 is ocoe of the key reactive
intermediates, then its concentrati-r will be important in deteralning how resc-
tive a material is in *be reactor as well as in tie real stmosphere.
T™he simultanscus use of alow and fast resoting organic materials in ocompati-
tive photochemical resations should eliminate some of the differences in relative
reactivity caused by different "inmitiators” asuch as WO, ¥, or 03. Also, this
type of aystem would approximate g real atmosphers more closely. In these compet.’
tive experiamnts the ratios of the photochemical reaativities of tho compound peire
vers very similar even though the absolute resctivities varied as the "initiator"
vo.s m&ﬁ:ru!otano'uos (Tudle VIII). O!wdtehnwncugtu
greatar laveling offect than di4 NO or me. ﬁagn theae ratios in the competitive
Mxperiments are aore neerly alike thao those in the individual sxperimnnts, this
pothod ia svygested as s bettsr vay %o sveluate how & certain orgapic matarial would
bebave in the real atmospbhare. Also, NO, no, and °3 could be used ifatarchangnabdly or@ll
in combiration. B
Camparison of the data in Tadles VII and VIII further suggests that cw.:;-ccx.a
caused the formation of some rasctive species other than (3! in the photochemiocal
reacticas, Whether NO, ‘&', or 33 was used as the "initiator”, elm-eex.. vas more

reective than g-CHESCHLO and g-CgR,o, vhersas in competitive experiments, CHCl=CCly
was less reactive., If Q! were the only important reactive apecies, ovne would expect
similar retios of res¢iivities from individual aad combinaticn experimsats. Tt 3
unkaovn reactive pecies sppeared %o be highly reactive tovard CKC1eCCly in Lodv:iua |

000:17




Teble VIII. Photochemical Reactivity of Organic Materials in cagoﬁﬂan .
Experinments vhich Involve NO, IR_:’. and 0,

Time (br) for 0% dissppeagence

cw

pair

8-Ceiyo

CECle(iC1

§-CHESCHO
CHCl=CCly

$TRRE-MeCHCHMe
2-CeMyo

]

%Inittal concentration 10 pya esch. All resctions carried out vwith

39¢ relative humidity. °Initial concentration 10 ppm.
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L Hl;ﬂ?,ilta%l, but more reactive towards gie‘lu vhen the latter wvas preseas.
This Yed us to consider posstidle products from ihe photoohemicsl cxidation
‘of CHC1e0Cly sush as phosgene (CO0Ly), ehlarise (Cly), eblorsl (00L,GMO)
(Jetfrey, 1967), dichloromcetyl shloride (CNC1GCCCL), ete. (Dilliag aad
Tefurtillar, 1974). These materials oould lsed t0 free redicals such as chlorise
atams, tri-bloromethyl redi-sis (.0CL,), and soyl redicals (Wu0), ete., unber
the reaction coaditicas. Table IX shows the photochemical reactivity of CNOle
(Cly with a number of these possidle products and also with scetaldelyda (NeCHO)
and bromotrichloromethane (clrc4$).

CCLyCHO inoreased sigaificantly the reactivity of CIClsCCl, in camparison
viﬂathufhctormarﬂr Chlaoral would be exwo'~d %0 lsad to two Wpm
of radicals, trichloroasetyl (eaxsé-a) and .CCly. WeCHO was used to determise
if the acetyl redical (MeCwO) (Altshuller et al., 1J67) would lesd to similar
results. MeCHO decreased the reactivity of m-ecx. with WO, cn-c:., viich
rroduces -cc:.a redicais, 414 not anhance the reactivity of mm% vheseas
C:Ii!t‘:l.3 in comdiration with NO, 4id appear %0 increase the resctivity of cm.-cc).,
From these experimenta, it is not clear why cc:.,cao was 80 aotive,

Chlorine atoms also are potential intermediates im the photochemical owida-
tien of mx-mxﬂ. Indeed, CQL-:QCI‘ wvas found to be extremely rlacsive in e
photochemical reaction with cx‘, even more resctive than wita as. N0 in
combinaticn with Cly 8lso incressed the reactivity of CHCICCL..

Although CCl, vas @ product from the photochemical oxidation of cmx-ecx.a
(Dilliag and Tefertiller, 1974), and the Jhotolysis of COCL, would be expected to
give chlorine atoms, C@La by iteelf did not inorease the reactivity of eg'x-eexa.

A cosbinaticn of COCly and NO did foereass the resctivity of CHCleCClg ltlnltiatntxy.i
Formatics of chlorine atoms more slovly from COCL, than from Cly could explain ;
ihis difference ‘1d' Feactivity.

”

000 1o
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Table IX. Photosheaiosl Meactivity of CRCLeCCLy vith Poasible Pootoridar

Co-reactants (concentration in pm)*

wo (5)

¥o, (16.8)
COLyCHO (2)
R (%)
CCLy0R0 (10)
MeCRO (10)

MeCHO (10) + WO (5)

carcl, (10)
carcly (0) + 1 (10)
¢l (1)

Clp (1) + w (9)
¢, (@)
Cly ()

clg (10)

cocly (3)
cocly (3) + wo (3)

Time (hr) for 90% disappearsnce of
mx-cm! unless otherwise {pdicated

3.3
2.9
3L
0.98
0:hs

k.7 glﬁ)
(15.7)

(10.7]

3.0
1.3

1.8 (08%)
[3.1)

0.h3
0.18

<0.00 ‘B’l)
(<.05)

<.11 ‘1005)
{<0.09)

5.8
2.3

"Initial concentration of CHCl=CCly was 10 ppm i sach case. ALl reactions
carried out vith 398 relative humidity. “Estimated value for %0% disappearance

of ML!G‘QI“
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., * \uing s quite uareactive orgaaic materisl sweh as ¢-CHEGCN.O, COLCHO
Wy 4%6elf or in coudinaticn with WO or WO, significantly imoreased the rese-
“ivity of §-CMELCH.O (Table X). To & lesser exteat, vota CNO1,0001 with O
and CNC1eCCly with NO inorenced the reactivity of g-CEBACR0.

Table XI shows data for the reactivity of various organic materials vith
MO, MeCKD, MeCRO vith NO, and CCL,CNO. MeCNO vas aroeen sinee 18 1s & very
common product in an oxidining atmospisare. MNeCHO was net g3 effective an
"initiator” as ¥as NO in the photoshemical rescticas. In the presense af MeCIO
and NO, highly reactive compounds, such as g-eslm and $IapA-NeCieCiMe; Socame
more resctive than in the presence of N alonss. Slower reacting mmtarials,
such ss g-Ccll, o and CNOL=CCl,, became less reactive. MeCNO secms S0 B¢ an
inhibitor in these latter ceses. Table XI alsc shows the reactivily of organie
comprunds with eex.scm. In combioation with ocapounds which reset slowly ia the
presence of KO, eexseae increased the compound’s reactivity vhile with materials
vhich react rapidly in the presence of NO, CCLyCNO caused & rete retardation.

8ince Cly greatly lacreased the reactivity of mx. (Table IX), it
m&taﬂttthhhﬁuhw@k%h&wht&m#mm
ons compound. Tadle XII ahows three combinations with all compounds showing
vory Ligh roactivitioes, upéuu; notevorthy is ttw combination of GBI-GB‘.‘
and oex,-em, with ex,. Daced o the known reactivities of aﬂ-ezg. mx—eex,.
and CCloeCCly with Cly and vith chlorine stoms (Chilts et al., 1963) it Lo
obvious that there are reactive spacies other than chlorine atoms iovolved {n
the destruction of these clefinn. Intereatinogly the reactivisy of ecx‘-er.x!
inocreased markedly in the presence of mwmz,, over that observed ia the presencs
of CloeCHg, Just as the reactivity of ecx.‘-ccx‘ inoressed in the presence of CNCL-(OC

and MO compared vith tS:e reactivity coserved in She presence of NO alome (Tabla (1),

Hh 0002}




Compound®

§~CHEtCR0
2-Cghyo

Chy=hy
8-Cgho

S50~ e Ch=CTNe

mﬂ

1.9 (W7%)
[1.5.9]‘b

6.9

3.3

[33.3]?“)

7 {19%)
{ 19 6]

b.b (10%)
(12.2)

2.4 (19%)
(6.3

15.8 (39%)
m.?]p

1 {s08)

(15-!3
6.h (ng)8
S5

(m.é]m

0.%
0.678
0.82

®AL1 compounds at 10 ppm initially. DALl .eactions run vith 39%

relative humidity. °All initisl concentraticns 3 ppm.
conocentrations 10 ppa.
acted. TBastimted walue for 508 disappesrance of compound.

concentration of NeCHO 5 ppm.

411 tatstal

®ALl inttial concentrationa 10 Fm except as

S1nitial




Tabls XII. Photochemical Mecodivity of
Experinents Whieh Invulve ch

. Tine (hr) for 308 dlsagpeurance (wlass »
Compound pair othervise indicated) of compousa iz ocmbiaction

CHCL=CCly <0.18 (100%)
ce1y=CCly ©.12 (1008)

Clg=CHy 0.37
CC1g=CCly [t: gl {ve%)

CRy=CRy ‘ 0.5
AT to. "™

2nitial conceatraticn 10 ypm each. VALl rescticas carricd out wit
395 relative humidity. Initial Cly comcentretice 9 pm. Castimated value

for %% disappearance of compound.
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©+ Other possidle reactive species in these photochemiocsl reactions are
#inglét oxygen (Pitts et al., 1969; Kumler et al., 1969; Coamber et al.,
'1970; Hemmisg, 1970; Kwmler ot al., 1970} Altshuller and Bufalini, ig71),
oxyohlorine redicals such as C10: and CL00* (Kiryushin and Poluektov, 1968;
Jonnston et al., 1969; Plerrard, 1969; Altshuller and Bufalini, 1971), and
hydroxy) redicsls (Stedman et cl., 1970).

In conclusion, we have found that the relative photochemical reactivities

of slov reacting organic materials are similer whether NO or WO is added to
12 reacter in individual experiments. RNaplacing NO with me signiticantly
affeuted the resctivities of fast reacting compounde, Use of o, as the "iaitiator”
also leads to relative reactivities vhich are differeit from those cbasrved with
N o ﬁ.. If more Shan one organic material is inwestigated in ccapatitive
experimezts, the relative ghotochenical reactivities of these maderials with NO,
uo.. or 03 are quite similar. 8ince a real atmosphers zsoerally ccatains o
adxture of organic po.lutants, thess vesults auggeac that coxpetitive axperiments
vhich lavelve more thas oue organic material (perfersbly severzl materialsa) are
asceseary ia order to more acouratly assess the relative photochasical reactivities
of various organic materials. Owr results also suggest that the key reactive iater-
wediate(s) in these photochemicsl rescticns is not WO, WGy, or Oy, but rether

scme sther species which is ferwad during these reactions. The competitive ex-
perimeats especially indicate that a common resctive intermedicte , oxygen atoms
possidly (Altsbuller and BDufalini, 1963), is formed irregardlsse of vhether
»o, m‘ or os 18 used ad the “tnitiator". Chlorine atoms may be reactive
iatermediates vhea CICLeCCly 18 Jhotolysed 1n the presence of WO, Wy or Oy, O
4a mare rezetive than o! with OIC1aCCly in photochemical reacticns. Mwctolysis
ummwkm:'mmummmam,, lsads % very repid
dastruotion of Yotk olefize.

Atamriaiment 000124

~ The euthers vish %o thak s, N. L. Dllliag for assittance in prepering
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éhlérinttiﬁ Solvents. EE.R Product Studies on the Simulated

]

Atmospheric Phaeelzsca of netgxlcae ehloridez l.lgls!riehlercithsao,
Trichleoroethylene, and Totr:ohlaraceglleno

Wendell L. Dilling? and Nanoy B. Tefertiller

Chemiocals Research, Dow Interdimcipline QGroup, The Dow Cheaical
Company, Midland, Michigan 48640

Abstract

In order to deteramine the products formed from four important
chlorinated solvents in the atmosphere, ladboratory studies wers

carried out under simulated atmospheric oconditions in a flow ritcior;
Under sea level conditions, which included nitrogen dioxide and
water vapor in air with ultraviolet radiation (A>29%5 nm) followed

by trapping the products with the water, trichloroethylene zave
dichloroacetic acid (40%) and hydrogen chloride (52%); tetrachloror
ethylene gave trichloroacetic acid (36%), hydrogen chloride (16%),

and aohloerine (. = Phosgene was detacted as an intermediate froa

lpart XIV: (Dilling and Bredeweg, 1974).
part IIT: (D11ling and Bredeweg, 1974).

3Tc whom correspondence should bde addressed.
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both chlorinated olefina while trichloroacetyl chloride, ehleriaq,é
and carbon dioxide ware &lso detected from aoﬁraahloroothxinna. ‘ .
Under high altitude conditions, which involved dry air and short -
wavelength light (A254 nm prineipally), methylene chioride gave
hydrogen chloride (9%), chlorine (16%), chloric acid (8Y), and

perchloric acid (230%); 1,1,1-trichloroethane gave hydrugen ahlor-
ide (20%), ohlorine (39%), chloric acid (3%), perchloric acld (»24%),

acetic acid (10%), and a trace of chloroacetic acid.
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The fate and effect of chiorinated solvents whioh may be

¥

&;noﬁ;r;ed to the environment (Murrcy and Riley, 1973&{ Murray
and Riley, 1973b; Parber, 1973) are important from an ecclogloal

standpoint. In preceding papers of this series (Dilling et al.,
1974; Dilling and Bredeweg, 1974) the reactivities (ratea of disap-
pearance) cf the four most widely used chlorinated sclvents, methy-
lene chloride (CHaCls), 1,1,l-trichloroethane (CH,OCl,), trichloro-
ethylene (CHC1=(0Cl,), and tetrachloroethylene (00l.=CCl,), were
determined under simulated atmospheris conditions. ‘The two olefinic
solvents, CHCl=0C., and CCl,=CCl,, unierwent reaction under simu-
lated sea level atmospheric conditions whiah included ultraviolet
radiation of wavelength greater than 290 nm, nitrio acid (NO) or
nitrogen dioxide (NO,), and water vapor in air (Diliing et al.,
1974) . OHaCl, and CH,0Cl, were unreactive under these simulated
ses level conditions, but d4id resct rapidly under simulated high
altitude atmospherioc condivions whioch included shurt wavelength
ultraviolet radiation (primarily 2% nm) in air (Dilling et al.,
1974)., Having detormined that these four compouris do decompose
under cartain simulated atmospheric conditions, another important ,
oconsideration is, into what products are these materiels tranaformed
under these conditions. The experimenta reported in this paper
were carried out under conditions as near as posaidble to those
found in the environment. However, higher concentrations of the
compounds in air than would normally be found in the environment
were required, in order to collect encugh material in a reasocnabdle
length of time for reliable product identification.
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No data have been reported on the products from sither §3;§13‘i

or CH,C01, under simulated atmoapharic conditions. ‘Iwever, one
oan postulate in some cases what the products might be, based oh
other chemioal studies of these materials. Liquid CH.Cl, was
unreactive toward oxygsn (O,) even at 290° (Carlisle and Levine,
1932a; Mardie, 1964a), and produced only trace amounts of hydrogen
chloride (HOl) (Archer, 1970). Photolysis of liquid CH,CCl, in

the presence of air gave chloroacetyl chloride (CH.C1CCCl), chloro-
acetic acid (CHaC1CO.H)(Archer and Harter, 1964), and HC1l (Scott,
1961). COCl, wev reported as a product from CH,CCl, when oxidiged
by the atmosphere at an alevated temperature (Hardie, 196up).

The products formed from CHC1=CCl, under simulated atmospherio
conditions were reported to be phosgene (COCl,), cardon monoxide
(G0), and dichloroacetyl chloride (CHC1,C0C1)(Wilson et al., 1968).
It has been suggested that formyl chloride (MCOCl) is prodadly
a product (Altshuller and Bufalini, 1971). Neo formaldehyde (MCHC)
was formed (Wilson et al., 1969; Altshuller and Bufalini, 1971),
and the amount of total aldehydes formed p:robably was no mEore '
than the background (i.e. with nc CHC1=CCl, present)(Hamming, 1967).
Vapor phase photooxidation of CHC1=CCl, with short wavelength
1ight gave OHC1,COCl and COCl, (Dahlberg, 1969). Liquid phase
photooxidation gave CHO1.0OCl, triehlnranthylm?m,-cﬁclcﬂ.0) .
caclufiggkorlnt (Cly), formic acid (RCO.H), and glyoxylioc acid
(HOOCO.H) in varying amounts under different conditions (Carlisle
and Levine, 1932b; Muller and Ehrmann, 193€; Kirkbride, 1042;
0ilbert, 1960; Shepherd, 1962; Yasnitakii et al., 196S; Howard

and Montgomery, 1967; Yasnitakii et nl.é 1967). Photooxidasion
00Ci:




O of CHC1,C0C1 gave CO and COCl, via radical intermediates whieh

) igiﬁigkgd the oxidation of chloroethylanes (Yaanitakii et al.,
igé&f. Vapor phase oxidation of CNCl=(CCl, gave oarddn dioxide
(COa) and HC1l (Hardie, 19640}. The oxidation of liquid CHCl=CCl,
with air or O, gave CHC1l,C0Cl, ¢-CRO1C01,0, COCl,, CO, HOl, ehlorsl
(CCl,CHO), and various peroxides (Erdsann, 1912°' Nugdan and Vimmer,
1929; Carlisle and Levine, 1932b; Mugdan and Wimmer, 1934; NeXinney
et al., 1955; Shepherd, 1962; Mardie, 1968a; Shell Internationals,
1966; Howard and Kontgomery, 1967; Jeftrey, 1567; Mayo and Nonda,
1968; Archer, 1970). CHC1l=CCl, reacted with osone (0;) to give
HC1, ©0Cl,, 00, CH,01C0C1, and an "oxide of chlorine"” (Erdmanmn,

1912).

The only product data reported for CCl,~CCl, under simulated
atmospheric conditions was that there was no aignificant inorease
in the total amount of aldehydes formed compared with a bliank
run (Hamming, 1967). The vapor phase photooxidation of 001,=001,
with O, or air gave trichloroacatyl chloride (0C1,0001) and 000),
(Calfee and Wallace, 1936; Bertrand et al., 1971; Dahlderg et al.,,
1872). The mechanism prodadly involved the intermediscy of the
chlorooxy radical (Cl0.)(Kiryushin and Poluektov, 1968). The
liquid phase photooxidation of CCl,=CCl, with O, gave CCl,0001,
00Cls, NC1l, and various peroxides (Besson, 189%; Kirkbride, 198);
Rushmer and Smich, 1947; Yasnitskii et al., 1963a; Mardie, 196M4),
Photolysis of GC1,00C1 with O, gave COCl, and CO via free radicals
which were able to initiate the oxidation of ohloroethylenes
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(Yaanitskii et al., 1966)., Photooxidation of CCl,+CCl, 1n‘§he: '::
presence of water gave trichloroacetic acid (CCl,C0.H) (Qgilgg‘i *
and Hickson, 194l Yasnitskil et al., 1963b; Yasnitoskii et ;1.,;
1970). Oxidation of 1iquid CCl,»CCl, with O, gave CCl1,30C1, tetra-
ohioroethylene oxide (g-CC1,CC1,0), COCl,, and HCl (Muller and
Ehrmann, 1936 Shepherd, 1962) Jeffrey, 1967) Archer, 1970), al-

though 1t has been reported that CCl,=CCl, was stable toward 0,

in the dark (Hardie, 1964d). O, reacted slowly with 1iquid CCl,=CCl,
to give CC1,C0C1 and COCl, (Besson, 1894 Swarta, 1896 ; Hardie,
19644),

Experimental

Plow Reactor. The reaction veasel and assoolated gas handling
L e

equipment are shown in ?Iguic 1.

For the experiments with CHC1=0Cl, and CCl,~CCl, dry cylinder
air and a 4dry air-NO, niﬂdn from Mathason Oas Products were
passed through 1/4 inch Nupro In-line check valves, 1/ inch Nupro
needle valves and Brooke lA=15-1 rotameters. Two of the air streams
were passed through liquid bubbling tudbes with sintered glass '
Sas dispersion tubes. One tudbe contained water at - 25°, and the
other contained the chlorinated solvent at a lower temperature
(CHaCla, ~=78%; CHoCCl,, -25°; CHC1=CCl,, =32°) CCl,=CCl,, -15°),
The low * mperature was necessary in order to obtain the desired

eccnocentration of the ohlorinzted compound in the air streanm.

The low temperature was maintainsd by oiroulating Cii.Cl,
from a refrigeration Gﬁls through a jacketed vesael whish sur-
rounded the lowerpart of the budbbling tube exocept for CH,Cl,
where iry ice was used. The concentrations of chlorinated sol-
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vents in the air streams were determined by weight loss of the

bubbling tube and weight gain of the dry ice trap in bznnk'runJ:
The air stream, which was passed through the water, was esaentially
saturated with wate:r as determined by & control experiment. The
four air streams which contained NO,, the chlorinated sclvent,
water, and air alone in the desired proportions were each passed
through oksok valves and combined. For the reactions with CH.Cl,
and CH,CCl, the NO; and water were omitted. The combined gas
streams were passed through a Brooks 2-15-3 rotameter and into

the rtaeéor. The flow meters were calibrated with the actual

gas mixtures used in the reactions.

The gas mixture was introduced near the bottom of the reactor
and dispersed by means of a magnetically driven large Teflon paddle
stirrer, The.rcaetcr was & large flat bottomed aylindrical veasel
with a volume of -26 liters. The top edge of the vessel waa ground
flat. A flat glass plate was mounted on the top, sesled with
31laoono'or Apieson grease, and secured with spring clips. The
reactor temperature was maintained at 25:1° by wrapping ths sides ,
of the aluminum foil oaovered vessel with flat sided rubber tubing
through whioch water froa & refrigerated bath was ciroulates.

The radiation source for the reactions of CHCleCCl, and CCl,=CCl,
was & Nanovia 450 watt medium pressure mercury ars lamp. The lamp
was placed in a water cooled Pyrex well which trangmitied only

wavelengths greater than 29% nm as determined by measuring the
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emission spectrum with a Perkin-Elmer 202 ultrsviolet-visidle

spectyophotometer. The lamp intensity is estimated to Le -50
times that of sunlight in the 298-400 nm region, based on the manu-
facturer's especifications. The radiation source for the CN,Cl,

and CH,CCl,; reactiona was a 10 watt Hanovia low pressure meriury
ard lamp which has been desorived previously (Dilling ct al.,

1974) .

For the reactions of CHCl=(Cl, and CCl,=CCl, the e:i1t gas
mixture from the reactor was passed through two dry ice traps,
the first of which was of about one liter enp‘cicy. The second
trap had a capacity of -350 ml. Nost of the condsnsadble producss
and watar were collected in the first trap. The nonoondensabdle
gases weare then passed through & low back Lressure gas sorudbuer
which oontnin;d standard sodium hydroxide selueion. For the reac~
tions of CHaCl, and CH,CCl, the exit Zaa stream wias passed through
two 350 ml dry ice traps, then through the gas scrubder, and finally
through & one liter dry ice trap. In some cases a second caussic

gas sorubber was also used.

All connections between the various parts of the system were
constructed from 1/ inch stainless steel or Teflon tuding and
Swagelok fittings.

Simulatad 3ea lLevel Agnooggaric PEgtolllll 25 ggc:-ggxg.

Water (7% ml) and CHCl=CCl, (50 ml) were placed in their respec-
tive bubbling tubes (Pigure 1).' ‘Theldir flow rates were as fol-
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lows: 2% ea/minute thsugh the CHC1=sCCl, which was 178 ppm anci-cclg
(molar or volume basis) after mixing with the other gas strtaaa.

140 co/minute through tre water which was 35% relative hunidaty
after mixing with the other gas streams, and 235 ce/minute of

the air-NO, mixture {90 ppm NO, as determined by & modilied Saltsman
procedure (Dilling et &l., 1974)) which was 350 ppa NO, after mixing
with the other gas streams. The total flow rate was 400 co/minute

whioh courresponded to & 6% minutes residence time in the reastor.
Intc the gas scrubber was placed 100 mal of 1.0060 N NaOH and 115
ml of water. Dry ice-ethanol was used to cool the cold trapa.

The reaction was run for i66 hr during which time 3,980 lisers
(calculated from flow rates) of air (slightly adove atmospherio
pressure), 29.53 g of water, and 3.67 g (27.9 mmoles) of CEC1=CCl,
had passed through the reactor. No deposit was detected on She
lamp well, the reactor nurftco. or the gas lines. Nearly all
of the condensable material was found in the first 00ld trap.

A total of 35.75 g of mavterial (one phasa) was obtained.

After they melted, the aqueous solutions f{rom the 0old traps
were transferred %o a 50 ml volumetric Ilask with rinsing and
were made up to volume with water. A 5.0 ml aliquot was remsved,
aoidified with nitric acid (MNO,) and titrated potentiometrically
for ahloride ion (C17) with 0.100 N AgNO, on a Precision-Dow Record- '
omatic Titrator. The 20.67 ml of t;tra§s reQuired corresponded ‘
to 20.7 mmoles of 01 in the original %0 ml of solution.
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Another 5.0 ml aliquot of the agqueocus reaction solution was
icmaéod and titrated for acidity with 1.000 N NaON on a4 Sargent-
Welch Recording Titrator, Model DG. The 4#.09 ml of titrant required
v0 reach pH 7 corresponded to 40.5 mmoles of strong acid (B%) in
the original %0 ml of solution.

Acster another 2 ml of thy agquecus reaction mixture was removed
(fer go analysis, ete.), the remaining 38 ml of solution was ex-
tracted continuously with 200 al of ether for 77 hr. The ether
extract was evaporated under vacuum to -5 ml. After a amall amount
of water was separated, 4.842 g of the ether solution remained.
G o analyeis (2 £t x 1/0 inch ceiumn paaked with 1.5% LAQ M6
and 2% N,P0, on 60-80 mesh Chromosord WAW, column temp 127°, injec-
tion port temp 140°, detector blook temp 30G%, Ne flow rate 50
co/minute) of this ether solution showed s single produst, €,
4.3 minutes, which had the same retention tima as an authensloc
sample of diohloroacetic acid (CNC1,CO0.H). To a 1.680 g porsion
of the ether asclution was added 85.0 mg of l-shloronaphthalens
(1=CieHyCl) as an internal g o standard, tp 1.2 liﬁutcl. Qo . ‘
analyses of this solution showed the preasence of 0.559 g of CMOl,CO.X ;
which corresponded to 2.17 g (618 yield dased con cardon) of CHC1LCO,R ]
in the original 50 ml of aqueous solution. The 33.8 mg atoms of
chlorine which are contained in this amount of CNC1,C0,H repre-
sents 40f of the chlorins present in the OMCleCCl; used. A portion
of the ether axtrast was evaporated. The mass spectrum of the

residue indicated ths sample to be almost entirely CHC1,CO.X by
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comparison with the speatrum of an authentic sample. Hinor ;aauasi

of other compound{a) mcy have been prasent.

0 o anaiysis of the original aqueocus solution shownd only
OHC1aCOsH. G ¢ analyses of the ether extract on longe: columna
(from which CHC1,CO,H was not eluted) ahowsd traces of two short
Tetention time components which were not identified.

The sodium hydroxide solution in the scrubber waa transferred
to a 250 ml volumetrio flask with rinsing and made up to volume
with water. A 10.0 ml iliquot was &oidified with nitric acid
(HNO,) and sisrated for C17; 9.11 ml of 0.100 N AghCs was required.
This corresponded to 22.8 mmolec of Cl™ in the total sorubdber
solution. The excess dase in a 25.0 ml aliquot of the sorubber
solution was titrated with 1.000 N hydroshloric acid. Tnree
breaking points were observed at 5.61 ml (pH = 10.4), 5.95 m1
(pH = 8.2), and 6.88 m1 (pH = 4.8). The 6. Qg ml of titrant oor-
reaponded to the absorption of 3l.2 -olcﬁkuhlch had been piaked
up by the caustic sorubbing solution. Titration of sodium caYr-
ponate and scdium ticarbonate solutions indicated tha’s the extra
breaking pointa noted above wers not due to tha presence of carbvon

dioxids.

The total C1” in the traps and surubber was A3.5 mmoles whioh
corresponded to 528 of the thecretical amount of ohlorine in the
CHC1=COl, used. The tosal ' in the traps and sorubber was 72.1

mmoles.
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‘Water (75 ml) and C01,#0C1, (50 ml) were placed in their respec-
‘tive bubbling tubes. The gas flow rates wer; aet at 25 co/minute
through the CCl,=CCl,, 140 co/minute through the water, 28 cc/min-
ute of an air-NO, mixture (1000 ppm NO,), and 207 cc/minute of
diluent air. The total gas fiow rate was 400 co/minute and oon-
sisted of 142 ppm CCley=CCl,, 35% relative humidity, and 70 ppm

NOs 4in air. The residence time in the reactor was 63 minutes.
Into the gas sorubder were placed 150 ml or 1.000 N NaOM and 100

ml of water.

The reaction was run for 167 hr. During this time, §.21 g
of 001,=001, (25.4 mmoles 0Cl,=CCl,;, 191.6 mg atoms chlorine)
and 27.73 g of water had passed through the reactor. The NO,
conoentration in the gA8 strean waa determined after the termina-
tion of the photoreaction by £illing a large gas buldb with the
gAs mixture which was used thraughout the reasction and analysing
the contents by the madified Saltaman technique.

The reactor was rinsed with wvater until the rinses were

neutral. This sclution contained 5.3 mmoles of X* and no C1°.
G o analysis showad the presence of 5.66 mmoles of CCl,C0.H, which
cerresponds to 17.0 mg atoms of ohlorine.
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A total of 28.87 g of acidio liquid was colleated in the
two cold trapa. Contained in this liquid were 5.63 mmoles of .

L]

C1” and 13.00 mmcles of X', A uontinuous ether extraction was
run for approximately 105 hr on & portion of the cold~trap solu-
tion. O o analysis showed the presence of 5.43 mmoles of CCl,C0.H
in the ether extract, which corrsspended to 16.3 mg atoms of chlo-
rine. No other products were detected. Infrared analysis oon-
firmed the presence of CCl,00,H in the ether extract, and alse
indicated another unidentified product. Kass spectroscopic anal-
ysis showed only CCl,00,H.

C1” titration of the trap solution whioch remained after sther
extraction showed the presence of 5.6%5 mmsles, which indioased
that all of the 01" remained in the solution after ether extrac-
tion. Base eitrltaen showed 5.20 mmoles of ®* in the solution.
Thus, all the acid, with tﬁ:.ixoopeian of the HCl, had dbeen ex-~

tracted from the trap sclution.

Anglysis of the solution from the gas sorubder showed the
presence of 27.5%50 mmoles o C1l™ and 16.50 mmoles of hypoohlorite
ion (OC1”) which was determined by the 1odide~thiosulfate method
(Purman, 1962). A portion of the scrubber solution was acidified
to pH 1 and continuously extracted with ether for approximately
70 hr, 0 o analysie of the ether extract showed 1.25 mmoles of
CCl,C00,H present in the total sorudder solution, whioh corres-
ponded to 3.75 mg atoms of chlorine. Titration of the sorubdbber
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, solution with 1.000 N HCl indiocated that 65.50 mmoles of dbase had
ﬁctn neutralized by acidioc producsts. This was an excess of 20.25
tmoles of H' over that whioh could be accounted for by the chior-

inated products.

The overall recovery of products was 33.1 mmoles of cl”,
16.5 mmoles of OC1l”, 12.3 mmoles of CCl,C0,H whioch corresponds
to 37.0 mg atoms of chlorine, and 83.8 mmoles of K*. Assuming
the 0C1™ arises from Cl,, the yields (based on total chlorine
present in the CCla=CCl,) of products were 338 Cl,, 168 HCl, and
368 CC1,C0.H.

Simulated 31!5 Altitude Atmes cr;n | 4 9 olysis of CH,.Cl,.

CHsCls (%0 ml) was placed in the bubbling tube, and 290 ce/minute

of dry air wnk passed through. The resulting streas was diluted

with more 4dry air to give a total gas flow of 1200 co/minute.

This gave a concentration of 155 ppm CH.Cls in air and a residence
time of 22 minutes in the reastor. Two gas sorubdbers were used

in the photoreaction. Into each wus placed 250 ml of 1.000 N

NaOH .

The reaction was run for 165 hr. At the completicon of the
reaction, 6.51 g of CH,Cl, (76.7 mmolen, 153.4 mg atoms of cshlo-
rine) had passed through the resctor. A small amount of white
solid, identified silicon dioxide (810:) by infrarad analysis,
was deposited throughout the reactor. Infrared analysis also
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indiocated that there was a small ameunt of unidentified orgapie ,7
material asscoiated with the 810,. A portion of the Ag;e;ﬁa gég;sg
which had been used to seal the system and which had turned blabk
during the photoreaction was occlleated and analysed for total
chlorine. While the analyses were poorly reproducidble, they aver-

aged around & wt £,

A total of 3.13 g of 1iquid had collected in the two d4ry
ioe 00l1d traps. It was possible t0 recover a very small amount
of yellow liquid from the seocond cold trap. Mass spectroscopic
analyesis of this liquid indicated the presence of water, H0l,
and a large amount of CO,. There were several minor unidentified
ion-peaks. The two 0old traps wers rinsed with water until the
rinses were neutral. The rinses wers made up to volume with water
in & %90 ml volumetric flask. Analyses indicated & total of 1
mmole of ohlorate (Cl0p ), which was determined by the ferrous
sulfate method (Xolthoff et al., 1861), and 21 mmoles of perchlo-
rate (Cl0."), whioch was determined by the ferrous 1,10-phenanthro-
line method (Prite et al., 1964). There was no C1” or OCl™ preaens.
Titration with 1.000 N NaOH showed 23.0 mmoles of H* in the totad

coid trap solusion,

The reactor and conneoting lines were rinsed with water and
made up to 1000 ml. Present in the soluticn were 2 mmoles of
C10," and 22 mmoles of Cl0,”. No C1” or OCl” was found. Base
titration showed 22.6 mmoles of H' in the total solutien.

+
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The solution from the first gas sorubber ccntained 18 mmoles
of C17, 12 mmoles of OCL™, and 7.25 mmoles of C10,”. It was not
‘posaible to analyee for Cl10,” in the presence of the Cl0,". An
attempted acid titration of the solution was not successful. The
sscond ges sorubber contained 7.75 mmoles of C17, 1.2%5 mmoles
of C10,”, and 0.50 mmole of Cl0,~. There was no OC1™. Aocid ti~
tration of the solution, however, indicated that a total of 36.75
muoles of u? was present; only 9.%0 mmoles of H* couid be acoounved
for by HCl, chloric acid (NC10,), and pershloric acid (HC10.).

G ¢ and nar analyses for HCO.H were negative. The unidentified
acid does not ocontain chlerine, &8 neutron activation analysis
showed only 10.1 mg atoms of chlorine in the solution.

‘The solution 4in the last cold trap was made up to 2350 ml.
It contained 1.7% mmoles of 010,~, 0.5 mmole of 010,~, and 2.4

mmcles of R*.

The overall recovery of produq’n wAs as. j%‘:‘ of 017,

12.0 mmoles of OCl™, 12.0 mmoles of c..o. l»N 1es of ¥,

Assuming the OC1” arises from Cl,, the yields (based on total
ochlorine present in the CH,Cl,) of products were 1€% Cl,, 9% MC),
8% HC10,, and >30% NCO..

Simulated uz;a Azeiesdo gtggsgger;e ngeelzgas at ea,gg;.,

CH,001, (50 ml) was placed in the bubbling tube. Dry air (18
cc/minute) was passed through the CM,;C01, and the resulting OK,001,
air atream was diluted with more dry air %o give a total gas flow
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of 1250 co/minute. This gave a concentration of 169 ppm CH,CC1,
in the air and a residence time of 21 minutes in the re¢e=9é. .
In the single gas sorubber was placed 250 ml of 1.000 N NaOH.

The reaction was run for 167 hr. During this time, 12,329
1iters of air and 11.51 g of CK,CCl, (86.3 mmoles, 258.9 mg atoms
of ohlorine) had passed through the resctor. A small amount (230
mg) of 810, was colleoted.

A total of 3.33 g of acidio liquid was found in the first
two dry ice co0ld traps. The reactor and the eonnecting lines
in the system also ocontained acidio liquid. The two ao0ld traps,
reactor, and conneating lines were rinsed with water ungil the
rinses were neutrel. The rinses and the 3.53 g of acidio liquid
were combined in a 1000 ml volumetric flask and made up to volume
with water. An aliguot wi: titrated with AgNO,; these were 5.4
mmoles of C1” in the total solution. A 50 ml aliquot was removed
and titrated for H* with 1.000 N NaOM. Two breaks were observed,
the first at pH 3.95 after the addition of 3.23 md of titrant,
and the second at pH 8.50 after an additional 0.44 ml of titrant

had been added. Thia oorresponds to §4.6 meq of strong acid and
8.8 meq of weak aoid.

A continuous ether extraction was run on 500 ml of the rinse
sclution for approximately 150 hr. Subsequent titration of the
extracted water indicated that all of the weak acid, dut only
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123 of the strong acid, had been extracted into the ether. The
Zth:é;snu evaporated to a small volume. MNass specatroscopio anal-
Yais oonfirmed acetic acid (MOAc)as the primary product, with
a soall amount of CH,CiOO0.H and another ainor unidentified com-

ponent.

The pH of 200 ml of the extracted water solution war raised
to 7.5 with NaOK, and the solution waz evaporated to dryness. The
resultant white solid was ldentified by infrared analysia as pri-
marily a hydrate of sodium perchlorate (NaClO,) by comparison
with authentic apectra; a minor amount of a oarbeoxylis acid sals
and a nitrate (NO,”) or a oarbonate (CO; °) were also indicated
to be present. Powder x-ray 4diffraction analysis confirmed NaClo,
as the major constituent. MNase spectroscopic anslysis showed

only 0O, at 460°. Analysis of the extracted water solution showed
the presence of 61.6 umoles of Cl0s™ in the entire extrasted solu-

tion.

The NaOH solution from the gas sorubber was made up to volume,
with water in a 250 al volumetric flaask. Analyses indicated 935.0
maoles of C1~, 50.0 mmoles of OC1l™, and 6.7%5 mmoles of 010, in
the total sorubber solution C10." could not be determined.

The wator whioch had collected in the last cold trap down-
stream from the zas sorubber was made up to0 volume with water in
a 250 ml volumetric flask. Titration indlocatad little or no 01°.
A 50 ml aliquot was tiﬂrlt‘d with 1.000 N NaQH. The titration
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started at pH 7.2; a breaking point was observed at pN 9.7 ageoé ;’
the additicn of 0.53 ml NaOM. This corresponds to 2.65 mmoles. '
of H* in the total solution. No C10,” was found, but 2.0 mmoles
of C10." 4in the total solution was found.

The overall recovery of products was 100.4 mmoles of C17,
50.0 mmoles of OC1™, ¢.8 amoles of Cl0, , 261.9 mmoles of C10.°,
and »76.]1 mmoles of #*. Assuming the 0C1™ arises from Cl,, the
yields (based on total oh)orine present in the CR,CCl,) of pro-
duota wers 39% Cl,, 20% HCl, 3% HC10,, and >24% HC10,.

Sﬁltia‘Pﬁéﬁ61ZDii of CCle=CCl,. The photoreastor, desaeribded

previously for short-term (<24 hr) aca level simulated photolyses
(Dilling et al., 1974), was oharged with 100 ppm of CCl,=0Cl,,

50 ppm ¢f NO, and enough water for 3%% relative humidity. The
reaction mixture was irradiated as desoribed previously (Dilling

et al., 1974) for 7 hr at whioch time 60% of the CCl,=CCl, had
reacted; 50% of the CCl,=CCl, had reacted in 4.8 hr. The contents
of the reactor were drawn through a trap which was cooled in liquigd
nitrogen. Mass apectrosacpic analysis of the contents of the trap
indicated the presence of CCl,0001 (and/or g-CCl,CC1.0), wW/e 148
(co1,00%), 117 (cc1t), 110 (cor,00%), 82 (cerat); cocls, we 98
(v*), 63 (0001); s, we 70 (NY), 35 (C1*); and CO», we 84 (M%),
in addition to CCl,=0Cls. The chlorine iactopic abundance ratios

were consistent with the asaigned formulas.

’

VUL 146




18

Repetition of this reaction without the water vapor gave
'ia:!ﬁeiully the same resuite.

The preceding reaction was repested except that the water
vapor was omitted. O ¢ analysis (6 ft x 3 mm ID glass column
packed with 3.8% UC-W98 on 80-100 mesh Diatoport 8, column temper-
ature 60°, elactron capture detector) of the gaseous reaction
mixture confirmed the presence of COCl, by comparison of its reten-

tion time with that of an authentic sample.

Statio Phebo&ilal of CHC1=CCle. As in the preceding experi-

ment, 100 ppm CHC1=0Cl, and 50 ppm of NO in air were irradiated.
0 o analysis confirmed the presence of COCl,.

Resuite

Vapor phase irrediation of CHCl=CCl, (173 ppa), in a flow
reactor, in air which contained NO, (50 ppa) and water vapor (33%
relative humidity) at 25° with & medium pressure meroury are lamp ,
(A»295 nm) and with a residence time of 63 minutes in the radia-
tion sone gave easentially complete conversion of the CHC1=COi,
to OHC1,C0.R and KCl (Equation 1).

CNC1=0Cls + Air + NOp + HeO ems CHC1,CO4M + HCL
(h0%) (5ag)

RIS
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The ocondicions of the product collection wers such that any q;ﬁiur

lysable materials would have been iaolated as the hydrolyti; prz— _
ducts. The yields throughout this paper (except for HOAo) are {4

based only on the number of chlorine ectoms present in the Ganpoundn.ixi
The yield of CHC1,C0,H was 61% bdased on the carbon aontent.

C0Cl; was detected in a gas sample which resulted froam the
photolysis of CHC1=CCl, (100 ppm) and NO (30 ppm) 4in air in s

static reactor.

Irradiation (12>29%5 nm) 6f CCl,=CCly (142 ppm) in air whieh
contained NO, (70 ppu, and water vapor (358 relative humidisy)
in the flow reactor (65 minutes residence time) gave OCl,00.XK,
HC1, Cla (or some other product which analysed as 0C1~ and 017
in zqueous solution) and unidentified organio“produotu (Rquasion
2).

CC1,#CCl, + air + NO, ¢ M0 «lldmes 001,00, ¢ RC1 ¢ C1, (2)
(36%) (16%) (33%)

The conversion of the CCl,sCCl, was essentially complete. The
reaction mixture from CHCl=CCl, was not analysed for OCl™, but
there could not have been more than 8% since 92% of the chlorine
was acoounted for in the two products shown in Equation 1. There
was another strong 80id(s), which did not contain chlorine, formed
in the photolysis of both CHCleCCl, and CCl,=CCl..

3
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COCl, was detected in the vapor phase from & static photel-
yeis pf CCl,=CCl, (100 ppm), KC (50 ppm), and water vaper (3S%
Yelative humidity) in air. Ness speotroscopic &nalysis of the
condensable productes from this reaction aixture indicated the
preaence of CCl,C0Cl, CO0l,, Cls, and C0,.

Photolysis of CNeCl,y (155 ppm) 4n dry air under simulated
high altitude conditions () primarily 254 nm) in the flow reactor
at -25° with a residence time of 22 minutes in the radiation mone
Save ﬁﬂl, Ola, HCl0,, HC10., and traces of unidentified organie
producte (Bquation 3).

CHsCls ¢ air e HO1 + Cl, + HC10, + HCL0,
(9%) (16%) (8%) (»308%)

Irradiation of CH,CCl, (169 ppm) under simulated high alti-
tude oonditions similar to those used for CH:Cl, gave the same
four inorganic chlorine products in addition to HoAec and a trace
of CNaC1CO.K (Rquation 4).

CH,0Cl, ¢ air Jls NC1 + C1l, + NC10, + KC1O.
(20%8) (39%) (3%) (2248%)

+ HOAo + CitaCiCO.M
(108)

The HOAc yield is based on the ocarbdon content. The CNy0); and
CHs001, were completely consumed in the latter two reactions.

LT 000149




The chloroacetic soids produced from CHC1s0Cl, and CCl,=CCl,
almost certainly arose froam hydiolysis of the ohloroacetyl chlo-
rides, and the HC1l from COCl, and possidbly HCOCl. These hydroly-
ses likely ocourred in the 0old traps where the water and organioc
products both condensed, and thuz were nct photoreactions. The
deteotion of 001,C0C)1 and CO0)l, from the photolysis of CCl,=CCl,
and the reported formation of CHCl1,C0C)l and COCl, from CHCleCC),
(Wilson et al., 1968) suppors this conclusion. COCl, 1is inown
to hydrolyse very rapidly in the 1iquid phase (t,,.m0.1 sec at
25°) (Manogue, 19%8; Ugli and deok, 1961). ONC1,C0C) and CC1,0001
hydrolyse even fasser (Ugi and Beok, 196l1). HCOC1 is unknown,
and if formed &s & transient intsrmediate would likely drsak dowvn
to RCl and CO. Thus 4f these 80ié chloridos ware formed at low
conoentrations in the atmosphers from CNC1eCCl, and CC1,=CCla,
the acid chlorides would de destroyed rapidly on contacting rain
or other liquid water bodies. The vapor phase hydrolysis of COCl,
in the dark was quite slow as shown by injesting COCl: inte al»
whioh contained water vapor and following theo COCl, rate of disap-

pearance by g o.

Since one mole of HCl is generated for each mole of CHC1,00C)
formed under the simulated atmospherisc conditions of this study,
CHC1l=CCl, breaks down to about two parts of IJHC1,C0C1 and one pars
of other HCl generators (presumatly CO0Cl, and HCOCl) (Saheme ).
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. , 3chene I
- ', . R o e g

CHCleCCly + O Ji=s cHCL,CO02 + (0001, + HCOC1) e
(608 of C1) (%2 of 01)
1 a0 1 HeO
' CHC1,00,K +  NC1 RC1
(408 of C1) (208 of C1) (328 of C1) -

The major aifference between the photolyses of CNC1=00l,
and CCl,=0Cl, under similar conditions was the formation of an
appreciabie smount of Cl, from the lastesr (Scheme II).

Scheme Ii
Pggtigngio
CC1e=CCls + Os ~gfifke CO1,0001 + 0001, + 0,
. (488 of C1) (48 of C1) {338 of C1)
ll-o l 1,0 1 0.q N
C01,00,8 +  NO1 ¥el oc1” + o1

(36% of C1) (128 of C1) (4% of Cl) (168 of C1) (168 of CLJE

Cl, was det~oted both directly, by mass aspectroscopy, and indi-
rectly, by thiosulfate titration of the lodine liberated froa

1
Sy e
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the reaction of potassium iodide with 0Ci” which resulted from
the reaction of the Cl, with agqueous base. .

The excess acid ([H)»[017) + [ONC1,CO.H or CC1,00,H)) pro-
duced in the photolysis of CHOC1=00l, and CCl,20Cl, is likely HNO,,
which arose from the reaction of NO,, & portion of whioch probdabdly
passed through the photoreactor unohanged, with water in ths traps
and sorubber (Cotton and Wilkinson, 1968).

The formation of MC10, and HC10, from ON,Cl, and CH,CCl, in
air with short wavelength ultraviolet radiation is indicative
of highly oxidising 2onditicns. Oszone il‘kﬂaﬂﬂ to be gensrated
repidly under these conditions (Dilling et al., 1974).

Some of the products identified from the photoresctions under
these simulated high altitude conditions were probadly formed
through the interwmediacy of varije;tzgzstl (Sneed et al., 1954;
Remy, 1956), which in the presence of water or alkali, gave the
oxyacids of chlorine or the salts. 7The presence of HCl0, and .
HC10s in the water which acaumulated in an empty cold trap down- y
stream from two NaOH sorubbers during the photolysis of CN,.0l,
indicutes that at least part of the acid is not formed directly
during ths photolysis. Cl, oould have formed directly from CM,0),
or CH,C01,, from oxidation of HCl, or via the deoomposition of
& shlorine oxide intermediate. Alternatively, a chlorine oxide :
itself ocould have provided the oxidiaing power observed in she
caustic borudbers (e.g. Cle0 + Hy0 = 2 ROC1).
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s L 1" All of the products observed in this study were those whioh
" 'brobably resulted from resotions vhich are unimelecular with re-
- :apeat’ to the chlorinated solvents, i.e. there wers no produets
which require the interaction of two or mOre organic molecules.
Thus, even though the concentrations of the chlorinated solvents
may have been considerably higher than those found under maAny
environmentally significant aonditions, the products would very
likely be the sams at lower concentrations.
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In order to estimata the smount of oxidant (osomne, etc.)
generated in the presence of several chlorinated solvents in the
atmosphere, laboratory studies were carried out uuder simulated
atucspheric conditions which included ultraviolet radiatiocn
(A >3290 om), nitrogen dionide, and water vapor in a&ir in a small

lpart XV: (Dilling and Tefertillar, 1974).
2part IV: (Dilling and Teferciller, 1974).
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resctor (~10 litars). The oxidant was measured by titratied of
the fodine liberated on passing the reaation mixture M a
neutral buffered potassium iodide solution. Trichlorcethylene
and vinyl chloride caused the formation of significant amounts
of oxidant. Tetrachloroethylens ceused only & smsll amsuat of
oxidant to be formed at short irxradiation times and little or

no oxidant at kng‘u times. Mathylene chloride and }1,1,1-
trichloroethane contributer little or nothing to the formation
of amidaat.




. s ‘mo fate and effect of chiorinated sclveats which may be
émﬁu« to the environment (Murray and Riley, 1973a; Murray
and Riley, 1973b; Parber, 1973) are important from an ecological
standpoint. In preceding papers of this series (Dilling. et al.,
1974} Dilling aud Bredeweg, 1974; Dilling and Tefertiller, 1974)
the resctivities of, and products from, the four most widely used
chlorinated solvents, mathylene chloride (CHaCls), 1,1,1l-trichlo-
rua;u (CBs0Cls), trichloroethylens (CHC1=CCls), and tetrachlo-
rosthylene (CCla=CCls), were determined under cimulated atmos~-
pheric conditions. CHCL=CCly was moderately reactive, and
CCle=CCla was slightly reactive under simulated sea level atmos-
pheric conditicns which included ultraviolet radiation of wave-
length greater than 290 om, anitris oxide (W0) or nitrogen dioxide
(NOg), and water vapor in air. CHsCla and CHaCCls wers unxeac-
tive under these conditions. Vinyl chloride (CHa=CHCl), a large
volume mOnCWmer. was nearly as reactive as CCl=CCla (Dilling
et al., 1974). |

An important criterion of the adverse effect of compounds
on the envircnment is the amount of oxidants, principally osone
(0s), peroxyacetyl nitrate (MeCOsNOu), and NOw (Pitts, 1969),
which are genmerated dus to the presence of tha compound in a
photolysing air mess (Leightom, 1961; Altshuller and Bufalini,
1965; Altshuller and Dufalini, 1971). The objectives of the
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prosent work ware to determine the amounts of total cxident’

genezated due to the presence of the four chlorinated sclvents !

and CEa=CEC1, aud alsc to develop & simple method, which utilised
a small (~10 liter) phétériqatcr, by which total oxidant forma-
tion could be conveniently determined.

As far as ve are avars, no data have been reported on oxi-
dent formstion due to the presence of CRaCla or CHg=CHCl other
than a preliminary report of our data for CiaCla (Parber, 1973).
CHleCCle was found to cuntribute, in a minoz way, to axidast for-
maticn (0.1l ppm Os under conditions where CHC1=CCls produced
0.435 ppm Og) (Fullex, 1968; Farbder, 197)3).

' In general, most workers have found that CNCl=CCls, under
simulated atmospheric conditions, had a wmedium capacity for
producing oxidant as compared with other common solvents or
atmospheric pollutants (Harton and Bolse, 1958; Brunelle, et al.,
1966; Bamming, . 1967; Fuller, 1968; Wilson, 1969; Wilson. et al.,
1969b; Altshuller and Bufalini, 1971; Parber, 1973). 1The agres-
ment of results between different workers wis not very good.
Soms cleimed that CHC1=CCly produced oxidant more slowly than
did ethylene (CMe=CHz) (Wilson, 1969; Wilson et al., 196%a)
while others claimed a rate comparable to that of Cla=Cila but
less than that of propylene (MeCR=Cila) (Altshuller and Bufaliai,
1971). 8till ancther group claimed a stable osone consentration

(it
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f} = of ;659 (Schuck and Doyle, 1939). The maximum concentration of
oxidant formed with CNCI~CCly was higher than that with Cla=Cha
(Wilson, 1969; Altshuller and Bufslini, 1971), snd about the same
as that with MeCl=Clly (Altshuller and Bufalini, 1971). The oxi-
dn;e dosage with CHCl=CCle was about the same a¢ with CHy=CRa, but
less than with MeCl=Clls (Altshulliaer and Bufalini, 1971). Another
report indicated that the amount cf Oy formed ia the presenca of
canxibcx. was at least as great as that producad by automobile
sxhaust (Namming, 1947). The amount of oxidant formed decressed
sharply as the CHCl=(CCly:NO ratio fell (Wilsom, 1969; Wilson et
al., 1969b). Addition of CHCl=CCls to MeCH=CMy caused a slight
{increass in the amount of oxidant formed compsred to that formed

with NeCH=Cll alone (Wilaon, 1969; Wilson. et al., 1969b). In-

jection of a high concentration of CRCl=CCl, into & resctive
photolysing air mass ahaund no incresse in oxidant levei over
that without added CNCl=CCly. (Wilsom, 1949; Wilson. et al., 1969).
According to most workers, oxidant or Os was either nct
liﬂl!?l!d (Brunella. et al., 1966; Namming, 1967) or only a very
small agount was generated (Schuck and Doyle, 19359; Fuller, 1968;
Farber, 1973) in the presence of CCly=CCla under simulated atmos-
pheric conditions. One report (Herton and Bolse, 1958) indicated
that more oxidant waz produced in the presence of CCly=CCls than
in the presence of Cﬂn'CIn; NeCl=Clla , origéluon- (Fae).
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Reagtor. The photoreactor (9.58 liters capacity), describad
previously for short term (<24 hr) sea level simulated photolyses
(Dilling et al., 1974), was used after slight modification. ‘An
exit port was added at the end opposite the sample port so that
the contents of m reactor could be swept out gt&h 4 gas streaa.
The temperature of the reactor was maintained at 24-23° by means
of a lNsals constant temperature batk.

Matarials. HRigh purity dry air and prepurified nitroegen from
Natheson were used as received.

Oylinder N0 from Mathescn was purified by condensing ges
from the cylinder in a wet ice cooled trap, freesing the iliquid
NCe (MaOe) im dry ice and degassing to 0.01 sm Hg. The sanple
a3 thawed by warming to 0°, refrosen and again degassed. 7his
procedure was repeadted two more times to insure that all air and
other noncondensable impuritiss had been remcved. The purified
N0 was transferred to & 1 liter sample buldb equipped with a
stopcock on one end and a pisce of gage-glase tubing on the
other end to which was attached & rudber septum secured with
Swagelok fittings. This flask was evacuated, loaded with a
known pressure of purified WOa and brought to atmoapherxic pres-

sure with air. Sasples were withdrewn by syringe from this
3 )

L

*
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u-plo bulb and injected into the photoresctor. The KOy wes mot
purified for the resctions with FiMe, CHaCCls, and CNC1=CCle.
This difference may accouat for the apparent oxidant abscissa
displacements in Figures 3 and & as compered with Figures 2, 3
and 6.

CRaCla, "Distilled in Glase", from Burdick and Jackson
laboratories was used as received. Uninhibited CHeCCls and
CEOL=0Cly were redistilled. CCle=CCly (Dow Per®) was washed
with aquecus ECl and diat.illed, bp 121°, prior to use.
Cylinder CHp=CHCl from Matheson was placed in a black Tefloa gas
bag from which the CRe=CRCl was withdrawn by & syringe for
injection into the photoresctor. MNass spectroscopic snalysis of
the CHa=CHCl: showed & purity of 99.2%. Fide was redistilled.
All of the organic materials were subjected to careful ansiysis
by gas chromatography ,(")' mAss spectrometry and ulcraviclet
analyses. Mo {apuritiss were detected except ac noted.

Meutzal buffered potsessium iodide (KI) solution (Saltsmen,
1965) vas prepared by dissolving successively 13:81 g of
potassium dihydrogen phosphate, 14.20 g of anhydrous disodium
hydrogen phosphate, and 10.00 g of KI ia 3500 ml of water. This
mixture was diluted to a volume of 1.00 liter to give a 1% KI
solution that was 0.1 M in each of the pholpblgc salts. This
solution was transferred to a browa bottle, stoppered, and
stored in the dark for 24 hr before use.. 000164
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Sodium thiosulfate (MasSaOs, 10.0 ml of 0.1000 N selugior)”’ - B
from Cusrtin Scientific Co. was standardised against potassiua

iodate in the conventional manner and diluted to 1.00 liter
with distilled water to give a solution which was 0.00100 W.

Aoalyses. The disappearance of the organic compounds wae
sonitored by periodically withdrawing samples by ayringe from
the reactor for gc endlysas. CHaCle and CCla=CCly were deter-
nined with & thermal conductivity gc equipped with a 10 f& x 1/4
inch column pscked with 20% Apieson L using & heliux flow rate
of 40 co/minute at 75° and 1350° respectively. CHsCCly, CNCl=CCl,
and Mde were determined with a flame louimation go equipped with
a3 fe x 1/4 inch column packed with 20% Porapak Q at 173°.
Cla=CHC] was determined with an clectron capture go equipped with
s 10 f& x 1/8 inch colusn packad with 20% N,N-bis-2-cyanoethyl-
fcrmamide on 80-100 mesh Chromosord W at 80°.

The total oxidant was determined by flushing the entire
reactor contents :hrou.h s ges-absorbing tower (Smith. et al.,
1964) which contained 25 ml of the 1% KI soluticn. The reactor
was flushed with nitrogen at a rate of 1 liter/minute for 30-43 -
sinutes. This time period should remove 93.7-99.0% of cthe
reagtor contents according to the equation C = Got'“’ v) e.

where C is the concentration at time t, C, is the initial ecoa-
csatration, f is the flow rate, snd v is the resstor volume.




‘A;cc'l;pu to flush the reactor contents with smaller quantities

!;! KI and (or) higher flow rates gave consistently low oxidant
valuee, as determined by titrstion with Nag8sCs. The validicy
of the method was tested by generating smsll quantities of 0a
vith an electric discharge in s flask, and rewoving two aliquots
by aycings. One was injected into the photoreactor and flushed
through a KI solution as described; the other was slowly bubbled
directly through an equivalent volume of KI solution. Titration
of cach solution (seversl runs) indicated that over 95% of the
Os in the reactor was accounted for. After the reactor contenta
had been flushed into the KI solution, the gas tower was rinsed
with 1%-20 ml of water, C.73 ml of soluble starch solution wes
added, and the resulting solution was titrated with 0.001 N
¥ag830s. The concentration of oxidant wes calculated from the
equation, ppm oxidant (ee Os) = 1.276 x ml of 0.001 N Naa840s.
It was necessary to flush the entire resctor in order to have
sufficlent quentities of Os for anslysis.

Jaample of s Typical Wotolyls. To the evecuated chember
was added 1.8 ul of CReCCls; 1.0 cc of a NOs (120 =m Rg pressure)
-air (640 mm) mixtura, and 93 ul of water to give concentrations
of 50 ppa (wolazr or volume basis) CHaCCls and 12 ppm NOp at 4%
rolative humidicy, after tae resctor was filled to atmospheric
pressures with air. The contents of the reactor were {rradisated
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for 18 hr. The results of CReCCle and oxidant analyses u-.,'. o

shown in Figure 3. The reaction was repested several times for'
different lengths of time to obtain the other oxidant velues

shown in Pigure 3.

Results and Discuseies

‘Hlny workers hava reported that Os did not appesr in
rimulated atmospharic:photolyses until the MO had been com-
verted to N0a (leightom, 1961; Altshuller and Bufalini, 1963;
Picts, 1969). It 1is alao clear that nearly the sams maximum |
Os concentration is attained irregardless of whether WO or NO0s
is part of the scarting misture. In order to aveid this
"induation period" and to thareby shorten the analysis time,
#Ou was used in all of our experiments. The concentration of
the organic compound used was usually 30 pps; this concentra-
tion was necessary in order to facilitate go monitoring of
the chlorinated organic compound in some cases. Some experi-
senta were also carried out with ~12 ppm of the chlorinated
compounds. A ratio of 4:1 for orgsnic compound:NOa was used
for all experiments. The range for most of the earlier work

was from 2:1 to 8:l.
The precisicn with which the onidant could be asssured

in m; experinsats sufferved from several factors. The




Iu.

L

‘Bajor-one was the fact that each datum point came from a

'icpu-'an experiment. Other factors were the difficulty of
introducing NOs n?:odmtbly and the large volume of air vhich
was flushed through the sbsorbing reagent. An edtimate of the
precision ia the oxidant messuroment is about ¥ 10-18%. While
this precision i3 not as good as one might wish, the data ob-
tained still give adequate representation of oxidant formation,
particularly whon one is concerned with relative values of
various compounds.

In order to validate the method for total oxidant deter-
mination, PhiMe was subjected to the procedure. This compound
had been studied earlisr (Levy and Miller, 1970) and was found
to lead to moderate quantities of O at a relatively rapid
rate. The photolysis of 16 ppm Phle was carried out in the
presence of & ppa NOs. Figure 1l shows the results of this
irrediation. The maximum oxidaut concentration (0.8 ppa) was
reached after 4 hours irradiation. Lavy and Miller (1970)
reported & maximum Os concentration of 0.44 ppm after 3.)
kours whenthe initisl concuontrations were 4 pp= FmMe and 2
ppa NO. In a previous paper of this series (Dilling et al.,
1974) a half-1ife of 6.8 hours wes reported for Mie (10 ppm)
when irradiated in the presence of WO (3 ppm); the data in
Figure 1 indicate & half life of ~3.3 hours. Bearing in mind
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':m‘ i.uhnmu in starting concentrations, light intensitie),
‘nd differences in reaction times for NO versus NOa, the agree-
sent in the data seems u:h!ugory.

- Data ter' the photolysis of CRaCly are showm in Pigurc 2.
There was no disappesrance of CHaClse within experimental error,
ia agresaent with our previous report (Dilling et al., 1974).

}'ho oxidant levels 'un un@mhl&y un:tul. with a blark run

tn which the GaCls vas owitted. MWOa at an initisl concentration
of 13 ppm {n the blank, gave an oxidant leével of 3.5 ppm &b Do
(Salcsman, 196€5); cthis level fell off rapidly to ~0.% ppm &a -3
heurs. Under the wﬁt:t&;a of these experiments this level
(0.8 ppm) remained relatively constant for at least 13 hours of
continued irradiation. Photolysis of an O blank which started

at 2.7 ppa resulted {a a total cutdanﬁdumn from 0.7 ppm toO
0.3 ppm in & hours. '

The value for total oxidant obviously includes both Oa
and NOa as well as ary other oxidising species which might be
. produced by phoialyuu during the course of the experiment. In
" the early stages of irradiatioa the oxidant is almost entire v
- MOp. Rowever in tha later stages of the reaction, where Oa may
be the predominant oxidant, the Qs concantration cannot be
obtained by subtracting the N0y (blank) curve from the total
oxident curvs because the addition of am organic material ecan
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'Uras§lcally alter the (NOx + O -ﬂb. NO + Op) equilibrium
‘Altshuller and Bufalini, 1969). |
The photolysis of CHsCCls was studied at two concentra-

tions, 50 ppm aud 10 ppa. The rnuln are illustratad in
Figure 3. There was n’hgtﬁly liccle disappearsncs of the
CHeCCle. The data at 10 ppm indicate that the oxidant level
 decréased n'pi?ﬂy until it approached sero. The lowest oxidant
level that could be messured was about 0.05 ppm. The curve for
she 30 ppm reaction again rapidly decreased, but aaymptotinally
approached ~0.1 ppm, which is very low, considering the high
finitial concentration uf CHeCCls. |
CiCleCCla produced much more oxidant (Figure 4) than did
CHaCla 8nd CReCCly in the early stages of the photolysis. The
forvation of a efgnificact asouat of ouidant from CHCl=CCla 1i -
in agreemsnt with most of the references cited above. The
vapidity with \@tsh qd.dgu: !oru is perhaps surprising. That
it is real, however, is borny out by the fact that several of
the points in Figure 4 vere obtained in duplicate. Agsia,
_however, somes of the oxident may be due to & slower decrease
in the WOy concencration.
CCla=CCla was found to be rather reactive from the stand-
point ot ﬂhapmunu of srganic; the concentration dropped
from 350 ppm to <5 ppm in 4 hours. In this respect it is quite
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_ stailer to CHC1=CCls. Rowever, CCla=CCla is puhogid‘rmu,;a.uy'
diffecent froa CUCl=CCl, w.!.e.h t;nme to oxidant t‘;ecueiea;‘ A .
comparison of the curves in Figure 35 shows that phgeoiych of
CCla=CCly led to slight coxident forwmation initislly but that the
£inal oxidant level resched after 13 hours of irredistion wes
lower than chat for the blank. This same bebavior was alse
observed in enperiments at lower concentrations (13 ppm CCle=CCl,,
2.8 ppm NOp). The total cxidant in the pressunce of CCla=CCls
decreased from 0.7 ppm to 0.2 ppm in 4.4 hours} the fimal oxidaut

concentration in the blank was 0.3 ppm.
o:uiu: formsation in the presence of CRe=CECl (Figure §)

was comparable to that in the presence of CECl=CCly. Tha rate
of CEa=CHCl disappearance was similar to that of CCle=CCls in
the inicisl stages, but became slower as time inmcressed.

In summary, the relative oxidant forming potentials of the -
five chlorinated compounds studied are &s !gnﬂuz . |
CHC10Cla w CRa=CHCL > CClawCCla > CHaCla m CHaCCls.
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