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PREPACE

This theals ip divided into threo parts.

Papt I of the thesis deols with o dlscusgion of
the procosses involved in the themal and ghetolytlo dee
compopitions of ogones, The roaction is deporibed in temss
of potantiolegnopgy surfaces, tho objeet being to resclve
the quostion as to the cawadt meshenisn fopr the decompesition,
Previcuely, the reaotlon had besn deseribed by schemes which
differed mainly with vogpard to the role played by excited
orggen moleculos formed from ozone., Conaldoration of potentiale
enepgy surfaces offered a means of avpiving at & satisfastopy
golution to the problam.

Parte 11 ond III doal with ezperiwental studles of
the themel decorposition of opganie compounds o dimothyl and
dlothyl othiors The meschanisn Ly whish theso matorialo brock
down to more otablo produsts has besn the objeot of consldere
gblo controvorsy Yor the pect threo decodess Yorly womtorn
aunpldeved tho rouctliung to bo of o pluplo molacular nature
» ¢he molesules sequliving cnoueh cnepry Ly ¢olllsions 40 pee
oppanise thele atons ond thon fell apavt ss;mzwmwmze:iey? Tho
Frogiente fremr sueh & opdit uore thempolves atableo soleenlop
speduetse  Thils vlew was bascd largely on the feed thob many
orpanic dogonponitions obey ninplo Winotic lowge This
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oxplenation had o bo Qlacordsd when Iol, Blce and cowospleps
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ghowed by the Panoth mirvop tochmique that free radiecele ave
present when orgenle substances decompose in the gaseovus
phase. Meohanimms weps proposed in 193 involving elexentery |
£roe radiosl roactions by Rice and Nergfelde It was shown
that woat of tzm. oxporimental observaticns including the
simple opders could be explained by & ocomplex mechanism.

later work has shoun that the princlples postulated by Hice
and Persfeld wers largely correct for the overeall processes,
but that important modifications regarding individusl
slementary eteps hed 4o be mede. This becans one ares of
intensive theoretical end oxperimental researsh. Today

there are still many questivng of fundamental impoprtance to

be angwerede Thie resoarch on the uninhibited deconpositions
of dimethyl and dlathyl eother wap concerned with the slucidation
of gume of the olementary froe radical processes in order to
arrive at more satisfactory ovepeall mechoniomg.

The vieuw that part of tho decoapopiticn of ovgenie
compounds was nolesclap wag ralesd by 9ip Cypil Udusheluoed
and his studentne !lipie oxldo ndded iv very suall quantitlos
decrensed tho rale of the pyrolyses & o frasction of the pabo
in tho cbseneo of U0 Tho roaldndl pecction wop thoeupht o
Bo pupoly moloculars Yhis view hoo boon malntained over the
#ogt tuaty yours Mo ai’ﬁso of the acoumnlatlion of egvidenco

Indleating that tho inhibitod decmponliluno ave oloo malndy



povernod by freo padical proocesses. The obstacle ¢ the
acceptance of froe radlcel mechenieme for the inhibited
reastions wad probebly becaune until very recently no one
waa aucoessful In devieing gencral free radical schemes
which could esplain the experimentel cbservaticns aatiaraccer?
ily. Wojoleshouski and Latdler, however, in 1960 proposed a
nou medhanism in which the niteic ozlde conld inltiate fres
podical ohalne by abstraction of o hydrogen atau, and also
tales pert o temmination resctionse. These proposals uare
tested asd found to be suceessiul in explaining decompositions
of a nwmber of hydrocsrbons, although some modificatlions bave had
to be medo. As @ further test as to the generality of thess
sehones, tho inhibited desompositions of dimethyl and dlethyl
othor were studled,

Yart I of this thosls bas been published in the
Yannadien Joupnal of Chomistey, b0, 539 {1961). iert II hue
heon submitted as a threcepart vaper fop publication {o the
Uanadisn Journel of Chemlotry, end Pard Y31 hao been submitted

in two popts fop the Procssdings of tho Royel Sosloty.
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Thlo rosearch vng condueotod undor tho dipection of

Vrofenser Keds Loldlop, whoso vipllant obtention, pationeo,
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ppratitudo the suthor wishes o remember Dr. Doe Wojolechowsltl
and Dr. Hargaret Cack for useful and congtructive eriticiem
and Dre FoPe Loasing of the Hutiongl Ressarel Council, fop
tho nagsesprotrmotyy antlyses. Supgestions offered by Ore
Hehio D¥yee, and by Dpe 5.%. Denson on theinterpretetiocn of
certain roactions are also gratefully acknowledsede Thunks
are due as well to Dr. G.H. Freoman for the wse of hle Uxlord
Do ¥hile Theslse Finally, it ia the suthor'e special plessuve
to rocord the important contribution made by his wife who

apeiated in many ways throughout the course of this raseurch.
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ABSTRACTS

Potentinlecnorgy ourfacos ave conpldered fop the
Gh gomplex, treated ap the thresebody complez 0 sse O see 02.
Dy maans of these it 1o ahown that G(ai‘) reacting with 03 nay
give prise to a nmoleouls of (3‘7,2 in its pround state and e in
any of the states ° & s" (ground) , Yag and 1y ;8 3 Zu*
cannot be producede iHost of the oxyzen molecules produced
aro oxpected to be In the ground eleotronic atate, but will
bo vibrationally exolted. Such molecules are rendily dee
sotivated and wnlilkoly to lead to enopgy chaing by the roaction

L

& . .
o «%03‘ 2034»0

Sacn ohelng app theveforo wnlikely in tho thowmel docomposltion
and in thet Initiated by visible radletion. In ultpaviclet
lipght %:'2(3’1')3 atuns ave produced aud the potentisleonorsy
supfacos chow that those pive rloo very efficiently to

otdo) + 03 = 9,00, (° L") tho latter havo 13 tend

22 oxcose of $ho prowd ptebo. I¢ 1o sugnooted that tho

gubgeouent vadletlve veocaps

§

035 .0 03 £ .71+ wo

ig pooponslble fop cuotaining tho poslation of vikpablonally

exelted onypen noleowlos in tho cround otobo and $hat oo
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propagate energy chaing ap poatulated by Metrath and Horrishe
The algnificance of these conolugions ls discussad with

roferoncs to the oxrorinental evidenicg.




&n experimental study has been made of the thermal
decompesition of dimethyl ethor, tho temperature range bzain.g_
500 to 550% and tho pressure yange 100 to 700 wm Yg. 4
osneldorsble surfuce effoct was noted, and the results were
not very reproducible. The resction was of the thregeohalves
order and the rate conatent could bo espressed as 2.98 lon"
o~SUe900/RT (1/2 oy o=L/2 ge0™}, Gn the basls of the reeults
obtained in the prosence of hwdrogen sulphide {Pert 11 C) it is
coneluded that the initiuting atep, tho dismciatlon of
9%3*‘ 3 into 0§i36 and ““;13’ is In ito seccondeonder poglon.

In ordep for the ovoreall order to bLe thresehalves the main
terainabing otep must bo oithey of the type POM or Br. The
ceneentpations of the varioug padicals, and tho pates of the
varisug ohainecnding stops, weo oslenlated fron Lnown op
cotlmated kinetie naraneters fortre clomentary procossess
it ia gunelunded thut tho srodominant ciminesnding ston 1o
probably i‘-‘SB % CEE?B LR ot ¢ Hp bub that thoro may be

a algnificant contpibution foom G, & CU0 # H = Gfﬁsﬁi‘fﬁ ¢ i,

w

end forom Si‘IB @ i;’*w' Gy &+ H = g 300N,

3




The themal decozmpoaition of dimethyl ether, ine
hibited by nltelec oxlde and by propylens, wss atudled in the
temporature pange of 500 to 600°C, about 1.5 mm of nitple
oxide gave mexinal inhiditicn, tho pato then being approximately
8% of the uninhibited rate, With propylene approzimately
70 mu gave marimal inhibiticn, the rate being slightly higher
than that using nitric oxide (12,55 of the uninhibited rate).
in both cages the degres of inhibitlon was independent of the
sthor pressuve. In the maximally inhidbited wegicns both
reactiong are threeehalves opder with respect to other pressure,
A3 the proasure of nitric oxide was ineronsed boyond 10 = 15
mm, the overall rate inorensed, and in thie veglen the recction
s Livgt order with rvespect to both nitrle oxide and othere
b R16L7-L1StY nixturo of CTo0Cly and CDS0EDy, with cnough EO
to onpupe mazlmm inhibition, wes pyrolyzed. iven ab vory
low porcentace decomposition the «::aszz/m ratlo was goproxinately
tho eene ag In tho uninhibited decompositicn, peoving %hat the
inhivited peaction is largely o choln procoos. Dotaliled ine
hibition mochenicmg ave proposed In vhich tho inhibitop do

Involved bobh In initlatlon end tominatlon rosctions.

Go  zhp Hooobion dssolemabod by Hydsseen Sninhide

Tho thomael descuposition of dimothel other in the

b




presence of hydrogen salphide was studied In the temperature
range of hEO to 530%, and ovar the pressure vangs of § %0

500 mme of Hge Por & given pressure of dimethyl ether the
pete of decomposition increseed with the addition of inoreasing
quantities of hydrogen sulphide, resching a plateau after
approximately 36% ﬁas rad been addeds The melative rate of
decomposttion then remained constant until more than 50% B8
had been edded. Furthey Inorease in the hydrogen sulphide
songentration produced a lineap inorcase In the relative rate.
In the region between 30 and 50% added il,3, the decompoaition
of dimathyl other was thros-halves crder with respect to

othopr pressurs, and Sero order with respect to hydrogen
sulzhide prossures In this repion the threestialvogecrder

poto constast ean Do exprossed by k = 1,06 2 103@ 9'53°2°3/H?
3@1/2 malw"lfa 5@s°1e In ths pogicn beyond 505 added Haﬁe
sho poactlon was flpoteorder with rospect to dimetbyl ether,
and tnoshall ordop with mospact to bydrogen sulphides In

thio recion the thressholvese-order rate cunstant I8 eloan
wmwﬁﬁﬂmmm@émﬁwweﬁmmﬂgygm$% Tho
exporinentel facts avo chuwn to bo concistent with & noohanie

involving hydrosulphlde radleals as tho peinoipel chaln
curriorg. Thoso IS padicels ove ppoduced malnly frem tho
renoablon of wothyl radicels with hydropen eulphldee Tho
wopk deads to o veluo of (8.0 eal. fer the disgoolaticn

- £ bew L Y
engpor of uaﬂ Into ¥ 4 B,
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presende of hydrogen sulphlde was studled in the temperature
rango of 460 to 530°C, and over the pressure vange of § to

800 mm. 0f Hge For a given pressurs of dimethyl ethep the
pate of decomposition inoressed with the additlcn of inoressing

guantities of hydrogen sulphide, reaching a plateau after
approxinately % S had been addeds Tho relative rato of
deconposition then remained constant until more than 508 B8
had been added. Further lnorsase in the hydrogen sulphide
consentration produced a linear Inorcase in the relative rate.
In the veglon between 30 and 50% added il,5, the decompositicn
of dimethyl ether wae tlroe-halves order with pespect to
othoy presgure, and Sopro order with respect to hydrogen
suiphide proosuprs, In this region the throgehalveseorder
rato congtant con be oxprossed by k = 1,06 2 1;01!4‘ awEBgEQ@/ AT
002 0016732 50g"Y, 1n tuo vezicn beyond 503 edded H, 8
tho peactlion was fipsteordor with rogpect to dimethyl othep,
and cogehalf opder with pospact to Mydeogen sulphides In
tnis rezion the thrceshalvoseonder rabo congtant fa given

2 BN pan foo a in Y/ o
by koo ISl 2 l()"£$ e 5&95”’9/ B aed & mole e 860 3'9 Tho

eznorinental facty ero showm $o bo consigtont with o mechanigm

involving hydrosulshide padlenls ag the orinelipal chaln
currlorse Thogo IS pedicole ape pyoducoed mainly frem the

reaotion of mothyl padlecls vith hydporen sulphldes Yho

%

worl leads to o valuo of 5.6 keal. for the dissoelaticn

o G £ Bomdpy 3t i
CROPEE UL .Hgiﬁ into b4 Do



A« The Uninhibited Reagtion

The uninhibited thermal decompousiticon of diethyl
othar wap studled frem 960 to 6209 and at pésasuwu ranging
fyon 15 to 370 mme Bge The onrder of the overeall reaction
was betusen 1 and 3/2, the order being groatep the highes
the pressure. Analytical and kinetls data provide strong
evidence that there 1s a moleaular split of dlethyl ether
into ethanol and othylens. fThe resotion leading to acotale
dehydo and othane, on the other hand; is concluded to be

gimoat erdirely o fvee pradical ohain process. 4 detalled

ghaln mechmntiam o rostulated, involving irst order initiation

and the resetlon betuoon 63‘&5 and Gfiacﬁzaa aﬁﬁ as tho chaln
ending stop. This mechenisn 1z shown to lead to a stoadye
stats rate equation which leads o flpsteorder klnotics ab
leuwor other procsures end threoebalvesecrder hinetlcs ab
highor cnege Tho kinctle results leed to activation ensrglies
whish sre in satlofactory acrocnant with values coleulated

on tho baele of the olaugntapy renotions.

Bo o Hoseblon inhibited by litels u=ide

Tho prrolyele of dlothyl obhop, inhibited by nitele

o > " # P G
onido, wao studlod in the tasporabure vongo of SG0 fo GG,
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and at pressupes botween 10 and 3860 vm. Mg About 7 mme of
nitrle oxide gave maximal inhidition. The degrec of maximael
inhibiticn varied with the temporature Lul was indepandent
of the other presmure. As the nitric oxzide pressups was
inoreased beyond: 35 e 40 mm, the rate indreased linearly.

In the naxinally inhibited reglon tho opdor with respact

to ether varied between 1 at high temperatures and low
prassures 30 3/2 at low tmapératum and high pressureg. A
mechan ign is propoged, in whish nitrio oxlde is involved in
both initlation and temination, and leazds to a pate expression
shouing both flpetecpder and thres-halveseondor dependence on
other progsuro. The firstecrder aomponent aif the reaction

1o concluded to oonslat of both g melecular epilt into
othonel end sthvlens and e frepepadical papd. Tho mechanigm
propoacd i ghown 0 bo oonslictent with ¢ho oxperinmentel

rosulio.




ELIMESTARY PROGESIDE TN F

P SECUMBABTTEON OF D7ONB

ILTRODVCTLOR

Bacent papera (1,2) have boen concorned with the
evidence for and agelnat tho exlstence of energy chelng in
the thermal and photochemioal decomposition of ozone. Theve
is general agrecment that, in the therual reacticn and that
brought abeut by visible (red) radisticn, theve is production
of ozypen atoms in thelr pround (3p) states, end that in
ultreviclet 1ight, excited (YD) atoms are producede  an
impoptant guestion 18 whethor those tws typos of atems oan
cive plge to enepgy chaing by peacting with 93 and producing
exclted oxypen moleculos which can regonerate oxypen atoms
by vescticn with 03. Bonsen () and Heurath and Loereish ()
tave argeed that tho exporinentol ovidence suppurto the
conolusion that 0(35’) atoms cannot pive rise to chains, but
thot 00*L) atens dog in othor words, thors ave cnorgy chalng
in the ultravicled rocstion, bub not in tho therwl poaation
or in the roacticn broupht ebout by red lipkte Yhese wuthove,
nowever, have poptulated quite different nmaookonigns fop tho
rosctlon In tho wliraviolot.

“he question lo hore snaningd Prom the otonduolng
of wotentinlecnorpy surfuces, oné the eoncluclong are
cosantlolly the sume s lensonlg. It iz susnestod, houevor,

&b dn g TR E I L S L %y I, . by & 3 Ty oy ey
vhat g medifled Nateath and Hespioh moohonion ig Spobabliy



The ovurse of a reaction beotwoen vxyren atong and
ogong moleculos may be consldered with reforsuce to the |
potentinlecnoprsy surfaces for tho G& syateme. Flpure 1 shous
that this reguires six parumeters for 1ts complote desoription, ﬁg!
vat fop convenlence it may be considored as the throv=body “
syotens 0 eve 0 see 02, and energy plotted as a funetion of
the two distances Py and Pye Huch a potentisl surface, shuwn
as Flg. 2, may be regerded as a section through the complote
seven-dinonsfonel diaprom pocuired for a totratonic cenplos,
this soction relating to & particalur intoratorlc dlotuneo w°
and to partieular vslues fop @1 and 83 and fop the torslcnal
angle ¥,

Floure 2 shous tuwo aots of curves, une fop Py Very
larpe {deco fop ¢ + 63) and the othop fop Py very largo {(fop
03 ¥ ﬁg)o Those ocupves aro connooted by eurfoces within tho

dlagpem, and ronetions ruol involve moticn along o sotunticle

onerpy eurface, puesibly with a fwmp at o swltuble eross i
o ooinge

Li )
“he lriglal stuto of tho penction 0{%) ¢ ¢

$9

L]

roprosontod by point 4 In the diorpam, and pelinds b, €, end

i

B poprosent the poeslble final stabesy emperimentelly [h) sho



o

Figure 1. ' The 034 species,




Figure 2, Potentialeensrgy surfaces for Ou,», treated as

the three-body system 0 so0 0 oo 050 \
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sotivation energy is 6 koml, so that the preduction of

02(32 E;) ¥ 02(3 > ‘:) is excluded on energetic grounds

since the final state £ 1les 8 keal higher than the inltial
statos The reaction paths connecting 4 with B, C, and © uro
rapresented schematically in Fige 3. If the splitting of

the gurfaces cocurs after the activated state the probabilitioes
of fuming the 3;{6', 168’ and 1}:5* states will be respectively
1/2, 1/3, ond 1/6, correspending to the multiplicities. (The
1&3 state is doubly depenerate.) It is also possible fopr the
activated complex for the formaticn of 155 ¥ to be highor than
that for 168' whish may be higher than that fopr 32: } in this
case the probabillty of fomaing 03(353 ) is greater than 1/2.
Host of thoe erergy released In the resction will therefore
pass into non-gloctrunle foms, and will bo readily dlesipated
on ¢ollislonge

Fop enepgy chalng to be set up the reaction
.-r?
). * L) Y LY & 7
(L) 0, 0y &0, ¢+ 0

gt ocoure fThe AH for this rasotlon (5) la 28.7 « Eqe WEOPO
%ﬂ the exeltation cnepgy for the 09 nuleoule, go that fop

%he roaction €0 bo omothemie B nmﬂ% bo at loagt 25,7 neals

Tilg condition ig only maﬁiafi@ﬁ by the 3518 atate op by the

louen { @ ené ijpmi avatos 1 they buve enificlent vibeatlennl

¥

, d 4 .
GNOPETe uiﬂé@u rowever, the *2 7 otueto lo fommed wist y &b
B

A
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Pigure 3, Section through Fig. 2 showing the possible

resction paths,
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Flgure 3, Sectlon through Fig. 2 showing the possible

resctlion paths,
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tho mest, & probabillty of 1/6, wad vibrational energy is
readily dlssipated, it is oleer that the formation of oxygen
atoas by reaction (1) will ooccur only with low efficiency,
Energy chalns sannot, thorefore, be of anmy inportence when
9(35’) atomg are involved, l.e. in tho themnal decomposition
end in the photochenical dectmposition induced by visible
radiation,

Point ¥ in ¥ig. 2 reprosents the system 0(1!,3) + 03;
it i commected by a surface to the curve through ¢ and
corresponding to the formation of Oyl 328') + 029( 32_',;3.
the latter specles has an encrpy of 141 kosl in excess of the
ground stato. Ochumacher (1) has pointed out, as evident
from Fige 2 also, that thie resction is endothemie, the
difloronce in encrgy botueen tho initlel and the final state
bolng 2 kzesl. ©Ono weuld espeet, thorefove, that thls voaoticn
should have an epprecleble aobivatlon enerocv. Sensen (2) has
snsuered this objootlon by taking Into account the Pfact that
tho 0 sbtume ean have oxcoss translaticnal enopplos, uhich ave
dlagipated polatively slowly, ond hense the produstion of
t}gf(?’z;) molooulon et be quite fast at bigh (}3 gonoentyrabiong.

Tho naturs of the cusfeos doos sot pomedt $ho fopnatlon of
§

tho cecond molocule of oxypon in eny lowop exeited stato,
oxeopt with very lov prdicbility. The bishly czelieg BZ;

x P c‘
noloeulos have & ohort 1820 of 2,5 z 26™ cocond {6) ase to




tho padiative prosese 0,(°5 %) - 02%T )+ tw, wnten
fives rise to the Schumamnelivnze emisslon bands of 02. The
groundegtate oxypen molosulen produced by this process will,
acoording to the FrankeCondun prineiple, give vibrationaily
excited 02 molacules in eractly those levels cbaorved in the
czone photolysis by !oGpath and Horeish. This ean be readily
sean by veforence 0 Fige L

1t is porhaps eignificant that these workeve (0)
cbserved a mazimum value arcund v @ = 13 {5365 keoal/mcle) in
the vibrational enorgy distribution, fThere is no explenation
for this maximum piven in thelr paper, and cne would epeet

that if vibpationally ozolited 02 molecules wore uroduced
solely by the endothomic process

o) + oyt~ 035 " ¢ 038 ),

the population of those vibpational levels ehoeld bo o naximum

at the lower encwpy lovels. %he fact thet thove Lo a muximum
e

gt v = 13, hovever, strongly sueneets that the popnletion

of thooe vibpational enepgy lovele 4o a rosult of the progess

0075, = 0357 ¢ wwe

%!

cen be soen feum Flge by tho tvanaition from the minlmun
of tho 32‘; state would spoduga 08 noleculos in tho preund

< & . : . TN - .
state (9 > e ) dn roumhly $he 126 or 13th vibpabicnad lovele
¥
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View

r(A)

Figure L., Potential energy curves (7) for the 0, molecule,

shoulng that & maximum in the vibrational epergy

distribution is expected for v = 13 fop
3 -

R
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This ghould then be o maximum, ag 15 tho case, The radialion
given off in the process 18 of very short wavelength (2000 &)
(1) and ecnsequently would be absorbed by ondeconposed CLORG.

DISCUSSION

The above ctnclusions ave conslotent with the
exporinental rosults of the sforementioned authors. Some
speoliic remarie about the deccmposition mechanisn may now
be made.

MeGrath and torrish (2,8) f£lash photelysed, using
ultpavioldet padiaticn, a mizturs of QB' H0, ond 1, 1n the
ratio 1:3:100, and obteined strong ©F absopption. This is

gtépibuted to the occurronce of the ezothernie reacticn
o(¥p) « O -~ 208+ 2,2 keals

fyaroryl radlesls could not be obbaoinad with G(B.?) atong,

cwing t the endothermlicity of the roneticn
00%) + 10— 202 16,8 keal,

In agpeoment with this the addition of water hus 1ittle op

no effend o tho thomol deconposition of eone (2,9,

tho nost 1ikely weehanien for $ho thewnal deconposliiion
of czone (whers only 003} atons can bo spoducedd is thob of

Zengon ond dnvorthy (10}, which 4o
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{2) 93¢§t’; s 0+ 0,H

(3) 0 ¢ 03 — 2 08‘

s
At the ordinary pressures the Lirst reastion will be in ite
seecndeorder rogion (11). %The probability of fopming slectrone
ically exoited 02(15_ } 1a very low, as was pointed out above,
and thevefore the possibllity of cnergy chaing in tha theymsl
resotlon ig oxcluded. If, huwsver, eneppy chains wepe luvolved,
the follouing reacticns would hove o be addeds

' o W
(%) 040y = 0,40
(5) 0 + 0, = 20,+0,

but Bengon end Axwopthy (b,10) shoved that this lod to a
kinotle echome which i inconsistont with oxperiments
Sinilar comments apply to the wek with viglible
radiotion, wiich produces Of 3.'?) atomoe The quantun ylelds
aro probably {2) eluaye less than 2, so that thoro is no
gvidence fop cneppy chaing.
ho most probable moechanism in ultraviolet light

involveos ag tho indtinting mng
{6) i‘sB v g e q(ﬂhs{”ﬁw) s}"%h

“he ogypen moleeulon must bo in o pinglet stato fop aplu
L3

4
g

3‘ ~ s %
oepoopveticng 1% way Lo tho atabo, whileh regdeos thad
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the wavelength te lese than 3100 £, Reaction (6) il be
followed by

7 o(lp) + 0, = 02(32‘;) ¢ 03432“’).

a8 discussed obove, and this is followed by the papid

trangition
®  oT,) = 035 ew

The propagation of the ohaln then takes plece by the vitratione

aily oxcited Oa”(3§[é') molocules of excitation energy > 69
keal reacting with ozono, %.6

0 3,°3F oty = 20,0377 + on,

b latber posotion 1o tho essentlal featurs in the Helrath

and lorpleh mochanisne The temmination steps ave probably

{10} G0 +M e 0y % 1
9% 02 % B oy 03 + i
54 anlp TG

8%
Vory vecontly the photochenienl documpeoiticn of

oreno i yellowspod 1igi (5000-8200 £) wes iovostigatad (281,
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The highest quantum efficlency cbeerved wes 2.0 Holftw. On
the bagls of these exporimente Sohumacher now agrees that

there ars no energy chalng in the thormal, nonexplosive osone
dosompusition,

A
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Papt 11

Durlng rocent years determinations have been nade
of the kinetle parameters for a large number of the elemonte
ary procosses that ocour in organic pyrolyses. 48 a result
thore has beon a rovivel of interest in the ypeblem of
esteblishing the over-all moctenimms for such reastiong,
and iz confipming them quantitatively. Heoont wosk of this
ind in these lobopatorics hag been eoncerned with the
thernal deccmpoglticng of propylone (13), othene (34),
propane {19) and butene (16), In all coses it has boon
found that the voactiorg ocour predoninently by frosersiical |
noshanisng, the noleculay mechanione being of miner ingortanco.
in tho cases of tho othane and propane it was concluded that
wndop tho oxpopinertal eondiftlong the indtlating unlselosulap
disaociation of the ronotant molecule was in 1to lewsproasurs
govondeopder Topiong with tho lavser butono wolosule, on tho
otlop hand, tho Inlticl vesotlon ls Plroteordor. 16 i5 of
sennidopeble Intovoct Co cwie o o copelunion ohoub this

mabtor fop other dosunpoglop oubobancos, and the yvosent
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inveatigetion is concorned with the pyrolyais of dimethyl
ethore For this substanse the evidarce us to the opder

of the initlating step comes foom an investigat lon of the
reection in the prosence of hydrogen sulphide, and is
dincussed in fert 1I, Co Yhis pavt doscribes an experimental
study of the uninhibited dimethyl ettor decemposition, and
considers in some detail the nature of the chalneending
atepss

A number of proviocus investiratione have besn mede

of the dlmothyl ether pyrolysis, and the rosults may be

referred to briefly, The reoetion wag first studled by
Agkoy end iinghelweod (17), who concluded it to be firote

| ‘ﬁx*dar with rospoct ¢0 the etheye Tho formati on of g:wﬁuow i

gould be roprosented by the oquatlion

CHLICE, o 0,0 = CH ¢ 00+ Ny,
3 Gy 2

&-vl
&.

)

“he formalderydo builds ap In the oyaten and 1te ooncentratlion
goeg thronsh o noxinum whep the vesetlon io sboud half
gurplotes Later workers (310e23) found a groat doal of
avidonce Indigating that tho Jocomposition was o ghaln

reaction and eouid be doscribed by a meeranisn of the Rioce

fepafold () typoe
aongon {39) analyzed ondabing date wnd found thod

tho yosstion wap throsehalves ordor with roopoed to othode
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Bensan and Jain (26) sonfimed the threo-halves order relotive
to ether and cbtalined a rato cunstant of ¥ » 1.3 2 193‘5
6"I5E00/RT (372 13 V2 500}, Theg round very 1ittds
offoet of added inert gas. Tho decomposition mechanisnm
postulated by these authors involved firateopder initistion,
and tomainafion involving $wo § radicalse They assumed

that the ﬂ;-‘%ﬁcﬁa radical is an important chain breaker and
that the reactliom

ﬁ!“iBGCiﬁa and C},‘éeﬁ * CHB

1z in its oesond order region. Anderson and ienson (27)
goniimed the presecnce of c::‘is&:tcaﬁg and cﬁaacz‘iaaﬁa&aﬁs in
the products of thoe pyrolyslse. Tholy resulte aleo indlcate

that the proastion
iy ¢ GHg0CR,  =v CHG0CE0H
{.23 ust“a t%gc&iés

ig an Lmpoptant ternination stope
Inel end Tovens (20) rocently decompesed dlmothyl
cthop in the teperature vonso of 350 to bio%C, md found

that tho robe congtant ceuld bo poprosonted ao

s SOOHT & /e A

a St 4 FEXN d Y LA
how Lolth w‘ﬁ g el WE/ “ molo / 908 o
Tds lo dn opood aspoenent with thot obvfoined by donscon erd

Fadn il‘?{?% ©
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Slage the apparstup was the agme and the prooedure
uas very similap for the study of the uninhibited, inhibited
and asooloratsd decompositions, & poneral exporimental
desaription is plven here, which algo applies to section
2 and Ce

Appapratug

4 usual vaguun ctatic systen was employed, the
only unigue featurs belnp the prezsupe moasurement and
pocording arrangesent. flate 1 is a photompaph of the
apperatug, which to dpaun schematically in Pige Se

The entirs syete: oould Do ovacuated to less than
m°5 e 1% UY me@ng of on Sdwards 'Speodivagt model 203
o1l vopoup AifTuglion pump (91) which uas backed by & slngle
stene Veleh robary  pump (E’a).‘ 4 pinglo manifold euvnncoted
ell maptn of the ayperotog. Cagoes used in tho cxmperimenty
vere stoved In bulbo ‘i.:’lg ¥, and 63, coch having fraening
nipslos fer pupification of thio pases. Stovase bulbe ’:53 and
vV, vore woed tu storo purifled ofhor and nitrls oxlde, |
prouvlens op hydrogen sulzhide regpoth “va?. ihoss wore
sonposlnotoly of 2-1iter capueitys "'f.% wag uged for shopape

of fully deaterated dinethyl ofbop o doutovabted mothang, and

= Ve g R 1 ﬁ Y
wan aposinately of 1 1itor capaeily. Jrosouves i $hoso




‘Plate 1.

View of the Apparatus.
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Figure 5o




tulbg woro meagured on the correasponding wmorcury nencneters
flyy Ha end ‘%3. The inlot to each bulb was atteched % the
gylinders of the researeh grado gscos. # uetrap (¥} of
aprrosinatoly 1 metop lenpth and 1 om.dlameber sontaining
hiph soblvity sflica gel for the purifleation of nitrio
oxide was connooted £ the inlet alde of 2; Toag T oould
be readily vencved when othor neses were to be oloped in @E@:‘
Faah of tho storoge vessols was attachod to the nlxing bulb
Ve 48 was & leliter sphericnl flagk having & smell oold
inpep of approxizately Ze5 on, dlgmster and 10 . depths
reosgures 1n the mizming vessel could bo mesguped on the
attached conotantevoline nercury nanuedsy | «3 ap 1T the
SPEEIAPOS Wors Yory low, oh & Cirand sutevas Gsups (type
320h B)e Tho stupo bopds ape abown on tho dlugpen as By ond
Gge
the weooblion veasel () wne atbached 20 the outlet
of ”J&,g e monabion vonsel wan & ayliindpical ciurty tubs
of ohoot 080 ul. volumo. Pressure ehonges in B owore followsd
by moane of a cuaydg epleal foupdon pusg goit), Sommeabiug
tubing foon tho reaction vonsel to tho enieal oaura, and to
she attached stopeochs, was oll emplllinpy tubing ang bur
tho dead apace was only chout b nle Uhe suveend Mlweni swge
pad @im} vag abboohod $o tho rooeblon vosoel 4o gloD.

FJ”

outlet olde of B yae attachied to o Toepler pung {.&*3}3
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In order to damp out gpupione osolllationg, the

spivel gouse was Lomezsed In ¢iscne sl Yrostavs shanges

bakunen Bove nd allsbily above s vhope oouid be

By e me ¢f dry gy dbove the
gilioane oil. by upessrse whe sedenred by scdes of Ge

e range of patos over wihich

& e made ool be extented by lutarebanging

ae el o e ehmpt drive. Thas rates us

A 161'3 e swc."1 opr a3 faat az b4 e

,;swm"}' gonld e nossursd.

e furpace was fros o Dodpsingh ooupey
avtindyieal BSlogh (¥, mmo food long, with e bwle bored

stete $he resediur veszel. Yo

opespil tho coppsr bluok were used
sor bossopgbupe contmel. A ssbeptps box cuntelning powderad
aoboston pnoaged thie whiole asgenbly. The fumtce could be

s dovopad oy means of o faek, o that the resatlion

aele e pasoved and olemsed.  he towperatuve of

Py

sonce wes senfroilad to sliohtly velow the desired

aacan: adfugtoont oF o Vapine o) one windlng,

» . & 5 e s ety ey T s
N o Lo dosipgn 890 poing 4nc ;4k’.:€3‘£‘§-3..'&@;

Voww POV I %0 i o I8 o ¥
o noang of & thermocouplosg ativated Yhomo Hlostzonic

aenbrollop wvhieh was opgpating on the ooound windluge Tho

I P

s N . * o i B e, o A Foogn g Bowy & g0
volbore on tho second windlng couvid bo adiuabold Lo mininite
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gurges dus to the offeon control. The themocouple of the
suntroller was placed in o smell dlameter but desp hwle i
the sopper furnace block. 4 asecoond collbrated themmugsuple,
placod In ¢ well in the peeotlion vessel, was uoed for
tengorature noagurersnt of the rosotion in conjunotion with
a Thormo Fleotric Hinielite sel? conponaating potestiometop,
Tauporature varlation was of the order of & 0,2%,
Lrocedure

&f%or evacuatlion of the appapratus the pases wopre
admitted to the storago vessels. Ths dimethyl ethor, nitrle
oxide and hydrogen slphide were obtaelned frim Mathegon Co.
of Cenade itde, and tholy stated puritics wore 99.5%, 99.0%
and 99.5¢ vespestivolys rropylene wes Phillips roseareh
mrade, stated to bo 99.9% pure. The nitpie onide was puosed
thooueh o silica pel trap ap 1t weo adnitied to tho systen.
Trin penoved moat of tho impupliies, with he ezcoption of
aitroren, #11 tho sepes wers vuriiled fupther Ly frootoe
trasdns §80 pomeve low bolling gosos) end thon by popeated
Loy benperaburs fracdliongd distlllationg. & niniowm of
thooe trapeteetray dintillationg wore curpled oule The
£olly dowtereted dinothgl othop ond mothano wove ouppdled
by Newdt, Shawp end Luimo of Montresd and wove both stoled
ta by of 990 cupliye Soth of theve fosos wore pupliled

DA LT R AP )
Dapblior Lo dhove, althourh the nusbep of dlstllilutiong of
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4 -nethane was kept W & slnlsw ow

[

spassure ab llguld oltrogen tonperaturs.

2 o Lte high vapoup

Tho gaaes wers then adelised um denlired (o lhe
mizing veassl @‘%Ba In opder tu gnsups complete nixisg of
the ety and additive {i.04 altple oxide, propylens, hydmgsn
guiphida, ﬁy«e{‘m;athyl ather, op &&vm&mw% 8 hente |
slininate any srrers 4uo to varletion in peastent cospositlon,

the experizental procedure wes as follows: A neasured

quantity of purified dimothyl ether was ocndensed on the

guid finger In the one~litep spherloal {lask (».\llf)} o Unly one
stupevck was attached to this mixing volume and the coinecting
tuping was kept to a minfmum, A known quentity of the
aGiltive was then adnitted to the mixing volune widelh
sontalned the frosen othor. After ull the additive wag
condensed, the stopsock was ologed and the eeld Mloger

R P R Y i,
allowed to wopm o povm Lesporsbord.s  ThE walm 2080 Wabe

&

b 3 " sy g2 " ; b, o ey o iy o o i
nllowed bo wixn fopr about 15 gban coloes belng aduitied

v

> %, ‘
’L@ L G X’J‘(‘)JA‘GX) S8 Ve i')dflk

Friap %0 6 ren tho rosction vosoel (&) wos

&

down 10 apyreaienbsly 10p. 14 wao euld

wlionod oarly ia Cle
tovestization bint tuls owall pacidual procsure bwd 00
astaptanle offact on Lhe retes. 5o veusblen vedsel wob

thon lselated Jrom L syatow by ol

slogeeoise.  The presssry sucve boe silivae 9bL
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%o approximately the same pressurs as the pressure ol the
ssaobant nixture. The stopanck soonocting the resctlon
gaseel te tho mixing versol was now opened for a lew sepinds
ts adnit the mixture, then closed guiskly. YVhe gressure
ahtnge was oadistely recorded on the chart of the recorder
an Goseribed above. after following tho preasure change

rop the degired loncth of time {(whioh varled from less then

s minate to move thes three houps), the vessel was pumped
oub. When this wes desiped, products ware collected for
goalysie by the Toepler jump as described ebove. Shp whole
mimedure was repoated 69 that the peactiong cuuld be studled
over n wide panpo of sressure and Lanporaturde

Rates wero ocaloulated frem the slopes of the

srencureetive ourves at the Inltlal nelst op ab the lnflexien

[

peings Tho duta cbtuined wors fully reproducibls exsost in
tho caso oF tho uninbibited dsosmposition of dimetiy) othor,
wiheh 18 discnssed belows

“uy lgotonie nlxlog oxporingnty wero careied out

v gunal anounts of J3<L 3 and l:ﬂ3f§’35?3” Pop the inhlilbod

mettton aafflelent aitrie oxide wes addad 1o snEuPo

v nbinltlon,  The rogshlon tesperatora Wes %’”jﬂ“ s bod
g axterd of tha resetion vaprled fris npirostinetoly 1 te 205 ?

v deternined by wouns of ¢ umigg speeirge

ag from linuldenlivrogen nonsgondenalbleo




to apyrosinately the same pressurs as the presaure of the
posatant uixture. Tho stopoock cennecting tho resction
vessel to tho mixing veceol was now opensd for o fow seconds
to admit the mixture, then closed quickly. UThe pressure
change woo mediately recorded on the chart of the recorder
as described above. sfter following ﬂem pressupe change
fop the dessrod lenpth of time {(which varled from lasss then
a minute to movo than thveo houps), the vestel was puaped
out, When this was desived, products wore collected fop
ealyais by the Toepler pump 68 desoribed above. ?}5?}9‘}‘@‘ zméi’m
sposelupe wao ropeated go that tho vesctions eould be studied
over o wide pango of sressurs and tenpopatur s

Rates wore coloulated fvom the slopos of the
spgssureeting ourves at tho initlel volad op ot tue nrlexivh

sointe Tho data obtained were fully reproducible exegpt In

el Lo discusoed bBelows
e lestorde nixidz experinente were carpled out
uping egnal anvupts of 331«;:?‘ 3 and w‘}jaimy fop the nhibibol

Gogomsont tion safficlont piteic oxide wap added G ensupro

‘ s . -y RS 0N « S
caslemm inhioition, The regckion tewpweature ¥ae 5ERY, ang

fro oxtet of the resetlon varded fru» apvroiimately 1 o &l
Thg B g/vz'u patlo was deteornined by nmeang of @ NeNR spootroe

seter aslie senclos fpom Liguidenitropen non-gendansliblo

|
i
i
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fractions of thoe reacted nixture.

Somo runs wore oarrled at 500%0 out using mimturss
contalning approximatoly 100 eDys 907 dinethy) ebhor and
=17 niterio oxide (encugh for maximm inhibition).

The decunposition of dinethyl ether uas atudled
in tho temperature range of 500 to 550, end over a presuure
pance of aprroxinmstely 100 to 700 wm. Fge 4 typlosl pesasures

tino aurve for the reaction is shown as Curve A of Plge &«

Retes were caloulated fvon tho slopes of tho xmamm-tme
curves at ¢ho inflexlon polnts The rencticn was found te

be trrocehalves order with raspoet to dimethyl a'z:m:' Hves

the eomplote range ”c)f presgupe ond tevperatures It proved
ver; aifficult to obtaln vepruducible vosulie, cinge the
andohibited resstlics appoaved to bo influenced to & epent
oxtont by the eonditicn of the surfuce of iho rosction vessole
Gpaater voprodueibllity cwuld be chtained affer the surfuse
red boan spyosed to nitple oxlide olthor alone o¥ mized with
othor, Fnongh seprodusible dote were scewnuleted LY Pirek
ppauting the supfose o this way, in orded o voplfy the
osenibs of previcas wortkovn (86,800 fn Archeniug plob of
Yen et in ohown n Fiee T Doot of the poinbe ohown oPO |

the ayvorase of muny oad tho spproninato devistiong opo
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indleated (for She point st w0 (%»x 103 e 1,29) only a

single value was obtained), The astivation endrgy wao Sli.9

koal, mole™L,

Because infloxiunepoint ratos wore used vather than

initial rates (rates at the inflexisn point were 2ore roe

oroduaible), 14 wae recessary to coppalate tho presoure

erhange with ¢he rate of dlsappearance ¢f elhwr ab dooconmpogitions
2 to 0%, The data of funson wnd Jain {26) were utilized

for this sarpose. Flaure 1 of thelr pujer ls a plot of

&ﬁﬁea/ﬁ&ﬁjﬁﬁv3 as a funotion of sercsittuze dectmpvaltion.

The overe-all resction le resregsented Uy

H OOH - G0 + by
C 3 i 3 F 2 \FL h‘

{lex) (xey) =z
5&'32 % 50

semacn and Joln have plobtod ley/z apalingt . The chenpe in
pOOCSUTO 4, 1e0e % ¥ 7, 00D thue be cleulubed fven thelp
dnbf, and $hic enn nou be plotted sgsinst me. Uno oon thopoe
fopg obtaln o plob of Apfp voravn 48/p, wievo 43 ls tbe
sranpe tn popbinl procoure of ebbar. Uhe exporinentel 4p

gan be ealealated fron tho reespuprestine copven obtalned

&

in $ho prosont work, wnd the soppospandlng value of LU

sun be estinated poanilonily, in oll cases AU/Gp e 0470 1
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0808, The throe-halvessorder rate constant was thoerefope
mltiplied by 0,70, ylelding

g = 2,98 x 10 965!@90%8@’ coll é mla’l/a sec™d

The activation energy is in good agrecment with tho values
obtained by previcus worikers, and quoted above. %the freynency
fastop and rates are, however, olmifiountly lower than

thoge obbtalned previcusly. This mey de bovause our toshnique
hae winimized the surface-gatalysed reasticn,.

Tho shape of the rroseupge-tinze curwe was found to
ne altopsd sonsidera®ly by the addltlon of 2 small quantity
{~0.25) of uxygens The inltlel rate of decompesition
gopagred e be proatly enhanced by tho spasense of OXypon,
wrieh in tupn soons £0 bo used up vapidly ue sugrested by
the cyasuurasting cupve shown In ¥Fige 6, Surve De Thooo
piTasts Aiffer somewhot froa thege poported by Denson and
Jete 1263 wio ototo that tho resctisn s relatively dbaone
gltive to eurfoco offocto and ¢o gnall gneuntn of cdded
onzgen. ‘pofossor Donpan huo, however, inforned ug that
% end Join d1d cboowwe an inltiel effcct of omyyon, whlah
uas paplaly soncuncds thope therafore seens Lo bo srregnant

R

, - oy O
o Whis solnte

P23

T

The uninhiblicd desomyosition of dimetinl othep

orribite o welledofined Industlor peplod, which g partloulare
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002, The tnrseehalveseorder rate constant wan therofove
multiplied by 070, vlelding

k& 290 x 1oll @«'--EMGW i MM & mla"wa aso™>

The asetivation energy i8 in zo0d agreoment with the values
ohtained by previcus workers, aod yuoted above. Tho frajuency
fastor and rates are, hewsvor, sispificwntly lower then

thoge obtained previcusly. Phis may be decause our teolnigue
hae aininized tho surfage-catalyned reacticn,.

The shape of the prossure~time cupve was found to
bo altorsd sonsidorably by the cddition of & gmell quantity
{~0.2%) of exypan, She inltlal reto of decongoaltion
appesred to be gpestly onhunesd by tho ppesenes of oxypen,
wtlah in tupn geons to be used au repldly so sugrested Ly
tho pepsouraeting cumve shown in Flgs O, Gurve Be  Thoze
oifects QlPfer somewhat fpsn Cose reporded by Uenson and
Jotn (26) wio atate thet the resetion is pslativaely insene
altive to ourfoco effects and to emall amounts of added
snzoene Upofonsor Mongun hug, howevew, brermed ue that
W end Jedn did chaorve an initial offect of sumyson, wwleh
vas papldly ocummeds thoye thersfore seems §6 Lo afreanent

e

The uninhibited desomuopition of dimetind other

%

bohe partloulare

»
§

oxhibite a wolledofined fnductlon period, whlp




1y avident at lowsr pressures. Flpure 8 shows thet this
Snduotion poriod oun be oongidarsbly shoptened, and probably
aliminated completoly, by the addition of sultsble amounts

of Pormaldshyde. The formaldchyde alse considersbly inorosses
the rate of the decompositlone An lnorease in sabte on the
addition of formaldetyde was also peported by Benson and

Jain {26)e

DLACUSSION
It 4s convenient to base 8 dlscussion of the
meshanisn of the dimothyl ether pyrelysla on that proposed
by Benson and Jadn (26)%;

11} - $H, * GR

a2

G007
{22] ufg e ON00R, - OB # GHOGH,
1138 0 ’w@ﬁi'j e QA0 ¥ m»:g @ B

13k mp - o
{15

a3 ey

3@0&:3
{163 3 + %‘{,”a‘m? 3 s Git Bﬁna&m 3
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The nain Featarss of this goltes are $hal the Inltietim
sonction 1111 4o Plestenpdor, thet tho desvoponiilon of the

padigal {vecetion {13a]) 1o in Mo secongeorder repisn, aid

oA

“ho lotter g o &n o
to ompraslce the fant Mhob A
A7 Lw’?‘tﬁo
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Flgupe 8, Pressure-ving curves ror the ether decomposition

s 550°C and en initial pressure of 122 mm,
Cupve A ie for the reaction in the sbsence of
rormaldehyde; cwve B for the reaction in the

presence of 2i, mm, of formaldehyde.
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that the main temmination process involves GHB end C¥,OCH,,

if veastion {13a] 18 sesondeorder the redleal c.t_43ocl?{231,a :
p radioal, a3 is eﬂy ihe termination 1s thus of the ff
tyve, and this together with firsteopder initiation ;ives
pise to thres-halves order kinetlea., Following the termince
logy of Leidler, Sagert and Wojeiconowsikdl (15) this mechaniem
uay be denoted by 19;53/2, the inttlal supersoript indicating
the onder of the initiation stucess, and the subseriyt /2
dencting the overs=all orders

18 may be noted that thrae=halves order over-all
kinetics are alse obtained if the orders of reactions {11)

and {13a) aro roversed; L.0. if the reactions are

OR 000, = OBy » OR0 4 N
[1la] 1« CH00H, iy + 010 + 1
(23 SH0H,  ~ CH v Ol

Initdation 1s now soeondeondop and G%%eaﬂﬁg is a p rodliocal}
hig asain nlves vioe to threoehalves onder ilnotles (29!-13/2)0
 Senson and Jain's maln peacon for preferring tho
2’{:%{33 /2 soheno 15 4hat the anpavont flvsteorder frojuency
fastop Pop proagtion [13], an oalenlated by Irotranebicienacn
() Poom tho posulls of Heweus, Darwent end Stoncle (30) is
~ ww aa&"“'?“g thia Lo sumok $00 low So bo o truo fpojuongy
rgatop fop & animolecnlay dioscelstion invelving no change

S maibindiolty. Ap appavent woy out of the diffieulty lo
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to suggest that the veaction ia moally in ito seccndeorder
rogione It might alac be upped in fovour of the lensone
Jain goheme that if the disacelation of 62'13%(}%{3 Wore seoonds
opder thet of QBQWRB wonld be second-order g foptiopd, in
viow of its lower activation ensygy and smaller number of
degreas 0 frecdon.

Further congideration, houwever, reveals that these
srpunents ara not ag convineing as they appear at fivst alight,
Thus the analvtical methode on whigh the experimsntal results
of Maowous gb al. are besed are not voyy veliable, and invelved

neasuring ancunts of maao, {0 and ‘dlumer’ (m‘;atmﬁaCH QCH. )} pro=

2: 3)
duged frem the padigal m'éaea%. It seoms vory poasiblo that
gome of what was roporbed as Ydimer! was sctually polymerised
fornaldetiyde, slnee fommsldebyde is hnown to polymepize
veadily under similes analytiead condlitions (). his wonld
nave & vory sorioun offeet on the exporimental voguils, and
the Popauoncy Postor mnd activation enorgy fop posdlicn {13}
thapoPora cannot bo pollod upohte

teondiv, there is o procadent fop suggeating thad
roacticn [13] o sceondeordor ond reactien {11} firgteordor,
ainco o nindlap oituntion oalsts in the othene pyrolrysisg
tho evicenes (b) troro oooun conciuslve thed the dlssvslaticn
of ,353 in Pirptecpdey ond that of %‘s'?g sooond=0ndep. W

oxplonet s moy Sentatively be web fevuard to empluln thig
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agparently paradosical results
($) Tho number of offedtive degress of freedom in the
radical wz&g op GHQQGHB) nay be lavger than in the correspunding
noleoule (C‘:gﬁé op 02?3{30%33) because of less syrmetry (of.
Laidler and Wojolechousisl (32),
(11) hen o radiosl decomposes in the presence of a
very lorge excess of ita parent molecule there may exlst an
shnomally offoctive mochtanise for enerpy tranufor, involving
aton abstraction, Some supyopt fop this interpretation lg
provided by the conolusion of Purmell and dulan (33) that
the othyl redical desmapesition ds not In its first-order
resion when 1t %o in the prosence ¢f butene end In the aboende
of the porent molgculo oth-anee
in the basis of thogo arguments there renaing no
valid objoction to cencluding thal the peuction is of the
Lyua 2&;,3 Vou Very strong ovidonge thut the Initlating roagblon
io 1o faot in ito scomndecrder pregion hos been oblalned foom
a study of the reaction in tho presonee of ipdrosen sulphio,
and 1s degsoplbed in detnll i Papt 1%, G Yhis evidende

cycludes tho Rensonedaln %5‘5 3 ,3 woeheniom, it ig conglotent

uith a mechanien in which the chalnesnding step fovolves the
zfmwmbz‘ar“a‘%izm of tue § padleals, in tho low pressers poplen

fitly /2 ndp S04 eloo wilh o aﬁ@‘%ﬁ mochenion, Theso are Bhe

only tue wspolbilition i iadelotlon do soocndetrdor, VRO

7
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oan ab oneo eliminate the soond of these two possivilities

by the faot that the renction shows only a very slight effeot

of inort roses (26); the 253&3/2 mechioriem would jrediet &
subatantial positive inert pue effect, oince inert pases will
incroase the rate of initistlon but will have no effeet on

the rate of termination, With g 2{3;3%%‘3/2 mechenian, on the

other hand, no strong inertegas effect 12 to be expocted,

gince both Initlation end tormination will be affectod by

the addition of inert sua, and tho two offects will approzimately

saneel .

Inltlally, befors uny formaldelvde bue decompoged,
the radicale present In tho ovete: ave WLB, ol 30 p Uil mm}
and 13 only 02'53 gnd CB %5%3 are invelved in chulne;rupegating
oteps, and tholr ccncontrations ave very much Tvater then
thoso of tho othor two medicals. Thp stB radicel is certainly
o § radical, and "fgms? 3 mny bo olther  op » and nay indeed

play both polen, Dhe followine ghalnesnding steps are thewgs

tam "Wﬂ & LY o 13-4 ] .3
Lw.iﬁg ‘ae’hwg IRY 3 (RS haad t}a?l{} i
[300) CH. ¢ CE.00P, € 3 = Qn.Giden. o i
w / B ity & £ &tv'fi}u;i w8
I Gy oty 300
13907 0,000, « B = OB GUREH00R, ¢ 1
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A -cholce botwosn these possibilities can beo made
vy carriing out caloulations of the consentraticis of the
radioals, and finding out which chaineending stepe will ccoup
with groatest veloclity., Such caloulaetions lead to the cone
clusion that reaction {17a] cecurs emmﬁ%mt nere rapldly than
elther of the other processes [18a} and [19a). The overesll
reaction mechanlgm ls therefore cuncluded to ke, fop the nost

rart,

{1la) Mo 31{3533?;3 — 615@3 + QR 30 + M
{12} (:‘;.‘i‘a + 3§iz3mifz3 — 3}2& v @iﬁﬁaws’%
{13) cztz-,;izac§53 - o}?‘-a»zo + R 3

{1ha) B+ -:3?.;30 ~ 0 e ey
{15} H+ Chightty = g ¥ Sigly

{17} 3.‘53 + 33 + M 02!*1::6 + M

[t should be noted that peaction {1ha) 15 almost certalnly
in its secund-order repion, but this has no offeet on the
overeall betaviour. a0 disoussed carifer, it I8 not certain
vhothop vonotivn [13) 48 firsteorder op seeundeorder, and
thie spaln nchoo no dlfforcnce as P 68 thoe overeall ordep
10 eoncavned.

applleation of the otosdy=ntato teeatnens to Cho

ahove mochemign pives rise to the followlng apyroxinate
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exprasalions fop the radical consentrationgs
1/2
2k | 1/2
(ers) = (-Eiﬁ) L5001}

1/2 32
(o8 0at,)

(61 008,] = ;ﬁ (%}.h)

i7a

The over-all rate is glven by

. 1/2
Z . e
voa ok, (-#2) TR

Valuos of frequoncy factors and sotivation cnopgies
fopr the varicus elemontary processes ave given In Yoble 3
wioh rofors to o temporaturs of §00%%, “ho uee of theso
values in the oXpressions fop the radlenl econcentrations losds
o tho guneluglon thet the cumcentraticns et 800%, and with

(M3 tuzen as 30“5 nelos por o8, tre 6o followns
e . e wlf
15;5:33 © 1.8 & 20”43 polon 0o™d lf*maw%j & 3.1 2 30°° moles eo”t

Tro methyl radical do thevofore prodeninent, and woasdlen
[27a] Lo shovofors conciuded $o bo the nmaln shalpetnaing stope
o eannoly houover, oxedudo $ho poonldility thob ponaticns
{10} end {19a) aloo play o mall polo v tho DEOSERBe £ may
bo noted thab Sho value of m”fi’ baon fop (M) corpespondn o

tho aupor panzo of the prossures euployed (A GO0 Faly b
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lower pressuros the mothyl radlesle are yredominant 8 fortionl,

Excopt at the very beglnning of the peastion there
will be significant amounte of the formyl redical i00, which
arisgs frun the decumposition of the fopaaldehyde ruduced as
en intermediate, In & personal commmnicstion frofessor S.4,
fengon has sugrested $o us that for the maln part of the
reastion thé principal ehalneending step is

{20} GHB $ B0C v ﬁﬁh + Che

According to rofensor Senson thls rosstion will ogcuy more

rapidly than veastion {17a] exaept at the vory beglnning of

reacticne o ave unsble, however, to agpee uwith tig sugontin,
for two maln roagong, In the first placo, wp work with Qf
hydrogen oulphide (Pard i1, ¢} leads enesuivocally to the

eentlugisn that the Wnitial dlsevceletion of Glmethyl ethop

Lo, wdor cur crpepinental conviltiong, in its seq.rdecrdop
repicne  Thig belns se, resetlon (20], telng of the typo fifi, i
loads to secundeordep “izaties, in dlsarpegmont with exyerinents
culy with & fipgtecndor Initlstim PEEosEs dees U is lead o
tia corvect 3/l=order ninotlics. In the goscnd vlace, aup
seloulations of padieal ccrcentrations end patep lead us

tC the eonsluslen that ponetion i17a] sctually occurs ocone
Slderelly nmoro posldly than posetlean {0} b0 ealoulato tho

trindeondop rato constont for pasetlon {17a) <o bo, at @G“Qﬁg
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35 = lﬁlﬁ oo® mole'g see”L 80 that, with the consentyration

of ¥ taken as 10'6, the rate of reastion [17a) osn be expressed
as

Y17 385 2 jot2 [03312

The cuncentration of CHO radloals s caleulated to be somes
wiat leas than that of CH3' but for the ;urpcse of the resent
satimate it will be assumed that tho cuncentrations ape the
pimoe  Since reaction {20] le a hydrogen atom abstraction
reastion its frejuensy fmetor is expcoted to be about 1011 CCe

1 sa@’l end its aotivation enerpy will be at least 5 keel

nole”
per molee m this basis we caloulate that tne rate of reaction

(20) wouls be, et 600%,
Voy © ked z 1207 CRIEOR

fven with equal 893 ard Cl0 conoantrations the rate of reastion
[20] i troveforo ocroldepably less thar that of peaction {17a)e
it i3 to be noted thet tho hiph rate of veactiun {172} is duo
to the fact that tho complez formed from Gwo mothyl radlcala
hag o very loap 1ife, so that the thirdebody recembination
PrOCeE0 otourg alnoot a5 rasidly es tho cecondecrdep preaciieon
with no activation enoruy.

$ho caleulations @0 not, howover, ezelude tho oustls

bility that tho pecandinatlen roustion
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- {21a} GE&B $ 0RO+ 0 - 0{:130,3,5,0 + N

plays a algnifioant role in the peaction, Uur conclusion
is, in faot, that ohaineending may oocur by reactiong {17a},
(18a), (19a] end [21a}, with {17a] being most Imvortant.

Aé 2 ohoclt on the proposed machanism, with {17a)

as tho ohalnesnding etep, oaloulaticne may be made of the
ebsolute rats, Irequency fector and activation erergy of
the veaction on the basis of thoe mechanisn, oing ths pae
ranstors glven in Toble 1 the oaloulated over-sll values
are

5 0,045 00M2 nore"l/2 gog™t

4 8 146 x 10°3 0o mo2e™? sec™d

£ 8 53,3 keal, nole™t
The osloulatod rete constont io lose Shan the erporimental
valug (0.27 eay 2 m@l“y @ 5@@“233 an 18 tho Iveyuency factop
bat the activation enermy 18 in so0d acpoo-ent with tho
ezperimental valuo of 5509 koal, mol@“lo ihe crpor unduubledly
liea in tho sether lons oxtropelations roquired o ealeulsto
the lovepposcuro rato constants for the initlation ond

terlnation atopge

a4



Publlioatlons from this laboratory (37e42) have

yrovided evidence for the view that mazimally inhibited
roactions proceed not by molecular meckanisms but by
processos in which the inhibitor i involved both in
initiation and in termination. Detalled meochenloms heve
now Leen worked cut for the deoompositions of ethene (40),
propane {41), butans (h2) and cther substances, and a
spacifio scheme has besn propoeed fup the dimethyl ethep
deconposition (37).

{22) 3“‘%3 ¢ B0 e 33%30;342 + FHO
{131 953@c§ - aﬂ3 + ﬂﬁaﬁ

2 o8 H e G000
[3‘&3 C{‘ é‘ .}A‘kB{i‘J}ﬁE hanad G.lz& @ U,_‘a h?"as

(23} B s Hel
(2] cugpchy e g — {3.513{30&3226

18

S pote oxzpropoion which this ochemo lends to %o

(0190813 + gy [G15500714){110]
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This part 1a concerned with an experimental etudy
of tho effects of nitric oxide end propylene on the decompoale
tion of dimethyl ether, ana with the formulatizn of reacticn
mechaniende The mechanism previwusly proposed {37) hes been
found to require some revieions.

A conalderable anocunt of provicus experimental work
hag been done on the inhibited dimethyl ether deccmposition.
ire reaction inhibited by nitrie oxide was firast studied by
Staveley and linshelwood (43), uwho found that the rate is
very congiderably reduced by suall amounts of nitric oxide,
and that a limiting rate is reschod with nitric oxide
progsures betwean about 0.5 mm and 12 rme  Thoy voporbed an
activation energy of 62 kool gor mole Zob the maxrimally ine
hibited rosstion, which thoy ccnsideped €0 bo o nolesalor
veaotion. Gay end Travers (Lly) found, fram 8 stady of the
products of ¢he inhiblted docompositivn, thet lotvoductlcn
- of an inereccod guantity of nitric ozlde into tho reaction
1ed to an Incronsed et of ¢opbon monoxide in tho produetse

Thompoon end Yolenor (BS) atudled the absorpbion
gpectrn of tho peoduets of tho polorded deseunonliticn of dle
nothyd ethor, and found that deplng tho courso of tho roscilon
tho O lines disapposvad and that BE Lnog apusavedy they
zugpeoted tho fommabiun of formiduning &@ s B H0H)e &

fpoaen nintare of the pwoducto mwe o p@a&aiva togt fopr tho

<



nitroso proup.

Goldanekil (46) has veviewed the work done on ine
hibited érgmic deconpositions priop to 19L6. Sased on an
inhibition soheme postulated by Rics and Folly (L7), te
proposed the following wmechaniam for the dimathyl ethop
decomposititn in the presence of nitris oxldes

[11) CHyUGHy = Gliy + CHD
() o0+ o gor, — CHy + producte

{12} 0!13 + OHBQCE&B - Gﬁu + GHEOGHB

{13} cnaocﬁs — cnao * c§-§3
{173 GHB 4 65713 - aaﬁé or Qaﬁh * By
{&6) e:‘ms ¢ 8 s cz%3b39

0

it e ‘ﬁ}" ’_‘
{273 ?533 3 2 80 cﬁg O ¢ 'Gus

(23} af:zzsao w  Products

Fpom this nechonlon, Goldanekil was able ¢o predliot avsrente
matoly the chapes of tho pposoureetine curves chaarved oue
porimentally. Tho kinotie peranobers, houevep, wore for tho
mogt part estimates which are now lmown o bo 4o orvor. Tho
calenlotliong wove 8lco Lusod on some puprosicationg which

L0Pg vory sonsitivo to omull chonces I the Linetlic anotors,

s\r\\

e tho derlved sobe empposalon prodicto sceonndeordor dopondenco
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on other premsures This mechanisn rmust thevefore be rejooted.

Reo, Yang and fyring (48) tave resently proposed
machanioms from which they obtaln a rate squation prédwmzzg
8 hyperbollo decrease of the reaction rate with the concone
tratim of the inhibitor in the systems Thms, they are not
cencarned with the mechaniem of the resldual maxinally inhie
bited reactlone Thoir mechanlem, which they assume to be
porfectly general, is interesting howsver from the point of
view of the reacticns postulated for inhibitop acticn, Along
with a Riceefierafeld (2l)) mechanism they suppose the following
ronotions to be taking place.

{1} pel = {p1)

4} {p1) ~— pe+1
!

, {£1) (5 ¢ = iveds

{43 (pI) ¢ & = B¢ Ppode 4 I

vhove ) roprosconto o gepadical, (i) is & sonplon formed
botwoen the Peradical end inhibiter (eop. 11&&3::5’0)9 ¢ is en
feemerle compound of (01) (cene Chiy @ HOH) end I 1o the ine
Hlbitope & oimiley scheno appllen fop p pedlesla.

tho ovoregll mochanlon would not asply for tho cene

of saringl inhibitlong houovop, sumo of tho otops (4 By
) g 9 o

o2} are almost Ydentlcol to sono surrosted bolow for inhiblition
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of dimothyl ether by nitric oxide.

Homotion (%) involves abstruction of a hydrogen
atem by (PI) Pollowed by a voarrangenent and subssguent
deacmpogition, I this reastion occurs at all 1t would
probably be quite slow. It wag not conpidered to be impoptant
in tro mechanism postulated for the inhibited dimethyl other
pyrolyais,

Recently Imal end Toyama (49) have studied the
effect of nitric oxide on tho pyrolysis of dimethyl ebhop.
They found that the pato was first deorcwsed by small anmounts
of nitrlo oxide, but that it incroased linearly &g larper
quantities of nltrlo oxide were addeds In this accelerated
rogion tho order was unity with peapect (o both nitplo ozide
and others These outhors sugposted that the inhlbited dos
conpoglition Lo o moleenlap prosess, and thet large quantitiss
of nitrie czido cotalyse the melocular decomposition,

GChaln branchivg ronotiong Invelving ¢almos ond
nitrle exldo bavo beon suggostod by Novplsh and Frabt (50)
t0 account for tho accolepabion in paraffin pyrolysos vhan
oepo quantlition of RO apo addet, 4n oxaplo consldersd 3o

o gremes & man P By Bz [ TS S, B : s i 62 [
4 syston otntaining otiyl rodisels ond nitric oxldo. Yhe

L%

auzpocted branching io sald to bo due to pocetiuns such aos

149 0o ¢ Gly = ol
£ 303 Colighs = Ol



10 ¢ GH L0 o L0 ¢y
{31} wo+u 30 on (¢ 3w) + 0,

{32] (CHJCI) = Gty + FON
{33) o, = of e N0

Tho inhiblted rate, according to thage WoTkers, correspnds

te @ situetion where tho branching has not yet hecome oignte

ficant, The umial Rice~ferafeld (24) mestaniem for papaffin N
pyrolyses are nresumed to bo ocourring as well, Late laws ‘
derlved from such schemes have been shown to £it the ORpEPle

nental surves for the pyrolyeis of nepentane observed by

Flagkmore and tinahelwced (S1), tut such & mechanism con be
oriticized in that those roactions edd somplications which

ape not required to explaln the cbscpved phononende 48

uvill be dlooussed i dotall below, the mechaniem pustulated

in this papt, ao well as In publicebions from this labopatory
{3712}, adequntoly emplain tho accoleraticn ab hiph mitvle

oxldo groscuress The initlation ponotion tavelving tho
datraction of o hydrogon atom frow tho pubsivate bogumoe
soko dotemmining at guffiolently hish proscures of M. on
subgoguent fato of tho rodicals 1s  Lhepofors no Ionpop ine

neptont in dofining the ovopeall wato of tho dosenpealtion,

teblo 2 ouwmoplees the rosulte obtnlined uslng 182




g;g;:e. ?;;303!-!3 ggﬁ stz o, mm Appr%x!mate ggté}c |
‘m?sm (1) m§aﬂw mz)'eaae Decomponition Du‘
products
1 N 0 0 1A 22,2 2oy
2 xe 0 0 96 154 2453
3 m 0 0 58 903 2,52
b 308 0 0 k] 1Y 2+51
g 308 0 0 16 3 2.142@.
6 29 55 0 115 19.2 2alsd
7 &0 Bl 0 39 b6 2.8
6 2% Edh O 23 el 2els7
9 H7 Bed ¢ 13 2o 216
0 27 55 0 10 107 RN
1 257 5ob 0 b 0.7 2e%
2 4% 0 b3 105 1201 0,03
13 hev heS b6 38 201 040
T < Be$ 5L 6 o7 0,03
R S 3 o 003

$op eayerineats no. 1 to 11 incluslve thoe peaction Gompesatus waa

M 0! o 7 3 . ’ i . it & { Q
5B0%C, and for tho pernining caposlneate Yoo Sompopaturs was BOUYC,
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nixtures of GDBOQBB ang cﬁseaﬁig. o avevage GEBH/G% ratio
vas 2049 = 0,0 for the untnhibited muns and 2.8 & 0,03 fop
the inhiblted runs. The extent of deconponition was detemiined

from pressure measurenents, end the methene patios deternined

mase spectrometricallye The vesults fram mizturee of ~ 108
(,.nh and ~ Q0% Gi!BGCHs in the gbsenso of 0, and in the
presence of ~ 1% N0 (sufficlent for maximal inhibition),
are also ghown In Table 2,

Prelininary experinents were carrled wut %o dotermine
tho quantity of nitric ozlde roquired to pudneo the rato of
decompealition of dimettyl other to a minimzs. ‘“The pooults
are swmeriged in Plge 9o The curvs choup that the ralative
rabe Grops sharply to @ minivum with the edditlon of uhout
L5 1 0f nitelic oxidos Pupthor additicn of nitric oxnido has
no offest wn the rate um:n an anonnt preater then 10 mm hop
been added, ond the vate then Inereases limeordy with lnovoasing
niteic onide prossuvre. Floure © aloe shous a8 ne natbep
vhet prossuro of othor was used tho sono winirz wato is

cvtolned relative &0 the zate of tho uninhibitod ronobion:z
1]

[

otheP progeuros voarylog fees 130 ma to BT on vere uned to
obialn tho polets lylae alang tho flat povtlen of the ourvo,

Waule

vy . o8 y A N S I T N g y R 4
Heirie oxido ppossuves betvoon 2 mmoand 10 en wore woed In
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gubsequent investigations of the maximelly inhibited peaction.

Flgure 10 ghows e typleal pressureetime curve fop
the maxinally inhibited decomposition and a similey curve
for the uninhibited reaction, The ethor pressure was the
semo (126 em) in both casos. fThe curve for tho inhibited
reaction Initielly 1a oompletely different in shape from
that of the uninhibited reasction., However, after a certain
tinhibition time' the date of the inhibited resstion inoreases
and approsches that of the uninhibited resctions Thiz ig
epparently due to the fast that the nitric oxide has been
used upe

Plrure 11 ohows plots of the lozariths of the
initlal vate vorsus tho logarithm of the other ;Tossurode
Mout S mm of nitric oxldo wore uoed in ell cagose Tho lines
drawn have slopes of 1.5 abt 811 Lemporatursa. The initial
retos booume incponsingly mops (Iflenlt to moesuro as the
tompepature 1o lowored; the accurscy is thorelorg ot oo
pood ab $ho lowor Soupopatures, and the points bhooono nope
goat topods

“ho estivatlion encppy, obteined fuom Ghe spphoning

! v.'“z

olot ghoun in Pine 12, won &b kool mole —s
catiofactory corooment with the cetlvatlon enopry of 62 hend
voportod by Stovoley and Uinsholuond (43). Tho thoso=halves

oeder rato eonctand noy bo cxpronssd ag
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Figure 10, Typicael pressure-time curves for the uninhibited
reactlon and for the rezction maximally inhibited
by nitric ozide, at 520°C. The initial ether

pressure was 126 mm. in each case.
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Figure 11. Double logerithmic plots of initial rate egalnst
ether pressure, for the maximally irhibited

vreaction at various temperatures. The lines

have slopes of 1.5,
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Pigwre 12, Arrhenius plot for the reaction maximally inhi-

bited by nitric oxide,
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B s 122 w‘" 0»61;,&09/ At eﬁa‘/a mle"l/ ¢ 500"t

The offoct of tho 'inhibition time' with varying
aeounts of nitrle ozide Is shown in Fige 13+ 48 the pressupe
of nitrie oxide is tnorensed the timo roguired to reach the
rate corpesponding to tho uninhibited rate stoadily ingreases.
Yorg tinme is evidently required for the sonsumption of lapgep
quantities of nitric axide., Tho cutves also dcnonstrate how

the initial rato inoreases with large quantities {1.e.>10 m)
of nitelo oxide.

Some yune were carrled out ueing high pressures of
nitele calde. Flgure I otows a plot of the logarithn of
the Initlel rato againot tho logsplthn of the yressure of

aitelo oxides The curves corressending to different other

rrossures oll show sono cumvalupe st low nitrle oxlde presgsuves,

bt tend to lincurity co tho nitsle oxide prossuro is inorsasede

“ho plopos of the lineapy popbions of tho cupwves apo all unity,
In tho monlmully inhiblted region the opdep io cbviously Zepo

with pagpect o nityle oxides 'Tho oupwaturs Lhepsioro ochowo
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Figure 13, Pressure-tims curves lor various pressures
(mm. Hg) of nitric oxide, vhich are indicated
on the curvess the ether préssures were

L70<1185 w1, end the temperature 520000
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Double logarithmic plot of initial rate against
nitric oxide pressure, for the accelerated
reaction and for three different pressures of

dimethyl ether which are indicated on the curves.
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least 250 mm of nitrie oxide {ocorresponding to log i% = 24l
in Flg. 1k} was used. |

fiates uero detormined for the scoclsrated reaction
for progsures of dimethyl ether varying Prom apwfzmmtély N
75 mm to 425 mn Mg, and ovey the temperaturs ranpe from 510
to 570%. 4s will be shown in the discuseion, the overeall
vate expression fopr the inhibition by nitele cxide can be
exyrossed by

v & kR00853(50) ¢ m’icﬁseaﬁ33

in tho nocolovated poplon, 1.0 when [NO) 35 very lamgs, the
riret term In the expreosion predominates ard the resstion

i fipsteorder with roopect to both ethor and niteic oxlde
this wae ahown exmperimentelly. To avold the tedicus prooge
dure of nalntelning o congtent nitelc ozlde pressuve, while

studying the change in rote with varlaticn of othop prospure,

erido prossure uwng plotted apainot tho losopithn of the othew
pragourse  Flouro 15 shous tho rooulte of suoh plots. Tho
Lines dérawn all bove clopon of appromimatoly unity. Tho faet
that the plopos sre &l plightly crostor thon undty (v 3.1)
W thet the gocond torn in ¢hw above excrossion ig nol
comeletoly neclinlble ove v ot nlirle ozlde prosouros o hish

N e
20 250 o LED me
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Double logarithmic plots of initial rate against
ether pressure, for the reaction accelsrated by

nitric oxide.




o 61 o

Mn Aprheniug plot of the data is shown in Fig, 16.
“he line drawn shows some curvature et the low temporatures,
bat s linear for tesperatures sbove 530°¢, The activation
enoprgy colonlated from a leastesguares treatment of the
linear portion of the curve uag found to be L3d keal per
mole, and the frequency Pector was 9.6 x 104> eo. mole
sm“". ihis 1s an approximetion to the true Arrhenius factop
alnos, a8 was pointed cut, the slopes of the ourves of log
¥ o 1og Py, against log ?ather wers slightly greater than
unitys aAn approximato seccndeorder rate oxsrossion oan Lo
uritten s ke 1 z 1030 g tBl0O/RT op 01 gooo2,

The inhibltion curve gnoulng the vaplation of
rolative pate with prossupe of propylene fo compared in
¥ipe 17 with the corpesponding curwe uging nitrle ozlido oo
tho inhibitop, about TO mm of 3§§6 apo poquired ab 520°
@ slve o llniting rute. The rolabtive rate in the moximally
iehibited roslon lo Indepondant of othop proessure, 8¢ w0
eleo fuund in tho capo of Inbibitlon by nitele wxido. In
this cope othop pronsupes vapping Srus 160 wa to 513 sm ave
210t00d alonp the flab goptlong the veriation wap alueys
woll within the exmorluonial erpor. Yhe omount of prouyleno
ranuleod to abtaln a initlng »ate verlod eliphily uith

Pty ip e H e S [y 2, ey i
wenpepaturge  Houovop, oven atb tho kighost Leapopabture
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Figure 16, Arrhenius plot for the reaction accelerated by

nitric oxide.
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0 20 100
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Pigure 17, Relative rate (uninhibited rate = 100) sgainst
propylens and nitric oxide pressures, at 520000
The filled circles indicate an initial ether
pressure of 398 mm. Points along the flat
portions were obtained for various pressures of

dimeth?l ether,
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studled about 65 mm of propylens was found to be sufficient
fop uazinal inhibitimm. The propylenosinhibition cupve differs
in shapo from the inhibitlon curvs for nitrie oxide in the

vegion studleds Fven pressures of propylene of sbout 200
mm failed to inovenss the rate of the decomposition, wherens

t

pressures greater than 10«15 mz of nitric oxide produced &

propounsed increase in pate. Care was token in enbmqmam‘

egperiments in the fully inhiblted roglen to maintein the
proprlene pressurs at greater than 90 mm, |

A typieal pressupeetime curve for the maximelly
inhibited rosction iz shown in Flge 18. The shape of the
curve indicotes thut the systen rouches oquilibrium before |
an appreciable quantity of propylene is used up. The preseusee
tims polation for propylene thepofore doen not ohow the seme 3
behavioue oo doss that for nitplc oxide; this can be seen by
comparing iz, 18 with Plg. 10, The small quantity of nitrle
oxlde necessary fop mamimel inkibition cen be conpuncd boforg
equilibrivm io oatabllchod botuosn the othor and its products,
but sinee mhgh lazper quantities of propylens muet Lo weod, 8
yory long Simo would be peguived fop all of the propydone o
be uoed up, cnd tho syoten ocwmoes 2o gouilibrlun beforo ¢hig

oy

rure 19 ghows plote of the lonopiblm of the ine

&
T

& e e oy, Han & v g A g rn iy oo g e B # R % TR I N e L% gy 9 B9 NG
flaxionepsing mate acalnot the logeritin of tho othep JTOLLUEGC,

IS
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Figure 18, A typical pressure-time curve for the reaction
meximally inhibited by propylene; the initial
ether pressure was 9 mm., the propylene

pressure 107 mm., and the temperature 600°¢.,
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st temperatures between 520 to 600°%. The inflexicnepoint
pates wers used in this case bocause initisl rates could
not bo measursd very ascurately especlally at the higher
tomperaturess

The oprder, determined fyum the slopss of the lines
in Fige 19, wes threestmlves over the ccmplets temperatude
end prassure ranges studled,

Figure 20 shows the arrhealus plot for this system.
The line drawn 8 the best ©it detorained by a lsastesyuares
tpoatnent. The activation emerpy 18 61.7 leal per mole and

the pate constant can be oxpressed as

= hebx 1019 @“61’760/% eal/a mam"l/ @ aao”‘.

pLSLY ‘“gaiwx

Sinoo the Ul 3¢ "JEL@ petic for tho inhibited recobion
1o approximatoly tho samo as o the uninhibited rosotion {oee
Pablo 2) 4t ean bo concluded that in tho weglen Of nuximm
iiibiticn iho peaction Yo almost eatively o chaln prodonSe
The guprestion mede by provicus workoPd {13,491 thet the
1anibleed venoblion 2o eatirely noleculse must Thovelore bo
comoidopad invelid fop tho dimothyl ather prrelys 3ine  The

very loy voluo ehbalnod fop tho vi, ﬁ;mb pablt, 0 tho 6080
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Figure 20, Arrhenlus plot for the reaction maximally
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Figure 20, Arrhenius plot for the reaction maximally
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of Gﬂb, mS%ﬁB’ and N0 mintures, indicates that scoondary

processes are unimportant undep these axperimentel oonditions.

The mmieipat%%% et;i’ niteie oxide in tho lnitiation
reaction in tho dimothyl/decouposition has been suprested by
tiojelochowskl end Laidler (37)e Ixperimentelly (sse Pige 10)
sitric onido offectively removes the inducticn poricd that
io present in the uninkibited deccmpositisn, and this suggests
a direct reaction between WO and dimethyl other, Inltistion

could therofore oocur by olthep

{22) Gﬁaﬂsﬁs + N6 nHo Qﬁgﬁﬂﬂa

(22 Gl + O = GEUO % Clgs
An Pap pg tho enorgotios of those reactions are ooncorned
peaction [8&3'3 1s faveupeds Reaction {22] 19 endothornis
by chous 43 %eal. {aoouning z;t(@%i;%@&‘ﬂa e i1} to bo appromimately
92 ool pepr molo a8 dlseusced laterd, {2293 i endethomie by
ghont 3 kealfmole. Un tho otier hand 122'] 0 o dlsylesennt

peaetion, whilo [28) o on chetrastion ponetion and would

probably bo foveured on evorle proundse Doth panetliang plve
olntlor Poto ouppesslions In tho oversgll sehomo, 60 will bo

ghown belowy for convonliones 4% will Lo asstmod that Initlabion
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1f pegation [22} is the corrset initiation resction,
the N0 will dissdciate to produce H amd B0, In hydvocarbon
systens in which © atoms ave present in lappe concentrations
the revorse step gleo osours. Fowever in the decomposition
of othap the nydrogeneatom concentyation is quite lew since
the 6%!3 radioa) i the principal chain carrier. The oonoens
trations of FEC 1s theyefore low; the BHO largely disscolates
and an eguilibrimm is established between Gﬁy u0, GH3§Q and
GO,

me -~ He+H0

Gy + HO 3  CHfIO & CHHOR

¢

If on tho other hand roaction (22 § is tho correct me, the
eﬁ3{>539 can roaet with 0?%3 vadlcala, 68 was ghown by Jest and
illdze (52}, as followss

‘g ‘§’ 1Y ’: b i! EQ % C}EX
Gl % O 030 oy Ey

She semo equilibyla as above would then be ecteblished.

Tho ovopesll order bolng thoooebslves, the chalns
onding steps mast involve rocction botweon a P podicel and
elthep B0 op &%‘iﬁ%ﬁg of wilch tho latber is prosont in much
lagror anvunbse laocmerisatlon of G%‘(E% ) migmz%ﬂ%‘l is mowm
to ceour (53}, ard the latGor probaobly wonots with 8333 HOTO
popddly than docs OHJMG, gingo tho procots WB @ ‘“*,ﬁ e

5
Gyfty < HO probobly dnvolves o £alrly bigh cctivatlon cepny
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{s00 Appondiz II)s The chainesnding step is therefore best

upitton as

GFIB + Cﬁa HOH o GHBE}B&OWEK hand Gai'lé + 50,

Thia resction ls quite axothermic
no aetivation onergy.

ascounted fop by the breskdown of

and ocan probably cceur with

The disapvearance of nitric oxide is

DHR

The mecheniss ¢o whioh these considerations leads

163
{22} 6330(‘;133 N
{13]) Gﬁam‘ﬁs -
{12} City + cﬁaacsss -
{23a} Moo IHO e
{15} I+ GROGHy =
. {25a}
e GHE + H =
=260
s {303
ongin
{=3h]
{30} ily ¢ QUG -

dpndicabion of tho convonbional gloadyestoto tvoatment

s o e o i oy & gt 3 .
the follouing cxprosalong fop tie

IHO ¢ m?faﬂcrs 3

Gﬁaﬂ + 3!33
Ee 0+ H
b

fy + CHp0Hy

b"%ﬁﬁ? + ¥

CEAHICE = producte (I0H, ole.)

i Bﬂiaazzfzi}?i — %ﬁ& o 5
yiodds

padianl oonoendeal lonss



{1 : (30}
] ® :
15
ke
(0] = {50}
23
1/2
(crioH) = [Ciiq00H,) (KO} |
R
(o0} = [ory06H,] " (80
+ ;Q [0800t,3(10)
%
" 1/2
[eity) [65,0611,)
e
[ou0ci,) = {65007,

for G%BMW@

“ha vate g olven by

RS

=0f 01008, 1 i
ﬁwgm o Lﬁaq& EU 3 %Jhgﬁ[ﬂiifa
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At low 1O consentrutions tho £iret tem: can be neglected in
gomparigon t0 the geoond tewm, and tho rato ouprossion then
predlots thresshalves«opdor kinotice with vospect to othope
Yowover, when the nitpls oxfide consontrationis large the
firet torm can no longer be noglected and &n faot the rate
becomes first ovder with raspeot o both M0 and ether cofe
gentpation. This is in azrosment with the experimental fuota.
A caleulation cen be mede to detemine whother Clly

radicals or ex*sccr g P adicals ave presont in preater amcuntat

{CB.)

Use of the izlnotle porascters listed in Table 3, wnd with
[65\3 c%} oqual to 107 -5 molen por 6o glves rise to, ab 600%

Gonpamuently the (1?:?23 vadicol ohould bo lnvolved in termination
yathep than the t::hgﬁﬂﬂa rodlieal.
g aotivetion onorpy fop tho wmexiealldy inbiblted

vosction prodieted by tho mochonism io3

e 2 e (B * I ¢ By @ T
ap ¥ 5 ABan ¥ Bgng * Boa © Tagg @ Tygg)

Aopennant with tho cxmpepinontel velduo of Glob hople pop nolo
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el
. mole™d ses
80, m0le 1 ° -9
sm”*
(2] 1x10% 43 1.3210°  see text
(2] 3z0M 945 78 £10° 00 Part 11 A
(23] 7zw0° 190 L6 x 10°  goo Part 11 A
(23° 21x0% 8.0 16 2105 latdler, Sagert
end %dg:oomwm
{i)
(261° 1=10M 0 1 x 204 )
(«26F 1z10% 50 2 A feon {85) and
% estinated (soe
Appendiz II)
(2 i1z 1 1,2 & 20° (56)
e 1z30% 58 9. £ 210°3  matimated (g0
Appendls II)
{3} 13 wm 0 iz 3@% Asgumed

¥ Thp veluos glven polate to tho higheppossure PORL0Ne




el . SMEEL . oo™ or 00,
880 03'.1 keale, mole mm—l 363.1
60, 0l
200"
(22 1z10% L3 132102 gee test
(21 3=zt 945 28220° sertuA §
(131 7z 190 Leb x 105 goo Part 11 A
e 16 3
2 2.1 2 10 ) 106810 Laldler, Sagert
(23 & e and 'ﬁbﬁélaggmwekl
{i3)
261 2 za0tt 0 1 z 10t (sk)
(26 1z0% 5 21 A fyom (55) and
& estinatod {aes
Appenddz II)
(2 1z W 1.2 2 10° (56)
fe3y] 12300 5B 9.1 % 103  nstimated (geo
Appondds II)
(5] 2 =30% 0 1 z 3080 asgumod

{! » N F
' g veluoos piven rolabe $o tho highepPossure PORitne
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t6 obtained 1 a valus of Ol 8 konl. Lo tehen for B s, ¢
gy * Baga ® Byge The significance of thie value is that
it mplies that formaldoxime, CHNOH, 18 o0 koal. nore
ateble than 0}%3 + H0o This is a reusonshle conclusiong
fupther dlogussion is to be found in Appendiz 1l.

the predictad frequency factop ie

- 1/2 '
®3z 1015 ccuamola’l/a aea"?‘

Tnig ie in satisfectory agrecuent with the eaperimental
valua of 1e2 % ,wm c:(‘,l/ e mole'l/ 2 ewe'a.

Uhan lapgo quentitles of nitric ozlde aro used
* the robo of decomposition of dimothyl other is conclderdbly
cnhoncede  Tho moaction hes been found to be flrsteorder
with veapoot to both 0 and G'ﬂsﬁﬂ% in this rogione ‘Ibis
raoult o predioted by tho mectanienm plven hovo fop tho
fully inhibited reaction. Ac tho guantlly of # 1s Inersnsod
tho fimot term in tho ovepeall pae ezproosion (1.0.

313,3,3[0333&}33;33w%§) npedeninatos. Thus tho wablo of tho two
o

o 3 "“2 ' §5 v,wg p
tom ) o el ORI
Lo & “‘“‘"‘i’?ﬁ e
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This ratic 18 found to be approximately 73 after oubstitution
of ths values for the rate sonstonts end the velues (M0} »
[08,08,} = 10°% noles per oo, If Beppl OH0CH,J(N0) Lo tho
dominant term whan [KO] is large, a socond-opder pate constant
can be cslculated whioh corresponds to kane The caloulsted
geocnde-order rate constant from Pig. 16 1o piven by

Ky = 12 10”‘ o'l‘s'm/w o6, mole”t sae."t

The abatraction of a hydrogen atom from dinethyl ether by
niteie oxide thepefors haz an astivation energy of L34 koeale
pep mole, and the frequency factor is, o & good approximation,
1 z 108 g, mole™? oo™}, e reason for the approzimation
1o explained cvove. Uslng the value of 486 keals for B{leN0)
{57), and tho astivation energy of L3l koal. detammined
aﬁ@vm gn ontinato of 92,0 keal, mm"’l fop L%(C:‘E%Bﬁcz%goﬁ) aan
be nadoe

it 3o well ootoblished thet imercased guantlities
of niterle exide incpouse the srosortlion of cerbon monoxide
in tho producto (W) This io aloo tewe in the dectmpeoition
of cootaldenyde (90) and dlethyl othop {59). This regult
nag provicusly been explained as belng duo to oridution
rogetions, tet 10 can bo oxplained by tho sechanion postulated
ahove, Coshon momeride in o major proftuet In tho Geccmpoglilon

of formaldohydo, which iboeldf fo ong of the majop produecto in
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This ratio 18 found to bo approximatoly 73 after substitution
of the values for the »ate constants end the velues {¥0] =
£c§130m3] ® 10"9 noles per ¢6. If z‘aa‘““s"“*‘is““‘"’l is the
doninent teem when [NO] is lerge, a soccndeorder rete constant
can be calouleted whieh corresponds 0 kope The calenlated
seccndeorder rate constant from Fige 16 ia piven by

Ky = 12 10“‘ 9-!&3.1&99/&? oce mole™® sge."d

The abstraction of & hydrogen atom from dinethyl ether by
nitrie oxide therefors has an astivation enorgy of lil.4 koale
per mole, and the frequency faotor i, to a good spprozination,
1z 102 coe mole”? soe™ks e reasom for the approzimation
i¢ explaingd avoves Using the velue of 486 keel. for B{FeN0)
(57), and tho activation energy of L.l koale determined
aﬁwm an oobimato of 9260 keal, mole” =1 pop plon fhy Jziaoﬁ) can
be mado.

it 4o woll aoteblished that Increascd gquantltios
of nitole exide Incrouso the propartlon of carben nonexide
in ¢ho produeto (bh)e Thls to aloo twve in the decompoeslition
of anobolderydo (50) and dletiyl obher (59). Uhls rooult
nog provicusly beon euplalned as Belng due to ozldation
vonstiong, but 16 ean bo ¢uplalned by the mechunlem postulated
ohovoe Corbon monoxide 38 o major pyoduet ln tho deccmpositlion

of fopnidehydn, wWilch 1tecdf is ono of the major pyoducts in

|
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the ethor decomposition, From the mochenisn poetulated
sbove the rate of formation of fomaldehyde 18 glven by

d(GﬂE(')] .

" 1/2
s ol CHL00H,)(10) ¢ ky, (SR

e
[GH400K, ] ‘

The rate ozpression thus Ineludes @ tem invelving [HO],
and therefope the proportion of formaeldehyde (and henoe of

5¢) should inorease with inepossing amounts of nitpie ozide.
Un the other hand, the rate of fomation of methane is nob
ingracned by edding nitrie oxide, since

aws? ] o
a a km {u5133[€:}‘»39{3ﬂ31

10, /e 32
) {61,008

thich doon not contaln o torm lnvolving [H0].

Tho Repation Puille Inhibibed b

an anglezous mochanien ean bo wrltten fop inhlbiticon
by prowylone by capming thot tho allyd padical ﬂ%&‘lﬁ;) g
gapablo of sbatpoeting hydrogen atomg and ig thovolors the
counborpart of 0 in tho provious sehamge thot O jj san

chotpact hydrosen atoms lo weld coteblished oxperinentally
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{39, 60=63)e Conpoquontly, following the dimsoclabion of
propylene,

£36] Cyty = 33u5¢a,

the initiation resction nay bo written as
{37} 083(7633 & 03}‘15 - cBB& @ Gﬂaﬁﬂﬁa

Experimentally thore iz an appreciable inducticn perled in
the propyleng=inhibited reactionss 7his is required sinece
an appresieblo concentration of C,fi; radicels muat £ivgt bo
formode In tho nitric oxide case the nitrie oxide can abstract
hydrogen atomp irmodlatoly and consequently there is no
anprecieblo inducticn period.

Tho over-all mechanlon fop tho propylanceinhibited

decomnosition may therofore bo wrilion ass

£47] 3&3% * &Bt g - {:Bﬁé @ {331363?5‘.&

{13] CHg0CHy GH0 # Oty
e R N .
£36) Oolly = Oqflg ® i

(5] G0, e g Giig g
£38) iﬁs&ig @ %}"é oy vﬁég' 4 Q"jﬁg‘;
£32) Gitg 4 0.

Ny 453 8, VT Flemetpmss 97
oy Gy b faeiallly
[

3
Uit
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The steadyestate treatment ylelds the following

exprapoiong for the radicel concontretionsd

wﬂsmHBl

(o 0ot} ? 0551 * g2 qﬂ%@) for gl o
/2 32
(é%ﬁ) (65,907}

o socond tepm 4o this exprosslon is megdiglble

19 comporicon $0 tho third Gorne %he patio of tho thipd
and

sepm G0 dho Plvot bema 46, tolng tho velues In Yobles 3

%0
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The steadyestats trestment ylelds the follouing
pxpresoiong fop the radlcal concenbrationss

R L 12
(cig) = ‘Eﬁ’ (et 00ty
| oy qgkep Y2 1/2
CECAR % {03ﬂ6] * (é?) foti,00H, ] [e.7,)

% (ﬁgﬁ) ten 9033313/ |

, ‘%& 3 T3
gl = ¢ {aﬁaw P

3‘3
The overe-all vato is

Fd

&{gh ‘W:s ) I
§ O o mwﬁw 16 4 {Gitggcig)

1, Y2 3fe
Kagliag -
P 2“3%£[’ ﬁ{?z 5%@ {W; €G&g3\ibg43§

e geeend torm dn Bhip oxprossion 3g nopdipibio

59 compapicen to Cho thizd tepne Tho ratio of © o thied

tj
[

s S0 tho Plwed torm 1, welug the valuse Ia Teblen 3
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lyy end Witk {CH0CH,] = (63363

#md e ?Q %mm s 2 at 800°%
38 6

Consoquently the third tern will predominate and the over-all
order 1s predicted to be threeshslves with respeot to ether,
in sgreonont with experiment

Reeotion [39] shows that the allyl rodical o used
up in Porming stable productes As polnted out ebove ong camob
obgerve by direct prescure measurasent whon gll of the aax;g
hes been consumed, as 1s possible with N0, becauss & thernow
dynamic oguilibrium s prosumebly establighed long bofura
the vory larpe quentity of eilyl vadiesls has dl papnosred
by renction [39)e Tho wrovyleno constitutes roeervoit
guppiying C ESS raddeals Lo the syoten by rosotion [36]e

The prodicted avtivation energy d8

E s} “’ ﬂ ‘Q’Vg %E:g? 1 L:gé 3@ ot lﬁ"{'}}

&y o . “’g
2 (e honles mole ”

n pood agveonent with the experinentul velue o7 Gho7 heale
1?3‘8'3@ “m

“ho peedieted fyeyucusy factar fo given b
'ng

y § &
3 o 5y "Efm & e jﬂw m"
53 @ e 7 W M‘f Bole ¥ © o8 -

Mm: uiq

ﬁq 2 :h a{'-@i

i "
& 0
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Teble UL
finetie Pevametora for Inhibitlon by Propyl

el

%W &00

. kogle mole SR, S

s0le™ soo™

(3711 1.0x0% 380 Bl Botimated
(36] 10220 78,0  hef %2077  Estimated from
spware (&)
10 8 .
f 2 %10 1218 TrotmansDiclenson
(8] Se2 = 17 be and Stenote (68)
(9] 1.0 z 10% 2,0 18 2107 tatisated
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yheress the ozsepinantal valuo o

A 8 Lot 2208 co V2 pore™V2 pes”t,

The egreasent lo quite satisfactory in view of the uncers
talaties in the individuel factorse

Induetion Pepl

_ The fnduction pertod in the unlouibited reactiona
{p agsociated with a gradval inereose In rate at the beglaning
of the resction} this renults in the femilier Seghaped

pmsaumobime cuprvese This tzma of éwm wag observed in

the wnivhibited reaction (see part II A), in the repetion
trhibited by propylens, and 4n the reaction sveelerated by
loppe quantitles of nitede onlde. In tho latter ouoe en
Induetlon poriod unp evident only el low progsuzes and tommore
gturese Tho oituction ls nuite difforont in tho case of the
rasstion faily lehibited by aftele oxldes Horo thero 1o no
ovidence of oy induction neriod atb high proveiros and tenpede
ptupose Howover, ns tho rreseures ond TEnperalird ard lowsred
srope 10 & veoncunced bing log hoforg thero fp any prooure
chaneo in tho roscbion vopsole %Thus tho npeauraeting CuIwWe
cthits o flad nepblon Inttlolly, folloucd by a pudden ine
cronend Fize & ghows Ghlo off'ette

IRTRUII, ST PR A e oy A o
whe Gesherod cuvven con vorhape bo aipigiuad U
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AP {mm.)

1 i 1 i 1 1 1 L {

O 20 40 60 80 100 200 3Joo
TIME (sec.)

Figure 2i. Typlcal pressure~time curve for the reaction
maximzlly inhibited by nitric oxide, particularly
et low pressures and temperatures; this curve was
obtained at 520° with an ether pressure of 591 mm.

end & nitric oxide pressure of lj.8 mm.




AP (mm.)

1 ] 1 (] A ] 1 i i 1 ) [l {

O 20 40 60 80 100 200 B'JOO
TIME (sec)

Figure 21, Typleal pressure-time curve for the reaction
maximally inhibited by nitric oxide, particularly
st low pressures and temperatures; this curve was
obtained at 520° with en ether pressure of 591 mm.

end & nitric oxlde pressure of 4.8 mm.

oo
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sevuming 8 gradual epproach to stendy=state conditionse. For
the nitsic oxlde inhibited pesction the chaps of tho prussures
time ourve sunpeste thet thero 1s @ time doley hefore any
othep decomposed, aftor shich the resetion progeeds in the

mamney doseribed above.
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geruning @ praduel epproash to steadyestate conditionpe Fop
the nitple oxide fnhiblted pescticn the chaops of the Lropsirg=
time curve suspests that theve s o time dolay before eny
othopr desompoges, after which the recction proscofs in the
marmep doseribed above.




drepen fulphide

IHPRODUCTION

A muzber of workers (28, 60s73) have supcosted thab
thiyl rediesls (#S) evo more resctive then allyl radicels.
“hus thiole generally sccolerate freo radleal rosctions lne |
volving satursted oldehydesy this hap been shown to be the By

case in the muw vhage (68), in photodocomposition resctions
in the gas phaeo (69,70) and in thermal decumpositions in the
can phase (28,71,72,73)s Dirrell and co-workers (69) cbeorved
thet various thiols (E{aﬁ’z, GE&SEH, aaggmi, otoe) cotalysed the
mhotodecommosition of ecoteldehyde, end In most cosos the
ol 1nopeoned the rabte of the decmmposition. The rotes
snspocsed So o clatenu with the adcdtion of thiol and remained
conssent over o ranze of coneentrations. Hhoo tho thlel coms
contratlon uas shout throseguarteps of tho esotnldehyde cohe
contrubion tho pelotive rato {patio of patolyged to wnpatalysed
sato) fnerooped funthope fiydrogen suipilde wse found $o be

w0 woeh offeotivo cotalysy, end tho entelytle offeet dogpotaod
uith ineosscine sonlontby of the thlol. The nogtanion five
~oned for catnlyels by methanelbiol towalved tho chaln temnpler
rocetlon

I3

baid

4 At g ) P it
= {ulmui.ﬁ L ‘uéii}w v 65‘5;
" 3
w

St

%
o

followed by




ol & CHLOHG e CH 8 @ :
mBes m,agc,m 0 sdi {3}33 + 0
and termination by

suoh & shple mechenien could uot; hovever, cxplaln the
offects observed for other thiolse
tore peoontly Imal and Toyema have postulated moches

nlems to explaln the accolerstion by hrdrogen sulphide and
mothanethiol of the decomropition of scetaldehyde (71,72,73)e
the effest of hydropen sulphide on the decumposition of dimoe
thyl other was also ptudled {28}, Thoos workers suppest that
the catalytis offest of hydrogen culphide 1o spoontlally dud
to resction of mothyl radieals with hedropen sclrhide, with
the produstion of hydrosulphide {NH) Mﬁi&am wileh 38 twen
abstrast bydeopon ghong from tho eubstrate. Thooo woagtiong
are suppepbod to bo fastop then the peeotl-n bolucon nebhyd
padlonls and tho subpbvato. Fop the thermal docompupition of

imothyl obher in tho proscnee of hydeogon sulrhide the pate
ipepapood with lperonping concentvation of hydrogon .nv‘*ﬂ“ &0
uod voached o 1inle u nepo Supther addf tlon of hedeopen gulph

Lol po offoete Tho mozlmun eowind of hydsogen oulpblde whleh

uae added woe ameosiaadely 674, ond the reosticho wore copnied

- H @ R
Gl over tho Sonmerature yanso of 360 bo MU Tho nedt ante
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sugeonted for tho resetion in the prevence of mfTiclent
hrépopen oulphide to onpure tlimiting' sceolevation wes ap

follownt

C'ig ¥ i‘:ﬁsﬁ

{0} r.mgo * 8 e Gﬂsuﬁ % 15

{11] czi3ac£¥3 b

i) Gy o8 = oy + 18

{42} CBo0CH, + 1S = a8 # CHH0CH,

{13] - 03530%2 —-  CHO ¢ cxz3
{3} 8 + 18 = products

ho rato equntion to which thlg nochisnisn lende is

afoa,oen,)  aion,) Ve 9
NN NI N - .WQ»., ] g%? gas) gggg‘%;j:%]

and o thropshnlvogeopdor dorendense on othor ccncontrabions
wo obtalned oupopinmantailye The rosudts led to o pato conpland
of

29 f 10 ¥ o
e 102 5 2000 o BLOOYR (A2 g oB/2 pegel

In the 1ght of voeent welk (Papt IT B}
lohoratopy on $ho coblon of inmbibitopp on (ho thernnl docoums
sopitlon of Aluethed olhor, 6 voe thouhd that & aeebanlien
cimdtor %o lonibition nochooiene conld bo opnllied o tho
raaetion asgoloratod by

w134 ey B g (Y PN 1,8 Wl mF @ %, 2 e
hedegpen muinhido. I8 alno sooned

i
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necossery to oxtond the exporimentsl investigetlon to hicher
temnoratures and highow m‘mmuxwm of linlle %he foet thet thers
vas in Ineromse fn relative rato st very high prossuros of S
{? 507 added ,8) indieated that the mechenlims postulated by
Ingd end Soyans (28) 4o not surficlent to deseribe the reaction

cumpletolye
RESNLES

rolininary oxperiments were osrpied oubt with hydrow
gon sulphide alone fn the reaction veszel st 600%. It was
found that the total preseure decvemsed by approximetely 1%
to a 13nit. This olight pressure chanpe is inpipniflecont
covpared to the prossurs chonge for tho decumposition of dle
mothrl ety in tho presencedf 232&3, and woo thercfors fgnorede

Rates were calewlatod from the slopes of the
rpessrestime cupves ab the infleoxion polat, and the rosulis
vore found Go be fully rervoducible cver the entire rongo of
reeonarg mnd temporeturss  Tho inductlon poriad fop tho vesctlon
in the prosonse of é‘Z&f&: wes ponerally qulte ghawh, po that the
mflexion rolnt cccusred In @ll coges af lese Gian MO0 doe
seapooitione Tho rabvs eon thopgfore be congldered o Le
intiod pabon v o vory clogs apreninablone

In opder o verlfy tho qurerinontnl poowlio of

" on O @ oen g Y o o Lant Mt oy M ST, B L e FA T T QRO S
spovious woelors {80) the 2oSe of decormnesltieg of dinethyl
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ather was neasurad fop verlous added anounts of hrdrogen
gulehide. A rlot of velativo rato {l.0., the rate in the
preseose of i,8 divided by the rate in the absence of Bo8)
{o shoun in Flge 23« The curvon drown have boan csloulated
from Pips 25 to bo consldered leter. For @ plven pressure
of other the relative rato increages to & platess ulth an
theposeing concentration of hydropen sulphide. In thls
yoglon the oxvdeé with respoct o hiydrogen sulpnide is
ohviously zeros 4a still greater quanbities of U.8 are acded “
tho relative rate increasses linesrlye It is apparent from
17 ¢0.) aizwas ghown $a Fige 23 that the lenpth of the platean
devende on the proscure of othery the lower the other rassudo,
the gnoptor the platesu. This suppeats that the offests
depond wnly on the properdion of HaS polative o othor, rathep
then on the ebeelubo (mounb of fixSe Tals posult differs feom
that found in tho nitrie oxlde irhibited deeomposition of
dimethyl ether {Fart I Ble 4 pled of polative vate peaingd
tho reveentapo of bydrogen culphdde (Fige Eb) showe this
dopendense mors slearly. Polnbs uwere detelr mingd at thwrot
atfrovent tonmoraturos o U0, SE0, %BQQGQ Winin the ospople
nental coror, tho nlotesu cooups o aprraninniely tho sone
polosive rato tn all eogos, elthounk there arpeapp Lo bo O
slind fnepesso vith decvonplug Lonporalung, ta0e tho niateony

o e b K I e ¥
goang e bo hishor Dot
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RELATIVE RATE (v/v)

Mlgure

236

P
oS

Relative rate (v/vo) egainst pressure of hydrogen
sulrhide for three different pressures of ether:
A‘= 300 rm., © = 100 mm., and 0 - 20 rm, of ether.

The solid 1lines have been caleulated from

Eigure 2o
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Figure 2, Relatlve rate (v/v Q) against the percentage of
hydrogen sulphide for three different temperatures;
s - 530%C, 0 - 520°C and X - 180°Co
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%inetis mepguranente wore carried out with sboub
L0 added oy and with gbout 75 to 9990 added Hale Hydpogen
sulphide in the amount of LOA wan sufficioent to onmwrd
13imiting? accoleration {independent of 1*25;‘4) » While over 75%
Bt engured that the resstion woe in the region dependent
on tho perceatopo of hydropen sulphides

4 typionl prepourestine surve iz shown in Plgs o
Curve A o on ectual tracing of the record cbtained for the
docomvosition of 9C mme of dimethyl ethor tn the sbgenco of
Eﬁiau‘f‘m Gurve & iq a sisiler teacing shadlog the desompoalition
of 85 mms of dimathyl other in the presence of 475 mae of
HoSe oth runs were carvled out of 510%, The accelorating
offect of tho edded U8 {o rendily oceene

Frure 26 ehwa olots of tho loparitim of the rete
opningt tho logepithn of tho efhep rposounre, for the reaotion
in the plateeu veplon whoro aboud Iy 5 ip8 was addode A1 of
the Yimee have nlopes OF 1»?5@ we eorposronding Srehsniug
curvo lo shcwn 1o Pige 27e Hho thwopehs Tvaseopder palo
conatont moy bo expzosced on & = 106 ¥ Mﬁm ) =539200/ 1%

a/n el /2 i . o
%“’f S mate™ © pop —e Tni 1o %o be o waved with kw102 2

W <5000/t &
3 s LY [ y 3 3 g,
TR Yty 00/ ?“ Fol0 £90 “1 chitained by Imal and
o P " F Rt
Tovong (do)e
e —
The rinotle meooupenonts ode with T8 o 900 Heb

aw (U A TR gy L T T Loy T
oo ooown 10 Plrge &, &9 and Mo Fliure v I8 0 goublo
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Figure 25, Typical pressure=time curved. Curve A is & tracing
of the record obtained for the decomposition of
90 1m, of ether in the ebsence of hydrogen sulphide.
Curve B 1s a similar ﬁracing showing the decompo=
sition of 85 mm. of ether in the presence of L75 mmo

of HéSo The temperature in both cases was 5109ca
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Figurs 25, Typical pressure=time curves. Curve A is & tracing
of the record cbtalned for the decomposition of
90 1, of ether in the ebsence of hydrogen sulphideo
Curve B is a similar ﬁracing showing the decompo=
sition of 85 mm, of ether in the presence of LL.75 mmo

of HéSo The temperature in both cases was 510°Cu
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Figure 26 ¢
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Log Py (mm)

Double logarithmic plot of inflexion :.ié against
othepy pressure for various temperatures. The

1ines all have slopes of 1,5, These curves were
gotermined for the decomposition In the presence

of about L% HyS (1,00 the plateau region),
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Figure 27, Arrhenius plot for the decomposition in the
presence of about LOF H,S (1.0 the platesu

region).
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gure 28, Double logarithmic plot of inflexion rete against
pregsure of hydrogen sulphide at 520°C. The ether
pressure was constant at about 20 rmm. The slope

of the line is 0.5.
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Figure 29. Double logerithmic plot of inflexion rate agalnst

other pressure for various temperatures. - The lines

211 have slopes of lo5e These eurves were determired

for 422 decomposition in the presence of 75-9% HyS.
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Figure 30, Arrhenius plot for the décomposi’cion in the

presence of 75-9%% HZS;
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logarithnic plet of rate sgulnat prossurs of nydrogen sulphlde,

fop & cunstant (~ 20 mm) preasure of dlmethyl otlof. Tho

1ine drawn has a 8lope of Geb, shouwing eb&tltae order with
roapect o 325 pressure is cneshall in the repion of very

high poreentages of Hzé'&. The loguritim of the rate minus

one=helf the logapitim of the hydmigen sulphide provsure 18

plotted against the logaritim of the sther pressure in Fige

2. & plot of this itind enabled tie dependence on ether

grassure to be determined, without the tedions tusk of

holding the Hzﬁ pregsure censtant, all of the linea drawn ‘!!II
in Flge 29 bave slopos of unltye Lue sorpespendlng arrhenius )
plot 15 ahown i Fige 0. The caloulated acbivation onedyy

fop the reacticn acoelerated by very nigh sereentages of

nydrogen sulphide is 5205 lteal mal@'&a Tne pato constand

- o5 60 E¥ ¢
may be cagrossed by k @ L9063 oMy =52 500/82 eol/@

z&ml@‘l/ a fﬁ%ﬂl

Pisadae ol

]

“he fact thet the eute ol dosonposition of dimoibyl
stihop Lo the presence ol Dydragen gulphide relative to Tho
pate o Guo chbionos oF ByLpozon calphide dopends b tho
grourtlon of figh o sthor (see Digme 23 und 2k) sugnests
that cuspebitive Tosetlong W Involvod In tho procodoe 4%
shane temporabiren iU Lo weld Ruoun thot dimethyl ether doe

- o . T £ 3 T R . P I Wige Y P SO
gomuhes W Pops nethyl ond noeuoRy padicolse  ffdpooedptiido
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vadlonls eve aluost cevteinly formed from the decompositivn
of hydrogen aulphide. This e suggested by the fact that
thare 30 @ slight deorease iu pressure when ﬁas alone i8
present in the reactlon vessel at 600%. The trermal dee
ocmposlition of bydrogen sulphids has in fact been studlied
in the tempersture renge employed in this rescarch (7h)e
Toe ovidence suggosts that the decomposition procects unainly
by heterogenccus processes al temperatures velow 600%C, Tbo
radloal 45 would probably be formed in large auentities, and

can algo be produced from resctlons such as

bﬁB A HES - Gﬁh + HS

Sonsoquontly, during the decanposition of dimethyl other in
the prosonee of bydrogen sulphide, there should Lo & plentie
ful guyply of kydresulphlde radigals. ‘9hoso could initiute

e obther decomposition Ly sbotraction of @ hydpogon abamy

UG v BB = B8 GilgCH
W 3{4)‘\) 3 ih’ ‘?.U AB 8

Tho overeall pate oxprescien fop tho thomad doe

: o a8 aga 24 g b o, oY T ay P % v S
compooition of pure dimetiyl etre? tg of the fopn (Papt i1 &,

2

v, © RSl
o ° HLUngRs

Yag ghapo of btho curvos choun In Flide &3 and 2y mugroots
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padlonle are almost certeinly feemed f2om the deccmpositien
of hydrogen sulphide. %This is sugpested by the faod that
thare o u slight decrease iu pressurs when H.S alone fa
present in the reactlon vessed at 600°%. The thermal dee
oomposition of hydrogen asulphide has in Fact been studled

in the temperature range employed in this vessarch (Thle

Tae ovidence suggests that the decvmposition proceeds malnly
by heterogenecud processes at temperatures velow 600%C. The
rasioal 53 would probably be formed In large quentities, and

san aleo be prodused frem reactions such as

Gﬁs + Ha??a - GH‘& + K

Sonsequently, during tho dosamposiiion of dimethyl ethber in
the presence of hydrogen sulpblde, there ghould be & plontle
Pul supply of hydposulphlde pedicalss These could initiate

the obhep decompositiuvn by sbetracticn of o hydropon abumy

tho overeall pabe oxyrescicn for tho lbomeld de-

compoalticn of puro dimchgl cther &6 o8 the Do (Port IX 4,

{(75))

P » PO 18 s * T A g oa e s
Ty ghase of tho eurves choun in flode &3 wnd ahy ausreots
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the folicwing relaticnshipss

v o X'(B sj foR 0»3&333‘“ 'k [oR, %3,31 e

¢ B ore ' o ¥
k (8,5) iﬁhiﬁeﬂﬁlm + & [GB0R,]

0 3/2
lf O 3%E3l

This paduces tO

s WD

o K L0008}/ €
Thus on a plot of rolative rate (v/v@) agalnet the yercentess
of bhydrogen sulphide & platasu would be cbwwaﬁ whon tho
proportion of H,8 to CH0 3 3 o wmall and !:z /‘lz io the dominant
torme  lowover, os tho pratio of :,gu o auswazj Logoncs lapper

tho rolative rate should then incpoase with lnopensing pope
cﬁm‘e‘;&gc of hydrogen sulphidos

Tha pato exprenelon fop the poustlion In tho progenco

S %Y €

3 32‘20

L¥

&3

tiould Lherofore Lovolve L0 tomma = ono peadlsoting

coazﬁwm«»ww” behav loup with

[

rospooet o dimothyl othep

»

wd no dependenco on bydrogen culphide, the sesind prodicting

gndonco wlth respoct $¢ Lotk hydvopen sulphide and dimebhyld

cliope Flpuvep 6, &0 end 30 ohow thab the owler Lo ongelinll
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in ;8 and fipst in 633 vﬁBb lege n®3/2andasl, for
tho roaoticn with high percentages of i‘iaﬁ.
%he mechanisa ¢o which these considerations isad

gan be written ast
. | .’. 3 Y w—p 1 ; o4
(12a]  H + 0B400R, Gy ¥ CHP + 8
(k) He M8 — HeHS4H
£l§5_l o+ CB0CH; = Hy + u£§3 GH

[ha) H8 ¢ sﬁ300ri3 w— Eas ¥ cmj cf,,a

{13} CHyDGly =GB ¥ Ciig

u&lj GﬁB % ﬁaﬁ - "‘Bu ¢ 05

ilba] e 080 - S0+ HeN
(453

B s &= H.94% 8
51 @
g, d W NG 3 e 3 & ’
_i,tg,%a] H+ B8+ HS oy + H
wiors & reprogente & third body. Applicatlon of tho cone

ventlonal stoadyestato ayproximation ylelds fep the pudileal

aeneentpationns

o i/2 e
o (e=i20) (o PN
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ey, [CE.00H,J(%) &, Y2 (on.00H,)
(o) = gl® g ¢ t2 (Sl ey
m W Fa  (5,5)
kyy [GHGOGH,) 15y, 2y, Me[cH.00H] K, |
" TR Y TRy

The rate is glven by

. i
sﬁb, /

/e
v oo '7"11 {cu 0&333@5@3 % E££(W) Liiaiﬁﬁ [on Euwgﬁ :
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s
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B R M Vi tranes
20

1535, £ 8 b e gl Y e fepnn & ey =4 o 4
Whoe Slpab ond Dourdh Sepme fn thleo cupression aps snall In goge

poeriach bo tho cocond aod hizd bopis, and beoso oay e nonlectode
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The pate con therefors be written ag

Vi
2 V2
Voo ok (el (e (onochy)

s
1/2 a2
+i (?E) (a3 008,

A orude eatimate of the p&maxﬁtaggo of ifiaﬁ gt wbich
the change in order taites pluace cen be made using the values
fur Ky, aod EM& fron Table 5¢ Tha retio of the fipot to

tie geoond tomm 1o

by, Y2 (542 [,51H2
(=idb """’("“"‘W 0,1103 = ""'“'"""m
g"ua) {611,002, - 3 fotocti;)

This eapression becomes grsater thon unity when the ratio

gﬁgsg/gngec%) bocanes prestor than 9el. Thus tho Liret

tovm i the rate czwossion pradominatos uhen tho prossure
¢f hydrogon culphide engceds %0P. Uho transiiion cotueily
titos plage with sbout S0e70% lnBe Tho sgrocmont g thoyee
foro guito potlcfeotery in view of tho wnoertalntlos in the
rato conptantoe  Gonocouently, to desoplbdo tho poto fop tho

3

slatonu penion tho Iollowlng oxsrossion owd Do upribiong




Reaction Frequenoy Activation U at 800% Reference

" o (] o
{gea 1 S W |
¢o fgle or c§ mole
se0 ) ” 5W~ )
6o mole~?
sec™2)
(1a) 12108 7.0 S, 2 20 Bee Part II A
e 1xz10%0 810 70 2 10°°  ootinated (Seo
footnote)
2} 1z10% 130 26 210°  ncsumed
(333 72109 19,0 bt % 10°  ses Part 11 A
(4] 2.5 = w“ 260 19 2 10%¢ Xm&i(%gcji Togama
{b3e] 13 mm o 5ob 249 8 wm estimatod {soo
footnote)
221 3z100 9. 7.8 2 30°  soe popt I A
(373 7z 10" o238 3,8 2 208  zes pet 31 8

Sho valags Por poucticno i) end [h3e) wope osleulated in
tho sune manner &g in the Appendis I, Jour effootlive degrecs
of frgudun woro aoswned fop 13 + i, by anedogy with hydrogen
poroslde, and threo offeetive degroos of fpsedim wopo talien

! K s B S L b3
for 1 @ hﬁ&} wer 14 HS 4 Hg
oy
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this expreossion s identical %o that postuladed by Imel ané
Joyana (28)s The pesson for this is that reaction {44} is
aninportent until large relative guantities of bydrogen
gulphide are usede Thus with the neglect of reactions [hh)
and [15], the mechenism 1s cssentlally the sane as that pogtue
lated by lmei and Toyama (28)s The reaction in th:ls vagien

is thererové predicted to bo thpseehnlves-ordor with respect
to other, in agreement with exporiment. The predioted actie
vation energy s glven by £ B, ¢ %5E11& o 3@3&" Subgtitution
of the sppropriate values given in Teble 5 ylelds & » 5248
koal mml@"lp in maod agpeenent with the ezporinental velue

of 53.2 keoal mole Y. Tho predicted froguency Cuctor 18

4= &%a(&le/ém)l/a s 1.0 %8 lﬁw 051/2 mplo &/2 9@@

this Lo aleo in poud srreonent w&tb tho esperinontal value
¢f 106 8 O&m @l/a nole” =1/2 sse

in tho poglon of high perocnbeges of ﬁgs the poto ia

givon by
y gi wl}bﬁi.gg/g B8 3;!23 i % hra]
V 3 I&:n%‘m Lm% :‘g‘ﬂm k 1&*?’03 u&3 3“

o % 4 - . e el nry v A T iy g o e
worinontally tho veaction lo onesigdievmdor uwlli: rossect

t0 hydvosen sulshlio md firotecsder wlilh roupect to dluethyld
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1/2

v e i, ) (GfS}G%ﬁ]/
w2 43a 3

this expression ie ldentlical to that postulated by Imal end
foyaua (28)s The reason for this is that reaction {i) is
unimpoptant until large roletive guantitles of hydrogen
gulphlde are used. Thus with the neglect of resctivno [hL)
angd {15], the mechanisn is ossentlally the saue es that postue
lated by Imal and Toyuna (20). The peaction in this region
is thereforé predlcted to be thpeeehalves-order with respect
to other, in agreement with experiment. The prsdicted aotie
vation enorgy is glven by £ &, %ﬁﬁix EEB&)' Subatitution
of the appropriate values given in Table § sleldn & = 53,8
koald mal@‘l, in good agpeement with the exporinental value

of 53¢2 kond mala’l. Tho predicted frojuency fuctor Lo

L ﬁaﬁ(aé11@/§u33)1/2 s 1.4 2 163% 301/2 uole -1/2

m&c
This 1o aloo in poud orpocment with tho euperimontal valse
of 1a06 & 208 act/@ no1e M2 gec”t,
in the pogion of high popomnbepes of ﬁgﬁ the rato is

given by

Snporinentolly the veaction lo oneeholieordor wibh ropsect

\ 3
v
b

0 hydeoren sulphide and firstecrder wilh pogpoct 0 Qluethyl
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othor in this vepion, in agroement with this rate expression.
Tho predicted sotivation emorgy 18 & ® By ¢ %(% - Byg) ©
560) koal mole o1 in fair agreement with tho ezperimental
value of 52.5 koal moleY. The predioted frmuanoy factor ip
1 Uy o M2 oo/
hohy (p=3)  ®1.0x10 mole" 2 ges™), snaress
the wwlmm&nl valuo 16 A = }.98 = 101!‘ 1) 1/2 mola -1/2

88 10

ihe ﬁ'mguum fieaotion

parwent and Roberts (7h) concluded, from e study
the photolysis of HyS, that about 13% of the ES radicale

disappeared by the reacticon ZHS — 85 ¢ By ubile about
874 roacted by the proseas 263 - HaS + 5 follcwed by
e3¢ == 33¢ He

n view of this ovidenco, the eyullibplum process

BS ¢ 5 o B8
haa beson tncluded in tho moohnisme Tho onmoll guentlity of &
atumg produced may peact with I iy8 us shows op uith uii‘g@%}ﬁﬁ@
) 5357;3%533 + 8 e @54 ué:;@w%

1% 1o sugpesbed thub posction [ohB] i fantep than {hb], nd

nenco [B6) can Lo rnorode
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The conoentration of #5 radicals io lappe in this
gyaten and thelp conbination will glve vise to ﬁa.ﬁa. Thie
resotion will require s third body under these exporimental
conditionge

The Injtiation Reagtion

in imgortent ooncluplon arises £rom tids study with
rogard to the onder of the initlation vesction e the dissoole
ation of tho ether wolesule into the redicals Giiy end Gi,0s

3
Jonslderation of the ateadyestute syuations shows that the

only apparent way to cbteln the correot pressure depondente ‘
in both ﬁgs and cfizemf 3¢ is by having the initiaticn in 1ts

Jowe=progsure secondsorder pegicn. %his cbsorvation ig lugurtant
with peferenceo to tho mechanisn of tho uninhiblted reacticn, |

as discugsed In Pevb 11 Ae

Che prosent wopk provides o mothed of octimating
tho diosoolaticn cuercy [D(Be8R)] of hydvogen sulpbide. ihe
Aiffopenco hotucen tho sotivation enerples for the roasticn
in the pletenn veuion and the weglonm of biph ;%&f; éammmm
is plven from tho ovBiepll wato expposuicn oo

7 1.
B 1 &y v ; o S g - )
4 = gi“ﬁgf?; ¢ Hlggy © ié}j” @ Lhyp ¢ iy, r?‘{w’;g} 6

a: -+ ”
2 Gliyg © Gy
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The exporinantal difforenco 1o 0.7 keal mole™ s siaco Fyy,
ig tnown {Pert 1I &) EM& oen bo culeulated as, et bigh pressures,

By, ® Byyg® AL © 056 koad aole™s,

Provious work has led o eonflioting valuss fop this
dlssociation enepzy; values verying from 81 to 95 keal mle’l
bave been voported (77). Johng and Ramasy (78 recently de=
tomined the dlssvoiation enepgy of the hydrosulphide radical
and obtained D(Hes) = 81y & 2.9 keal mole™s This oan be
used to cmnloulate a value for D{HesSH), sinee the heats of
fornation of §, R and 1,3 are known (79)e Fopr the process

Si - 3""%9

BlgeR) B  AEO(S) ¢+ BHO(H) = aAHL(SH)
'y T 't
Blehk, = 5323 ¢ 5209 e w;i&m
uhence m&f@i 54) = 2369 koal m?.c‘"‘e Pop Bass e
F. i3 " g A 0 ey wh E:a o A
£ %1 ) 3 A £ S
”{gu@gw) m !v&}ﬁ? ({i) % Afi&‘p &Au) ® &ﬁf ‘55&2 3)
o 5309 ¢ 239 o {olid2)
e 5069 lrend mie™
fotsrell (770 favours g move pocent vdluo of 57 keel zm@“ﬁ’
fop &2535,@&&”3)@ @me inedoll and pame (00} sugpert thic voluo on
tho basle of thelr dotomminaticn of tho oloutron effluity of

ot o d 8 e %4 AR
tho oulphup atome Tulo veluo ylodds piiesnl) © Oheh kool
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nole™S, in good agresmont with our values Cn the other hend,
vasikle and %eClen (B1) prefor a value of 35.2 koal mole

for M!f“( n8), vhioh wag detornined fyim & culorinmetrls study
of bengyl mevoaptan. This yielde D{Hesit) = 92 koal moles
Palmer ané Losolng {62} reoently determnined &zif"(m) > 337

by mass spectrometrie testniques, end this loads tv en eatimate
of Dliesi) 2> 9066 koal nole™te Tho valuo is tharefove sbill

n doubt, but oup valns of 856 keal mcie™t calonlated frem

the difference in activation energies supports the lower valuos.
Adnitteddy the esperimental errors involved in thls ostimaticn
ape large. The velue of 5. kesl nole" uzs tdten fop the

ocelculations gonsiderad abivee

The main featupas of tho thernal docomposition of
dlnothyl ethop oon bo roprosmted by the follewing seheno
{coo Papt IX &)

fila} Hoe O 3!@ “ifig oy GE;IB % (}?33@ o i
f12l Giig ® CHgllly = oy, i}%-i3®3§ia
01%3%??3 g @%"12@ & Q:&B

Lab
[ ]

(2

1LY ne g - GHQeHed
(B} U 0GRy = e

[3e] e Glige iy = G+ N
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The overeall rate exprosslon deplved by nmeans of the usual

steady=state appreximation is given by

; 172
2k /2
1l »
vﬁ & klg (‘Ei%) [aﬁsﬁvﬂsl

It wvas shoun above thot the pute axprossion fop the

rerotion in the plateau region (A~ 30 to 508 acded xfiaﬁ) oan be
written as

» 12
% 2
v sk, ‘.Et%‘s:) (aﬂ3m313/

The prolative rate is therafore

- i/ . 3/2
( i) tozch:szg

b

B, L., 2
E&a &3 F@ﬁ_‘l_g\
v S9p Ghae

Tho prodlicebed eoblvation cnopgy fop tho wolelive pade in this

3

pd o . 4 2 T e
poglon b therologo

k|
T Bye @ Sne P8 {Tam, o I oo
B @ B e Sp 2 i, e Bap)
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Substitutivn of the appropilete values from Table § yields
E o «0.L5 keal mm"". This 1s in good agreenent with the
exporinental value delermlied by au%mwing the astivation
energy for the resotion in the sbaence of a8 foom the uotls
vation energy for the reaction in the presence of 0% B8
344 5302 = 51349 = » 1.7 koal mole™, This explaing why the
rolative rate soena to inorecse with decreusing tmmmmré.
The faot that = 1.7 15 ov szell is indlcated from Fige 2,
uhich stowe that the cupves for the threo teuperatupes fell
very close to che ancthopr.

Sinilarly for the region uelng high percontages
of bydrogen sulphide the relotive vate is glven by

1/2
/ maszm

v
% ) (cfﬁsmziBzm

The sotivation onorgy fop the relative rate 1 predicted

t e

s
8

o

2

- 3 3 v d
° Bz ¢ B8 Biga © e Bz
o 308 loxl nole™

Talo io in Puly oopoonont with Gho onpopinental velus of =200y

kool molg”

E@a

5 - k3
eoraldening tho uncortaintios in e individun

aoblveblion encrpglot.
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Since, 1n the reglon of high percenteges of hydrogen
sulrhides the pelative rate incresses very repidly for smail
chanped in tho porcentape of hydroren sulphide, tkis termporae
ture dependonce of the relative yate iz not very epravent in
#re e |
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A¢ Tho Uninhibit aaation

IN% PLUN

Dlethyl obther undergoes pyrolysis to glve two sele
of products, as ropresented by the followlng stolchiometrlo
equationgs ‘

Cailg0igy = Ofighii ¢ Gofy,

czﬂgwaﬂs o sascua + Colly
Undep the usnal conditicns, at temperatures apround 600% s Lho
acotaldehydo and athane decompode fuptnor into methane, carbon
roposlde, otbylene and hydrogen. A pubeP of kinotic studics
have been made, She firot being by iinsholwood {63} in 1927,
i found that tho reaotiun weg closo to fipat-order and obaorved
o $fallingeof£? of the vabo eunstont ab Llow othop prosturede
The seblvetion ouspgy wad foand to be 53 kool Holo™ s

oha poocblion hoo beon investiputed ovep 4 vary uido

panze oF preosure {frun Oel wute ¥ (0h) 4o shout 3 alne

(65,96,07))0 Iwen of the highest srosuuro tho fipateopdor

cobo cooftlolont wao found to b tlll incroastag with loe




nugo

oreasing presaurd.

Froe radicals were detootsd in the decvmposition
by the metallicemirror technique {18,08)s This led to an
sstinate of 6846 keal mole™t for the initlel 8plit of the
other moleoule into radiosls. This is probably too low a
valge

Fletohor and Rollefson {(89) determined the smount
of acetaldehyde at various steges of the ether deempostti&é,
and suggested that radicals from the ethor ware sensitizing
the decomposition of acetaldehyde. 4 suggestion was made by

these authors that ether was docomposing pavuy‘by & Ipoee
rodical mechanism end partly by a molecular peaction.

An altomative to tho fregeradlcal scheno postulated
by fico end Fopefold (2}, wus nude by Rebboert and Lai&lér {90}«
the maln difference in the tuo mechanlsms wag the nalurd of
tho initiation posetion. This polnt fo discussed beloue

uopo pecently, Precman {91,92), Frocmmn, Denby ond
insholueod (93) and Danby and Prewsen (9h) heve currled oud
e thopouzh analytical sbudy of the pyrolysis ad 53‘5%@ in
Shp prosoups pogion from aboub 4GO €0 1600 mae the reschion
wan Sound to bo throceholveseordor, but bolow 400 m. Eho
opdes dogponsede A loporithnie plot showod thal ovopr the
lou prosoupe voglon theo opde? wud 102 ulth pempoct o obioe
prosouroe The fpogeradloel mechanlien nontulatad by Froenn

f02% coan bo weitbons




o 116 o

ereasing pressurde

‘Ppes radloals were detectad in the decompositicn
by the metallicemirror technique {18,808}, %his led to an
sst17ate of 6846 kol mole™L fop the Initlel spllt of the
other molooule into radicals, This is probably too lov a
valuge

fletohop and Rollefson (99) determined the smount
of acotaldehyde at verious stages of the othsy desccnpoaition,
end muggested that redicals from the ather were seasitizing |
the decomposition of aostaldehydes & suggestion was made by “
these authors that ether was decomposing partly ty @ froee
vadicnl mechaniem and partly by & molemlar roactions

An altermative to tho fregeradical sokeno postulated
by fico and Govefeld (2h), was nude bY Hobbort and Lai&lér (90} 6
mhe waln Aiffercnce in the two mechanlsmg was the nature of
tho initiation vomotione This polnt 1o glocucard belowe

wope pecently, Frecuan (91,92), rrocumn, panby ond
rinsholuood (93) and Denby and Prewuen {9h) have carricd oud
o thorough analybiced study of tho yyrolysic atb s25%, In
thy prosaups Dol from ghout KOO to 1600 mie ths roachbion
uao Sound €0 bo thesoehelveseordor, but polow LG mme tTho
opder dooroasede 4 logavithnic plob ahouod that ovopr the
low proasure voglen tho orpded Yoo 102 with raspeet to othop
PPOBIURGe  1hO epopepadiioal mockanlon voptedotod by Ypoonid

(92) oo bo wrlttens
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Gaﬁgﬂcaﬁs — ﬂaﬁg % Geﬁso
caﬁs 4 caﬂs‘maﬂs -~ 02156 ¢ caahﬂczﬁs

ﬁaﬁ'sa = ‘3253 & HOHO

qe 025500285 = Hg# Gzﬂuﬁmaﬁg

czﬁs 4 czﬂumzﬁs -t producte

He Gzﬂuf)ﬂzﬂs - ppoduots

sfter some approsimations the steady state treataent lod to
a pate eapression prodicting Fiveteurder dependones on obhore
in opder to ozylain the thpegebalvaseordor behoviour ot high
preasures it was assumed ghat the rate donstant fop the

inteiation resotion eventually tekes the forn

vhows D, & ead P ave ccnstants, and 1 poprosente the othep
aoloouloe Yhen this le sabotisuted into the role GRpFEDoin
tho nochoniem prodiods srrasehalvogecrdor dopondonco ob high
presesazen of othope This escaapt lon 30 howover bused o an
capipiead polutlonsilp dorlved by Jooh and Nincheiuocd (95)

¢o oxplain tho chapes 0f rOlO=RRONOURD cupvos Pop tho destne
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positlion of paraffing in the presence of inert £Ac6Be S0WS
of their exporimentel data have beed shown to be of questicne
able validity {15,16), end henos the fomm of the rals cenatant
{g) ebove is probably errchecuss wnig of course invelldates
the meshanism suggested by Fresaen (92). Danby and Freenen
{9)) found that the ethanol formation was not inhibited by
nitric oxide, m fronm this they concluded that the prodess
glving rise to O,HcOR and Cofy 1a a molecular onej fupther
evidence for this was obtained in the present wornt. The
produstion of aceteldehyde and otnane 13, howsver, inhibited
by nitrio oxzide, and is cbvicusly at least in part @ chain
ponoticns The ;resent wopk loads to the gonclusion that &%
1 almoot entirely & chaln roasticne

The prosent investlgation eonsiots of a fupther

szperinentsl study with the particulisp objest of separating

tho vaploun cemponente of the pesetion &nd dotemining tholp
opdorn ond tinetic papanalers. & detalled freceradicdd

noahenien io proposeds
BREBATMEIRAL

»,

Sho exgerincatal procoduro was csscentially the

seme ap dooeribed in Popb II Ae ShO dlothyl othop wag e

3

* z i m . g e e e gy TSR E 3 3 195 e 2o
hydrous peagent grade supchascd o Hailinahrodt Chenicad

) r fo gty o 85 DRI IS . R N X 29%n¢ :
bopis of Montvenle 6 wao fapbier soelficd by distiliation

&
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in the vacuum 8ystems

In view of tho very dstailed mnalytical study nado
by Denby end Froenan (94), only a few snalyses were carpied
cut in ths present worij the maln object of these was to Pe-
late the pressure chenges to the gaount of othep that had
undergone reaction. Fixed fractions of the reaction products
were analysed by gas chromatography using 6 Peritin-Zlaer
nodel 15l Vapor Fractometor. Quantitative doteralnations
wore made for ether and othancl on @ tucemoter Portins:iner
i) colump which contained dodecyl phthalate adsorbed on
fre=bpioks Colibpatlon curves uere made uaing reagent
stendards, hence peak helghts were used as 6 guantitative
=easure of purtial prosuuPde The colurm teénporature uwas

naintained ot 0.0 & 0.5%.

LTS

SRR
Qupieal prosoupe~tlme curves fop the decorponlition
apo ohotm in Plge e Curvo & i o tracing of the zm@ﬁm
obtalned in the pyrolysis of 102 e 6f diethyl. @Lnar:o &t
%@%. Gupro © 40 & ourvo chsained uolng soprosis naboly the
aeno otheop propoure but ot o tonporaturo of 620°0,  Inducticn
nopiods were ebsorved only ot low Lenporeiures and LRORsUP0De
Pisape 32 shoud coudlo logopiihale plote of alo

arpingl othop FPOOMIDCe M1 of the Liseb kove cloyes 0F
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Figuwre 31, Pressure-time curves for the u.ninhibited
pyrolysis of dlethyl ether. Curve A is a tracing
of the record obtained in the pyrolysis of 102 mm.
of dlethyl ether at 560°¢, Curve B is a similar
tracing obtained using approximately the same

ether pressure but at & temperature of 620%¢,
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Figure 32, Double logarithmic plots of rete egainst dlethyl
ether pressure for the uninhibited reaction,

The temperature (°c) is indicated on each curve.




botusen 1.2 and 1.3 Froeman {92) woriking at 525% has ghown
that the oprder besomos 3/2 at high pressuves This inorcese

in order hag been stown by Ploteher and hollefeon (96) at
521%, 7This implies that the over=sll rate expresslon involves
at least two terms, cach corregponding ¢ou & different order.

As tmi bo dlacussed later, the thooretical rate squation is

a somowhat complex cne, but tho behaviour It predicts is
closely represented by an equation of the fora

v g ek () et ()32 (1)

whoro  represente ether. The rate constants km and kp oo
late to moleculsr and frecepadical reuctions, respoctively.
in ordop $o ses whother the resulte oblained are
conplgtent with this ogquation, plots weore nade of v/{1}
spainat {ml/ 3, ond Fige 33 ohows the vesulte of such plotoe
vhe alopes end Intercopts of tho llues wore obbalaed uslng
the mothud of loast oquared, and the correlatlcn goefflslents
and atondard orpyors wWOPe e&lézﬁm%ﬁ woing convendional stge
¢istical procedurose The intorsopis {ogeal % !f;m & Ezﬁ,) end
slozos {(ogual to ') ape listed in Tablo 6. Tho uncortolnty
i tho ntopecet (ot tho 959 lowol) de taten $o Bo 4 25p
whore S 4o the otondard cppor of tho catlnmato. 'The nneode
sehnty in tho olope wes tason o bo S aoflyanne)e  THOTO

sonoaps to bo no otandopd methud fop etoting tho unsepbelinty
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Figure 33, Plots of v/[H] agalnst [M]l/ 2 fop the uninhibited
pyrolysis of diethyl ether.
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in a slopej the method used undoubtsdly eregpepatss thoe une
certalnty.

48 will be discussoed labor, the {ipsteopler ocuponent
of the reaction consists of both a mdlecular remcticn and a
fveespadioal reaction. A procedure for obiaining the rate
constants k, for the moloeuler peaction, involving inhibition
by nltrlo oxlde, i¢ explalned in Part III 5, Table 6 includes
values of &, obtained by subtracting these kg valuea from
iy + Byo |

Figare 3l shows an Arrheniug plot fop the fipsteopder
chaln conpenent (k ), tho uncertd nties belng shvwn for each

temperature. The rate constant can bo expressed as

k, ® 17 z 1088 5To000/RT oo 0ed

4 sinilar plot s shown in Pipe 35 fop the three-tnlvesecrder

conponents of the poaction, ond leads to on eetivation enoryy

of 477 keal mole”® and & froquency faotor of Teb & 1o” YL

&3@@@10 raperinente wepo curwiod sub (o pelate prossure changes
to cunacntpation changos, 89 soasured by vagsupPephase Shronatoe

[

poaphy, ab varlous steges of tho yeactiune Figove 35 shoue
tho pooulis of such measurcuents, In the form of ths polativo
shanpo in trag oibor prosuure plovted apuinst tho rolutive

chanco 1n opossurs meoured using Lho apdeel gongee  Tho ino

nan o aloge of G.bl, whleh le to o cumpaped with tro wpatles
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in & glopsy the method used undoubtedly exapperaten the une
ceriainty.

A% will be discussed labter, the firsteorder owaponent
of the reaction conslets of both a wolecular resotion and &
fveospadioal reaction. A procedure for oblalning the rate
constents I, for the molecular resotion, involving inhibitlion
by nitrio oxide, 18 eamplained in Fart IXL 3. Tabls 6 includes
valuea of k‘?. obtained by subtpacting those km values from
By + kv'

Figure 3l shows en arphenius plot for the fivet-opder
chain componont (k?), the uncertel aties belng stown for eash

remporaturs. Tho rate constant can ho expressed as

Eg! s le7 2 1082 @oﬁ‘i,&w,’ﬂ? gao”t

4 oimilap plot o ohown in Plge 35 for the throgehalvesecrder
cosponents of the roaction, ond leads to on activation enewyy
of bfef koal mol@”l and o froguency faoctor of 7o & 108 mm“l/ a
ﬁi@@t’ia rRperinents wevo corriod out to rolate prossure chingos
%o conecntration changes, a8 moasured bY VAJCUFephafe ChIGuatoe
epaghy, ab varleus svares of tho rsactisme Fluere 35 shuug

tho pooadio of ouch noaguroncatt, W tho fuvm of tho roletlvo
shanpo in truo othop procuupe plovted ageingt the rolatlve
ghenco In srosouro moasured using Lo spival gongoe Tho An

\ » . s o o W8 Qe e b e
kos o olose of Go0h, whleh 1o to bo cumpoved with the ratios
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Figure 3L, Arrhenius plot for the firstecrder chain component
(k) of the uninhibited pyrolysis of diethyl ether.
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Figure 35, Arrhenius plot for the three-hslves-order component

(k') of the uninhibited pyrolysis of diethyl ether.
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Figure 36, Plot of relative change in true dlethyl ether
pressure against the relative change in pressure
measured using the spiral gauge. X 560°C,
© 620°C uninhibited; o 560°¢ O 620°C inhibited,
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of 0,69 to 0,80 deteruined at 528% by vanby and Freeman (94).
Usge of the footor 0.8 leads to the following
sxpressions for the rate constantas

k, = ldyx 1012 ¢°5Ts600/RT 4o o

B e L x 1042 o7, l00/RT 20t2 mo1e" M2 gou"t

PIBCURSIOE

It ie convenient to cuneidor the cmmopromgaﬂcm
reactions flrst, since there io least unceptainty with regard
to these. Abstracticn of & hydrogen atea from the dlethyl
ethep molooule will lead to elther ei¥331%éﬁﬂaﬂ¥!3 op Gﬁaﬁﬁaﬂﬁ%ﬂﬁfs,

end the possidle peactionothat reault are phown soranatloally

in Pige 37, Important Infopmation 18 provided by e consldere
ativn of the fats of the Gaﬁgﬂ padienl. 16 might bo thought
that thio padlcal would load to othanol prodact ion by thoe

shotraction poaption

al G0 & GGy = Gliabll ¢ Calh 00N
E«i} Gaﬁg@ Qa 5 ] Eg 32{{3& Gémq\ju&;sg

Vouover L6 eun ooodly bo shown thot this reacbicn mwat bo une

foportent in comparlson with

) Gid Oty ¥ 050

vnip peaction ig numbored oo 6o to bO gonoistont with Yo
ngobanion discussed el
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Figure 37, Diagram illustrating the possible processes
resulting from the decompositions of the

radicals, CH20H2002H5 end CH3CH002H5°
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e Cormpy peaction probebly has u froquency feoter of ghout

1022 oo nole™t 6

eo™® @ an sotivation enopgy of about 10

keal pep molej the ceccnd reaction will have o froguenoy factor
of at loast 36‘3‘3 and its cotivation energy will be equal o

1ts exothemisity, whlch has been estivated by Revbort and
Laidlep (90) as 10.4 keal zswm'l. st the prossures of the
yresent inveatigations the value of {02515062&51 is of the

onder of 10°% mele eo'l. go that

whioch &5 vory much leas than unity. 1t therefore Sollows
that if 0255‘0 wors formed &n this roaction it would givo vise
to GE%EO ad G%iga whieh o turn ppoduces Gi‘ih‘o
Tho enalyticol mosults of Danby and Fresual {9k e

yovep, indicato that tho tnieial pato of formation of netbane
is ccnoidepably mellep thon that of esotaldonyde and obhande
Fpom this 46 follous that tho lowor ayelo 1n Flge 37 coours
only 0 o enall omtent rolative to the upper cyele. This
sould be duo to oithop of tho following BRLOOHS

1) “ho padloal Qiigszﬁgﬁcgﬁg 16 Cormod to on insloniflcant
cubent by chotpaction of o hydrogon & abon foon c,.,z 9‘ Gg Yo

9
2)  the vediend CHCEAO0fy i qulto stablo with goopost

3

&6 Gessapesition and 13 maln renstion 18 w abotrach o hydpopen
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atem fpom an ether mologule to fom f‘zi:;& GGE lae

The £irst explanation is intrinslcally Improbable aince &
great difference in reaotivity betwesn the o and § bydrogen
atoms 1s not 0 be espooteds The ocourrence of the transfor

reaction
Ci%‘zcﬁa@caﬁs + Gﬁisﬁi&a@seﬂs - cﬁscmcaﬁ; + CR 36388&03&9

i3, howover, quite reasvnsble, and was in fact mentioned as
8 possibility by Freemen {91)e %he breakdown of CEGl %amz:ﬂs
into caﬂk and caﬂsﬂ probasly roquires a much higher activetion )
energy then that of ¢ Gﬂf}c ‘*15 into G"iBfJ #0 and Gaﬁﬁ" The “
soncentration of Gh :,aaczxzs $s therofore oxpooted to be high,
and this radloel iz probobly involved In chaln ending, &8
¢ipeuasod Dolote
1t folless thab theps ape two important rocsong wby

othacol 4o 60t produced to avy significant outent by ohadp
prreslilile 15608

1) The radlenl OB 'zzlmuﬁa o lo wnroaotivey

&y vy ﬁﬁﬁsﬁ vodleals produced from tho brocldown of
thde vadleal will dissooisto pather han abeteaths
uost of the othaaol formed In tho poacticn meet thewofore bo
foprod by tho moleowlap oplit of Gallghilfle inte %;;aiﬂﬁuﬁﬁ;? ond
a';zglé o Uhis 1o oloo tho oopelssion dram by Donby g Fwesvan
(oh) en tho vaolo of thele Siading thot tho ethanol produs BT

1o oot denibited by nitelc onlde. tanby ond Veoonate anndyticol
d
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posulto olao ahow that the initlial rate of gthyleng fe:}maeim
48 not much greater than that of ethancl {formation. Host of
tho ethylons forssd initially is tharofore produced by ke
noleculay process, and very little fron the broakdown of the
G,y formed in the chadn processos. Inds is o be ozpoected
fpom the fact that tho breakdown of Gzﬁs into caiiu + H yoquires
an sotivation energy of 39.5 keal zole™t (97)e Since the
abstraction peaction of ceﬂg requires only about 10 keal
nole}, noat of the G,y molecules W11 abstract befors they
soguire the enopgy to decompoase For the butane decamposition,
nowever, Pumnell and Quina (33) bave shown that the Oyl
docompositicn takos placo to o eicpificant extent and is in
the intermadiate vogion botwoen fipste and socundeopdor
ginotics.

The maln conclosion o that, os shwul soheuabicodly

in Pige 37, the chalnepropageting pouobions aro prhmepldy
s e O LCELO0E WG ey 1. v OB SGHOBHSE
Q’ZE‘E; » (i 391*3"‘“3("‘- 3 Ge?;hé gt P G iy

and

§ gl I . o iy 3]
EATH PR 5 — {5&23{55;@ b agugﬂ

with the deccnpositicn of G&hg:} playdng o nine? bab signifieon

e s, g gt & "' 3% VL td ¥ N
tnloe Less Lu.0rbant chalneppopapeting ppoceins QBT

e BY .00 PRI oy Iy T, Diab
Gl @ Gllakeiimiiomls o
&h §HEvEs 26 2

£
L,

E}LQE%
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T s ;
Oaﬂsﬂ ha G’ﬂs # aﬁao
sings the transfer pesctlin
Ha01 PRLH § Tt ‘
cﬂacnawaﬁs % cﬂsc iaut‘aﬂs — “ﬁg‘m"’aﬁg + tm3 3%80631@

oogups in sddition, the radical cﬁac;ﬁaocaﬁg is voth & P and
& p radicale

initiation gnd Ternination Steps

in & choin resstlon for a decomposition the oveps
all linetic behavicur depends cnly on: the order (and not the
detailed nature) of the initiation prooeas, on tho ordey of
the terminaticn process, and on the nature (p or pl of the
padicale mvclv.ed 4 tomination. An ovoreall kinotic study
shopeforo cornct Glcerlminate between the following Wwo

possible Initletion procescoss
05233?52 G’%iaﬁ’z;ig o Gi"z:% ¢ czs&wé ZEB
and

‘a

63.33(71‘;&%3:‘&{233 e Gregﬁzuw SRHII fy
whe fipgt of thoos waz tho o0 opiglinally ascumed by i oo ond

vornfond (2o g;@m@m and Loldley (90) prosontold thomape

ghenionl cgpments in fovoup oF the aocond Indtlablon roaebioly
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put es pointed oub by Gowenlook (90) these are by no means
conclusive. The second procese will Le essumed is the pre=
sent work, bud the fipet wuld givo rise %o ezactly the Gume
sonolusionse In view of the slze of the dlethyl ether molecule
1% ig safe o ccnclude, especially with reference to the
vutane decomposition (16}, that the reastion fo in its firste
order roglin.

the redloals occurring in the chalnepropageting
gtaps are cﬁacﬁzﬂszss, ci-!scﬁwzﬂs, czsis, 02%3 and He UF the
grall padicals czﬂg 1g clearly predominant, elnce the initlal
patas ¢f formation of Gaﬂé are much greater than those of
Gﬂli and Ha. of the two larper redloals, cﬁacﬁaﬂcaﬁs ig prosent
{n higher concentpations, as dlacuased above, amd its &0de
centpation is probebly highep then that of caﬁgo The gzﬂﬁ
neinly undergoes bimdleculer ahetraction yoacticna, and lo
trorofore & P redicale Tho Gﬂaﬁézaecgﬁg radieal, on the othop
hand, vnderposs both a pimolesulay trancfor resctim end a
sninolocular dessnposibiony 1t 4 thovelore poth o & vedledd
and o 1 radicale

The poocrbination of & ﬂil'k&m!af.}@gﬁg vodicatls 1o unlilely
fop utepie roagons, oo that the pretdoninant gratneonding obop
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former loads, sccording to the rules of Joldfinger, lLetort
and Hiclause (99), to three-halves order kinstics and the
lattop to firsteorder kRinetllos.
fore expleing the observed over-all kinetlc bebsvicur, as uwill

now be stown in detall.

The overegll mechanism

The wechanism propesed s, with some simplifisations,

as £ollowss

(1n} 051500 3t
(473 07500
(4B} Ggﬁg ¢ GO0,
{19} G5lig + CFLOGHy
£503 Gtig0
[52) Gy ¢ Gty
{523 ¢ 13 & Gg*’g‘maﬁg

1553 ,E%Bm‘z@@g@ag
[56) Coflg * 61101500

L)

wmld

This ehalneending step theves

Oaﬂgﬁﬁ + 02211.5
Gaﬂg@ ® Caﬂg

G * ‘ma‘mamgﬁs
Gpllg + GHAGHOGG
Gliy ¥ ¢ 0

GE-E% 4 cﬁacz:zaosawg
Gih, GF G100

0161100, + OfigGylly
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the B atom, ave unimportent and are neglected in tho avove
sohene} thelr inalusion leads to no impoptent change in the
forn of the iinetic eguations..

Application of the stesdy-state treatuent to the
above reaotion gobeme leads, with the usnal apyrozizations,
to tho followlng expressions for the radical concontrationss

-
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showo ¥ poprosento dlethyl othore The othor digapyoare nolnly
by wonstion {In), é,.gm ond [£9], sinee tho inltietion sonoblen
L7} 4o sieow and tho mothyl padlenls are present in mueh louwce

concondraticns than tho othyl wedicelgp tho overepdl poto of

i
5



e 137 o

disappesrance of other 1o therefore given approxisately by

v ® kmwl ) (khﬁ@kw)( -

At high concentrations of ether this eguatim prediots
threaehslveseorder kinotios, the ;xmmg rate exprossion belng

1/2
k e
g = Uygig) (i 1) (n

4% low pressures, on the other band, the kinetice ave [lrste

opder, the rate exprossion beling

oy © Hagif] ¢ Uygtinel (7E

snooo conclusions ape entlrely senslotont with tho ospepinental
pogeitoe 1% e trwe that cguabtlon {6) iz not of ouxsetly tho
somo Sora as oquablon (1). Annlyols of tho gnporinental resuits
tn torma of o oonabion of tho form of (6) would, houovar, Lo
Q4fionit cnd 36 wap conofgozed proforgblo to uno oguation (1),
an deseribed 3o tho fosulto peotion. Tho thraoehnives aad

fipptenrder rabo cunobeanto obtalned in this usy, voing ostvee
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oquations (7) and (8).

The experimental aotivation energy corrsaponding
to the threeshalves-order kinetios has been ssen to be LT«
kgal melc"’. socording to equation (7) the sctivation energy
¥}

Bagn ® U5 * B (A * By B8 < % (9
in and th“ m agsuned to be epproximately the sane)e The
value of B, has baen estimated by Rebbert end Leldler {90)
go bo 775 koal, and z-f:m'bas beon measired by Long end Skirrow
. {100) ¢o be 9475 keal, Heasotion (53] 48 assumed to be @n
chetroction resction with an sotivation energy of 10 keal.
7he ternination peastion {56) io essumed to poquiro no gotie

vation enoppye Use of thods valueg leads to

7 \~ " ol
“niph e §i6.) kool mole

in cood agresvent with the oxpopinentel valuoe
Tho exporincntal gotivation enopgy in tho lobe

proBoure rogicn is 875 kesld m@l@”la Acoopding o cqunblon

(8) tho prodicted value fop Cho fpocerndlol pard of tho

ipnteordar roantlon io

1
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the aseumpticn belng mado that Bg =~ Byg and Egy = figge
Uss of the above values, together with an asawsed velue of

P koals Pop Zssg‘, leads to

By © 86,5 keal nole"d

in peasonable agrecment with the oxperimental values
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%any previcus investisations {20,21,22,1,3,101,102,
203,103,92,914,93) have shown that small anounts of nitrie
oxide inhibit the decomposition of diethyl ethew, and that
larger amounte bring about some accoloration. It was orlgine
ally supposed that the maximally inhibited reaction, in this
and othey cases, corresponded to a puroly molecular yoaotion,
the effect of the nitric oxide being to romove redicalge [Hobbs
(102) postulated the following moshanisms

Gaﬁsﬁcaﬂg - (B 3 * Sﬁaﬁﬁ aﬂfﬁ

Ci’is & GEEEGGE‘.HS | - Ggﬁé ¢ Gﬁaﬁﬁaﬂg

< o £ £

$Bq ¢ GHaGGAH ot produst
37 VR

g 1 00 o 150
L”Q @ Gi&{;ha 5 ¥ ﬂu@%

mig leods t0 o vato espresaion unlch predists Lirpteordal
doscndence on othep, and fai 1 to necount for oll tho productd
of tho docunpooition.

opa pocoatly, Frosnan (92) sucponted o slnlley
aléhoueh noro elaborato oehono for tho alothyl othop dugsnpse
alilone This wop discusged in Fard P11 Ao Mhen nitpie oxide

was odded, 1% prosunsbly poneted with thoe laggo z;zfgizigﬁfsﬁ‘%?g
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vadicals to form products end thoreby stop the chain processess
Thus 1t was assumed that the maximelly lnhibited resction was
of & molecular nature. 7hs thresehalveseordor Lehaviour which
Froonan obgerved &t hipher ether pressures was not eaplaimﬁ-

Fop a nusber of roactions, however, it has been
shoun that free-radicel resctions are still oscurping oven
when thore is maxzimal inhibition, and that mlecum processes
aro unimpoptente Specifio mechaniems fopr reaotions mazinelly
inhibited by nitrle oxide have been progosed for a nunber ef
pyrolyses, including those of othane (40}, propane (41),
butans (42) and dizethyl ether (Part II B)e 41l of these
reactions aro found to follow a similap pattern, slthough thore
sro lmsoptont differences depending on whlch r&aicala aro pree
domingnt. In 61l of the mochaniamg thorve is initiatlion by
reaoticn bobueen o wologule of nitrle oxido end a oubotrate
mplooulo, ond torslneticn involves o oyocles {(Gege 0 oF
ﬁéisﬁﬁ} formed fyon altrle caldes

i view of tho conelusion of Danby and Presasn (9h),
cubstantiated in rapt II 4, that o moleculor rouclicn Coes
slay o eignifieant role io tho alothyl ofbor pyeolyols, L6
vas of pupticular lotoroot Go QU out o dotolled invootigation

of tho inkibiticn of ¢hic peactlune he prosent cwotion dooeribog

P

cuch o iwesblpation, ond ohous that $ho meninal 11y inkiblted

. N &
ologulor gompendnt, and @ nyoge

»‘::}

pogaotion hoo o flrotecpdor o

nelvoseapdor froe pocload conpudone Tho sulioounlap geapvaent
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is, of courae, identical with tho ong that occurs in the ulle
inhibited resstione The tbreeehalves order radical component
roplaces the freeeradical componenis of the uninhibited
reactiony different initiation and tormination atepe ars
involved, the dsteils of them belng dlscusaed bolows

The exporimental procedures were a0 described in
parts II 4 and I1I Qe

RPSULIS

Preliminery ozperimonts were corried out to deternine
the renge of nitrlc onlde prossurod whieh would give wmasinel
innibition, Seae of tho posults are shown i Flge 38, in
whish the porcentags rolative rate ts plotted againet the
nitelo oxide pressurcs Who polnts corpoopond to Cive gifferent
temporniurag, but & pingle curve ig dradm garough tho polnts
a$ 560, G0 and 5§96%; thio wes dene beceuss of the coabéen
b theso lower Seoporatupsde 4% tho higher tonsopaturody
400 gnd é&:ﬁ%g erops 1o lodo enpepinontal seatioy gnd tho
1imlting vates avo cuvicusly aigrepeate Thero io Yoo ine

winitden of tho hirhor teuporaluzofe Figavo W elso ohowg

thot Sho ninimun poletive pate 1g indopondent of o0 athop

pposoupe) prosoures from 32 to 325 mme wers used to obleln
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polats along the flat regions. Nitrle uxlde prossures botuoen
§ and 4O rm. were used in subseguent atudies of the maximelly
inhiblted roactlion.

Plgure 390 shous some typloal prossure-time curves
for maxinal inhibition. Curve A is o tracing of a pecord fop
the desonposition of 95 mne of dletiyl ather in the pv@sancé
of 31 mm. of 10 at 630°03 curves B and ¢ are for spprozimately
the sese pressure conditions but at temperatures af‘600 and
$WMwmmm1WNMWWMWMMamwm
355 mme of ethor and 10 mne of HO at 500%; there is an initlal *EE!
pressure decrease followed by & inoregsss A illustrated in
Pirse 39 and 40, the tinduation? porled boodaes wore pronounoed
at lov temperaturss. Dotween 560 and 640% thore is @ffactlvwly
no induotion poricd except at low progsuros and tenperatiurod.
in order to corpolsto prossurs ohangos with the
disappoavance of ethep, 8030 soelytical studios were made fop
nazinally inhibited reactionge e pogulbe wore chown in
Fige 36 of Porb IIL Ao The approphlate correction has been
mode in caleslating the rale songtante nuobed belowe

¥igure bl ghoup doublo logeritimie plote of inibial
vabo cpotnot othop prosours ob tomporaturo g bebuoshn 560 and
A®e at éﬁﬁ@& tho opder 10 clopo to wnity {~ 1.1} uith 0o
mdtontion of eny cupvature in the lot. &b Louwer beuporaburos,

on the othep hond, the alopas tend S0 LOOUNO hiohoy 4% ho




o U =

sodats along the flat rogionae Nitrle ozlde pressures botwoen
8 and 40 mm. were used in subsequent studles of tho maximally
inkibited reaction.

“ Pigure 39 shows aome typleal pressuroetime curves
fopr maxizgl inhibition. Curve A 15 2 tmﬁing of o pocord fop
the dosomposition of 95 mm. of dletliyl ether in the jrosence
of 31 m. of 80 at 620°C) curves B and ¢ s fop approzimately
the seme pressure conditlons but at temperstures ufiéﬁa end
560°c respectively, Figare L0 shows & rocord for ¢ run naing
35 ma, of ether and 10 mue of HO at 500°C; there 15 an loitia R
pregsure decrouse followed by an inorepses A6 illustrated in
Pigae 39 and 40, the tinduation! pordcd becoues more pronounsed
at low temporaturss. Between 560 and 640% thore 18 @ffea%ivaly
no induction povicd exeept ab 10w prossuros and temporaturet.

in onder 30 corpolato prossure changoe with the

" digapyespance of other, somo anelytledl stadies were made fop
nazically inhibited reuctlond. Tho posulis wore chown in
Fige 30 of Part IIL Ao Tho approphiato oor @@Mm bas been
tade in saleulating tho rabe censtante guoted bolows

piguve b1 ghowp double logaritimio plots of initlel

pato spalnot olher pRSESUrS ab tomporatures botuchn 863 and
@ﬁﬁaﬂa At @Qﬁaﬁ the opdep 1o olopo 0 walty (~ 1.1} with no

indioation of ony cupvelero in the plote &b louee tomporaburos,

on bho othop hand, the slopes tend GO Loovae hichop ot the
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Pressure-time curves for the pyrolysis of diethyl
ether maximally inhibited by nitric oxide, Curve A
is & trecing of a record obtained in the pyrolysis
of 95 mm. of ether in the presence of 31 mm. of
nitric oxide at 630°C. Curves B and C are for
epproximately the same pressure conditions but

at temperatures of 600 and 560°c respectively.
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igure 40, Pressure-time curve for the pyrolysis of dlethyl
other. This is a tracing obtained for the
pyrolysis'of 355 mm, of ether 1n the presence
of 10 mm, of nitric oxide at 500°C. |
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Figure 41, Doublle logarithmic plots of initlial rate sgainst
dlethyl ether pressure for the reaction meximally
inhibited by nitric oxide. The temperature (%)

is indicated on each curve,
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nigher pressuregs At 560 to 590°C the upper partions of tho
eugves have slopes 0f 1oSe
Figure 42 chows the production of ethenol during
the pyrolysis, both in the pressnce and absence of nitrle
oxide. 7The initia) preseure and tenperature were the sme
in each case. The initlal rates appesr to bo the some, a8
found by Daby and Prooman (94), so that ethancl production
13 apparently not inhibited by nitrle oxide. The curves shou,
howaver, that the ethaol that i fomed deconposes nore
papldly in the uniohibited resction. Tnis lo attributed to ‘
sanasltization of the sthanol desemposltion by the radlcals "
pregent, theip concentration boing grester In the uninhivited
ronotion then in tho inhibited one.
sne pogults in rart LI A led to the cenglusien
snat the rate law for the uninhibited remction is of the fom
v, @ (i, R R zr:'m}w ()
Tho bowa & {H), corresponding to the noleoulor olimination ef
obhanol end othylene, will eomadn loteod in the inhiblted
veaoblone Gho rosults fop the naxinslly inhibited pomctivn
apo conpistent with ¢ho roto ciuae tion

2
7, ® & g*’%@ A 5333“/ % &%‘3’% {}a0) {31}

“

A mestanion lending to © te poto onuation 1o sonsidersd boltie

©n

S Bevar B @zzgwag 85 wospennielo for the luerosso in poto
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TIME (sec)

Production of ethanol in the pyrolysis of diethyl
ether., Curve A cofreSponds to the reaction
ixhibited by nitric oxide, while curve B shous
the variation in the wninhibited decomposition.

Both curves were obtained at 560°ce
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at high KO pressures, &nd fm a atudy of the roecticn In
tkis peglon the value of 1" oan bo obtained (21)s The vemaining
two rate constants, k, and k", can be obtained by plotting

v
fﬁ] o i‘m (50}

agatnat (N}M2, ond such plots are shown in Fige i Toe
rosulte wore analysed using tho method of least squares, and
the pate constants cbtained ave listed in Table 7o The high
goatter of the points at 6140 6 1a due to the fact that the

ratos were too rapld to measure aoguratolye

Plguve Ly shous the Aprneniug plot fop the fipste
erdep rate ounstant kmo “hg polnt ab &1&0% was ignoved In
caloulating tho aotivatlion enePgde Tho pate constant oen bO

enprepsed Ba

I, @ 2,75 & m‘@ =03,800/R% @m

93 oupe b 46 an arshenius plod fop the thyogehalvege
opden conotent 1¥e  appd seaticn of the matind of loass BULAPES
10d o en aotivation cnsepy of Bh lkeal, bub Iop Possuse glven
solow o veloo of 62 weel lo o ve proforeete i thio boaio

the sato cunstent oen O onprossed o

B o Be§ &a&j (32,0005 /e e @1/ SGE%
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Figure 43, Plots of vi/[M] -
the inhibited ‘pyrolysis of diethyl ether.
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Figure Lljo Arrhenius plot for the first-order rate constant l..
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Figure 45, Arrhenius plot for the three-halves-order
component (k") of the inhibited pyrolysis of
dlethyl ether, The vpoken line was determined
by the least=sqnares mothod. The solid 1line

ylolds an activation energy of 62 keal. mole™t

as discussed in the text.




The maximally jnhibited pegotion had been sedn o
consist of two components, 8 flpsteordop reaction and & throee
halveseorder peastion, of which the fomer 48 prosumebly
roleoular and the latter fresepadical. In the ohoe of the
dimethyl ether regetion {Part 11 B}, the {roeepadioel inble
bited reaction was algo thregehalves order, gnt thore uas

ao nolecular poactione

The mechanisn 18 presunably gimilar to that fop

tho dluethyl ether deccpoaitione 48 in previous sohenes fop

and Laidlep (38)) the chalnepropagating ateps ore oonoluded

so be tho same o8 in tho uninhibited deconyosition, and thaso
pooot leng wWore dlsouseed o Pert 111 &e The initiation of @
pimplocalap roueticn vetwoon nitrie oxide apd ethor, with the

coptrection of 8 DYEroLen atons

Ho e Of Eckigﬁbﬁaﬁg it Gﬁgﬁﬁ g‘ﬁggﬁgg & HEG

and

R eﬁgc;%ﬂ&@@sgng s (Y E@z&@%&ig ¢ i

1o opdop to obtaln Shpooeknlvosenrde? gingblon {obe tablo 4
of tojolochousish ond paddder 30} gopninaticn mot bo bobuoen

6 [ pudieal aad M, 07 8 i pogienl and O sodlead put (Sommed

renctions inhibited py nitelc ozide {geo ospecially 1o leloohouslka
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fyon 5O and @ P radical)e The latter 1s nore 1ikely in the
present oase, olnce % atono are not dajor choinecarricrs, 60
that 5HO will oply be present et very low concentrationsd.

fhe predoningnt pradicale ave the eaﬁs podicals, so that %32{%5&?9
will be present in larger emountes 4% with dlmethyl ether it
is postulated that this radioal will isomerige into tho ozinej
the naln chalneending step ic thepefore tasen to be

ihe mechaniss to which these conpiderations, snd

those of Part 11l A, leed i the followings

{1m} Q;:Hs%aﬁs - il ¢ Gty

(57) n0 « Cfighlals = 081,0H500 g O
{58) %0+ 62‘35«3432%15 -t ﬁx-.zsmmang & W0

[5h)  OHOROC.Hp Gl 0,50

{951 CRyfHOCTg = GELyBHO + Ogfly
(53308,08,08 g ¢ e OB 0HOC 1z + (o0 oy
(501 o0 = Cli0 » Gy

(48360 ¢ Oaghlly Gl ¥ CHEH00

&&C}Eﬁqﬁ&w ® éﬁa g‘é i == Gd;é & b?sﬁ i)&?qt

i

£593 oy =  Ogh v

B
o

Il
s’
gn
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(51] CRy + Cofig00Fg = oy, + 08,0100 58y
(52) Clig ¢ O 000 =~ O, + Q0100 e
{60} e caﬁsoszﬂg -~ + Qﬁac’;ﬁzccaﬁg
(6] 1 + GQBSWRBS -~ Hy¥ cisacmayg

{23a) oo = HeH+NO
[62)
CH. ¢+ 10 &=  GoHgR0
-
lﬁ?l

Oolighiy &= OHCHSROH
2's [+63] °
(6hlcgg + CityRsHOR = Oy g + B0

Ronotione [Gh) to [61] cogpoppind to the procossds poprosented
in Pige 37 of part 1I1 A. Hoooblons [59], (60) end (61} ard
yneluded eaplicitly in the progent gonest but woro ignorod
in working out tho ptoudyeotate agrabions for the unlnbibived
popetiony thollp inelusion i profopale hevsy ainee 1 atomd
azo davelved in reastion [23n)s The B oben ouneentration will
we 00 lou thnt Che FeVords af paastion [230) cun Lo Lonorcde
appiieation ol o ghoodyeabato tooatnont to this

seheno Of poseticns Josda o B sophon of cyuatlons whlgh OB

¥

y P . s o Py an 0 sy o B Ly
b soinacd bo tho FOlituang quadpatle gounblon Lfop WO

£

copoeutontica of othyl rudloulos
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362‘%3%6!&‘(3285}2 « (kﬂ\)kﬁh ¢ 3_62]552)(3@57 4 k%”mw&a§l

o “‘sv + “53’%2“-&3“‘“ a 0 {12}

whore M represents the diothyl ether nolecule., The vate gonstent

k,gp 18 much gusller than kyqp 89 that the equation reduces ¥

ekttt = Uy * bslbestaltcas]

w (ks.? » kga)k.bakeéa[ﬁn s 0 ‘13’

This eguation 49 of tho forn

Ms o bhRe 0 @ 4] ‘1@)
and Ata solution io approzinatoly
/2
/ {15)

&
provided that

koo D) %g@

24 » y In ’pm'?' fx ﬁ?;
iz ltp ity %M%We&% 4 Eﬁ%?ﬁsﬁi » ligy * z-ﬁﬁam‘g}gg Wﬁ )

i Tiie Amopedlty suduoed B0
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s > (kg + ggligRiH)

whers £, egual to u&k@/k ooy 10 the squilibpiun genatant
for the reastion Gl - cnjca » HOH, The pate and equilibrium
conatants in this inequality are not known with any certalnty,

but the folloulng are roasoneble estinutost

Ky = 10i3 m mle‘_l geo"

kgy ® kg © 10”‘ e'w'mﬁ/ RT my mle’laec"l

kg, ® 10t4 m1 a0le"S P

¢ w 207 IIO00/RT oy pore”

Use of these velues, with (M) = 10"5 nl mole“l. 1o8ds to the
pesult that the 1aftenandsglide of the ingouality is several
powors of ten 1epgor then the plght 1o the preseure ponge wE
the experinents.

in yiew of this the pteadyeatate sonacntration of
ethyl redicals 18 piven acouratoly by the eappesslion

00 12 116)

{an

sinee tho G.le podisels a2C prodoninont tho gvoyeald voto of

Aloappoarants oF Glothyl othop 40 given g roninetoly by
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v ® gy ()(N0) ¢ (g + ko) (8)ICHg) (16)

@ Ky (K] ¢ 2ty ¢ k%) [H){n0]

ey + kigg /2
v (g + lyg) (-5}}&% w2 )

The fipst and third borms esplain the behavicur in the veglon
of seximal lohibitionj the segond tors acoounts for the |
aoceleration of tho peaoctlon at high niteic ovalde gongentrations.

¢he activation enepgy for the molocular peasticn w
39 83,8 koul por nule, and the fpequency factor 2675 2 ¥ Gw

60 1@ This pattor high fyequendy fontor (ap conpared with
vibpational frojuencien) is in line with tho velues for &
lapge number of othor unine lecalar doeompositiung {108)3 proe
sumebly thore is @ leogening of sovoral of she vibrations in
¢ho astivatod 5tatoe 1t muat bo oduitted, 10 viow of the
sathod of mumepicel gnalyeis used In cbtaining the pate
gonstantdy %aaﬁ; tho aotivation caolEy 1 not known wlih high
agcupoeyp thore in W dobb, houover, that gho § mmm@y faobor
ip cunaldors ‘M% highep that 1@13 860 39 whlch 16 soenetinoo
conplderad to bo tnominlie

tho woblvation cnvegy foP tho LHpoeehulveseoRicy
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ohaln component can ve estimatedy socording to o4, {19) i
is given by

3'3/8 ® %Q%ﬁﬁmom-rﬁ&) (20)
Jhare 4 48 the eoergy chango in the resstion Opflg ¢ 10 -
%Eis@!’i @ ¥0Ha 1t is assumed that %QJJ ﬁ‘w and 1257 ~ %g
rong ond Skirrow (100) have obtained 9475 koesl £oF Fyg and
sagert end Leldler (42) arrived st @ value of 59 keal. Sor
ai on the basis of @ study of the butene decomposition ohie
bited by nitric oxide. stavelsy end Hinshelwood (21) obtained
an astivation energy of IS kosl for the dlethyl othor deccme
sositicn acoeleratod by nltplc oxido, tnd on the vagis of
equatlon (19) trds value 1o talen tO be 35?. fee of these

geluca lecda %o
%/g e 62 osl. per momo_

who 1ine dpaun in Pige b5 actually copevagends bo thila vElud,
end 1e sosn Lo pand pensonably well theough tro exporhaental

[

rointes Detguse of nncevteinties in tho mothod of analyeinn
sho oxperinonteld futa Shave i6 mmsmw@m.a puserbaloty in
tno ouporinoniel vEluoby end tha veluo of 62 koal por nole 18
probobly the oot that mm bo Gorlvcde 46 OOLL above, b
londs $0 o fPOQRONGT fapger of Db B E@w WW & mmgw &

%@“3'9 wateh 1o typloal of @ gnrogeknlyo-0rdor Sronuoney

faclove
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AREDINT

The basis fop the values given in Table 1 for

pesotions {1la} and [17a]) 18 as follows. 0411 and Laldlerts

analyais (35) of the data fop the recombinetion ¢f zotiyl
radisals and for the reverad reaction, '
2083-”4 :—- ﬁg%-v Hy

10d to the follouing Fate constants at 200°03

kl?a ﬂ 3z 1030 oo n010 2
3.7 BOOQ/RA m&-a aw’l

] 106?
=16 el .=}
Eol?&ﬂ 33307 e mole = 869
a 15 2 102 ¢ <77,000/88 5o mo1e™ 6 on"t

on the assumpbion that the ﬁﬁmmm&mwaﬁweﬂﬁm&m of thond
eluood fornula, with

pate consbantd ig clvon by tho lidnat
by G431 ard Laldlew

ao§ and & "* o {5 koul pe? nole as noed

{16}, the @@wawgm&mg yalues b 800°% axes
o2

s 35 % mw el 1olo
BWQW &e m nole ;gg

s
%«E‘?@ 208
o 7.0 3 108 se™

a &=z 10°2 oo asle™> aes™>

Ee1e
u?agﬁca/ﬂé om0l o

@ 2.0 8 EL‘“’
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She pavaseters for kl?a are those given in Feble le

. Por the dissocistion of GFBM% in ite secondw-order
region we have assumed the same froquency factor as for the
dlgeociation of othano, nemely 2 X lﬁm o6 mols ! se0 }, me
10w pressure astivation energy (70 keal«) was. mamm
subtwantirs 8,5 KT from 87 keal, which l& wmmad to be the
nighepreasure value (36), 1% Lo gquite yossible that the value
of 81 koal roported by Rice end Johoston (18) sotualldy '
gorpesponds to the fallen~off wepion, in which case theld
aotivation energy is t0O low. ‘

In view of tho rather long extrepolation {nvolved

{Srom 200% to 600%) trere mey well Go a@nﬁmmbla eppor
in the estimated values for pouctions {1le) end {17als
present estinabos seen, hOWOVED, ¢to bo the best thet can [l:]
" sade uith the dete avallablos
who paraetors given in Tevie 1 for reaction {131

aro gloc doubtful, as vesd poted in the maln tozte
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ABPEHDIX 11

Pigure 22 susmerisoes our concluslons with rogard
to the tiermoshenistsy of processes related to the gpesles
E&C and c&zsﬁﬁ. ohe main ovidence for thess valuos is 88
followss On the Lesis of tusiv study of tho ethane pyrolyeis
raidler and o jed eanousitd (40) concluded that the prooasss
caﬁ6 ¢ U0 = Gaﬁs + 4G is:endothermlo bY 50 kael per ‘mol’av '{
and Lhat the back resstion hRs nO activation energy. The
level of 2CEy ¢+ KO 1s higher than that of Cfly ¢ KO BY 65

keal, the 4igzociaton suerty of the O=C bond in othane.

7he level of cs%siso below that of 63153 + 70 ie not
ynown with any sortainty. Grey (66) has obtained & valuo of
§7 kecal for D(GE&B ° z:zoa), and Gowenlock, Trotman and zett (53)
emggmwd that the valuo of 3(6!‘13 e 30} should be &wrwimwm
the oange Uoucnlock (67) now, howovep, favers g lower Velud,
of about 3 koal, o the gpounds Ehet the GH 3° no digsoclation
enerey should Lo about 15 kool wesker than ghat of § o 10
mho dlaceslation of iU, howovor, ipvolves & prodlosoglaticn
{as may olso thod of {.:533%‘?0) , B0 thab the gvidenoe 1o nob poe
1iablos in Flge 22 tn6 valuo 1s sbeut 50 noaly Che aotual
goluo Hup 0o cearing on 48 yingtica of tho poaobion. 5evs
vanp and Cyeing (46}, in & spgent dlocuss. o of roootions
semibited by nitelc gride, LBVO acnoluded thet tho yalue may

be oo bish &8 69ef iegal oy 10los
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ZCH3 +NO

—
CH+CHNO 1

h

CH30 CH2 = NOH

R f

C2 HsoNO

Figure 22, Schematic energy diagram for the various reactions :
él involving nitric oxide; see Appendix II for dis- %

5 cussion,
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since reaction betueen EO and aziia apparently glves
Gl ¢ EHO (40) end not Gl + Cli 50 it is gostalated thad
thers 38 o potentlal~enevey parpler botuoen 52“& + §Y and
ca3 » czﬁsﬁe. a8 shown in the dlagran.

5att and Gowenlock (56) have shown that Ol 10 igoe
meriges into formaldoxize, CH, ® Ho#, with en activatiom
energy of evout 0 koal per mole. Zhe rosults of the yresent
work indicste that the level of CHy = HOK + CHy Lo &5 koal
below that of cﬁ3 * G§33 + H0, and therefore significantly
pelow that of 033 ¢ GH Jam This i oot unreasonablos Pormale
doxime 1s expested ©0 beawuch mope effective seavenger of

padicals than is c&s_.,zw , and oholneending is therefors peatulated

to be

Sﬁg ¥ Gﬁaﬂﬁ@% - Cﬁacﬁa o HOH = Qaﬁé & Hd

The broakdoun of ss,%a‘éz«:azﬁ gesounts fop the aipapsoavance of
nitelo onide in this roactlon, in contrast W0 puo sliuaticn
s1tn gertaln hydposardon dscompositions (oo ObLENO, pofe L0)s

whore ﬂi%aﬁ% fo not fopned in pignificant amonnte
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8ince reaction betusen EC and 6236 ayparently gives
6335 -v\&?%o {40} and not 0?13 + Gﬁzﬁo it is postulated that
there is & potentialesnevgy varrier between Cfy + BO and
GEB * “’33“0’ gg shoun in the diagram.

5att and Govenlock (56) have shown that Gl k0 ieoe
merizes into formaldoxizs, aﬁa ® j0H, with & activation
energy of about 4P woal per mole. The pasults of the yresent
work indicato that the level of CH, = HOK # CHly s 65 kenl
below that of wB + Gﬂ3 + 10, and thorefors significantly
below that of 633 + CH JHO. This e oot unpeasonablos FPormale
doxime is empested to beamuoh mope effeotive scavenger of

padlcals than 48 Gi»i3tm. and chalneenging is thopefors gostulated

o be
ciig » cﬁng%‘m% - Gﬁaﬁ&a o HOB = "2% ® Mi¢

The breddoun of ﬁ:ﬁa’:wi‘i qoocunts for the disapponrance of
nitplo oxido in this soaebion, in contrast to the situabind
uith eertaln hydrosarbon decorpradtions (0e0 otnangs rofe 50},

uhero méa!‘fmﬁ ig not fogmed i ‘alpnlfisant ancunboe

o



i

1., dotentialeenergy eurfaces wers ccnsiracted for the Oh_

spocies conslderad as the trreesbody complez 0...9...02.
Gonsideration of theso gurfaces Jed to the eonolusicn

- that onergy chains are not impoptant in the thornal

. deconposition of ogono and in the photolytie decoaposition

§ by visidle radlation.
2, The yotantialeenergy surfaces for tho % specios and the
curves for the O2 molocules provided a vagis for sugzoating f
E a moccanism for the dooipusition of ozone prought aboub !

vy ultraeviolet pailation. 1% wed found that by invoking

the FranckeGondon ppineiple the moxinus in the population

of vivpetionally axcltod GE moloc:los &b the v 8 13 level
aould be explalnede.
3. Tho rinotice of the syrolyeio of 2inethyl athop nas Le

rolnvostigatods and tho daba wore ponopally o agproonont

ulth fhose ¢F coneen and Jain {86} seveured rates howe

cuan wape olwoys 1owor, g Lhin wes guzgonted un due to

o difforent method of aonaliioning a0 gapfuge of Lo

voaatlon vossole
bho & DOW moononies fup the uniohibited Lysulysis dimethyld

pluoP wab proptsed involving seacndevrder indtintion aod

o poreinatlions galpuloblen werd saGio to delemine

}51‘1"9

tho tost prouablo torminabion roustion, ond 1% wao
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conoluded to be tho reccmbination of methyl radicals in
b m'eaéma of & thind body.

an exporimsatel study was mude of the docompositisn of
dimothyl ethep inhibited by nitric oxide, over a wider
tenporature and preesurs Pasge tran heretofore. The
order was found t0 be thresehalves with respect to die
methyl ether in the wazinally inhibited reglod.

A kinetic study was made of the dimethyl ethor reactlon
acoslerated by lerge quantities of nitpls oxides Hatea
wepo measured for the first tixe over & wide enough
gregmre and tenperature range to obtaln a falrly aceurste
galue for the rate constant.for ghe abstraotion of &
hydrogen aten fron dinethyl ether by nitric oxldes

A dotallod mechanien was grogosed to descrive tho manie
aplly inhibited decomposition of dimethyl ethors The
mewmniém aleo @Kg’ai&.&m@é the podeticn sccelerated by
leyoe guantlties of nitric oxldoe

un ostinate of 92 keel mole”> ves mado or D P01
bagod on the setivatica energy IoF the peactlon cam}.eaz*aﬁéd
by lavrse quantitios of nitrie oxidoe

pop ho £irst tino o Gobailed abudy was aade @;‘1‘ tho
nyrolysls of dimethyl othe? 1ehibibed by propylende ihe
posobion wee found oo ooy ehpesehalvenesnder Kl 1otlese
mme 1imlolng relutive pabes weRd siichly giiforent fren

tinao oboopved fov seibition by nitelo 221400
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12,

136
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10, 4 meghanign was propoaed Sor inhibition of dimathyl

other by propyleno and it successfully eaplained the
obgervatl iong.

she kinetiecs of the deounpopition of dimethyl othsr
aocelorated by hydrogen gulphide wore investigated
over & wide range of pressure snd temperature. The
pelative rate, whioh was found to depend on tho pyoe
poption of ﬁas polative o 0539033. inereased o &
platena and ot higher gonsentration {naroased furtheds
Data were odtalned for both the platess reglon ard
the reglon ab very nigh persenteges of hydrogen sile

phiﬂ@-
4 Qetalled machonion wad proposed fov tho pyeolysis of

aimothyl other cosolorabed by bydvogen sulphide FOP

the £lrat time the inereneo in relative pote ab very
high percontagod of i%ass wae ospialnede

go tho basls of tho mwmfs fop tho deconpusition of
almothyd othop 1o tho prosence of hydrogen golghide

an ootinmute of 8566 Hoal mssie“& v mode fop tho disase
aloticn eoowgy of ¢ho oplip of tho !:%as mologulo into B
andd Blo

ane uninhiblbod prev. wola of ¢lethyl ethey wad pelnvostie
motod wmd the epdor in Lhe progiivrs and tonpepatius

2 & L ¥ o 25 W e
spricn studied wae TouBd &g bo bobugen 1 40 380
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16,

17,

18,

296
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"he data for the uninhibited decompositicn of diethyl
ather were analyzed in order to separete firsteorded

and tireeehslveseorder scmponents of tWe peaation.
gencluslons were nads pegerding the possible fetes of the
radicals CEBQ'HaO. Cﬁzﬁﬁaﬂcaﬁs and cﬁ3c§:xc>caﬂs.

A mechanism was propesed for the uninhibited pyrolysis
of diethyl other ubioh succesafully esplained the
Einetic and analytical date.

The themmel deconpoaition of dlathyl ether tnhibited

by nitelc oxide was studled ovor & widas range of pressure
and tenperatures Tho change fre= pipateprder kinetics
nt low prossures gnd nieh tenporatured to threeehalvese
opdep ab high pressured and low teporatures wad olearly
BLOWHe

whe date fop tho johiblited Jogunyosition of &lothyl ether
woro enalysed and the first and thragehnlveaeorder
eompononts gopagatode A valuo of the pato sonstant fop
s nolosulap opllé of qlothyl other 1nto obhanol and
gbhyleno Wae goterminede

A detalled moohanian Wae propooed SoP A ;_:m*&l,;g@w of
dlothyl other inhibited by aitrie oxide Tho iinetlo
and anolytical dota vero oucsessielly enplainode

thg ptody of the jnnibited daconposlilong of ainothyl

<3

end Glothyl ebio? provided Tupbhor 8V idenge fop Bl

poncwelity OF sho Aphiultion 0ONeR0C peotalabed by
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vio jelechiowskd gnd laldler (37,30) vut glearly ohowed thab
inportant differances apige dependin

gla in each aystemte

g on the nature of

e gareﬁamhwnt radlo
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