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~jO;i pro,:",.:::s considered . ;\lso, a.nalytic3.1 exa;,1;"atioll 
0; J~Ci' '(1) revea.ls that as Vo is decn.;:\.sedthe n::ni:num 
in p ,'S T at constant lIu will ~,g,.ill occur. T;lis u;,­
p:lysical lj(:havior reduces COnflcil:nce in the ec1uaLion 
oi st:lLe, parLicularly if it is to be extendccl to sr.laller 
volumes. 

This Ljuation of state is probably hirl)' r-.:liable if 
it:. usc is rc-,lricted to exi);osives which arc sir.1i~ ... r to 
tho~e inC;l:licd in a de~l,mination 0: ;t:; p",-' .. 'cters, 
and to pressures "nJ volumcs not too d ii(;r<:llL from 
t!Jo::,e existing at the Chapman-Jouguet point. There 

THE JOVR"AL OF CIIEi>lICAL PHYSICS 

would seem to be itJc ~u5~i;lC"'::.';~ io: ._~ use m a:-. 
exteLt!ell extrapol2.tion 01' .Lny ~.,,:::. 

_-\n inycstigutioll simi!ilr LO ;, ,(; 1,,:1(; :'".,Q,·L.:d here 
u~ing the Le:lll::,:,;·";'-JO.lCS-J)CVO:.,,:.:,'c :rc(;-\ ' ()~Gi',lC Ci,Ua­

til)!) of state is in prog:-css at t .. :s LL0r:...tVi"Y.cv RcstJ~s 
wi:l be published at a la~(;r C:lLt. 
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Rate of Recombination 0:: ::ladic:.:s/' I. P_ GeEeral Sector ':'1:.eo:-y; 
A Correction to the ll£ethyl Radical ~ecorr ... b:'::ation Ra;;e 

ALL.'c..'\' SHEPPi't 
Division of Pure Chemistry, Nationa.l Research Couilcit, O/Jawa, Canada 

(Received July 5, 1956) 

. We have derivcd a rotating sector theory :J.;1j)licaLle to simrle photochemical clccomrosit:ons ::1Vol\'ing 
both lir;t-o!'dcr and second-order removal of radicais. This theory gives \.be behavior of raciic"b uncia 
intermittent illumination as:J. function oi two parameters : IX, the ratio of iirst- to sccond-urc!el' rCi~lov.:I rates, 
ar.d {3, :J. fu::ction of ihsh tic1":. We use this theory to recalculate the cxp..:rimental (hu, on the methyl radical 
recombination rate. We find the con5t:mt II, to be 2.2X 1013 cc molcs-' seC' in tnc temperature ra;;,;c 125°C 
to 175°C. 

1. INTRODUCTION 

-:-::\ this laboratory we have undertaken the further 
~ !>tucly 0; the recombination rates of radicals by the 
;o·L3.ting sector technique, using ketones as the r",clica: 
:'(;'J~ce~ . To account properly for the steps involving 
first-o rder removal of radicals, we have rcinvesti,;ated 
the sector t:-:eory, deriving complete equaLio;';s whose 
form is a simpliiication over previous wod,. The~~ 
equations ap;)ly not only to ketones, but to a ratr.er 
general gas j);"~~c photochemical mechanism. 1:1 this 
paper we prbe::t the theory and use it to correct t!;e 
recent results obtaii1ed for the methyl radical recom­
bination rate. The following pa.per pr.::;;ents results on 
the recombinal.;on or tril1uoromethyl radicals. A fUure 
paper \Viii present results on th~ recombination of ethyl 
raJicals. 

If, in a photochemical decomposition, the steady­
state concentration of a certain radical is proportional 
to the sq,;:;,re root of the absorbed light intensity, the 
recombination rate of these radicals may be studied by 
photolyzing uncler intermittent illuminatio:l (co .. -
veniently produced by a rotating sector whose cJ:'-i"k, to 
light ratio is p), for then the steady state concentr .:on 
wil, \'J.ry 11'0:11 (p+ 1)-1 to (p+ l)-l times the unsc(~" 

* ContI': ;"l!Un fron1 the Divis!on of PLort: Chl.:nl!,'j~rYl ~J.::()jj:~! 
Research COll'lcil of Cannda, Ottawa. Is~u(:d as XR( ". ,ell: . 

- Xaticilal R<;scarch Council of Canada Postdocl0'""'; .L ,. v\\' 

1953-1955. 
:;: Prc,<:nt address ; Technic::'! Operations Inc., :\r!i;:gton 74, 

~fassachusetts. 

value, as the ::>ector speed varies from zero to infinity. 
Assuming sinlJ/le square root Gcpenu(;l1ce (removal of 
raclicals only oy recombination) Dickin"oL I u:1cl others~·:J 
have developed' a complcle theory. Assl:r;;ir:g one iirst­
order (in radicals) n.:mov~l step, O. K. IZicc: ar.d 
others,,·6 h",ve devc10ptcl theories. \\'e prese:nt a new 
treatment applying to a gcnaal mechanism, and onering 
simplified final equations. 

2. THZORY 

Consider the foi:owing gas ph2.se ::1ec!::'-nis:::: 

K -} ;a:\I · +CO 
2 :\~ . -, Phl 

J :\1· -, Pbi 

:\l· T .th->Pjl 

:\I ·+Ai----Pji 
::\1 · + B i ~/ P c :+ -11· 

• ' . 1 1 
R/,l bm10_ec:.,,~ 

7, 
h'b:" 

/';/1 {'crst order 

kji 

l~ C~· l:: 1 ~!.in 
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:'\~. ,urk, 19~11), pro 202-2C9. 

2 l,'. Briers and D. L. Ch::pn;an, J. Chem. ::ioc. (1.o;:c0,-) 1502 
(1928). 

3 G. ~r. T;urn<t and E. W. ~:"h'i::c, Proc. ;~oy. Sue. (Lo~.":on) 
A189, 470 (1<)-:7 . 
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