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Of courso N>N0 , and N 0 = 17 (ref. 14) from our 
chosen valuo of P~Ja (but seo ref. 15). N 0 and N are, 
howovor, sensitive to changes in P~fa and might be 
substantially different for borazoles or cyclic m1ines. 

It must be recognized that a more refined treat
ment of this question would nood also to include: 
mixing in of dyz character (in Craig's notation); the 
effect of non-planarity; and also the participation of 
lone-pair electrons (' rr '-bonding' )1 6
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I AM indebted to Mr. Haigh and Dr. Salem for 
pointing out the mistake in my conununication. They 
correctly state that E::X-+ oo as n-+ ro, and that tho 
infinite heterocyclic ring can have, respectively, equal 
or unequal bond-lengths depending on whether ll is 
greator or smaller than a critical value. 
. Tho othor conclusions of my communication are not 
affected by this mistake, and they are confirmed by 
Mr. Haigh and Dr. Salem. I confined myself to the 
cyclic phosphazenes, an.d treated thorn as heteromor
phic systems. This gavo the interesting result that 
bond alternation might occur below a critical value of 
n. Mr. Haigh and Dr. Salem consider other possi
bilities implicit in my equation. (9), and show that, for 
suitable values of l'i, odd homomorphic heterocyclic 
rings can behave like homocyclic rings, with bond 
alternation occurring above a critical value of n. In 
particular, they show that treating the known cyclic 
phosphazcnos as odd homomorphic systems does not 
affect my result that bond alternation should n.ot 
occur. 
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Role of Hydroperoxyl in Hydrogen
Oxygen Flames 

THE hydropcroxyl radical has boon postulated as 
an intermediate in numerous oxidation. reaction. 
mechanisms. In particular, mechanisms involving it 
are capable of giving detailed explanations of the 
explosion limits an.d reaction-rates in hydrogen
oxygen systems in static reaction. vessels1

•
2

• In. dis
cussing hydrogen-oxygen and hydrogen air flames, 
however, reactions of H02 are usually omitted, on. 
the assumption that most of tho flame reaction occurs 
at too high a temperature for the H02 forming reac
tion (2) to compete with the chain-branching reac
tion (1 ). 

H + 0 2 = OH + 0 

H + O. + M = H02 + M 

(1) 

(2) 

We have recently obtained evidence, arming from a 
detailed investigation of a slow-burning hydrogen ... 
oxygen-nitrogen flame and from calculations in
volving two faster (higher temperature) flames, that 
this asmunption may be invaliu in many cases. 

The atmot;phori.o pressure flame selected for 
uotailed examination had a final temperature of 
1,072° K and a burning velocity of 9·2 em soc-1 (gas 
flows measured at 18° C and 760 mm). The initial gas 
temperature was 336° K. Analysis of the measured 
temperature profile gave a maximum heat release
rate of 20 ( ± 2) cal em-• soc-1 at 900° K, while the 
maximum hydrogen atom concentration, measured 
by stuuying the rate of the H + D 2 exchange reaction 
in. tho flame, was about 2·5 x 10-8 mole em-• at this 
temperature. Further, at 900° K (0 2) ~ 1, (H2)"' 11·3 
and (H 20),..., 7·2 mole per cent. 
. Now the second limits ofhydrogen-oxygenmixturos 
m potassium chloride coated reaction vessels at tem
peratures up to about 850° K are normally assumed 
to be ultimately controlled by a competition between. 
reactions (1) anti (2). At tho limit the partial pres
sures of the reactants and inert gases obey the 
relationship 2k,Jk 2 H, = (H2) + ko,(0 2) + kM(M), where 
kM denotes tho efficiency of molecule M (relative to 
hydrogen) as the third body in. reaction (2). Clearly, 
tho ratio 2k,J k,n, may be found from a study of the 
variation. of the second limit with mixture com
position, A short extrapolation of the Arrhenius plot 
for this ratio from second limit data loads to k 1J k 2 rr 
= 150 nun at 900° K. Second limit data•-• also sho,; 
that k2N, = 0·45k2H• and k,u,o,..., 6·5k2H,· For the 
flame composition. at atmospheric pressure it might 
therefore be expected that reaction (2) is some four 
to four and a halftimes as fast as reaction (1), that is, 
that H02 reactions are important at the position of' 
maximum reaction-raw. This conclusion is supported 
by a simple calculation of the heat release-rate in. the 
flame using the experimental concentration values. 
In the absenco of H0 2 forming reactions, and using 
k, = 2·1 x 1010 cm3 mole-1 soc-1, at 900° K (a value 
which is consistent with the recent literature•), 
together with recent experimental valuos6 for the 
hydrogen. atom recombination rate constant, a 
maximum heat release-rate of about 3 cal cm-3 sec-' 
is obtainou (of. experimental 20 cal em-• sec-1 ). 

Similarly, the measured rate of oxygen consumption 
in the flame is some four to five times larger t.han. 
would be predicted from the foregoing value of k1 • 

It seems highly likely, therefore, that much of the 
reaction path in this flame is by way of H02 • 

By making tho assumption that the H02 concen. 
tration assumes a kinetic steady state value, it ia 
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