Downloaded from http://rspa.royalsocietypublishing.org/ on July 19, 2018

760

The Kinetics of the Reaction between Hydrogen and Nitrous 0
I 11—Effect of Oxygen

By H. w. Mervitte (Senior Student, Exhibition of 1851)
(Communicated by J. Kendall, F.R.S.—Received May 8, 1934)

One of the most striking dissimilarities between the hydrogen-oxygen ad
hydrogen-nitrous oxide reactions is the absence in the latter of sharp egam
limits, a feature characteristic of the former. Another important dffeace
is that propagation of chains in the H2N20 mixtures is rather less easy thant
H20 2 for the photochemical chain length is smaller for HZND than for
H2-02at the same temperatures and pressures (see below). It has, honeer
been postulated that the carriers in the two reactions are identical and thata

least one step, viz.,
oh+ h2"h2 + h,

is common to both reactions. The differences in the propagation fadas
would therefore be due to these reactions

H+ N2 = OH + N2
and
H-fH2+ 02= OH+ HX,
or
H+ 02= HO02

H02+ H2= OH + HX.

It may be anticipated that termination processes will be somewhat sinilar,
and consequently the observed differences in the thermal reactions will do
be partly due to initiation reactions.

In this paper, an attempt has been made to study the two reactions under
similar conditions so that propagation and initiation reactions may be separated
from each other. Experiments have therefore been made on the effect <
small quantities of oxygen on the high and low pressure thermal react#®L
and on the high and low pressure photo reactions. As will be shown
oxygen exerts a very marked effect in increasing the rate. Its additwft *
been controlled so that the increase is comparable with the rate of
of the oxygen-free mixtures, in order that the stationary concentraw”"
the chain carriers and the nature of the termination reactions should ©
for the two reactions.
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tb aeount for the sharp explosion limits in H2-02 mixtures, branching is
unposl to occur in one of the reaction cycles, and the reaction presumed to
)e itespasible for this is

H+ H2+ 02= 20H + H,

a sbn slight modification of such a reaction. The nature of the process
eadingfco branching need not be so particularly specified, the essential con-
: ttfei eing that in a branching collision two carriers of one type (OH) are
aixJfcicd from one of the other type (H). If this happens once (on the
iveimgi before the chain is terminated, the chain length will increase in-
lefinatiy and explosion ensue. But with H2N20 there is no possibility
¥FA c an occurrence with H atoms or with OH radicals. In the Ha02
reaafcic branching becomes possible because the oxygen molecule is diatomic ;
it IfiJtl sphtting of this into two parts which ultimately yields the two carriers
« for branching. Nitrous oxide, on the other hand, has only one atom
avXaie and cannot therefore give rise to two OH radicals even in a ternary
eoliiski such as H -f- N20-f- NaO.

vitlugh a very definite mechanism for the H 2-02reaction has been adopted,
xvltfphaerhaps is not correct in detail, it will be of importance to find if homo-
seii&oi reactions between nitrous oxide and simple combustible molecules do
\ Mbi well-defined lower and especially upper limits for explosion. If they
do Ho then the following statement would appear to sum up the behaviour
of t/iee reactions : In combustion processes involving nitrous oxide, branching

aiiuand therefore chain explosion limits do not occur. The lower limits
oba|r*d are due to thermal explosions, initiated homogeneously or hetero-
?(Mosly, of a tvpe similar to those discussed by SemenofE* some time ago.
I i© motion must, of course, take place under such conditions that these

b«Lciena are usually observed. For instance, the mixture should be capable

 ureagating chains ; the chain length should increase at low pressures and
uireje at high pressures. These conditions can be realized with H2N20,
h t o sharp limits are observed. The sharpness of a limit may be masked

mthoccurrence of a relatively fast reaction outside the explosion region,

ioh j occurs with H202N02 mixtures.f

The Photochemical Low Pressure Reaction

to liminate the possibility of thermal initiation, the experiments recorded
lale I were made at low temperatures, using the mercury lamp with mer-

* *Z. Physik,” vol. 48, p. 571 (1928).
t Norrish and Griffiths, *Proc. Roy. Soc.,” A, vol. 139, p. 147 (1933).


http://rspa.royalsocietypublishing.org/

Downloaded from http://rspa.royalsocietypublishing.org/ on July 19, 2018

762 H. W. Melville

cury vapour present in the reaction tube. In Table Il the oxygen co

the mixture was varied, maintaining the total pressure unaltered It
be observed that oxygen accelerates the reaction from 340 to 600° C hifcth
increase does not change much with temperature, the ratio of the 6
increasing 50% for a 20-fold increase in the rate. The energies of activati
of the two reactions H + N2 = OH + N2and H+ 02+ H2= HD 4-qgn
must therefore be nearly equal. If the values of R in Table Il be plated

against the percentage of 02 in the gas, a linear relation is obtained upt
33%.

Table 1—5 cm tube. Composition of mixture 19*5 mm 02 300 mmofH

and of N2
Temperature ° C 340 400 460 525 60
Initial pressure .. 15-96 16-00 17-67 18-24 1968
Rate ... 0-26 0-52 0-92 2-50 70
Rate (0 2-free) . 0-115 0-23 0-41 0-92 2-20
RO2R ..o 2-25 2-3 2-3 2-7 32

Table I1—Temperature 390° C

( OO0 — 10 20 40 100 100
i . J H2 .. 100 100 100 100 100 100
Composition of mixture in 2 100 100 100 100 100
1026 ... 0 4-8 9-1 16-6 333 %
Pressure 16-00 16-33 16-00 16-23 16-12 1612
Rate ... 0-330 1-05 1-97 3-75 8-40 630

of a foreig:n gas can exert a large influence on a chain
reaction only by destroying the carriers before they would normally end, o
by increasing the rate of initiation. It is improbable, in the present wak
that 0 2 molecules affect the rate of starting, for the quenching radius of 02
is only twice as great as that of H2* The acceleration will therefore be de
to the participation of oxygen in the propagation reactions.
Two possibilities may be distinguished :

{a) H+ H2+ 02= H20 + OH

=) H+ 02 = HO02
HO02+ H2 = H2 + OH
HOa+ NaO = H + N2 H
ho?2 = H+ o2

* Zemanski, ‘Phy. Rev.,” vol. 36, p. 919 (1930).
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w' be considered first. The stationary concentrations of H and of OH
ill be iven by the equations

§S=1+ KjfOH] [H2 - & [H][NaO]- [H][HZ[07 - [H] = O,

Ffil *4[H] [ND] + [HI [HJ [02] - *5[OH] [Ha] - k\ [OH] = 0,

rhince

L~ [4INeO] + Kla[H] [02}iIK

rflkexare difficulties in accepting tbis simple scheme, for it would be expected
hait a riple collision with an energy of activation similar to that of H + N20
rotsid ecur much less frequently than the latter reaction, whereas in fact,
haf.ratofremoval of H atoms by 0 2is faster than that by N20. By postulating
he»foliation of the complex, H 02, this difficulty can, in part, be overcome.
20r \b) therefore,

GEL = * [H][07- *R[HOZ[HZ - kI13[HOZ[N2] - kti [HOg] = O,

*1fH| rod

[HOJ = wistng + *1B3ND] + fua

t. = 1+ *5[OH] [H3 — *[H] [N2O] —ki[H] [03 — h [H] = 0

- h [H] [N&O] + k12[1i0Z [Hd — [OH][HZ —k\ [OH] O,
d[HaO] ., M1[QZ *M2 [Ho___ \ Jy

a0 TAINDL+ o s KIZIN.O] + Kk j

f5nd &4 are small compared with k12 then
1EEI ={aNO+  [0Zo/s,

ss& '[uation is in agreement with experiment in that the rate should increase
uifaar with [02. At 390° the ratio =13 *3.0xygen molecules
"sterete the rate of production of water by reaction with the atomic hydrogen

rhH2N2 chains. At higher temperatures, the combination of H2 and
ttgOiy also increase the rate of initiation.
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HighPressure Thermal Reaction

Having established that oxygen can affect the propagation, the next i
is whether the homogeneous or heterogeneous combination of hydrogen '
oxygen may give rise to molecules or atoms capable of initiating dain
hydrogen-nitrous oxide. First of all, experiments were made on the effiet *

0 2on the thermal reaction ; the results are given in Table I1l. The m)it/\iles
Table I11—1-7 cm tube. Temperature 585° C

%02 ......... 4-75 2-37 1-18 0. 59 00

Total pressure 100-5 103-0 99-0 100-0 ®0

Rate ............. 15-0 6-0 3-8 1. 8%

were made up separately in a gas holder before admission to the reaction bulb
As might be expected, oxygen considerably increases the rate, which nay. o
course, be due to the propagation. Examination of the values of  (ut
given) will not, however, sustain this explanation entirely. Comyparison of
the experimental with the calculated values of indicated that hydrogen ad
oxygen do react to yield H or OH which then start off the chains. Inath
to find whether this additional source of carriers is due to a wall or to ahomo
geneous process, the kinetics of the reaction were further investigated with
respect to [N20], [HZ and packing. R is directly proportional to [0 &
may be seen if the results are plotted. Hydrogen and nitrous oxice ae
inhibitors, for the initial rate of reaction is very nearly independent of pressure
as is shown in fig. 1, where A p—tcurves are p
33% oxygen. One prominent point is that the curves bend round conpara
tively rapidly, especially at low pressures, long before the reaction hes gre
to completion. The oxygen must therefore be consumed in the initial stages.
To investigate the individual effects of hydrogen and of nitrous oxice,
following procedure was adopted : Pnad was fixed at 50 mm, po2at ** m
and pn2was varied within measurable limits. A similar set of experte@*1
was made with pwad= 150 mm. A third series was carriec
and po2were respectively 50 and 2+6 mm, and p$2 was varied. The

are summarized in Table IV where it will be observed that hydI*/*
nitrous oxide exert about the same inhibitory action. The aPPrajjfiff
constancy ofR . Tu*and I t. px3Z shows that the rate is inver
to the square rpat . Qf the pressure, but when the pressure of nitrous
considerably greater than that of hydrogen, the latter ceases to

effect.
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Table IV—5 cm bulb. Temperature 568° C

D P02 Ah2 r nPIli
4:2 2-4 24*2 15 0 7*5
4:2 2*4 50*0 11-4 8*1
40 2%4 100*2 72 7*3
44 2%4 199+*8 4*6 6*5
" 40 2%4 299*6 40 6*9
7*0 150*0 5*6 6*9

Y 7%0 100%4 5%6 5*6
142 7*0 50*0 6*6 4*6
7-1 25%0 6*0 3*0

R7ND4
| £-5 2*6 48*5 2*1 30
14%7 2*7 48*7 2*8 34
{1 2*7 49*1 3*6 3*6
) 2%7 48*4 5%2 3*6
239-0
Time

I-Effect of total pressure, thermal high pressure reaction, 3*3% oxygen, tempera-
%r532° C

does not cause any inhibition when added to the extent of 200 mm to
‘--Him of H202N2 mixture. Packing experiments were also made to
’j @Bare the nature of chain termination, using exactly the same tube and
P<ojsan material as employed in the thermal high pressure experiments
-f p. 532). For comparison, the results are given in full in Table V. A

% uea; of 50%, occurs in the rate, which is the same as that found for 0 2-free
ixtuis.
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Table V—2-5 cm tube. Packing 0*7 cm tubes. Temperature 640

Composition of mixture, 1002, 250H2 250N20. Total pressure loom
Packed

Empty

t Ap Ap Ap

1 5-5 6-5 12 0 4p
2 10 0 120 215 1S
3 13-5 150 28-0 3(7"3
4 17-0 19 0 33 0 0
6 210 23*5 40-0 85
8 24*5 26*0 42-0 1.0
10 26-0 28-0 43-5

Since the discussion of the temperature coefficients of the different reedidVV1
has shown that there may be a possibility of assigning separate values tote |
various steps in the reaction, measurements were made of the apparent eagyjl
of activation of the present reaction, Table VI.

Table VI- -Composition of mixture, 1002, 150H2> 360N%/

Temperature C ... 510 555 572 590 606 ead
Rate ... 2-9 60 8-5 11-2 137 05

E = 17-4 k. cal.

The change in the kinetics of the reaction is complete. The effect of pade
ing and of inert gases show, however, that similar termination reactions .
The initiation factor is quite different and the fall in the apparent energyd
activation shows that nitrous oxide no longer plays any important part inte
first stages. It has been seen how oxygen affects the propagation fedo,
and in order to make certain that these fundamental changes in the kireics
were partly due to initiation, the following series of runs was made. Gnt
ditions for reaction were so arranged that the rates of the four reactions-
thermal H2N2, thermal H2N2-02 photo H2N2, photo H2ND-02
were all comparable. If oxygen affects the propagation factor only, thente
acceleration of the thermal and of the photo reactions should be the sne
On the other hand, if the initiation factor is also affected, then the accelerate
of the photo reaction will be somewhat smaller than that of the thems
The reasons for these statements can be readily seen if the general velocity
equations are set down for the four conditions:

Rp = Pt'lt!
Rt,02= (Pt + Pos)(le+ lo2a
PEx =Pt (lt H Ip)y»
pR t, 02 (Pt + Po2 (It + lo.+ Ip)*-

* The termination factors are identical for all four reactions, and for s’
not inserted in the equations.
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Rro2— Rt — pRt,02— pRt*

f]IE ?0and 1t % lo2" |Ip,

Rt,03-—-Rt !>pRXx — pRt,OCat

>and are propagation and initiation factors. The suffixes T, 02, R refer
,.fely to the thermal, the 02 and the photo reactions. From these
;qti&tics, the relative values of IT, lo3 and IP may be calculated. Let
pTj & can be computed from the oxygen content of the mixture and

roe teats in Table VII. Equations (1) and (3) yield

IT= Ip {Rt2(pR 22— R 12},
§(1 (2), (3), and (4) give
foa= Tp ia _ g’}
herea= PRT,02— (1 + a)2Rt2and b= RT,02— (1 + a)2Rt2
leVIl—5 Cm tube.

Composition of mixture, 502 247H2 247N20.

ac= 0*30
‘ftetnj Pres-
sure rt rt,o2 PRT PRT, 02 (Rr,03—rt) (prt,o2- prt)
ftfSeo 100 0-60 2-75 1-95 3-45 2- 15 1- 50
%78 50 0-70 4-36 2-40 5-00 3- 56 2. 6
>0872 100 1-05 4-20 3-3 5-9 3-15 %—g
1117S 150 1-96 4-9 3-2 69 3-0 4_6
HIIS 100 3-4 8-7 5-9 10*5 5-3 -
A ” ¥

- 11-7 014 -

%-?3 21-9 0 095 2-07

8-9 8*9 0-112 1-00

1-66 2-60 0-60 1-57

201 2-87 0-50 1-43

T1 results for a few different pressures and temperatures are collected in
Tab VII. The acceleration of the two reactions is not equal, as will be
‘eesred from an examination of columns 7 and 8. This is more clearly shown
Iff te calculations on the relative magnitudes of I. In the first set, It —1
atidm the second IP= 1. IP is nearly independent of temperature and
prearge and hence the variation of the other quantities is given in better
perfective. The second set of calculations demonstrates that the thermal
t.i«ion, compared with the photo, is greater as the temperature and pressure
ase. The first shows that initiation by oxygen is of greatest importance
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at low pressures and temperatures. This is in accordance with th

E for the oxygen reaction being smaller than E for the normaf* 1
Furthermore, since it has been found that the temperature coefficients |
propagation factors are nearly the same, the effect of packing is identical
there is initiation by 02, it must be concluded that, under these conditi
the initiation reaction involves both H2 and 0 2 and takes place inte |,
phase with an -energy of activation considerably less than that for the cb
composition of nitrous oxide.

8 o 16 24
Initial pressure

Fig. 2—Effect of total pressure, thermal low pressure reaction, temperature 602° €, 2,9%
oxygen

TheLow Pressure Reaction

It has been mentioned previously that, above 50 mm the pressure of a gven
H2N20-02mixture does not affect the initial rate. As the pressure is reduced
below this value, the rate diminishes linearly as is indicated by fig. 2. Thecure
does not pass through the origin, but makes an intercept on the pressure
The reaction velocity would thus appear to drop to a very small valuet
the pressure is below a certain critical point, in the present instance,

If the individual runs are examined, it is found that A increases quite rap ~
at first, but later changes only very slowly, although the reaction
proceeded to completion. For example, with an initial pressure of

A pis almost steady after attaining 4 mm, which is equivalent to 40,0
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dttofflible increase. Had the observed value of Ap been due to the H202
.fioralone. the pressure decrease would have been 0-6 mm. The com-
r«v.y abrupt bending over of the Ap - t curves is due to the pressure of
.iiiixire falling below the critical value. An essentially similar phenomenon
E d when the oxygen content of a 1: 1H2N2Q mixture at constant
., nr,is altered (Table VIII). Above 12-5% 02, the reaction is rapid
X eases if the oxygen percentage is raisedto 5. At 0¢63%, however, the
.~ a dropped to a very small value. On raising the temperature to 650°,
monvdently measurable velocity is obtained, which does not greatly depend
tjiie tygen content and is, indeed, not much faster than that for the oxygen-

% gaes.

Table V111
560
= 0y igzé)s 05*7603 0%63
3 13*06 12*84 12*80
elure....... 12*80
A Ap
o fp 0*5 o*opo 0*5 0*38
0*25  2-25 0-25 0*46 0 0~00 0 0738
0-50 3-46 0*50  0*76 2 0704 ] 062
0-75 416 0*75  0*88 2 1300
1-0 4-44 1 1%02 3 130
1-25  4-54 1*5 1*36 ! Lo
1-75 4-82 2 1*54 0 188
: 708 10 2*30
6 2*06
Temp. ° ( 06*5301 06*5106 050
% O* ... 1 X
Pressure 12*71 12*98 12*80
t Ap t Ap t Ap
* *
I S L
2 0%56 3 e 2 0738
é g*gg é 1- 40 6 1*04
8 1*60 10 1-78 10 1*62
10 1*88 15 2; 36 14 2*16
15 2*36 21 2*78
20 2*78
iieA p— t curves are plotted, the same tendency to bend over is not so

rtfliitki at 650°. The oxygen pressure would thus seem to control the position
ofoibl critical point. If the reaction above the critical pressure is to be
ulmtied with that at high pressures, it would be expected that, as with Oafree
vAiVesthe apparent energy of activation, would decrease with pressure.  Thii.
ia#t>cie out by the data in Table IX, where it will also be noted that, for a
m “mixture at a constant pressure, there isa critical value forthe temperature,
">tkywhich the rate is slow.
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Table I X —Composition 1202, 2001Sr20, 200H2 Pressure 12-8 nun
5 cm tube
Temperature ° C 510 519 525 540
Rate .o 001 0-95 1-25 2 05 33 @
30 -6 k. cal.

Finally, packing experiments sbow clearly the importance of inhibit*mb/
walls. For example, in the 5-cm tube at 550° with a mixture g
2+9% 0 2 the critical pressure was 6 mm, the rates at 7 +67 and 2010 mmkxin
respectively 1-00 and 2*40 mm/min. On packing the tube completely wib

Fig. 3—Effect of total pressure, packed reaction bulb. Temperature 710° C, 2-9%

0-7 cm tubes, no measurable reaction occurred at all and the temperature red
to be raised to 710° to get a conveniently observable rate, which for a pressure
of 16 mm was 1-55 mm/min. The rate of the H 2JT20 reaction was now(05)
mm/min. In the packed tube, however, there was still evidence ofthe dift®@®
of a critical pressure, for it will be seen from fig. 3, where Ap t
plotted for different total pressures, the form of the curves changes betw
9-60 and 11-24 mm. This is brought out more clearly in Table X whf®
comparison is shown for an 0 2free and an 0 2containing m” iure
and at 8 mm, i.e.,above and below the critical pressure. The
the reaction is much greater at 16 than at 8 mm.

It should be mentioned that, in all these experiments, the
made up previously in a separate gas holder, for it was neither
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cttia to add small amounts of oxygen to the H2NaO mixture. A con-
i'derate number of experiments was carried out in which the gases were added
eftoavly to the bulb and the important observation was made that, if only
vdrotn an(j oxygen were admitted without nitrous oxide, there was immediate
xMosn and the pressure fell extremely rapidly. This occurred with pressures
n#Jtemperatures above the critical values for the H2-N20-0 2 reaction.

Table X—Composition of mixture as in Table 1X

sbove transition point Below transition point
0 2free
> 164 16-24 8-06 8 00
Ap t Ap t A t Ap
1-64 1 0-40 0-5 009 0-5 0-03
2-60 2 0-84 1 0-26 1 0-21
3-24 4 1-74 2 0-59 2 0-36
3-94 6 2-46 3 0-85 3 0-53
4-54 8 3-02 5 1-26 5 0-83
5 04 10 3-44 7-5 1-65 7-5 1-17
B 033%0 R 0-42 RO00-295 R 0175
RgR = 79 RO/R — 1-69

0*4 i

Intensity

Fig. 4

iffb unusual character of the reaction is further borne out by experiments
KiiTl effect of the intensity of the light in the photochemical reaction in the
"“»4o of the transition point. The rate-intensity curves are given in fig. 4
taptree temperatures. The dark reactions were not greater than 5% of the
dte 1 At 492°, alinear relation is obtained as might be expected, but at 510°

CXLVI.---A 3 H
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and still more so at 550°, curvature is marked in such a way as t0*

that the exponent of | at 510° is 0-5 and even less at 550° for the dotted” j
refers to R ~ 14 The interpretation of the results at 510° might

be that the increase in rate has altered the termination process fro

to a gas phase reaction. Although this may in part be true, the facttk
550°, R ~ | lwwhere n > 2 and that in the ordinary photo reaction fl v*

at a rate of the order of 1 mm per minute surface termination is still *
dominant, shows that this explanation is not sufficient.

Discussion of the Mechanism

The critical point observed in the low pressure 0 2reaction bears a remarkable 1
similarity to the lower limit in H202 mixtures. The reaction above tis
point is not, however, an explosion, for it was quite easy to get spontaneas
inflammation at low pressures if the temperature was raised sufficerly.
Since the H202 mixture itself is spontaneously explosive and, above te
critical point initiation is largely due to the H2-02reaction, it may be thatte 1
stable reaction observed is not unlike the degraded (“ entartete ) eqlcsias j
of Semenoff.* It would appear that there is some additional inhibition fador
coming into operation which prevents effective branching of the chains. Te
intensity-rate relationships support this argument, for at the highest terpera
ture 550° the rate has become almost independent of intensity; that i
initiation ceases to play any important role in determining the course oftre
reaction. This latter effect is one of the characteristics of a pure lower e
limit. Nitrous oxide is, in fact, an inhibitor of the H 20 2reaction for, athough
it reduces the lower limiting pressure for explosions like argon or heliumf te
critical pressure rises again as the amount of N20 increases, e.g.,

Temperature 515° C

pHEH02 .o 1*60 1-27 1-21 1-23 1-61
PND — 3-20 4-81 6-57 9*61

The limit was determined by admitting a 2 : 1 H 202mixture until inflammati
was observed. A short time was allowed for the water formed in the
to be withdrawn by the P20 5 when the residual pressure was noted. *
oxide was then added and the foregoing procedure repeated.

* *Z. phys. Chem.,” B, vol. 2, p. 464 (1931). (1932).
T Hinshelwood and Moelwyn-Hughes, *Proc. Roy. Soc.,” A, vol. 138, p.
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slRori curious observations were made during these experiments. If the
H|-Omixture was quickly admitted to the tube and the lower limit passed,
adfouGmore violent explosion occurred at about 10 mm, which was accompanied
ov raid vibration of the manometer pointer. If the flow of hydrogen and
oxi ge was arrested, the pressure fell very quickly as the water was removed.
Darii: this period, successive explosions were observed in the reaction tube,
reaemling those obtained with P4-02mixtures when the lower limit is passed.
Iherenay be some connection between these two types of explosion and the
elements of Ouellet* who used a quantum counter for investigating the
lowerimit of the P4-02 reaction. In these, the lower limit was succeeded
a&<a gher pressure by another explosion with a flash of a different colour,
whielalone affected the counter (it may be noted that the counter was only
sansitre to radiation of X<C 280 m\x) and hence it was concluded that there
wfee vo kinds of explosion in so far as the nature of the chemiluminescence
w  tncerned.

Thimodification of the previous theory of the effect of oxygen to allow for
baancing is simply made. It will be assumed that branching occurs in the
slip ;02+ Ho and that as usual (a — 1) is the efficiency of branching, i.e.y
>be p bability of two OH radicals being produced when one H atom disappears.
Ifee tuations for the stationary concentrations of H and of OH are therefore

=1 + A5[OH][HJ - kt[H][N,0]- K [H]- ku [H][0J = O,

- = 1+ K[H][N.O] - Kh[OH][HJ + «*u [HOJ[HJ = 0,

= [N«°3+ » M Kk + (i - « JoJ'

vc io temperatures, a is very nearly unity and hence the second term in the
*0 inator vanishes. The condition for explosion is k9 — (a— 1) & [02]
Ji verefore the limit should be sharp as in the thermal H202reaction. In
©pesent reaction, however, a rather peculiar position arises. It has been
len iat there is a little gas phase termination in the low pressure reaction.
"*v/stationary concentration of H or of OH be raised much above that obtain-
uder the conditions employed in these experiments, for example, by a
mn>iing mechanism, gas phase termination will become of ever-increasing
sviposance. The functioning of this additional inhibitory factor may, at any

* ‘Trans. Faraday Soc.,” vol. 29, p. 486 (1933).


http://rspa.royalsocietypublishing.org/

Downloaded from http://rspa.royalsocietypublishing.org/ on July 19, 2018

774 H. W. Melville

rate in a small region, prevent effective branching and thus allow the stay
reaction to be measured. The transition point is therefore reached when[H
attains a certain value, which will naturally be affected by packing, tem
ture, and oxygen content of the mixture, in a somewhat similar manner tO
lower limit. At high pressures gas termination is so important that a dap
transition is not obtained ; likewise, when the chains are short, as in a peded
tube, transitional characteristics are only slightly in evidence.

On p. 762 it was shown that although oxygen is more effective than X0
in producing OH radicals from a hydrogen atom, yet the energies of activation
of the two reactions are almost identical. First of all, this rules out the pos-
bility of the simple reaction H + H2+ 02=H 2 + OH since, if acha
ternary collision required the same energy of activation as H-f N, tre
probability of its happening would be extremely small. Recently, L. Fales*
has measured the rate at which H atoms are removed in a mixture of H2ad
Oa at room temperature and found that the velocity was about 1/50 of tret
calculated from the number of ternary collisions H -f-H2+ 02 and is
changed by temperature. This discrepancy can be explained by syposing
that the removal of an H atom is not accompanied by the production of (H
This latter process requires as much activation as the reaction H+ N&
But the oxygen molecule is more effective than the N20 molecule in yiddg
OH, and therefore the rate of HO2+ H2= H2 + OH, athough posssing
the same energy of activation, is faster than H + N2 = OH + N2 Te
concentration of H 02 must consequently be greater than that of H ; fromte
results in Table I, the order of magnitude is 10.

The author desires to thank Dr. E. B. Ludlam and Professor J. Kendall for
their continued help and encouragement throughout the course of this W0 ,
which was carried out in the Chemistry Department of the University o
Edinburgh and subsequently at the Department of Colloid Science of tre
University of Cambridge. He also thanks the Royal Commissioners of t
Exhibition of 1851 for a Senior Studentship.

Summary

The effect of the addition of oxygen on the kinetics of the hydrogen iut?®
oxide reaction has been investigated in order to compare the Ha !
H 2-02 reactions under similar conditions.

* Private Communication.
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Summary of Reactions

Kinetic equation Kinetic equation E . E
tion (observed) R ~ (calculated)!! R ~ (total) (initiation)
i I rN.oi , / [n,Ql([n.Q] + [h.]) 36.6
ELMQHL [NaO] [HjO-5 IV A 4 57
MB* t [N20]2[H Z0*5* [N&OJ2([ND] + [H2) 49-5 50

S li g VoTo) S —— <36 0
1 L2JdV (IN2] + [sz)z

‘ \ [n20][h2°i [n2]*[Nao]+]lh7i«1 14 0
ew 0 ¥ [0 .[N20]-0*5 [HA-0-5 ([N20]+ a[02)\ / (IND] +[HT) 17 <57
eallloéN fl [07 (IN2] + a[032) ? 31J <50
:\@mLhOQ — (IND] + a[07) /> /{NaO]+ [HZ)a <I?§ 0
“1§ 0 1 [07.R1-0)t (IN®] + a[0J) m 14 0

* These exponents are to some extent a function of [N2].
t Exponent depends on temperature.

J Measured above the transition point.

§ Estimated from the data in Table VII.

I The coefficients for [H] and [N 20] are not inserted.

"1 3 thermal and mercury photosensitized reactions have been studied in
she ressure range 1-300 mm.

J high pressures, the addition of small quantities of oxygen increases the
velcity, the kinetics change entirely and the energy of activation falls off.
b' *sing photochemical methods it is shown that oxygen participates in the
imitation and in the propagation of the chains. From packing experiments it
® an shown that initiation is homogeneous.

Alow pressures in the thermal reaction, a transition point is observed above
whibt the reaction is comparatively rapid and below which it is slow, provided
wic bulbs are used. This point depends on the oxygen content and the
tenaerature of the gases ; it is displaced to higher temperatures on packing

¥reaction tube. The phenomenon has some definite connection with the

limit of the H202reaction. Photo experiments confirm these observa-
i, in that as the temperature is raised the value of the exponent n in the
¢ ntion Rate == const. X (intensity)” decreases from unity to almost zero.
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