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In the ra,dmlysm of gaseous hydrocarbons conta.mmg small s,mounts of NQO (2 mol %) the radlatlon-produced

" electrons redet with NoO leading eventually to G(Ny > G
electron affinity (H,O, NH;, CH,CI) a limiting value of G(N2) =

In the presence of polar molecules with low
@, could be reached depending on the con-

* centration of the polar compound and the temperature of the system.® It is suggested that the clustering of
0~ (or N;0) in addition to proton’ transfer inhibits the formation of the excess nitrogen yleld (AG(Nz)

' G(Nz) - G)

Introduetlon Lo e

" Interaction between 1onic spec1es produced in the gas
. phase and molecules with large dipole moments was rec- -

ognized not long after the discovex_‘y of ionization phe-
nomena. It was successfully applied in Wilson cloud

chambers where either. alcohol or water molecules.
formed large visible clusters around the ions produced.

. by the passage of ionizing particles.  Ton'mobility mea-

surements produced many discordant results due to the
The low
values of mobility of various positive and negative ions -

_presence of small amounts of impurities.

were later attributed to cluster formation.?. =~

- The initial step, z.e., the formation of clusters with
“small numbers of molecules, has been neglected for a

long time and only recently, with the development of
high-préssure mass spectroscopy, has this process at-
tracted due attention. Quantitative data such as AH,
- AG, and AS have been obtained for each particular

At tsmpera,tures above 80° G{(N,) =

step,? in several systems for pos1t1ve ions and only very '

.- recently for some negative ones.* _
The role of clusters in radiation chemistry was dis-

cussed by Lind® as early as 1919, but it was not accepted -

because of the lack of conclusive evidence. - It was pro-
posed, more recently, that the decomposition of neu-

tralized HyO+ and NI, +ions depends on the size of their -

clusters.® Unfortunately, other complicating factors,
mainly chain thermo-radiolytic decomposition of the

- formation -of clustered O~ or N.0-

vessels (~340 ml) fitted with break-seals.

ZGe

orgamc component tend to cast’ some doubt on these
conclusions.”

In this work we present some results mdlcatmg the
ions and discuss a
few specific reactions which discriminate between the
chistered and bare negative ions. - : :

Experlmenta[ Section -

All irradiations were carried out in annulsr Pyrex
Prior to use-
vessels were baked in air at ~500° for a day and then.
pumped at least for 0.5 hr down to <107% Torr. De-
sired amounts of gases were introduced by condensing
from gas sample vessels filled at required PVT. Puare
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‘water was welghed and degassed by freezmg and pump—
ing. Care was taken not to lose water as an aerosol.

It was also introduced into one vessel by distillation at

77°K. The vessels were sealed at 77 °K whﬂe opened to
the vacuum system.

Water was purified by dxstﬂ]mg ﬁrst from alkalme-

potassium permanganate and then redistilled. Dry

ammonia, methyl chlorids, dimethyl ether, SFy (Mathe-
son (zases), propane (Phillips Research grade), and N,O _
(British Oxygen Gases, medical grade) were condensed

at 77°K and degassed by several thawing—freezing—
pumping cycles.

~ possible traces of water.- :
search grade) was used without further purification. -
The. vessels were irradiated by a 1-kCi ®Co source.

“. Before frradiating the vessels were therma,]ly equil-

‘ibrated at the desired temperature, either in an oven or
‘a freezer around the source, Whlch were contro]led to
:t2° C

" The dose rate was mea,sured by N0 dcsuneter takmg "
10.05-"(The same value was obtained by

o) =
~ G. R.'A. Johnson and M, Slmlc, unpublished results.)

The énergy absorbed in various components of the gag
: mixture; K, Wa.s calculated from energy absorbed in h
N0, E,, using the rélation of stopping powers per mole- .
. - For those gases where data
- Were notb avaﬂable it'was assumeci that energy absorbed "

cule obtained by Meisels.?

in each gas was proportional to its electron density.
The éner gy in the mixture, B, was taken as the sum of
~the energies absorbed in the components. . The average
dose- rate in this particular type of vessel filled at 1 atm
- with propane was 1.84 3 10t eV m]-! see~tio  Allirra-

diations were: carried out at total pressure I=1.1'atm.
The total dose was in the’ reglcn of 1.8 X 10”’ to 5 4 X :

101 eV,

. The radlatlon—produced gases Whlch were. not ccn—._. g
‘densable at 77°K were quantitatively pumped into a

gas buret-and the PVT readings taken. The'e composi-
tion of the gas was determined mass spectrometrically
either on AEI MS 3 oron the hlgh-resolutlcn MS 9

Results o

© All vesults are ekprcesed' in G values.
G(X); are the number of molecules of product X formed

" per 100 eV absorbed’ by the total gas mixture and the -

component 4, regpectively.
All G(Ns);, values were derived from the G (N z)t Veiues
applymg correction for contrlbutlon of other ecompo-

nents toward the nitrogen yield. G(N,) from NoO was

taken as 10.0-and for other components, when the con-
tribution originated only from the produced electrons,
G(Ny) =

other hydrogen yielding components. Since the elec-
tron fractlons of the components, other than propane,
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They were also distilled from Dricold.
traps and only the middle fraction taken to remove the_ _
Cyelohexane (Phillips Re-

. G’(X}t and

1/W. = @. was considered to be adequate.
G(Hy)p values were corrected for the contribution of -
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were rela,tlvely low, the apphed corrections Were n all
cases well below 1097,

CoHs + N:O (2 Mol %).  Effect of ‘Polar Molecules, -

The nitrogen yield in this system was greatly affected at -

25° in the presence of polar molecules such as H,0, NH,, - _
CH;Cl, (CHs):0. The results are presented in Figure 1
except for (CHy)e0 since in this case it was diffieult to
determirie quantxtatlveiy small amounts .of CO in the
presence of large quantity of N..
ence of (CHy),O was similar to that shown in the pres- _

ence of the other polar molecules; i.e., G(N,) showed a .
tendency to decrease and approach G with: increasing i

concentrations of (CH,),0. The hydrogen vield “was
not affected by increased amount of additive,- although

© 1t attained slightly different levels in the presence: of

different additives. * G(Ha), was 4.3 = 0.2, 4.8 + 0.2,
4.3 = 0.2, and 4.5 £ 0.2, in the absence 'of ar additive
and in the presence of H,0, NH;, and CH,Cl,’ réspec-
tively. The methane yield G(CT{) = 1.0 = 0.1 was

the same in all systems exeept in the presence of CH3C]. :

where G(CH,) = 2.5 % 0.2, ; _
Effect of Temperature (Figure 2).  Tn 'theabsence of
polar additives there is a sharp rise of G(N,) with in-

- ereasing temperature reaching a plateau value of 24, at

80° ‘and remaining constant up t0°200°. Owing to the
thermal radiolytic decomposition of CsH, above 260°,
the temperature was not raised much further. In the

presence of 1'mol ¥, of NH; the increase of G(IN,) with L

tempetafure is considerably slower and G(N.) reaches
the 2G, value only at temperatures above 200°.  In the
presence of 7-mol % of water the increase in: G(Ny)' is
even more retarded and in the same temperature: range . .
G (N 2)- never reaches the 2G. value Thcre is'a slight in~

g
o,
RN
2 L
L
L SRR | I...t .1' 1 Y el Yid
1 2 3 4 5 .86 7 8_..9_'IQ-
. N Canl:eniruhon mol% ) L
F;gme 1. lerogen yields from the radlolysls of C;Hg + NgO

(2 mol %) at 23° in the absence of additives f{=)! and in the o
plesence of NH;,, m; CH,Cl, =; H20 . o

8) F, T Jones andT s. SWOI‘Skl J. Phys. C'hcm 70, 1546 (1966)._' g
{9 G. G. Meisels, J. Chem, Phys., 41, 51 (1964}

The trend in the pres- .




UGHy 4+ N0 + HO
i ?from 1:0 10 3.4 at 200°.

RapioLysis oF HYDROCARBON + N3O SysTEMms

-y S . - o - -
o ... .. 50 N mo T ’o. 200

: Flgure 2. Effeet of temperature on mtmgen yrelds from the B
radlonSIS of C;Hy + N0, (2 mol 97) in the absence of additives
7 (3Y snd in the presence of NH3 (1 mol %), H :

HO (7 niol %), .

o erease' in hydrogen 'yield in CsHe + N0 and CgHg' TRERERE Y
N0 A NHg mixtures resching G(H,) = 4.9 = 0.2, equrv— S
ialent to the constant value: of hydrogen - obsérved in
In all three cases G(CIL) rose

* Cyclohezane + N.O. (2 Mol %)

" UH,O although' a ‘greater concentration of H,O: was re-

f_f';"'c';ﬁiredi'ovﬁng 1o the higher 'temper&tﬁre of the systeni. -
G(N) approaches E

. The results'are presented in Table I.
5 G only a.t the hlghest HgO concentratlons used

: Tabie' I: Radmlysm o‘f Cyeiohexane + NEO
1:: (2 moI %) + HzO a‘{. 102“ : ]

Hzo,' L e | e
om0l G G(HDen . S G(Nek
L0 AR BT 15 6"
0.5 ANl T ) 1 .
29 3.86 . .o 677
70 3,97 5.95 ¢
% b 419 BLEL
20 4.0 "4:95°
DlSCIISSlOll

L f The reaction of near—thermal or. therma,l electrons :
" with N0 in the gas phase has been observed both by.

'_ - 'mass spectrometric detection of O~

: ."-._'-:'tlon chemistry!! by measurement of N, yields.
o recently ' simple  dissociative. electron capture; as in- -

" “dicated by electron beant studies,’* has been assumed to | -

- oceur in, the radiolysis of systems containing N»O.

'e +N20——>N2—]~0“ '_'-”(1)---

3 T-he_ 'mtrogen‘ 'yl'eld'
. 7'in this system was greatly réduced in the presence. of -

- The ‘excess Ny yield,””
“from further _reactlons or decomposition of (N:0,7).% "

ions® and in radia-
- Until ~

L9811

- More recently, evidence'>!® has been obtained that .
reaction: of thermal electrons with N3O at higher pres- -
sures isnot a two-body dissociative capture. A pseudo--
third-body reaction. ha,s been proposed at’ pressures'- '
0—200 Torr -

40 + M —> N,O- SR @
where M des1gnates a third body, a three—body rate con-

stant was also derived,; k» = 5.6 X 10~% em*gec™i A -
small amount of N.OQ,—

effect of temperature and pressure are obkusiy de—'

-girable.-

' To explain the mechamsm of formation of the prod—

. vets in radiolysis of gaseous N0, secondary reactlons.'
- were mi:rooluoeol16 (2 4 and 1 eV exotherm{c)

| \NO e s
: +N0 : (3b)

Thrs reactlon was also postula.ted” iil radmlysrs of -

gaseous propane ini the presence of small amount of NoO
For a sufficiently high concentration of ~. -
N0, depending on-dose rate, all of the radistion pro- -

(€3 mol %).-

duced electrons react with N:O and the N, yleld reaches o
a plateau value at G(N) = 167G

-On the basis of recent mass speetrometric emdence18
reaction 3e ha.s to be taken’ mto account, . -

0 +N20—-—+(N202")* (30)-"._

' Assummg N20 ) ‘nstead of O— to be the speoles pro-

duced-inithe radiolysis-at higher pressure (>10¢ Torr)
as recently suggested“ a, reaction s-nmﬂar to rea,ctmn 3¢
couId be mtroduced '

N20 -E— NgO -"'—7' Nz + (Nzoz_)* _ (4) .
G(Nz) = @, is formed then -

Although we worked at relatively high pressures (=1

atm) where third-body processes play a more prominent " -

role, ‘we shall for the time being consider the formatlon '
and poss1ble reac’mons of both 0= a,nd NgO :

: '(10) RIK Curran and T B. Fox, J C’hem Phys 34 1590 (1961),

6. 1. Schulz, ibid;, 34,1778 (1961). .
(1) G. R A Jo!mson and J' M. Warma,u. Na.tum 203 4940 (1964) _
(12) R W Fessenden a,nd J. M Warman, 'bbzd 49, 4718 (1968)

L (13) ALV, Phelps and-R. E. Voehall ibed., 49 3246 (1968)

(14) J. F. Paulson, Advances in Chemistry Senes. No _58 Amemcan '

" Chemical Bociety, Washington, D. C., 1966, p 28. o
. (15y E.-E. Ferguson .G Fehsenield ‘and: A L Schmeltekopf

J. Chem. Phys., 47, 3085 (1967)..

. (16) B. P. Burit and D, F. Ku*eher, Rwdwt Res 9 1 (1958)

(17) ‘G R A. Johnson andJ M Wa,rman, Tmns Fara,day Snc 61
1709 (1965).

(18) "J. L. Moruzzi andJ T Dakm,J C'hem Phys 49 5000 (1968) .
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arising from reaction 3 has been
actiially detected in mass spectrometric experiments!®
_ contradieting the arguments’® put forward sgainst a-
" possible formation: of N,O.= ' Further studies of the:
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. The work discussed here is thainly concerned with the
use of simple polar molecules with low electron affinities
to cluster the precursor of the excess N, formed by pro-
‘éesses other than reaction I or reaction 4. - Although a
complete mechanism for the formation N, cannot be
given at present, it should be pointed out that two parts
of the N yield can be éasily distinguished: (a) part

“equivalent to and originating from the radiation pro-
duced electrons—which ean bereduced or eliminated by
electron seavenger (e.g., 8I's) and (b) excess N, yield—a

. secondary consequence of either reaction 1 or reaction

4.

Contrary to the radmeSLS of CgHg + NgO systems,

: where G{Ny)/G: = 1.67, results from irradiated D;0O +

Coiz (1.5 mol %) 4 No0 (3 mol %) at 140° indicate®®
considerable suppression of reaction 3 or 4, t.e., G{Na)/
'@, = 106 = 0.1; (This value is recalculated by using
G(N,) = 10 instead of 12 as used originally for the N,O
dosimeter.) This was attributed entirely to reaction of
- O~ with water. ..

C0-4+DO0—>0D 0D~ (5

* It is an obvious conclusion that OD— (or O~ when

. H,0 is'used) does not reaet with N,O under these eon-

ditions. - The'same reaction was observed in mass spec-

- trometrie studies,” and it was concluded that both pro-

ton transfer and hydrogen atom abstraction contribute

. toward it.. We shall see later that reaction 5 is not
sufficient to explain the decrease in G(No)/Ge.

" Studying the dependence’ of G(N,)/G. on various

additives in radiolysis of CsHz 4 NoO (3 mol %) a series

of chemical reactions of O~ was reported.* 2 In some

cases G(Nz)/G. went down to 1 (COy, propylene) and in’
some cases it went up to 2 (acetone) or even higher (al-

coholg). Tt was snggested that the reactions 3a and 3b
could be’ both or selectively; suppressed. - o
Some of the organic systems are not suitable for the
study of the O~ reactions.
saturated aleohols,?® cyclohexane (Table 1), methyley-
clohexane,’ and benzene? in the presénce of a small
amount of NoO (at about 100°) much higher values of
(F(N,) are obtained (15-40). - No satisfactory explanation

‘has been offered so far for those high G(Ny) values. . It

is quite probable, though, that a short-chain mechanism

is the main source of it involving either electron-transfer -

or free-radical reactions. We have been reluctant,
" therefore, to use any of these gases or additives that
could lead fo an extra not-well'specified yield of Na.

Propane + N,O appeared to be the most suitable sys-
tem and by seleécting relatively simple molecules our.

intention was to study their effect on reaction.3 or 4.
Some of the otherwise suitable compounds such as
CH;Br and 50, could not be used becausc of their h1gh
clectron reactivity.

The observed deerease of G(N)/ G to 1, in irradidted
C:H; 4+ N.O (2 mol 95) in the presence of sufficiently
high eoncentration of these chosen polar additives (Fig-

The Journal of Physical Chemisiry

(N2~ can undergo the same reaction.)

T'or instance, in radiolyais of

J. L. REDPATH AND M. Smc

ure 1), strongly suggests clustering of the ionie precursor.
of the extra N, yield whereby reaction 3 or 4 becomes
endothermic. ~Assuming reaction 4 fto become endo-
thermic by clustering, the N, yield equivalent to G is
then probably originating from either decomposition of
the clustered NoO— or from ifs reaction with the positive
jon. Whether the precursor of the extra Ny yield is O—or
N.O— does not affect our conclusion since both of these
ions are expected to form clusters.-
The formation of clusters is a three—body Process usu-

ally presented as

P(ngl)o +P+M_ =P, 0" -I-M - (6)

where P desig‘nat’es a polar molecule and M a third
body.  In our system all of the components present
could act as third bodies, but their relative efficiencies
are not known. A pressures above 1 Torr clustering is
already very fast and efficient, - At atmospheric’ pres-
sures and the dose rate used, clustéring is oceurring be— :
fore charge neutralization takes place.:

Using a mass spectrometric technique Kebarle, et al 3
have measured the heats of each particular clustering
step and found the —AH for H:0+ -+ Hy0 is of the
order 0.5-1.5 ¢V, being higher for the attachment of the
first few H,O molecules. Tt would not be unreasonable
to assume similar values for O= or NyO~ _
Evidently reaction 3 or 4 would become endothermic
after attachment of only a few H,O molecules, since re-
action 3a is 2.4 eV exothermle

The clustering efficiency of a molecule is a function of
its polarizability and polarity.® " Higher elustermg effi-
cieney, and higher — AH for equwalent clustering steps,
would determine the efficienéy of the additive as a sup--
pressor of reaction 3. Quantitative conclusions are-
difficult to reach because of the lack of pertinent data.
It is of interest to note that CH,Cl has a higher effi-
ciency than NH; (Figure 1) in agreement with respee-
tive polarities (1.87 and 1.47 D). Some support for
this observation is given by the recent observationf
that Cl= forms clusters with CClL and CHClL in irra-
diated CCl; + CHCl; mixtires. Their results show
CHOCL; to interact much more strongly with Cl— than
with CCl; and that this is due to the permanent dipole
of this compound.

By increasing the temperature, declustermg takes =~

place and reaction 3 or 4 becomes more prominent. In -
C:lly + N20 (2 mol 9,) + NH: (I mol 9 at 200°, all

(19) G. R. A. Johnson and M. S].rme, J. Phys. Chem., 71, 1118
(1967). :
@0 K. Yager, M. Simic, and A. Henglem Z. Natwforsch 4, 22,
961 (1967).

- (21 J. M. Warman, J. Phys Chem 71, 4066 (1967}

(22) J. M. Warman, tbid., 72, 52 (1968), .
(23) M, Simie, unpublished results.

(24) W. J. Toltslander and G. R. Freeman, J Phys. C’kem 71, 2562 .
{1967).

- (25) J. L. Magee and R. Funabashi, Redial. Res., 10, 622 (1959)

and H,0. ~



- present in a much higher concentration.

Raviorysis or Hyprocarson + N:O SysTEMs

O-or N,O— ions have less than a eritical number of NH,

molecules attached. - Reaection. 3 or 4 becomes again

. exothermie; hence, G(IN;). = 26, (Tigure 2}, .

. As we said above, there is a critical number of elus—
: tered molecules, i, separating the P,. O~ clusters into
those undergoing reaction with NoO (n < %) and the ones

- for ‘which the same reaction becomes endothermic -
- An over-all equilibrium could be written that

(>4
- separates those two groups of clusters. _
P,-0- = P,-0- +(n——z)P o)

: .Relatwe equlhbrlum constants, K, at dlﬁ“erent tem-
_ peratures for the above equﬂibrlum could be calculated
. fromi Figure 2; K = [G(N,) — G.]/20. — G(N.)]. By
' plottmg values of log K against 1/T one could caleulate
. the energy required to convert the unreactive clusters
into the reactive ones.

G UAE=0.3eV (6.9 keal/mol) and AE = 0.36 eV (8.2
.- keal/raol), respectively. This energy is related to
L —AH;; and more probably to —AH; ;. Both AE

values fall into the expected range. More refined con-

" ‘¢clusions’ cannot be reached at present, and mass spee-

" “trometrie data are therefore highly desirable.

S v 5 In the presence of NIz and CHiCl, elustering of
.7 O~ or NyO~ is probably the only process.
L reaction can be envisaged since proton-donating prop-

o erties: of NTI; and CHCl are very poor:

No chemical

. "genation of these molecules can also be ruled out since
the bond energies of N=I in NH; (4.37 eV) and of C-H

“in CH,CI (4.08 eV) are higher than the bond energy of
C-H: in propane (8.97 e¢V). In addition, propane is

O~ '+ CHCl = ClO— + CHj, similar to the reaction of
0~ 4 CHI - 10~ + CH; obsérved in the mass spec-
trometer,? can be ruled out since CH, does not depend

.:j -on No0O/CH;Cl ratio.

-, Proton donation is an addltmnal process when HoO or

: any other molecules with acidic properties are present,
in agreement with. previously reached  conclusions.®
Much higher efficiency of H;O in suppressing reaction 3
or 4 is evident from Figure 1. The fact that G(Ny) in-
creases with temperature in C;Hs + NoO (2 mol %) +

H.O (7 mol %) as well is a good indication that declus-

tering contributes toward reaction 3 or 4, Z.e.; that
proton transfer is not the only process in the system.

~ Incyclohexane + N,O 4 H,O system (Table I), HyO
appears to be as efficient as in the above example. It is

apparent that the clustering of O~ or N;O~ inhibits the

chain reaction where O~ or N,O~ seems to be the pre-
cursor of the excess N. yield. Tt is less probable that
H.O would affeet a neutral free-radical reaction with
N0, and a neutral free-radical propagation step can be
ruled out. The observed decrease of G(N.) /G, in irra-
- diated C;Hg + N,O - C;H, system could be explained
by addition of O to the double bond as suggested pre-
viously.® On the other hand, it is also possible that

The Arrhenius plots for both
" NH; and HyO give relatively good Hnear fits vielding .

Dehydro-

Reaction of

"Torr..
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the effect is partly or entirely due to the clustering of O—
or N;O~ by propylene (0.35 D). The existing experi-
mental results. are insufficent to diseriminate between
those two processes. - The question also remains about
the importance of elustering of the negative ions in the )
radiolysis of N0 (0.14 D). .

We would like to point out that the ion—molecule and
ion—ion reactions are not truly homogeneous reactions
at pressures in the region of 1 atm because of the inter-
action of iong with the induced 6r permanent dipoles.
In fact, in the presence of molecules with strong perma-
ent dipoles, the situation microscopically might re-
semble the conditions in the liquid phase. A com-
parison of our systems with the corresponding liquid
ones seems, therefore, to be pertinent. In aqueous so-
lutions of N,O, it is generally accepted that G(N;)/G. =

- 1.00. The reaction of O~ with N;O is stopped com-

pletely by fast solvation of the jon.  Inliguid ammonia
solutions of N:O, such comparison cannot be made
since NH, appears to react with NoO.#-%® Buch a re-
action under our conditions should not be taken into
consideration partly due to a small production of NH;
and partly because of preferential reaction of NH; with
propane.

The observation of a temperature dependence of
G(N,) in CsHz + N0 (2 mol %) is very interesting.
The fractional ratio of G(Ny)/G. = 1.67 disappears and
becomes 2 at temperatures above 80°. It is possible
that a small amount of HyO, which cannot be pumped
out, is always present on the walls of the vessels, and
that introduction of other gases desorbs it. Whether
these minute amounts could affect reaction 3 or 4 is not
clear. An extremely high clustering rate for Oy~ with
H.,0, i.e., >10-% ¢m® see™?, was reported.?® The high
efficiency of this process is illustrated by the fact that
they- observed (H;0)s-O:— ab pressures as low as 10-*
. Kebatle, et al.,* have also observed the existence
of (Hy0)-0: in the O;-H,0 mixtures in the gas phase.
The 0.~ and O~ ions carried one or two Hz0 molecules

. even when supposedly completely dry O, wasused. On

the other hand, one could. agsume & change of reaction
mechanism with temperature. Whatever the reason
for the increase in G(N,) with temperature, it would be
convenient in many cases to replace the unknown re-
action mechanism with a stoichiometrie relationship
at temperatures not much above room temperat.ure '
(>80°). .

N,0 has been suggested” as a smteble reference com-
pound for studying relative rates of electron attach-
ment, partly due to its highly specific reaetivity and

(28) A Henglein and G. A. Mucclm J. Chem. Phys, 31, 1426
(1959). .

(27) F. 8. Dainton, T. Skevarski, D. Sm1th1es and E Wezra.nowslu
Trans. Faraday Soc., 60, 1068 (1984).

(28) . R. A. Johnson and M. Simie, Advances in Chemistry Series,
No. 82, American Chemical Society, Washingten, D, C., 1968, p 197.

{29) J. L. Moruzzi and A. V. Phelps, J. Chem. Phys., 45, 4617

© (1986).
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" partly -because of its unreactive and easily measured
It is “obvious, "although not always rec-
ognized; that k(e + N:0)/k(e - 8) cannot be worked
“out froim a decrease in G(N.) if reaction 3 or 4 is affected

product.

“ by ciustermg pmton transfer or any other smnlar re-
action. :

“The Hydrogen and methane values agree reasona,bly

: Weil with the previously reached conclusions. ¥

: A rel-
a,tlvely small eﬁeet of addlf,lves and tempera,ture on-

D. T. Larson axp D. L. Case -

G(H:) does not .pi'eseﬁt a significant diﬂereﬁce. ~ The - .'
increase of GG(CH,) with temperature:is probably due to

enhanced fragmentation at higher temperatures. No . .

explanation is offered for the high value of G(CIL) in
CHs + N;,O + CH301 at room temperature o
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