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"°§%¥“,e;- O It-is known that NO, because oi 1ts low ionization
's'potential, is 1mportant as a 'Sink' for pOSitive charge in the ;}

”upper atmosphere It now seems that NOZ; wnich has a very

B high- electron affinity (~4 eV)1 plays a. similar role toward

lelectronsr_ Indeed,}_NO2 is the only negative ion detected by

brocket-borne maSS'spectrometers 2 It is therefore of some

.......

Mfﬁ_interest to examine electron attachment processes in NOZ’
5ipart1cularly at low electron energies. In this investigation,ﬁrﬁ!"
iﬁwe have measured the rate at wnicn free thermal electrons.

f;attach'tO-NOZ in: the presence of a non- attaching gas.

vEXPERIMENTAL -

»;Electronsywerehbroduced'bY-the}VaCﬁum-U1traviolet‘flashl-,
f=photolysis_of?nitric1oxide and thelr concentration measured asVKE,iﬁﬁ
fﬂa funCtionhofﬁtimeohy observing\the departure from resonance L
i;of a microwave cavity that contained the reactlon vessel. 'The;éffnf‘
E?technique has been described in detail .in a previous publication.s,;j
E'Briefly, the reaction vessel is a quartz cylinder located L
ff}aXially Within a microwave-cavity., The cavity is part of a’

“’ﬂPound discriminator circuit, occupying the position usually

: “ff_taken by the reference cavity A low level microwave signal

'iayf whose frequency,isinear that of the TMOlo mode of the cavity fi:f:v
to'(in this case SOSO'MHZ) is fedvinto the cavity. A small dif-iffﬁf?a

o ference in frequency between probing s1gnal and resonance
produces ‘a differential error- signal which is fed into the

. type D preamplifler of a Tektronic oscilloscope. This error .~ . °

f»r51gnal is . directly proportional to the difference between theﬁﬁ
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5”»dens1ty in'the caVity The rate at which electrons disappear
:after the woniz1ng flash 1s equivalent to the rate at which :
‘tresonance frequency approaches its original value and this |
falS recorded photographically from the scope trace of error_

ls1gnal vs. time.

The gas handling system Was of glass and metal,;employing

GranVille Phillips Type C ultra high vacuum valves. The

;reaction cell was a cylinder, a" dia,'closed at ‘one end by
:an LiF w1ndow. ThlS was attached to the.quartz via a silver;
}thimble w1th 51lver chloride as sealant 4 -The-system was .
“bakeable at temperatures up. to 200 C. It was evacuated by a-
va011 diffu31on pump backed by a mechanical pump and the ‘

7 Torr as measured on an"

rultimate pressure attained was 10
Alpert gauge.3 Working gas pressures were measured on"C.E. C
Vcapac1tance manometer.

The 1oniz1ng radiatlon was produced by an H2 filled lamp

;mlcrowave power Wthh had a 2. 5 microsecond duration. The f,;’jJ

fThe 1on1zation potential of NO is 9 3 eV and that of NO2 is
9 8 eV. However, at about 10 eV the ionlzation cross- section

;:of NO2 is so- low that no electrons could be detected on flashlng
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in the absence oftNQQ'-Radiation.that night dissociate rather

than jonize NO'andiOwaae attenuated by the atmoSpheric oxygenf*jj-?'

in the 2 mm path: between lamp and cell.

The elcctrons from phot01onization of NO can have up to j,t“ -
~about 1 eV initial energy. Celculations uhow,_however, that =

R . . S I 3 .
- thermalization times are only a few microseconds  and, in

estimating rate constants; concentration measurements were:

*ﬁi;_made only for times longer than 50 microseconds after the flash. .
° ' Thus, the electrons'Were assﬁmedfto be at the gas'temperature,’"d
r'*z‘300°K Dellberate attempts to heat the electrons by increasing 3

dv.the microwave power produced no change in attachment rate

;

constant.

The NO and Noé'employed were Matheson gases of 99.5%

v”f:etated(purity.andathe_inert gases were reagent grade obtained
'“*,from Airco; All;were used without further pnrification.

- In anyiexperiment, NO,, from a iecture bottle was let intoVA'_h~ 3
?t:the system‘throudntan acetone/CO cold trap The gas was then‘fQ‘FF
'f?'qondensed in;a 11qu1d N2 trap and pumped on for several minutes.
”?i;The liquid N, was removed and the NO, pressure measured Wlth
”ﬁ“J:the'capaCltance manometer. The 11qu1d N was replaced and NO
"'“faraldowed to‘diffuse’into;the system through another liquid N,

© cold trap. Uswally about 85 microns NO were admitted. Finally, .
?wthe'desired preeeure of'diluent gas M’was added At least 30

’famlnutes were allowed to ensure mixing before flashlng. The

scope trace was photographed and a plot of In (signal) vs. time

drawn to give the flrst order rate constant for electron decay.

‘ “.~ An cxample of euch a plot is’ glven in Fig. l In general,
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vthesc p]ots wele 11near over a flve fold decrease in electron 'tf"
- conccntratron, Wthh 1nd1cates that electron decay by electron-f
1on recomblnatlon and hlgher order dlffu81on was negllglble p” S

" The measurcd rate constant was 1ndependent of the number of .

L"yflashes, s0 d185001atlon of NO and NO2 was not 1mportant As ?; >
offfa result, the pressure of M could be increased and several runs
'?Qtiperformed wrth any‘one NO/NO2 mixture at dlfferent pressures.-*
‘t{of'M. _Corrections £or 1oss by diffusion and attachment to NO
.quere'obtainediby'doing runs in’Noiand M only. jIn general,_thisdﬁvhp
;ltcorrection_factorfwas S%fs% of'the\measured_rate constant, but.ﬂ'l
i»in 1ow'pressures“of He;'where difquion losses were‘high,.it |
.i?approached~207 of'the'measured value ' The.pseud0>first order
Vztrate constant for electron attachment to NO2 thus obtained |

was shown to be 1ndependent of the concentratlon of NO. | 'f 5Jg;f
”Therefore, attachment to trace quantltles of N, O3 present i

'.because of the equlrlbrlum NO + NO = NZOS was not 1mportant

t

t,ﬁREsULTs AND DISCUSSION

C.The pseudo flrst order rate constants corrected for
h}dlffu81on and attachment to NO are dlsplayed as, functlons of
L;total gas pressure 1n F1g 2. It 1s clear than in the pressurepi"
7,range studled the pseudo flrst order rate constant for electron (“
%:attachment to NO2 depends on the nature, but not on the con—_' |
.;;centratlon of 1nert gas.. In Flg 3 the same rate constants are
v-gfshown to increase linearly with increa81ng NO2 pressure, ~Con-

"fijfsequently the rate(law‘for the attachment reaction'isve
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_.fg: K(10,)(e)

fwhere k dependS-bn’tne:naturelof‘the inert.gae.'.The values of
k are given in‘Tabie I.

_The dependence of the attachment role on the nature but
-_"not-the'concentration of inert gas'is'similar to the behavior
fonnd for some atom-diatomic molecuie radiative association
r"reaCticns S By analogy to these cases we can postulate the

electron attachment mechanism is

*

o, e — (vop)" )
S0y mop ke (2)
(05)" M ——s NOj + Moo - - (3)

(NOZ) M = NO, + M +e I (4)

o N ‘ * .
'tMaklng tne ‘steady state assumption for (NOZ); we find

.d(e)' klks(NOZ)(M)(e)“ | - -
LA T TRy (KRR T | )

2 5

ltﬁlf the lrfetime with n@spect to electron eJection is longer

than the time between COlllSionS, we have ky << (Kgt 4:)M, and

'Eq; (5) reduces tO‘

-dt,‘=- x. k., | - (s)

Equation (6) 1s con51steﬁt W1th ‘the experlmentally observed
order of the reaction, and with the dependence’ of the rate con-

stant on the nature of the 1nert gas.




VJi?ffsf ft} If the stablllzatlon'of the eXC1ted ion is pictured as hfﬂ
a v1bratlonal deactlvatlon of a. hlghly eXCLted ‘molecule 51mllar
ito thosc that occur 1n thermal unlmolecular reactlons, k3 |

19 cc/molecule sec. . The value of

r,tshould be approx1mately 10
attks mlght be even larger beCause of the effect of ion 1nduced
?;qdlpole forces on': the total cross sectlon It is: unllke]y that'
;Vk4 is much larger than k3 and if it were much less than k3,

" the eflect of. the ‘nature’ of the inert gas on the rate would

 de1sappear Thus k3land k, are of the same order. In the
'ipressure range of our experlments, we’ then can estlmate that
8,

_(k3+k4)M > 108

;fthan 10 8 sec.kgﬁc” S

‘be-roughly lO lO

fthe experlmental rate constants This value for ki means

<ment mechanism with coll 1slonal deactlvatlon and detachment of
Qithe exclted ion 1s cons1stent with the reactlon order, the

'afilnert gas effect,_and w1th reasonable values of the individual

%trate constants | |

| Although the overall attachment rate constant k varies by L
;only a factor of 2 5 for the inert gases 1nvest1gated, a syste-
{’matlc varlatlon of k with the mass of the 1nert gas molecule is.ﬁ
;fev1dent. A plot of k as a functlon of the mass of the inert

"-shows a clear max1mum at the argon mass, with the rate. constant

UCRL-17737 ﬂ;f

If ksrand k4 are of approx1mately equal magnltude, kl must s

'cc/molecule sec in order‘to be consistent w1thq;f

-1, which 1mp11es that the llfetlme of the }-77r1

Jion with respect to spontaneous electron detachment is greater-iéhf;

fthat the cross. sectlon for Lthe attachment process is 107 -16 cm?;HF

;Wthh‘lS not anvunreasonable value. Therefore the dlrect attach~hi;

8]

TS
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.decreaSihgvmonotdnically for higher and lower masses. This
;behavior implies'ks/k ‘has its maximum value for argon. The
c(1s1gn1flcance of this behav1or is not clear One might expect -
the rate constant for the detachment process to increase as o

the strength of,the-intermolecular forces increase with atomic,*

}=_7number. On_thelothef hand, one might anticipate_a similar

behavior for the deactivation rate constant. Until more is
. known about the detachment and deactivation processes individ- -
.ually, a detailed interpretation of the overall attachment rate

will not be possible.‘
This work was supported by the U S Atomic Energy

Comm1851on.vf" o I o L
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