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Abstract 

The photoatationry concentration of lona in gaseOus 

nitric oxide has been measured using a Lan&nuir probe. 

The ion concentration depends on the sc.juare root of 

the ion production rate, which indicates that ions and 

electrons disappear predominately by dissociative re- 

combination. In addition, the rate of decay of the alec-

ti-on concentration in the gas after interruption of the 

ionizing radiation has been measured. The data indicate 

that the ion-electron dissociative.recombination rate 

constant is no greater thai 2 x 10 _6 cm3/ion eec, and 

may be as low as 4 x o! cm3/ion eec. 
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The photolonization of nitric oxide has been studied by Tanaka and 

Steacio1  and by Zelikoff and Aechenbrand. 2  Tanaka and Steaaie vera primarily 

interested in using the ion current produced by krypton photosensitization as 

a means of measuring the 
quenching cross-sectiOn of various added gases for the 

krypton excitation. Zelikoff and A.echenbrafld shoved that the application 

of strong electric fields increased the rate of destruction of a photoioflized 

sample of nitric oxide, preauablY through acceleration of the free electrons 

to ionizing energies. liowever, no attempt has ytt been made to examine the 

detailed processes by which the ions and electrons disappear from the gas. 

It seems very probe.t'le that the de-ionizatiofl of the gas is dninated by the 

ion-electron dissociative recombination reaction 

N04 +e 	>N+O 	(i) 

The purpose of this work was to measure the rate 
constant for this reaction, 

which is a quantity of interest in upper athospherie chemistry and in 
radiation 

chemistry. Two quite different techniques 
were employed. In the first method, 

the rate of ionization, denoted by q, was combined with the photoStatiO5rY 

concentration of ions ii, as measured by a Langrnuir probe, to give a, the second 

order rate constant of reaction l by the relation 

qj 2  a 	n 

The second method involved a measurement of the rate of decay of the electron 

concentration after the photoioflizatiOfl source was interrupted. These two 

co.ezmfltal7 methods yield values of a which are in satisfactory agreement, 

considering the uncertainty of the measurements. 

t. anaca 	 Stescie, Can. J. Ciem., 32, 821(1957). 

	

2 M. Zelikoff and L. Aschenbrafld, J. Chem. Phys., 	674  (1956). 



-3- 

The vacuum ultraviolet light source for these experiments has been 

previously described. 3  The krypton resonance line at 1236 A was used as 

the ionizing radiatIon. The reaction vessel was a pyrex tube 65 m in 

&ismeter which contained a probe and two parallel plate electrodes surrounded 

by guard rings. The probe consisted of a tungsten wire 0.0025 cm in diemeter 

and was 1.0 cm long. It was supported midway between the parallel plates by 

a large tungsten wire enclosed in a glass sheath.. The parallel plates and 

guard rings were de of stainless steel. The inner electrodes proper were 

2 cm in diameter and were surrounded by annular guard rings 1 cm wide • The 

separation between the parallel plates was 2 cm. Light entered the cell from 

the lamp through a lithium fluoride window 25 =11 in diameter. 

In order to determine the rate of production of ions, one of the parallel 

plates and its guard ring was grounded. The other plate was connected to a 

battery to which potentials up to 135 volts could be applied. The second 

guard ring was charged to a poteutial equal to that of its electrode by 

means of a separate battery. Current drawn from the vessel by the electrode 

and battery was measured with a Keithley 610k electrometer. A reduction in 

the current to the electrodes by a factor of two was observed when the guard 

rings were connected, indicating that they were fu4ctioning properly. From 

the known volume between the center electrodes from which a saturation current 

was drawn, the rate of production of ions per cc per second could be calcu1ated 

or the probe measurements, all the parallel plates and guard rings were 

connected together and grounded and a potential of up to 90 volts, of reversi' 

ble polarity, was applied between the probe and the electrodes. The curent 

B.E. Mahan, J. Chem. Phys. 	959( 1960). 



drawn was again measured with the electrometer. 

For. the charge decay measurements, the plates and guard rings were again 

connected together at ground potential and the probe was made .1.5 volts poøi-

tive. The electron current drawn by the probe returned to ground through a 

one megohm resistor, and the resulting voltage was observed as a function of 

time on a Tektronix Type 555 osciLloscope with a Modal H preamplifier. In order 

to interrupt the ionizing radiation In a short time compared to the decay time 

of the Ion conce.tration in the cell, a 6130 thyatron was eormect€.d from the 

xie tron high vo ltnge supplr to ground. At zero bias, the thyratron cUd not 

conduct and the rnagnetrou operated normally. However, when interruption of the 

lamp was desired, the grid of the thyratron was made approximately 50 volt 

positive with respect to the cathode and the thyratron fired, dropping the 

high voltage to zero in a. very short time. Provision was made to trigger an 

oscilloscope sweep from the firing of the thyratron. The output of 'the lamp 

was examined with a photomultiplier and oscilloscope and it was found that 

the intensity of the lamp dropped to one-half its original value within 20 

microseconds of the time of the firing of the thyratron. 

The gases used were handled in a conventional mercury-free vacuum system. 

The tank nitric oxide was purified by passing through a trap at -78
0C and 

evacuation at -195°C. High purity nitrogen was used without further purifies-

tion as were hydrogen and helium. The inurity level in the nitrogen was 

found mass spectronetrically to be less than one part per million and the 

• hydrogen and helium were pure to within one part in ten thousand. Pressures 

in the vacuum system were measured, either by a tbermccouple gauge or mercury 

manometer. The pressure of nitric oxide was kept low enough in the reaction 

vecel that unifora ionization was insured, with at most two percent of the 

initial radiation being absorbed., 
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RESULTS AND DISCUSSICV 

The current-voltage characteristic obtained using the parallel plate 

electrodes and a nitric oxide pressure of 0.05 ua is shown in Pig. 1. As 

the voltage increases it appears that a saturation region is encountered, in 

which the current is limited by the rate of Ionization in the voli.me elements 

between the electrodes. Actually, true saturation Is only encountered when 

the nan free path of the ions approaches the vessel dinension, which Is not 

the case in our masurements. One can interpret the current-voltage curves by 

a theory developed by Thorn8on. Detailed treatient of our data shoes the current 

obseriad at 90 volts is within 25 percent of a true saturation current. There-

fore, we have used the value of the current at 90 volts to calculate q,, the 

nunber of ion-electron pairs produced per second per cubic centInwter. Higher 

applied voltages were not used in order to avoid electron iw.1tiplicat1on 

processes. 

4any attempts were made to uasure the steady-state ion concentration by 

use of the conventional Langmuir' probe and the floating double probe nthod 

of Johnson and Malter. However, both these techniques depend on surrounding 

a negative probe with a well-defined sheath of positive Ions which coiletely 

neutralizes the charge on the electrode. Because of the relatively small rate 

of Ionization etrzployed in our experinnts a sheath of small, well defined 

radius could not be obtained without seriously depleting the concentration of 

ions in the bulk of the gas. Therefore we made use of another probe nithod, 

also proposed by Langmuir, in which no sheath exists and the current to the 

J.J. Thomson and G.P. Thompson, Obnduction of Electriclti Through Gases, 
cari&e Un.Iversi.ty Press, 1928 

i. i.anmuir and H. Mott-Sxnitia, .0e. Ziect Rev., 27, 449, 538, 63.6, 762(1921e). 
6 

E.O. Johnson and L. Malter, Phys. Rev., 80, 58  (1950). 
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probe electrode is determined by the oxtltal;  motion of ione in the field 

of the probe. This method is applicable only in situations where the mean 

free path of the lone is large conpared to the radius of the probe, and 

therefore measurements must be ximde at relatively low total pressures. The 

mathemetical analysis of this method was first given by Mott-&dth and 

Ianniir7  as a special case of a more coelicated general situation. Therefore 

we present here a shorter derivation which exposes the aarnnrtiono more clearly. 

Coneider a long cylindrical probe parallel to the z axis. Positive ions 

having juot mede a collision at a distance of approximately one mean tree 

path may have trajectories which carry them near or to the probe. 	It is 

asaumod that at the start of the trajectory the ions have only kinetic enerr 

and that they are attracted by the probe. Since the field of the probe is 

cylindrically symnietric the initial velocity cononeut parallel to the z axis 

will be a constant of the motion. Conservation of total enerr and of angular 

momentum then give 

m (2 	2 	2 )  ~ U(r) 	mg 

2 	2V2 	.2 .2V2  b(g -;r(x 	1/ 

where g  is the magnitude of the initial velocity vector s  U(r) is thepotential 

energy of an ion of mase m at a perpendioular distance r fromthe wires 
: 

b 

is the lact parameter, or aiming error in the xy plane. Evaluation of these 

ecpresaione at r R, the probe radius, and elimination of all but the constants 

of motion gives 
2 	2 	' 	 2TJ(R 

bm R 	
l--j 

I. Langmuir and H. Mott-Snth, PhYsa  Rev., 28, 727 (1926). 
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as the critics], or max1imms ixaet paremater which yi.11 allay an ion to 

reach the probe The facto 	m (g2 - 	is just the initial total kinetic 

onerr in the x-y plane. If the space potential, as datormiaed. by the 

large plate electrode, is taken as zero then the potential enerr of an 

ion at the probe surface is -sY, where V is the voltage difference between 

the plate and the probe. Since the measurements are made in such a way 

,, that eV >> ,' in(g 2 - I2 ), we can write 

b -R( 2eV 	
2 '  

m 	2 2) 'xn(g -I) 

The collision cross-section of an ion with the' probe is 2b, where A is 

the lenth of the wire probe. The total collision rate with the wire is 

obtained by multiplying this quantity by the speed in the x-y plane and the 

concentration of lone n, to give 

	

i2eV 	 2 	2/2 
• 2 R 	, 	2 	 (g 	I ) a 

The two velocity factors cancel, and the current at the probe is given by 

i2f1Re3//'2  uV• 

Therefore a plot of 1 2 as a, functIon of probe potential ahou]4 be linear, with 

a slope which xaeaeures the ion concentratián. It has been assumed that the 

collision cross-section of electrons iith the probe is essentially zero due 

to the electrostatic ropalsion. 

Our data were obtained at a total pressure of 0.05 mm, which should 

correspond to a mean free path of approximately 0.02 ontimeters, This is 

large, coxmred with the probe radius which was 0.00.125 centimeters. l?ig. 2 

shaws that the pred.Ictsd linear dependence of 1 on v I

is observ over most 

of the voltage range. At higher preosurO noticeable deviations from linearity 

occur as expected. In order for the slope to yield reliable values of the 



ion concentration, each collision of an ion with the probe must result in 

charge neutralization. It seems probable that thii is the àase, since lone 

which strike the probe but are not discharged will almost certainly lose some  

of their kinetic energy and then describe closed orbits about the probe. These 

closed orbits Inevitably lea4 ..to another collision with the probe, and a second 

possibility of neutralization. Another reuiremorit is that the plasma potential 

be set by the large electrode so that the potential difference between the 

large electrode and the probe measures the difference between the potential 

energies of an ion at the beginning and end of its trajectory. As long as the 

mean free path is large, and the current drawn by the probe is small, this 

condition should be satisfied., since no disturbing local space charges are 

to be expected in such a situation. However, there is a noticeable currature 

in the probe characteristic as the potential difference between the plate and 

probe approaches zero. This is probably caused by prefrential diffusion of 

the electrons to the 'wallo of the vessel which results in raising the plasma 

potential with respect to the probe even when there Is no applied voltage. 

When the probe is first made negative with respect to ground the plasma becomes 

leBs positive wIth respect to ground due to the fact that positive lone are 

beth.g lost to the probe 	The effective change in the probe potential with 

npect to the plasma is therefore leøs than the change in the applied vol-

cage, so the Increase in current for a given voltage change is small. A 

the probe is made still more negative this effect will become progressively 

less isortant since the plasma potential attains a emsU but essntially 

constant value which is positive with respect to ground. The volta& change 

in the linear portion of the characteristic should then fuithfully represent 

a ehane in probe potential with respect to the plasma. 
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In ad4ition to ion-electron recombination, ions are lost by diffusion 

to the walls of the vessel and by conduction to the probe. The latter effect 

will be small if the current drawn to the probe is small conipared with the 

saturation current to the plates. The currents used to obtain the linear 

portion of the probe characteristic were never rtiore than one tnth'of the 

saturation currents, so that the rasuriug current perturbed the ion concen-

tration only slightly. The question of diffuaional loss was treated by 

Sayers6  in conneøtion with experiments on ion-ion recoination. Diffusional 

loss will meke a contribution to an assuxaed second order iou-electron reco- 

bination coefficient amounting to 

where D is the d.iffusion coefficient of the positive ion, n is its concen-

tration, and d is the xnininiun vessel dimension. For the nitrócbriun iQxl D 

is approximately 0.05 	eec at ii', & is two centimeters aud in our ox- 

perimente the ion concentration was never much higher than l& ions/pc, so the 

effective diffusional correction to cx is at least 2 x O' cc/ion ccc, at the 

lover pressures. It is seen that the success of the probe uthod at low 

pressures depends on having the highest possible ion concentration. It must 

not be assumed that the probe measurement will be valid only If the value of a 

is large, however. If vs ma1e the substitution 

vs see that the correction becomes less important as the true a becomes 

aller, if q is kept constant. Although it would appear that diffusion 

8 • Ssyers, Proc Roy. Soc., 	83 (1938). 



does not dcJ1te the charLpp Thee, a toot of this esc=2tloa is provibd 

by ilotti a2  as a funotion of q. If ion-electron, coabintion were the 

ozint nthod of charge loss a stra±&t line shou4 result, while if 

di±'fIonal loss were Important deviation from linearity bhould result. If 

diftusional loss were dosiinant, a plot of n as a function of Q,  should be 

linear. 	3 shows that n2  is a 1xesr function of q, In the region of hih 

ion concentration. ?i. 4 shows that a plot of a as a function of q is 

noticeably curred. The slope of the linear portion of Fig. 3 can be tahen. 

as a measure of a, and the 	 ce/ion sec. This numcr. 

• should be accepted as an upper Iiniit since all the possible errors which have 

been nentioned tend to zmake the seasured value of a too 1are. 

In order to further coüfirm the validity of the probe measursznt of a, 

experints were carried out which wore desIgned to measure the rate of de-

crease of the Ion concentration after the ionizing radiation was sxtizjuisbe4. 

This was aoconIisbad by measuring the current collected by a positive robo 

• as a fuAction Of. the time elapsed after Interruption of the light. The probe 

current. should be proportional to the first jiower of the electron concentration 

If the current drawn Is so mell as to avoid polarisatioa effects. Thsrefbre, 

if a fimed voltage is applied to the probe, the second order ion-electron 

recomabination coo ificient can be derived from a plot of the reciprocal of the 

current as a function of time, if the proportionality constant between current 

and electron concentration is 1uon MOwover, this proportionality conetsat 

±nvclves electron tomperature and is poorly defined for electrons in the seaU 

fields employed here, so anotbr relation between currant and concentration 

was used to allow the calculation of absolute values of a. The connctivity 

of the Gas in the photoststionery condition provides -this relat.oaship. If 

wo eprese all ion concentrations on a: fraction f:  of the Smat.jaj oaioy 
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concentration n0, we have 
2 

% "v/a 

l/n - i/nicrt 

The value of f is directly a 1ou.lted. from the deflection of the oscilloscope 

trace produced by the probe current. Pig. 5 shows the results of typical 

exriments done with nitric oxide in the absence and presence of added. ni-

trogen. At pressures above 0.1 = diffusional lose should be negligible in 

the early stages of the decay, and it is seen that the reaction follows the 

second order rate law for more than two half-lives. Deviations from the 

second order kinetics are to be expecte& as the Ion concentration decreases, 

since the traction of ions lost to the measuring circuitry incre.aes as time 

increases. !1oreoer, diffuslonal loss should become more iirortant in the 

later stages of the rcactiou. In experiments done with 0.05 sm of nitric 

oxide alone in the cell it is parent that doviationa from second order 

kinetics occur somewhat erlier than in experIments dons at higher pressures. 

&r'ever, it is possible to conclude that even at the lower pressures diffu-

sional loss does not xake a zajor coutributicu when the initial Ion concentra-

tion Is greater than 5 x 10 ion/cc. This conclusion is consistent with the 

results of the low pressure probe measu.rements. 

The observed second order kinetics also oboz that the lose of ions to 

the measuring circuitry did not seriously affect the decoy rate, at least in 

- 	the initial stages of the reaction. ThIs is to be expected, since only five 

percent of all the ions present in the cell at the time of the Interruption 

of the 1inJt were lost to the maaauring circuitry in the first two bali'-i.ives. 

it was possible, however, to observe serious deviations from second order 

kinetics if the current drawn from the cell in the mwummant was increased 



by en orr of 	ittua. 

At tot1 pressures above ono milhim3ter it is p000ibLe that atto.chmnt 

of electron3 to nitric oxide and subc'equent iOn-ion roactions might become 

an impo±tant nechanisra for chàre loss. The probe •iastnetents, while having 

no quantitatiVe a±ificance in this pressure range, provided a way of demon-

strating that free electrons are still the predominant. nogative species present 

in the do cay measurements Due to. the difference in the mob ilities of positive 

ions and electrons, the current-voltage characteristic of the probe imlersed 

in an Ion-electron gas is highly asynwntrie about zero applied olta. Thirt. 

/aoym,,iatz-y COuld be eltthiated by addin molecular oxygen, which conve.ts the 

electrons to negt:ve 1ons The asyitry xpced for an. ion-1ectron gas 

persIsted, however, in the rixtures used in the decay measurements. A further 

indication of t1w uninxportance of 	tivc ions in our eeriments can be ob" 

tamed if it i assaed that the electron attachment coefficient of nItric 

oxide is no C.,reater than that of oxyen. The electron attachment coefficiert 

- for oxygen has oeen reported by Bioncli to be 2 x 10-30 
2  cc /sec. Therciore 

the ratio of the electron attachmert rate to the ion-electron recombination 

rate is given by.. k 
(wo() 

a (N0)(e) 

where k is the attac1mant coefficient, (M) is the concentration of inert gas, 

and (e) is the e1ctin concentration. In our experiments, the attachment 

rate is one tenth the xcom?ination rate at a total pressure of one xnilhirter, 

if the nitric bxide pressure is 0,05 mi1umeter, and a is taken as 
-6 	atura.1y 

the J.zter stages of the reationattachiient will become more inportant. It 

seems that while below one millimeter pressure the measured CZ is relatively 

uzffected by attachment piocessesp at higher pressure this effect can becote 

i'i. Biondi, Sympostuin o Ciiemicai Reactions in the Lou-r and Upper. Atmosphere, 
San Francisco, California, 1961. Proceedings to be pub1ihed. 



itortnt. Va3reforo the meet rc1frbLo t crcete s.re thee in tte 

prescuro rce frce. 0,05 to 1.5 nilllretero. 	zte o.re Cozlt3itd in 

Table 2. 1rh3re is no diccernable trc in the ==u=d value of C1 in this 

proecUre rtuz, a1tbou3h the irocioion of the data mate detection of cycteni-

&tjc variation difficult. The inherent inprecision of this =thod 13 due to 

the electrical disturbances which necesoarily occur when the photolySiS 1EBn? 

is ertinV..uichcd and xtake It difficult to obtain a procice value of the initiai 

&loctIo Of the 0CcIllO3CO3 trCo. 

Th avere 'ialue of a as datermineed by the decay experiweAts Is 3.2 10 

vhiie -the Frobe  rethod gIves 2 I= 10_6  cc/Ion ooc 	value 	rzainzd by tile 

probe mathod iitJt be oectcd to be hiCh, since dif1ueiocl bee is c.pt to be 

meet .tnorte.nt In theee low preaeu.re ccy3rim2nts. 	rL)re, the probe 

methcd la very sencitive to sr.-t1 orrors iii the ion coec tatiou, since the 

scucro of this factor enters the calculation. Simil=ly the concentration decay 

method is serioucly affected by errors In the choice of the initial steady state 

concentration. Con i1erIn these sources of I2preciGi0h, the e.reeitent betueen 

the two methods is all that can be ezpected. An ion..olectron rocoibinetion 

coefficient of approltely 3 x 10 is coneistent with proviounly reporea 

values for c-eve ral molecularcpca3,, 10 cr4 comevhat less than the recently 

reported values for the ions prodiced by an electrical d.iscbarCe throuh ?ateT 1 

10 L.B. Ioc, sic oeacces of aeeouz, 	ctronics,UAIV. of california Press )  
Bareley, l55. 

11 S. Teheda and A.A. Dou, J. Applied 	 , 412 (1.960). 
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Dterxninat10 Of Cr by the Stej• State bbthod a 

Bun NO ?resure q, x 10 n x 10 a x 10 

3 0.050 1.2 8.6 1.6 
14 0.050 1.4 7.9 2.2 

6 0.050 0.75 6.3 1.9 

7 0.050 1.0 7.7 1.7 

8 0.050 O,42 4.5 2.1 

9 0.120 0.50 4.5 2.5 

10 0.120 0.25 2.14 14.2 

11 0.120 0.50 3.5 14.0 

12 0.020 0.32 2.9 3. 

13 0.020 	. 0.15 1.7 5.0 

14 0.020 0.44 36 3.3 

15 0.070 	. 1.8 9.2 	. 2.2 

16 0,070 . 	0 , 71 5,7 	. 2;1 

17 0.070 1,4 8.3 	. 2.0 

18 0.055 1.7 10 1.7 

19 0.055. 1.8 . 	JJ . 1.5 

20 0.055 0,58 . 	5.8 .. 	17 
21 0, 055 0.34 37 	. 2.14 

22 0.060 1.3 7.7 2.1 

23 . 	1.14 8,9 . 	1.7 

214 0.150 	. 6.6 14 ..  3.2 

25 0.150 3, 	. 13 2.2 

26 0.150 2. . 	10.5 	. 2.2 

27 0.150 
, 3 14 .  2.1 

28 0.070 . 	2.1 	. U 1.8 

29 0.010 2.5 	. 12 	. 1.8 

Preseuree are given in mi11ixisters; tb. units of '. are iou/ca eec; 
those of n are ions/cc, and a is in cc/ion see. 



• TABLEII 

Dte11n1rtion at a by t1, Dyxamio b2ethod 
'0 

Run 
Pressure Pressure 	Probe d( i/f) q x 1012  a x 10 

NO 	•• N2  VO1tAE5 dt 

120 0.130 30 16x103  32 80 

121 0.130 -. 1.5 .1.2 3.2 4.5 

122 0 130 - 6 0 (first order) - - 

123 0.110 - 0.7 1.2 2.9 5.2 

124 0.050 . 1.5 1.3 1.3 1.0 

• 	 125 0.073 1.5 0.79 1.9 3.2 

126 o.140 1.5 1.0 	. 3.8 .2.6. 

127 0190 15 i23 51 29 

128 0.050 	. - . 	1.5 1.15 1.33 	•. 9.8 

129 0.210 - 	 • 1.5 	•• 1.3 4.4, . 

130 0.250 • 	• • 	1.5 	• • 	1.13 	• 	•. 5.11 2.11 

133 0. 050 1 . 3 1 0 P3 1 o6 s 	( 
136 •. 0.050 • 	1.10  • 0.66 	• 1.15 	• • 3.8 

137 0.050 0,6 1.5 0.54 	• 1.12 2.6 

• 	P 138 0.050 	• • 1.7 • 	• 	1.5 	• . 	0.53 	• 	• 1.12 2.5 
1111 0.050 1.1 1.) 0.57 • 1.11 3.11 

142 0.050 0.8 1,5 0.50 1.11 23 

'0 	
Preoures are time derivative of given in inlilineters; the unite of the 

• 	• 	i/f are oecond.a; q is given In loris/cc see, and a in cc/lou see. 
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Fi.ture ation8 

P1. 1 - The current to the pa&11e1 plates as .a function of applied Yoltago. 

Pig 2 - The eq.uare of the positive ion current collected, by the probe as a 

function of voltag 

FIg. 3 The square of the steady state ion concentration as a function of 

the rate of production Of ions, q. 

Fig. 4 - The steady state concentration of ions •n as a function of the rate 

of production of loris, q. 

Fig. 5 The quantity i/r asa function of time for the ion decay experiments. 
Open circles correspond to run 126, done with 0.14 nn of nitrIc oxide 

alone, and solid points represent run 136, done with a mixture of 0.05 
im 

	

of nitrIc oxide and 1,0 rm of nitrogen. 
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This report was prepared as an account of Government 
sponsored work 	Neither the United States, nor the Com- 
mission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in 

this report 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contracto'r prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor.  


