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PREF?L~E

This interim report documents work done under ttbrk Unit 2303-F4-0l ,

Ci’ianiluminescent Gas Phase Reactions, between 1 rt~ov&nber 1976 and

30 ~~v~~ber l9~~~~~~~rk is continuing and will be documented in future

interim reports arid/or a f inal report as events warrant . The authors

wish to ackr~ wledge the contrib.ition of M. J. Delong, who worked for a

short tiri~ on this work unit , arid J. L. Pf lug, who assisted with the

mass spectrc*i~ tric arid IR spectranetric analyses. In addition , thanks

are due to D. G. Reyncids and B. J. Darcy for typing the manuscript.
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I. Introduction

One of the nore promising electronic transition laser syst~ ns is the

02 (
1
~g)/I chanical laser . The basis for this potential ne.~ laser systan

is enert~ ’ transfer from 02 ~~ g) to I:

0 (1~ ) + ~ -~i~ + o2 g 2 g
followed by lasing on 1*. One of the key requiranents for successful

lazing is a substantial ratio of 02 (
1kg) to ground state oxygen 02

‘1~~ potential inethcxls for producing suitable concentrations of 02 (~~g )

are via microwave discharge of 02 arid via chanical reactions. Micro-

wave discharge of °2 has been thoroughly investigated at AFWL and here

at the USAF Acadany1, arid it appears the maximum percentage of °2 (‘Ig)

that can be produced is about 15% , considerably short of what is required

for successful lasing. Chanical generators have been anployed Ix th  at

2 ,3 . IFJSRL under previous work units and at various ~tF~ L contractor s

• installations4 to attain promising yields of 02 (~ L~g ) •  Attencts to observe

lazing with systalE utilizing chanical generators are currently underway

at AFWL. The first daronstration of this laser was recently reperted by

ArFV~L personnel as having occurred on 1 Decanber 1977 at their facility 5.

The chanical generator syste~~ which have been successful to date

have a~ploya1 reaction of halogens or halogen-containing ca~~ unds with

basic hydrogen peroxide solutions to produce the °2 ~~ g) The init~il

goal for this work unit was to chanically engineer a C12/H202 generator

developed under a previous work unit2 ’3 to opt imize the pro duction of

02 (
1tig)~ Due to success of other chanical generator systans , this goal

was abandoned in favor of other obj ectives . These included studies of

1
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self-deactivation of 02 ~~ g) i  deactivation of 02 ( g
) and 1* by Cl2,

arid determination of HC1 content of the exhaust fran the C12/H202
chanical generator systan. This report documents progress to date on

these three goals.

Self-deactivation of 02 ~~ g) ~as studied by maasuring 02 (
1tig) con-

centrations at various distances downstream from the production 1x int.

The excited 02 was produced via microwave generation and both 02 (~~g)

and 02 (
31g) were measured with ESR. The results of this study provided

a rough estimate of how mach 02 (1tlg) was lost via self- and wall

deactivation for various downstream distances . 1k attanpt was made to

separate the two effects.

Preliminary estimates of the deactivation of Cl2 on 02 were

made by comparison with ~r deactivation. ~~re reliable equipnent .~.s

4 on order to establish a quantitative result for the deactivation rate .

Attanpts to measure HC1 in the exhaust of a C12/H202 generator with

mass spectranetry and IR spectraretry have been made. Problans have

arisen with both methods, bat work is continuing

.2



II. Experimental

Self-Deactivation of 02

The 02(\) was produced via microwave discharge. Nominal operati~~j

conditions for tbe microwave unit were seventy watts total p~~er with

less than two watts reflected power. Flow rates were varied fran about

15 S’IDCC/min to 85 S’ID X/min and pressures fran about .5 to 2 torr .

Flow rate was measured with a Matheson thermal conductivity type flow-

meter and pressures with a Baratron capacitance-type pressure gauge

with a 10 .torr bead .

02 ~~ g) and 02 (
3Eg) concentrations were measured via E~R. A Varian

4502 spectrometer utilizing 100 Kc irodulation rronitored the K 3 , J 4 ,

+ 4 transition of 02 ( 3Eg) 6 (the so—called “A-line”) and one of the

center quadruplets of the 02 (1Ag) spectrum. Using these lines , th~’ ra~~o

of the concentration can be given in terms of the ratio of the tnt -.

ties by

(1) C( 1t~ )g .624 x g

C( Eg) I( Eg)

in which

C (:l~t~g) = concentration of 02 ~~g)

C(3Zg) = concentration of 02
(3Eg)

I(1~lg) = intensity of 02(
’
~
lg
) ESR peak

I(3Zg
) = intensity of 02(

3
Zg
) ESR peak

The factor of .624 relates the tharetical intensities of the t~~ lines

measured. The intensities were estimated from the ESR peaks by taking

3



the peak-to—peak height of the derivative spectrumn and multiplying by

the square of the peak-to-peak width (H x W2) .  This approxiiration

saves considerable effort in replacing the double integration which

would have to be done in order to get the area under the absorption

curve r’thezwise and is estimated to be accurate to with in a few percent .

The fraction of 0 (~~ ) of the total 0 can be obtained from the concen-2 g 2
tration ratio.

—1
C(~~ ) C( 1A

(2) f C LL~~) =  g 1+ , g
g C (~ Z ) C( ” Eg g

in which f (~~~ ) is the fraction of the total 0 flow which is 0 ( 1i ) .g 2 2 g

Oxygen ata~~ were also detected in the flow via ESR . There is a

strong oxygen atom line near 3500 G which was used to detect the 0 atoms.

The distance between the microwave production of 02 ~~~
4 g

ESR neasuranents was varied between 80 and 211 an under the variety of

flow rate and pressure conditions mentioned previously. A schanatic c~

the experimental apparatus is shown in Figure 1. The glass iin~ t~

tubing between the microwave ar id ESR was 3/8” I.D.

Deactivation of O2 ( 1
~g) by Cl2

Production of the 02 (~~g) was ac inrlished with the m icra te~ d

charge unit as described in the previous section . asurt ~~ent o

02 ( 1Ag) ar id 02 ( 3Eg) was made with the E~R , also as descr ibed ~n the

previous sect ion . Varying a.nounts of Cl2 or Ar were introduced into t.h~

02 flow downstream of the 02 (~t~g) production . Argon was used t e insure

4
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the same press1.~re-f low rate conditions in the microwave caviiEy with the

Cl2 as without. The Ar - °2 (
1Ag) deactivation rate is tlx~ight to be

quite small, affording a point of comparison with the C~
A schanatic of the experimental set-up is shown in Fi :t 2. Either

Cl2 or 02 can be shunted through the mass flc~~ eter . During the experi-

ments the 02 pressure was kept near 1 torr while the total pressure

(Ar + 02 or Cl2 + 02) was varied between 1.3 and 2.0 torr . It must be

recognized that because of the different pimping speeds of the various

gases the total pressure is not the sum of the individual gas pressures

measured by thenselves.

The conditions which were matched between the 1½r/02 and the Cl102
experiments were total systan nressure and 02 flow rate. This assured

the same 02 (
1L~tg) p roduction rate in each case. The 02 p u ~~ arid flow

rate were first set with only 02 being pumped through the systail . Then

• enough Ar or Cl2 was added to bring the total systan pressure up to the

desired value. This procedure rejuired different flow rates of Ar or

Cl2 to achieve the desired match.

Determination of HC1 Content fran a Chanical Generator

The chanical generator utilized the C12/H202 systan to produce the

02 (1%). NaOH in the arvount of 12% by weight was dissolved in 90% H202.

About 20 ml of this solution was poured over glass beads in the reactor.

Cl2 was babbled through the solution forming the 02 (
11~g) •  The total

systan pressure was maintained around 2 torr . The effluent fran the

reaction was frozen out in a sample collection tube with ri~i2. The

sample was then analyzed on a mass spectrometer and an IR spectrometer6
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in an attanpt to determine the presence of R d .  A schanatic of the

reactor systan is shown in Figure 3.
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III. RFSUL~~ AND DISCUSSI(~

Self-Deactivation of 0 ( 1C~2 g

The study of 02(\) self- and wall deactivation accon~ lished three

goals:

• (1) An estiiiate of the production of °2 (
1
%) at the microwave

cavity.

(2) An estimate of the importance of the wall arid self-deactivation

under similar conditions to those utilized with the previous chanical

generator work2’3.

(3) The dependence of pressure and flow rate on the 02 (~~g) micro-

wave production.

In order to obtain the production rate at the raicrowave and the

self- arid wall deactivation, the fraction of 02(
1
%) was measured as a

fraction of distance between the microwave arid the ESR. The pressure

• for all of these data was 1.00 ÷ .05 torr , and the flow rate varied from

15.5 S~IDCC/min to 51 S’lD(X/min. These data are tabalated in Table 1.

Figure 4 shows in graphical form the data in Table 1. There is con-

siderable scatter in the data , bat it is apparent that the two different

flow rates have little effect upon the measured fraction of 02
In fact , a straight line least squares bit of the 16 S’IDCC/min flow rate

points yields a slope of — .000212 and an intercept of .125 , while that

of the 50 S’IDCC/min flow rate points yields a slope of - .000192 ar id an

intercept of . 127. Cbviously, the two sets of parameters are very close.

The intercept , about .126, is the value of 02(’%) actually produced at

the microwave cavity.

10
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TABLE I

Fraction of 02(14~g) 
at One Torr Pressure

Distance (cm) Flow Rate ~!~DCC/min) Fraction (‘L~ )

80 16 .110

80 16 .108

80 50 .110

• 80 50 .120

80 51 .105

122 16 .0958

• 122 50 . 102

• ¶ 150 50 .102

• 150 50 .0926

150 50 .102

211 15.5 .0853
• 

• 211 15.5 .0859

211 15.5 .0881

211 16 .0707

211 16 .0715

211 50 .0909

211 50 .0814

11
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• The data slmzs that self- and/or wall deactivation of °2 (
‘%) under

these conditions can be substantial over a few hundred centimeters of

flow distance . No att anpt was made to separate the wall fran the self-

deactivation or to calculate a rate constant for the deactivation .

The pressure of the systan was vari ed fran .5 to 2.0 torr . There

is an obvious dropoff in 02 (1%) production at pressures above 1.5 torr .

Below 1.5 torr , there seans to be only a ~na1l increase in 02
production as the press ure is decreased .

4
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Deactivation of 02~~~g~ 
b’~ Cl2

i~~~~ sets of experiments were run . In the first, the total di~~~~~’

fran the microwave cavity to the ESR was 75 an. The Cl2 or Ar inj ee’

port was 20 an downstream fran the microwave unit. The 02 ~~~~~
was 1.11 torr , with the total pressure being 1.33 torr . With Ar as tnc

deactivant, the average fraction of 02 (~~g) over six measuram2nts was

.116 ± .011. The average over six runs with Cl2 as the deactivant was

.115 ± .011. Thus there appears to be nc deactivation over arid iLov~

that caused by Ar.

In the second set of experiments, the deactivant injection ~~~ was

noved to a distance of 155 an to give time for nore deactivatic:. . Ur~1e~

these s~~~ pressure conditions stated above, the Ar-~e~cLi ’~ t~~ f::~ctic ’~.

of 02 (1%) was .062, while the Cl2—deactivated frac~ ion ~~~ .~ 7 .

values are based on only two measuranents each, so their accuracy •. s

questionable. Once again , however, Cl2 certainly appears to !~“ rrr r~

effectively deactivate 02 (1%) than Ar. When the total syst~ r prc~~~1r :

was raised to 1.9 torr , the C12-deactivat& fraction was .057 while the

Ar-deactivated fraction was .067 , this time basal on only one data

point each.

Basal on the results of the first set of experimental conditions u.n

estimate of the upper limit of the deactivation rate constant of Cl2
on 02 (

1
~g) has been made. It was estimated that , at nost, the Cl2

deactivated the 02(\) by 10% nore than the Ar. Basal on this , a

second. order deactivation of 02 (1%) by Cl2, the Cl2 pressure , and the

14
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• distance and flow rate, an upper limit for the second order rate constant

of 10 16 
~~~~ les sec has been estimated.

The fact that ro deactivation could be conclusively shown with Cl2
underscores the need for nore accurate measuranents. These ireasuranents

are planned for the near future .

Determination of HC1 Content fran a Chanical Geflerator

The reaction of Cl2 with the bas ic hydrogen peroxide clearly produced

the °2 (
1
%) as determined by the red glow of the [02 (1% )] 2

tion above the solution. The gasecus products trapped were insert ed

into the mass spectrcineter . No other species except an apparent increase

in the 02 peaks over that of the background air spectrum appeared. How-

ever , insertion of pire Cl 2 into the mass spectrareter showed that very

high pressures of Cl 2 (on the orde r of atirospheric pressure ) were neede i

before any chlorine species could be observed . Furthe rno re , the’ Cl 2 was

apparently reacted in the mass spectraiteter with contaminants such a’~

H20 vapor to produc e HC1. Therefore , it appears any Cl2 in the reactor

effluent may show up as HC1 on the mass spectraneter . Further res earch

into the possibility of detecting HC1 with this instrumen t , includ ing
7contact with the manufacturer , produced discouraging forecasts

Infrared spectranetry was selected as a possible alternative for

observing HC1. E~c eriments with gas salTples of HC1 showed that the

instrument lacked sensitivity to detect HC1 partial pressures in the

range of those present in the chanical generator systan . However, it

was sensitive enough to detect })Cl in the 1O-20 torr pressure range .

Freezing out of the reaction gasa us products with IN2 and subs&iuent

15



introduction into the lB cell could allow erough HC1 to be detected ~. r i

the gas phase . This approach will be att ar ~ted in the near future .

16
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