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1. INTRODUCTION

Herbelin and Cohen,’ in a kinetic stud y of the H / N F 2 system, found that

the reaction of H , D , or CH 3 with NF 2 produces electronically excited

NF(a 1
~~) instead of ground-s ta te  or other excited states of NF:

R + NF 2 ( 2 B 1) -‘ RF + NF(a 1
~~) (R = H , D , or CH 3) ( R i )

They also found that the NF(b~~ + ) state is principally produced from energy -

t r ans fe r  processes with HF(v � 2) or with electronicall y excited

HF(v = 2) + NF(a 1
~~) -~ HF(v ’ 0) + NF(b ) + 295 cm~~ (R2 )

oz (a
~~~g ) + NF(a~~~) -‘ O2 (X 3

~~g) + NF(b~ .~~~) + 427 crn~~ (R3 )

The fai lure of vib rationally excited DF to part icipate in a process analogous

to that ,of Reaction (2)  was the basis for concluding that near-resonance is

required for  substantial t ransfe r .

From these preliminary studies , it was concluded that thi s system is a

chemical electroni c laser candidate .
’
~ Some of the c ruc ia l  rate coefficients

needed for evaluating the system quanti tatively and f o r  construct ing a model

mus t  be measured to assess f u r t h e r  thi s possibility . Among the rate

coefficients reported here are that for Reaction ~~) and those for  the quench-

ing of NFjbi.~~~) by H and H 2. The radiative decay rate for NF (~~.~~ 1 is

est imated.  The e ffec ts  of H F ( 0 ) ,  D2 , and D on NF(&-L~~ are discussed.

-5-
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II, EXPERIMENT

The excited NF species was produced by the reaction of H or D with

NF 2 in the medium-pressure ( 1 Torr) l a rge -d iamete r  (10 cm),  fas t - f low

(4500 cm sec’
~~) tube facility (Fig. 1) previously described.

3 5  
For these

experiments, NF 3 
was substituted for SF6 in a mixture tha t was passed

through an rf discharge. The plasma was an efficient producer of F atoms;

however, CNF 2 ] was less than 0. 5% of t.NF 3 ~~~~~ 
For NF quenching studies,

small concentrations in the limiting reagent were desirable in orde r to

minimize NF -NF reactions. F atoms were quantitatively converted to H or

D by reaction with l-I
~ 

or D2 injected into the flow by means of the movable

stainless-steel spoke injector . Purified HF(O) was injected into the flow
C

throug h the Monel injector by means of a scheme previously described.

The 02, NO , N2, or N 20 was injected by means of a centerline quartz

injecto r located at the rear of the flow tub e. The injector passed beyond

the discharge sidearm but was still 20 tube diameters from the optical

system to ensure complete mixing.

Studies of the removal of NF by H or D required two additional experi-

ments to establish the atomic concentrations. The spatial va riation of H in

the axial coordinate Z was determined by the injection of purified NO and by

the observation of the 763-nm band emission of HNO, which was formed by the

-6-



_ _ _ _ _ _ _ _ _ _  
_ _ _ _  _ _  _

HF OR OF
Ar + NF3 [COMBUSTION ZONE

MIRROR /
T h M~~~~~~~~~~

T
~~~

/ ~~~~~

2 rH2 OR t CaF~ WINDOW

~ / 02 M~~AB~~] ~
z ..I—CaF2 LENS

NO 2 / NITROGE N _-~-~~ L..____1_ ’~~~
-—--CH OPP ER

FLUSHING
MICROWAVE 

SCAN~ NG~~~~ I AMP Li FI E R

MONOC HRO- L RECORDER

DETEC TOR
InSb , 2.0-5.0 ~m
PbS. 0 9-4.0 ~~GaAs , PHOT O MULT I PLIE R ,

0.2-0.93 ~m

Fig. 1. Simplified experimental schematic

-7-

it

~

-

~

..- -

~

--

~

---, - . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



three-bod y recombination
5’ 6 of H + NO. The NO was purified to eliminate

NO2 by passage through a Cu trap at l95°K. Sufficient NO2 (5 to 10%)

was present in unpurified NO to affect H concentration by the fast bimolecula r

reaction H + NO2 
-

~ OH + NO. The H concentration was observed to be uni-

form for axial distances beyond 6 .5  tube diameters after an initial mixing

and reaction region of 2 to 4 cm. The H concentration was also found to be

directly proportional to the density of initial F atom s, which is expected if

the primary source of H is F + H2 
-. HF(v) + H. The concentration of H was

determined by measuring the flow rate of initial F. This measurement was

accomplished by a chemical titration technique4 that required the injection of

H2 at two axial positions in the flow tube . One injection of H2 in excess of

initial F occurred on the optical axis; the optical system was set to observe

HF(2) emissions result ing from the F + H2 chemical reaction . A second

carefully metered flow of H2 was passed through the movable injector at an

upstream position. The metered H2 was systematically increased so that

a total quenching point of HF(2) emissions could be determined. The flow-

rate of metered H2 at this point is equal to the flowrate of initial F at the

upstream positi on .

The method of determining collisional rate coefficients is successful

when the NF excited state is not coupled to other NF states. The variation

of number density averaged across tube diameter as a function of Z was

measured. The sensitivity of the negative decay slope to varying chape rone

density was extracted from a ln(N) versus Z plot. Such a dependence of the

-8- 
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absolute value of the decay slope S has been applied to HF(v) V-V and V-R

t rans fe r s tudies .  ~~~~~~~ For the NF(b~~~+ ) state , S is written

= 
~~ 

+ ~ 
k~~ [M] + (~

)

where  U ’ is the effective tube gas velocity, taken to be 1 . 6 times tube average

gas velocity7 , Ab is the radiative decay rate , kM(M) is the quenching rate

by chaperone M , and Cp 1 is th e inverse  pr essu r e de pendence ca u sed by

t r a n s v e r s e  di f fus ion e f f ec t s  and subsequent wall loss. Normally,  the last

term is not important in the determination of kM since the quantity dS/d(M)

is observed . However , in an es t ima te of th e radia tive deca y ra te , where

all [M] is extrapolated to zero, Cp must be known . In the cases of

quenc hing by HF(0) ,  a near l y resonant energy  t r ans f e r is involved; therefore ,

the s ize  of the reverse  pumping rate te rm mus t  be examined.

k M [M] [NF(b ’
~~~

)] >> k~~ {M~ ][N F (a 1
~~)] ( 2)

is required for  a successful  determination of k M in the generalized energy~

t rans fe r  reaction:

1 k ’  1NF(b ~~+ ) + M ~ M NF(a A) + M (R4 )
k M

-9-
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III. SPECTROSCOPY

Spontaneous emissions of f rom 250 to 3000 nm were observed.  The

signals used as diagnostics are listed in Table 1. The 0-0 band spectra

of the NF(b~~~+ ) - NF(X 3
~~

’ ) transitions cente red at 528.8 nm and the

NF(a 1A )  - NF(X 3
~~~) transitions at 874.2  nm are the most important . Be-

cause the Qp. oc~ 
and 0R branches are narrow ,8’ ~ individual vibrational

rotational transitions we re not resolved. Well ove r 80% of the spectrum at

298° K was observed to be within these branches.  The empirical widths of

the three overlapping 0-branches are estimated from the works of Jone s to be

0 .2  nm for the (b-X ) and 0 . 5  nm for the (a-X) bands . The 874 . 2-nm band can

ove rlap with the strong HF 3-0 vibrational-rotational overtone band at 880.0

nm from HF(3) produced in the reaction of F + H2. Much of the study of

NF(a~~~) therefore  was performed with HF(3) adequately quenched or with

used as the fuel .  A series of strong bands in the 600- to 900-nm region was

identified as the N2 f i rs t -posi t ive  series (B 3
fl g - A 3

~~~). Vibrational funda-

mentals of that serie s interfered at 874 nm. Since N( D) atoms had been

shown ’ to be the precursor  of N2 (B 3 TT g )~ they were removed ’4 ’ ~~ for the

NF(a 1
A )  s tud ies by 02, N 2 O, or NO. It was found that the N2 f i rs t-posi t ive

ser ies  did not vary its non-Boltzmann vibrational distribution with Z or with

flow conditions; hence, an arbitrary (7-4) band was chosen for study (T able 1 ) .

+As an indicator for HF(v) pumping of NF(b ~ ), HF(2) was followed by means

of the P2 - ~ 
(4) line.

S . . ——-— --—-~~~ . .. - —-—-- .~~~~~~ -~~~—--. Si
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Table 1. Spectros copy for H + NF 2 System

Cente r Radiative
Transition Wavelength, Decay Rate , Refere nce

nm sec t

NF(b 1
~~~ - x3

~~~, 0-0) 528. 8 67a 8

NF(a t A - x 3
~~~, 0-0) 874.6 1, 9

HF , P3.,2 (3)  line 2854.2  256 13

HF, P2 1 (4 ) line 2760.4  206 13

HF, P 1 0 ( 1)  line 2475.8  72 13

HF, R 3 0 ( 1)  line 874.0 0 .49  13

N2 (B 311g - ~~~~~~ 2 -1)  8 7 2 . 2  10

N 2 (B 3rI g - ~~~~~~ 7-4)  634 .0 5 -v 1O4 10

NH(A 311. - x 3
~~~, 0-0) 336 .0 2 . 2 x io 6 1 1 , 12

aD t r m i n e d  in this work.

- 12~
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Absolute intensity calibrations and radiative decay-rate numbers per-

mitted the determination of absolute number densities, averaged along the

tube diameter of most of the excited species. The instrument width of the

optical system had been observed to be triangular and 4.2 nm wide for the

deliberately low resolution studies conducted. Accordingly, it was assumed

that the instrument width was much greater than the narrow empirical

widths of these bands or isolated spectral lines. The total power P in pho-

tons observed from a band or line therefore is given by

S 
- P = ( ~r 1A 0Q 0L)~~~~AN (3)

where TLA 0c2Ø
L are the transmission and geometric factors, ~ is the band

or line center wavelength, A is the radiative decay rate, and N is the number

density of band or line averaged over the optical volume .

A strong narrow band emission located between 330 and 340 nm was

reidentified as the NH(A
3
r1 . - X 3

~~~) band centered at 336 nm ’1 ’ 12 rather

than NF(A 3
11 - X 3E )  emission . 1 The strong sensitivity of the 336-nm

emission to the variation of H2 and a significant similarity of the axial vari-

ation to that of the N 2 f irst-posit ive emission were the bases for  our

conclusion.

— 1 3 —
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IV. RESULTS AND DISCUSSION

The absolute number densitie s averaged along the tub e diameter of

various excited species were plotted for a typical run (Fig. 2). The H-atom

Z plot follows the relative HNO intensity; the absolute peak concentration is

set equal to initial F. The H-atom loss in 70 cm is small because the flow

is sufficiently fast so that wall losses are minimal. The number density of

NF(b~~~
+) can be determined since its radiative decay rate has been deduced

in this work .

However, only the photon flux, A fNF(a
t
A)], can be estimated in

Fig. 2 since a value for Aa cannot be resolved in this work . The Z plot ,

labelled H2, is a deduction after both N 2 f i rs t -posi t ive and HF 3 -. 0 emissions

are subtracted.  The first-posit ive Z plot can be independently measured at

the 634-nm band , HF(3) ,  either at a 3 -. 0 P-branch position or at 3 -. 2 in the

infrared .  The curve labelled H2-O2 indicates that the f i rs t—posit ive emission is

experimentally sup pr es sed  by removing N with 02. The 02 affects the NF(a 1A)

density very little. Recent work 16 indicates that A a may be —.1.0 sec 1. Then ,

in accordance with Equation ( 1) ,  initial [NF 2 /F]  is — 0. 5%.

Experimental rate coefficients kM for  the quenching of NF(b~ Z + ) or

NF(a 1A )  by M can be deduced from S versus  [Ml plots (Fi gs . 3-6) . The kM can

be computed f rom Equation(1)when dS,’dM and U’ (—.~6800 cm sec~
’) have been

dete rmined. For cases where nonzero dS/dM is actuall y observed , the esti-

mated uncertainty on the coefficient is ±50% of the value at a 95% confidence

level. In cases such as that shown in Fig. 5, an upper bound to kM can be

.15.
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Fig. 2. Number densities averaged
~~~~~~~~~~~~~~~~ across tube diameter versus

Hf f 2 ) axis position Z for various
product species in H + NF2

lO ll reac tive flow. Tube condi-
tions: 1 Torr, 298°K.

~~13 .  Molar flow rates = Ar , NF 3,
and H2 = 18375 , 12 , and
200 ~mol sec 1, respectively.
U’ = 6800 cm sec t. When

i~ ~~~~~~~~~~~~~~~~~~~~ 

M b 1
~~ I , 

u sed , 
~~ 

= 1000 pmol sec 1.

io l2

H?

,-
- ---- : :~~~~~~ J _

/

H2 .0 2

14

?0 30 40 50 50 70
2, cm
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Fig. 3. NF(b t
~~~) decay slope S versus HF

concentration. Tube conditions:
I Torr, 298° K. Molar flow rates
of Ar, F, and H2 = 18000 , 23, and
ZOO ~mol sec 1 , respectively.
U’ = 6800 cm sec t.
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Fig. 4. NF(b1~~~) decay slope S versus initial
F-atom concentration. Tube concen- ,
trations : I Torr , 298 ° K. Molar flow
rates of Ar , and H2 = 18000 , and
200 p.mol sec~~

1, respectively. U ’ =
6800 cm sec 1.
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Fig. 6. Total decay rate SU ’, sec 1, of
NF(b~~~+ ) versus inverse
pressure. p-1 as in Fig. 1.
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flo~~ rates = 12,200 and 20 p.mol
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given on the basis of the maximum density of M used. The maximum

observable characteristic time in this flow tube is 50 msec.

A. NF(b
l
E
+) + HF

The HF quenching of NF(b i
~~+ ) probably occurs through the transfer of

inte rnal energy in the molecules, Reaction (2), and not through an E-T transfe r

or reactive process. The energy defect of 295 cm 1 is computed with HF

assumed to be in the J = 0 state and NF in v = 0 and J = 0 states. For the

vibrational constants of NF(a 1A) ,  which have not been reported , we take an

average of those for NF(b~~~
+) and NF(X3E). A comparison of W

e 
value s of

the corresponding states of the isoelectronic 02 state s suggests that this is

a good approximation for the a 1A state . From these considerations, a

30-cm t uncertainty in the energy defect is estimated. The resultant ex-

othe rmj c transfer rate at 298°K is then 4. 5 time s that of the endothermi c rate

inReact ion(Z) .  Since [NF(a 1
~~)J appears to be 10 times [NF(b 1

~~ )], for Equa-

tion (2) to be prope rly satisfied, [HF(0)I :[HF(2)] >45. The principal production

of HF(2) in thi s system is from the reaction F + H2; for the highest flow rates

of HF(O), typically, [HF(O) 1:[HF(2)] >200 in the region of NF(b l
E +) decay

(Z >25  cm in Fig. 2) . In addition , with increasing HF(0) injected , the strong

HF(v > 1) + HF self-quenching3 tends to lower the HF(v > 0) densities below

those depicted in Fig. 2. That the E-T and reactive processes are slow,

compared to the E-V mechanism, is evidenced by the very low upper bound

for the rate of HF(0) + NF(a 1
A).

.21. 
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B. NF(b~~~
+) + H

Quenching of NF(b F ) by H atoms was studied by varying the initial F-

atom flow. Atomic hydrogen and HF flows equal the initial F flow because of

the dominant reaction F + H2 H + HF. The decay slopes are shown in Fig. 4.

>> tNF(a 1 ALl is virtually invariant in Z for 65 cm (Fig. 2). As shown

in Fig. 2 , ~HF(v � Zj ]  has a sharp maximum on an intermediate flow-tube

time scale Z , which permits pumping of NF(b 1
~~~), but has minimal inter-

fererice with the NF decay slope. In this decay region, most of product HF

is in the g round vibrational level , with concentration equal to tHI .  The

collisional quenching rate coefficient deduced from dS/dtIF]is  then the sum

of quenching coefficients from H and HF. Subtraction of the already deter-

mined kHF yields kH. Almost certainly, H + NF(b~~~~) is a reactive mech-

anism, but the fate of products is not clearly defined since either HF or I-IN

could be generated.

The value of deduced is considered an upper bound in the sense that

other NF(b
1l~~) 

quenchers can be generated in the discharge 
and downstream

in a manner correlated with initial F. Such species might be N 2, N , and

NF(X 3I~~). Since nitrogen in large amounts did not affect the observed excited

NF species, and the production of N(
4
S) by the microwave discharge did not

appear to change the NF(b
F ) decay slope qualitatively, NF(X 3L ) is the most

likely contaminant quencher. The 
concentration of discharge_produced

NF(X 3D ~) should be , at most, of the same order as initial ~NF 1]. Therefore ,

the maximum density of NF(X) is < l 0~~~
3mol cm 3 or < 1% ~H]. A 0. 1

gaskinetiC rate then does not affect kH. In this fuel-rich H/NF2 system,

N( 2 D) atoms, which scaled with initial F , probably were produced 1 by H + NF.
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[N(2D)1 was limited by NF and NF 2 to -.0. 5% [HI. Subsequent reactions of

N( 2D) with NF or 14’ ~~ H2 can produce such species as N 2 or NH with the

same upper bound densities of 0. 5% H. A one-tenth gaskinetic quenching

effect by N( 2D) or NH on HF(b 1
~~~) would lower kH by 5%.

C. NF(b
1)
~~~~ Radiative Decay

The zero F-atom intercept deduced by the least-squares straight-line

fit in Fig . 4 can give an estimate of NF(b 1
~~~ ) radiative decay rate . The

limit of zero [Fl was approached by systematically lowering NF 3 and rf

• power; these variations effectively removed the quenching effects of H and HF

and the possible side effects of N 2, N, and NF from the inte rcept. The effects

of fixed ultrapure H2 and Ar remained. Quenching by H2 was negligible

( Table 2 and Fig. 5). As shown in Fig. 6, Ar mainly determined the rate of

transverse diffusion of NF(b~ E +) to the wall. The fitted straight line of SU ’

versus p
1 indicated that at I Torr there was a 20-sec

1 eff ective diffusion

decay rate . The line in Fig. 4 yielded an intercept of 77 sec~~
1, from which

[Reaction (2)] 20 sec ~~
, as a result diffusion , was subtracted. The total

radiative decay rate of NF(b~ E +, v = 0), Ab, remained. Most of Ab was

1 +  3
attributed to the 528. 8-nm b E -

~~ X E transition. The radiation was assumed

to be electric dipole-like since it was a strong observable intercombination

band . 8 A hypothetical NF(b 1
~~ ‘ a t A) band would demand violation of the strong

singlet-singlet angular momentum selection rule A = 0, ± 1. Therefore , this

radiation could be described by no str onger than an electric quadrupole and

should be orders of magnitude weaker. Since only the ~~~ QQ. and

branche s were followed , it was assumed , of course , that rotationaJ

equilibrium exists in the NF state s as well as in HF.
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Table 2. Collisional Quenching Rate Coefficient s

kM~
Excited Species M 3 _ 1  -1cm mol sec

NF(b~~~~) HF i x 10 12

H 3x i 0
12

H2 
<4 x 101°

NF(a 1
~~) 11HF <10

D
2 

<4 x 101°

.24.
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- Experiments for other studies can be used to ve rif y the observed Ab.

From HF + NF(b 1
~~~) quenching studies , the contributions of fixed H (or dis-

charge products ) and diffusion must be subtracted from the ordinate inter-

cept (Fig. 3); f rom Ar variations (Fig. 6) ,  the decay rates of H and HF. An

average value of Ab was deduced to be 67 ± 30 sec t (Table 3). This value

is an order of magnitude larger th an that repo rted by Clyne and White. 17

Their smaller value suggests a pumping mechanism independent of N2, but

the lack of details concerning their experiment prevents fur ther  comment .

D. NF(a 1A) + M

With HF or D2 as collision pa r tners , no variation in S with [M], much

like Fig. 5, was obtained; therefore, only upper_bound rate coefficients

could be computed. If there is an E-V transfer for NF(a
tA )  + HF(O ) , it

prob ably results in the formation of HF(3);  this exothermic (by 66 cm t )

process is the most nearly resonant one possible. The two-quantum trans-

fer is probably exothermic by 3690 cm
t ; if the rotational energy of HF is

involved very much, this effective defect can be reduced. That these trans-

fers  were much less favorable than that of Reaction (2) is probably the result

of the requirement of conservation of electron spin in NF, which necessitates

a spin flip here but not in the transfer described by Reaction (2). The com-

parative effects of HF(O) on NF(a t A )  and NF(b~~~~ ) are indications that the

NF molecule obeys spin conservation in such collisions. 1, 2 Furthermore,

the highly resonant transfe r requires a three-quantum jump in HF, which

should be less probable than a two-quantum process.
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Table 3. Radiative Decay Rate of NF(b~~~
+
)

Initial [F] , Intercept , Ab,System -1 -1 -1
~.mol Sec sec sec

H + NF(b~~~+) quenching _ 77 57 ± 30

Diffusion (Fig. 6) 20 120 72 ± 35

HF + NF(b +) quenching 24 287 69 ± 35

Average Ab 67 ± 30

•1
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The quenching of NF(a tA) by D atoms was observed to occur with a rate

coeff ic ient  of < 10 12 cm 3 mol~~ sec~~~. There is greater  uncertainty in this

numbe r than in that for  H + NF(b~~~
+ ) because the study was made in the

presence of O
~~

. Two additional reactions had to be considered: the reac-

tions D + 02 and N (
2D) + O

~~
. The former can be dismissed because it is

18 - 14
endothermic by 17 kcal/mole.  The products of the fas t  reaction

(N 2 D) + 02 
— 0 + NO scaled with initial [F]; the maximum possible concen-

trations of 0 and NO were limi ted by NF or NF 2 to about 0. 5% [HI. tithe r

0 + NF(a tA) or NO + NF(a tA) can affec t  substantially the conclusion if

e i ther  rate coeff ic ient  is gaskinetic . Howeve r , an 0 + NF reaction proba-.

bility of 0. 1 per collision has been reported , 17 and large am ounts of NO do

not appear to alte r the decay slopes in the present experiments.
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V. CLOSURE

Related work is given in a published abst ract . 19 Work in determin-

ing rate coefficients for Reactions ( 1 )  and (3) is continuing.

.29—

~ 

--- , -.---
~~~

.- . ,- -



-~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

REFERENCES

1. J. M. Herbelin and N. Cohen , Chem. Ph ys. Lett. 20 , (1973).

2. J. M. Herbelin , unpublished work.

3. M. A. Kwok and R. L. Wilkins, J. Chem. Phys. 63 2534 (1975).

4. M. A. Kwok and N. Cohen , J. Chem. Ph ys. 61 , 5221 (1974).

5. M. A. Kwok and R. L. Wilkins, 3. Chem. Phys. 60, 2189 (1974).

6. M. A. A. Clyne and B. A. Thrush, Discuss. Faraday Soc. 33, 139(1962).

7. R. V. Poirier and R. W. Carr , J. Phys. Chem. 75 , 1593 (1971).

8. A. E. Douglas and W. E. Jones , Can. J. Phys. 44, 2251 (1966).

9. W. E. Jones, Can. J. Phys. 45, 21 (1967).

10. M. Jeunehomme , J. Chem. Phys. 45 , 1805 (1966).

11. R. N. Dixon, Can. J. Phys. 37, 1171 (1959).

12. W. H. Smith and H. S. Liszt , J. Quantum Spectroscopy Radiative

Transfe r 11 , 45 ( 1971).

13. J. M. Herbelin and G. Emanuel, J. Chem. Phys. 60 , 689 (1974).

14. C. L. Lin and F. Kaufman , 3. Chern. Phys. 55 , 3760 (1971)

15. G. Black , T. G. Slanger , G. A. St. John , a n d R .  A. Young,

J. Chem. Phys. 51 , 116 (1969) .

16. J. M. Herbelin , M. A. Kwok, N. Cohen , unpublished work .

17. M. A. A. Clyne and I. F. White , Chem. Phys. Lett. 6, 465 (1970).

18. W. Wilson , J. Phys. and Chern. Ref. Data !~ 535 (1972).
19. M. A. Kwok , J. M. He rbelin , and N. Cohen , in Proceedings of

Second Annual Colloquium on Electronic Transition Lasers, ed.

3. Steinfeld , MIT Press , Cambridge , Massachusetts, 1976 , pp. 8-12. 



V

THE IVA N A . GETTING LABORATORIES

The Laboratory Operations of The Aerospace Cor poration is conducting
experimental and theoretical investigations nece.sary fo r the evaluation and
application of scientific advances to new milit ary concepts and system .. Ver-
satility and flexibility have been developed to a high degree by the laboratory
personnel in dealing with the many problems encountered in the nation ’ s rapidl y
developing space and missile systems . Expertise in the latest scienti fi c devel-
opments is vital to the accomplishment of tasks related to these problems. The
laboratorie , that contribute to thi s resear ch are:

Aero physics Laboratory : Launch and reentr y aero dynamics , heat tran s-
fer , reentry physics , chemical kinetics , structural mechanic, . (light dynamic s .
atmospheric pollu tion, and high-power gas lasers .

Chemistry and Physics Laborator y : Atmosp heric reactions and atmo.-
pher ic optics , c hemical reaction, in polluted atmospheres, chemica l reactions
of excited species in rocket plume s , chemical thermod y namics , plasma and
las er-induced reactions , laser chemistry, propulsion chemistr y, space vacuum

• and radiation effects on materials , lubrication and surface phenomena , photo ~sensitive materials and sensors , high precision laser ranging, and the appli-
cation of physics and chemistry to p roblem, of law enforcement and biomedicine.

Electronics Research Laboratory : Electromagnetic theory, device , , and
propagation phenomena , inclu ding plasma electrornagnetics ; quantum electronics.
lasers , and electro-optics; communication sciences , applied electronic. , semi-
conducting, superconducting, and crystal device physic. , Optical and acoustical
imaging; atmosp heric pollution; mil limeter wave and far -infrare d technology.

Materials Sciences Laborator y: Development of new material.; metal
matrix compos ite. and new forms of carbon; test and evaluation of graphite
and ceramics in reentry ; spacecra ft materials and electronic components in
nuclear weapon . environment ; app lication of fracture mechanic, to .tre.s cor-
rosion and fatigue-induced fractur es in structural metal. .

Space Sciences Laboratory : Atm oSpheric and ionbsp heric physics , radia-
tion from the atmosphere , density and com position of the atmos phere , aurorae
and airg low; magn eto.pheric physic. , cosmic rays , generation and pro pagation
of plasma wave , in the magnetosp here; so lar physics , studies of solar magnetic
fields ; space astronomy, x - ray a.tronomy; the eff ects of nuclear ex plosion. ,
magnetic storms , and solar activi ty on the eart h’ s atmosp here , iono. pherj , and
magnetosp here; the effects of optical , electromagnetic , and particulate radia-
t ions in space on space systems .
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El Segundo , Californi a 


