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I. I N T R O D U C T I O N

Diatomic group IVa (Carbon group)  oxides , halides , ni tr ide s , and

h ydride s have been predicted ’ to be good chemical laser  candidate sy s t ems .

Tin oxide is par t icular ly s i gn i f i c an t  because photon y ields as high as 50% have

been measured  for  the Sn + N 20 reac t ion .
2 

Irs the experiments  descr ibed h e r e,

tin vapor was reacted with N 20, NO 2 ,  °2’ Br 2 , Cl 2 , and F2 in a flow system,

and the chemilumine scent f lames , if any ,  were  measured  for  spectral charac-

ter  and absolute photon output , as a funct ion  of p r e s s ur e  and c a r r i e r  gas , which

permi t t ed  calculation of photon y ield s when the Sn flow rate was known . The

SnO flame was i r r ad i a t ed  by the output  of several  l a s e r s  (Ar + , cw dye , pulsed

dye , and N 2 ) ,  but onl y the N 2 laser  ( 3 3 7 . 1  nm) produced detectable photo-

luminescence, for  which a radiat ive l ifet ime was measured.

-5-  
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II. E X P E R I MENT

Sn vapor was produced b y the hea t ing  of Sn metal to temperatures near

1600 K (as measured  with an optical p y r o m e t e r ) ;  the vapor was en t ra ined  in an

Ar ca r r ier gas flow , and the n e a r - r o o m - t e m p e r a t u r e  mixture was reacted

with numerous gases in a previously described flow system. The Sn flow rate s

were 0.25 to 2.0x 10~~ atoms/sec , whereas those for Ar , the carrier gas

normally used , were  1.0  to 2 .2 X io 21 
a t o m s/ s e c , or about four  o r d e r s  of

magni tude greate r than the Sn flow ra tes . The Sn vapor is assumed to be

p r imar i ly rnonatomic.4 Thu s , the concen t ra t ion  of Sn vapo r that ini t ial l y

en te r s  the reac t ion  zone at 10 Torr  total p r e s s u r e  is approximately  3 .5  X 10~~
a toms/ cm 3 , and its flow veloci ty  is calculated to be 1. 2 to 5 X ,O~ c m/ s e c .

Spec t ra  were  recorded  pho toe lec t r i ca l ly b y u s i n g  a 1 m C z e rn y -T u r n e r

spectrometer  with va r ious  photorriultip lier  and g r a t i n g  combina t ions .  Photon

yield measu remen t s  were  made on o x i d a n t - r i c h  f lames  b y a method described

previous ly.  Photoluminescence m e a s u r e m e n t s  were  made by d i r ec t ing  a

laser (2 W Art  200 mW cw dy e ,  2 kW pulsed d ye ,  and 200 kW N 2 ) hor izonta l ly
through the Sn + 02 flame and o b s e r v i n g  at r ight  angles  to both the laser beam

and the flame axis with a photomult ip lie r  or b y visual  o b s e r v a t i o n .

-7-
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III . RESULTS AND DISCUSSION

A. S n + N 2 0

The addi t ion of N 2 0 to a s t r e am of Sn + Ar resu l ted  in a bright flame

that  was closed at p r e s s u r e s  above 7 T o r r  but open , i . e . ,  the chemilumine s-

cent  column extended beyond the o b s e r v a t i o n  l imits def ined b y the windows of

the flow sys tem , at 5 T o r r  and below.  This  was probabl y caused by the rela-

t ively  slow Sri + N 2
0 reac t ion  rate

2 
r a t h e r  than the long SnO radiat ive l i fet ime .

To the eye , the f lame at 10 T o r r  appeared  blue with a g reen  sheath . Its spec-
- - 3 - f  3 +

t rum , which we m e a s u r e d  f r o m  220  to 800 nm , contained the a ~ ( 1 ) ,  b 11(0 ) ,
1 1 +

b ( 1 ) ,  and A TI -. X ~ sys tems  of SriO ( s e e  below for  discussion of systems) and

was similar  to that  o b s e rv e d  by o ther  e x p e r i m e n t e r s .
2 ’ 7 

The spectral  compo-

sition of the Sn + N 2
0 flame , and its v isual  appearance,  changed s ign i f ican t ly

with changes  in the total system p r e s s u r e  and C a r r i e r  gas i den t i t y .  In Ar , as

the p r e s s u r e  was i nc rea sed  f rom 0 . 5  to 25  T o r r , the flame changed f rom a

di f fuse  blue column that extended out of sig ht toward the pump to a low , com-

pact , cone-shaped blue f lame f r i n g e d  in g r e e n .  In He , as the p r e s s u r e  in-

c r ea sed  f r o m  0 . 5  to 25 T o r r , the f lame developed from a d i f f u s e  blue cente r

su r rounded  b y a ye l l ow-g reen  g low that f i l led  the reac t ion  vesse l  to a closed ,

elongated , d i f f u s e  sphe re  that was blue on the bottom and yellow green  above .

With N 2 as the c a r r i e r gas , the appearance  and p r e s s ur e  behavio r were  similar

to those  with Ar , except that the l o w - p r e s s u r e  blue column was sheathed in

g r e e n , and at hi gher  p r e s s u r e s , t he re  was re la t ive l y more  g r e e n .  In Fig . 1 ,

the spect ra  of Sn + N 2 0 f lames  a re  compared under  these  v a r y ing condit ions

of p r e s s ur e  and c a r r i e r  gas .  As the p r e s s u r e  increased , the i n t e n s i t y  of the

long-wave leng th  end of the spect rum inc reased  re la t ive  to the s h o r t - w a v e l e n g th

end .  Closer  examinat ion revealed t h a t ,  ove r the e n t i r e  p r e s s u r e  range

covered , it was p r i m a r i ly the a sys tem that inc reased  re la t ive  to the othe r

s y s t e m s  (Fi g.  2 ) .

In o r d e r  to d e t e r m i n e  how the populat ions  of the va r ious  e l ec t ron ic  and

v ibra t iona l  state s va ry  wi th  cond i t ions , the same i n t e n s i t y  ratio method was

-
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u s e d  as f o r  PbO. B r s e f l \- , t i l e  r a t i o  i~ - 1~ / l~ of t O e  i n t e n s i t i e s  of a ~ iv e n  ban d

unde r two se t s  of c o n d i t i o n s , 1 and -.~ - is  in d ep e i  i - i l l  ci p r o b . i t v h t y  p a r a ru e t e  r s

aivl in s t r u m e n t  and de tec to r r e sp o n s e  c O ar a ct e  r l s t i c  s . A p lot of log i~~ Lu r

v a r i o u s  bands  of e acu  band S V S t C a I  v er s u s  the e n e r g y  o~ the  upper  st a t e  of the

band wi l l  be l i n e a r  i f  the e l e c t r o n i c  and v ib r a t i o n a l  po~~u L a ~~o ns  c n a I l i ~e ir o n

one  l3o l tzx aim d i s t r i b u t i o n  to a n o t h e r .  In F i g .  3 , it. is c l e a r  t h a t  the p lots  a r e

not  l i n e a r ,  and tha t  a I l o l t zm a n n  de sc r i p t i o n  of  t he  e l e c t r o n i c  s t at e  p o p u l a t i on s

is not val id . h i o w ev e  r - the  in d iv i t h u t i p l o t s  ci -  the v i b r a t i on a l  l e v e l s  of the a

a nd A s t a t e s  a i- c l i n e a r,  w h i c h  shows t h a t  v i b r a t i o n a l  r e l a x a t i o n  of t h e s e  s t a t e s

f o l l o w s  a E l o l t z n i a n n  n . e e h a n i s i n , and tha t  the  v i b r a t i o n a l  ten~pe r a t u r e  n e c  c e a s e s

as the p r e s s u r e  in c r e a se s .  At l o w e r  p r e  s s u r e s  ( F i g .  3a) both s tate s behave

in a s i mi l a r  n~an n e  r , and at hi g h e r  j r e  S s u re  s ( F i g .  3b )  , the  a — s ta te  e rn is  s ion

i n c r e a s e s  r e l a t i v e  t o  tha t  of the  A 1fl s ta te  . f l i e  b 3n (O~ ) a n d  h ’( l )  s t a t es  h e —

• have  in a s in  i la r  m a n n e r .  I h ey  bo th  dcc  i- e l s e  in popu l a t i on  r e l a t i v e  to the

a stat.e as  the  p r e s s u r e  i n c r e a s e s .  At low e r  p r e s s u r e s  (�5 T o r r ) ,  t h e y  a lso

d e c re a s e  in p o p u l a t i o n  r e l a ti ce  to t h e  A 1 fl st a te  ~}ig  - 3b) . 1 he v a r i a t i o n

a n o n ~ the  v i b r a t i o n a l  l e v e l s  of t h e se  s ia t I -  ~ was  not  l a r g e  enoug h to d e t e c t  any
(.le t inLe  t r en d s  w i t h i n  the  acc u  r a c~ - o f t h e  i •~-a ii - e~~~ent . s  - It was  o b s e r v e d  in

Ph ~~~~ f l am e s 8 t h a t  t h e  t e n i n i - r a t u t -  in  i i -  c r u c i b l e  d ec r e a s e d  as the car-

r i e r  gas  w a s  c h a a .~ec l  t r i m  •-\ r  to \ , t o  IT . T~~t ’ i n t e n s i t i e s  of t h e  SnO h a n d s

a re v e r y  s e n s i t i v e  to t emp e  r i t u re  c t l a a ~~cs i i i  me ~ r u c i h i e  - and it is l i k e l y  tha t

the o b s e r v e d  v a r i a t i o n s  w i t h  c a r l - i c r  ~~is  a r  be ex p l a i n e d,  at l e a s t  p a r t l y~ as
a t e n  ~ e r a t u re  c f l e e t

B.  ~ n t

~~t l  I- 0~ in A r  w h i c h ,  on e t i e r ~~-~ co n s i t h - i - a t i o n s ,  is p r e d i c t e d  to lo rm

onl y g r o u n d  s t i l e  SnO . 
I 

p r o i( ed c l s - ~ - c e l l — n e i i n e n .  hu t  v e r y  w e a k ,  blue —
p u r p le f l a i i  t h a t  W I  s q u i t e  S C f l s i ’i ly e to  0 ) f low ~ 1~~~l - t l y m o  r t  o r  l e s s  t h a n

the u p t i i vu l l  - n : . ’ m t  o t  0 , ~ ,i u - ~ ’d t~ i ,  f l . t : i c  to d I s a p p e a r  a n t i  the  op t i n t l i l

f low r a t e  was  m u c h  l e ss  t h a n  t h ~ op t u u n - , I ~~~ ‘ . - fo i  i ) m i j a t t ’st c h e m i l u i n m n i - s —

cenc  e , , 0 flow r ,t t e  . I h i s  i n d i c a te s  t n t  1 (~ , ii i gh t  in ’  not  onl y a poor  p r o d u c e r

of e l e c t r o n i c a l l y cxc i t ed  ~ i i O ,  but  t l ~~o a gomi ~i m t - i 1 c t I e  r 01  it . I l ie  a d d i tio n
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Energy of the Upper State of the Band for a Sn +
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of a small flow of 0
~~

, b y means  of a r i n g - s h a p e d  i nJ e c t o r , n ea r  the b o t t o m

of a Sn + N 20 flame caused  a l a rg e  d e c r e a s e  in the SnO l igh t  e m i s s i o n .  T h i s

was caused eithe r b y the compe t i t ion  of the d a r k  Sn + r e a c t i o n  for  Sn

a toms  or b y the °2 q u e n c h i n g  of exci ted SnO, or both . N O 2 in Ar produced

a similar weak- to - inv i s ib le  flame .

C. SPECTROSCOPY OF SnO

There appears to be some confusio n in the l i t e r a t u r e  about the lowest

excit ed  state s of SnO , all of which have been i d e n t i f i e d  t h roug h band sys t ems

connect ing them with the ground state . In Rosen ’ s tab les ,  10 the lowest  ex-

cited s ta tes  are  l isted as A and B ari d have been suggest ed
1 ~ to be the ~) = 0+

and 1 components  of a 3n state , most .  p robabl y equiva len t  to a3TI of CO and to

b
3fl of SiO and GeO. Joshi  and Yaru dagn i  ( J Y ) 12 divided the complete spec-

t rum above 350 nm into four  s y st e m s :  A , 13 , C , and D -X .  On c lose r  e x a n m i  -

nation , it a p p e a r s  that  t he i r  B and C s y s t e m s  co r re spond , wi th  some changes

in v ibra t iona l  as si g n n m e n t s ,  to R o s e n ’ s A and B s y s t e m  s. The A - X  sys tem

was new , and the D-X sys tem r ema ined  u n a l t e r e d  f r o m  p r e v i o u s  t a b u l a t i o n s .

Recent l y ,  L inevsk y and C a r a b et t a  (LC ) ’ ex t ended  the spectrum to 750 rim and ,

on the bas is  of the i r  new m e a s ur e m en t s  r e a s s i gned most  of J Y ’ s A sys t em ,

toge the r  with m a n y  new bands , to a new sy s t e m , w h i c h  t h e y  labeled a -

This state is the lowest observed excited state of SnO , and its en e r g y

has been shown to fit  v e r y  well  into the t r e n d  of the lowest  o b s e r v e d  
3
:

+ 
state s

of the othe r group IVA oxides . ‘l’he appearance of the spectrum is very

simila r to that of the a,A , B, and D-. X systems of PbO. In maintaining as

much consistency as possible with both the  la b el in g  of the  o t h e r  g r o u p  I V a

monoxides  (CO , 10 SiO , 14 CeO , and Pb0 13 ) ,  we use  the fo l lowing  labe l ing

for  the lowest  exci ted  state s of SnO:

a 3
~~~~( 1 ) ,  T = 20900 cn~~~~;

b 3f l ( 0~ ) ,  I = 2 41 99

I 25318 cn~~~~; and

A t
fl , I = 2 ’.’505 cm ’.
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The e l ec t ron ic  states of CO . Sb , and GeO a re  descr ibed by coupling

cases  (a) and (b) and the PbO states by case (c). As the exact  n a t u r e  of the

coup ling in SnO has not yet been d e t e r m i n e d  and is p r o b a b l y  i n t e rmed ia t e

between the two ex t reme s above , the a and b state s are  w r it t e n  in mixed nota-

t ion . The h~~r I (0 + ) and b ’( 1) s ta tes  ( J Y ’ s B and C s t a t e s ) ,  which are  known to

be 0+ and 1 s y m m e t r y,  appear  to be analogous  to the A(0
4 ) and B( 1)  s ta tes

- 8 - - 13
ot PbO. See c o r r e l a tio n  d iagram of Oldenborg  et a l .  h ( 1)  has  not  been

labeled b 3fl because recen t  data 7 ’ 15 sugges t s  that h ’( l )  is possibl y not the

= I component of the lowest ly ing 3fl s tate . Unde r our ex p e rim e n t a l  condi-

t ions , however , a s imi lar i ty  was o b s e rv e d  in the behavio r of the b
3f l ( 0~~) and

b ’( I~ s ta tes  with chang ing condi t ions . The c o r r e c t n e s s  of the LC anal ys is 7

was c o n f i r m e d  in the p r e s e n t  e x p e r i m e n t s  b y us ing  spec t ra  f r o m  which  wave-

l eng ths  w e r e  measu red  to an ac c u r a cy  of 0 . 0 5  nm .  Seve ral new fa i r l y in tense

bands served to extend the anal ys i s  o1~ the a 
3~~ (~~) - X sys tem and extended

• o b se rva t ions  of the a state to hi gher  v ib ra t iona l  leve ls .  The var ia t ion of the

in tens i t i e s of the bands with p r e s s u r e  and c a r r i e r  gas fu r the r conf i rmed  the

a s s i g n m e n t  of these  bands .  The new bands  a r e  l is ted in Table I , and the vibra-

• t ional cons tan ts  (in cm~~~) calculated f r o m  a l e a s t - s q u a r e s  f i t  to all the known

bands of the sy s t em a r e

a
3
~~(1): T

e 
= 2 0622 .6 ± 2 . 5 ,  

~e 
= 554 .0 ± 1.7 , W X  = 2 . 45 ± 0 . 36

and

X
1
~~: , W

e 
= 82 3.40 ±0.99, w x  = 3.77 ± 0 . 10.

Several bands showed clear  isotopic heads  l’or  Sn 1 18 and Sn
120

, and the separa-

tion of these  heads is cons i s t en t  with the v ibra t ional  a s s ig n m en t s .

D. Sn + HALOGENS

The reac t ion  of Sn wi th  Br 2 and Cl 2 p roduced  no detectable chemilunm i-

nescerice . Sn + F2 in Ar , which is about 2 .3  eV exotherrn ic  for  the fo rma t ion

of SnF , produced a br ight , short , compact , t u rquo i se -b lue  f lame.  The f lame

was closed even at I Tor r , which ind ica tes  a shor ter  l ifet ime or a much

- 16-
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Table I. New band s of the a 3
~~~ ( I )  ~ X l

L + sys tem of SnO

14 
-I  

—

Wavenumbe r, cm

v ” W ave leng th , rim Observed Obs. - Caic .

5 0 4 f l2 .3  23183 .0  -1.8
4 0 4412.5 22656.5 1.3

3 0 4518 .5  2 2 1 2 5 . 0  4 .2
4 1 4577 .5 21839.9 0.5

2 0 4632 .6 21580.1  -1 .4
3 1 4692 . t ~~ 2 13 0 6 .5  1 .5

I 0 4 7 5 2 . 5  21035.7  - 1 .6
2 I 4814.5~ 20764.8 -0.9

1 1 4~m43.8 20221.7 0.3

3 4 52 88 .5  18903 .7  1 .2

3 5 5517 .~ 18117.8 1.0

1 6 6149 .8  16256.2  1. 2

a 7Also observed  by Linevsk y and Carabe t ta .
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f a s t e r  reac t ion  ra te , or  both , than for  Sn + N 2 O. The emis s ion  came p r i m a r i l y

14 f r o m  two spec t ra l  reg ions:  (1 )  600 to 415 nm , which was SnF

and 1/ 2 ~~’ 
and (2)  400 to 310 nm , a broad , banded sys tem that does

not co r re spond  to any known SnF sys tem (F i g .  4);  the s t ronges t  bands of t h i s

sys tem a re  at 364 .9 ,  3 6 2 . 7 , 3 5 9 . 9,  357 .5 , and 354 .9  n rri ( ± 0 . 5  nm) .  A

broad , v e r y  weak emiss ion  fea ture , for  wh ich  no s t r u c t u r e  could be detected ,

was observed  between 240 and 280 nfl) , wh ich  could c o r r e s p o n d  to SnF C , D ,

or E -.X V e r y  weak emission was also obse rved  in the 280 to 320 nm

r a n g e ,  which was iden t i f i ed  as SnF (B 2
~~~

’ _ X 2
fl 112

) [ p r i m a r i ly (0 , 0) ,  (0 , 1 ) ,

and (0 ,  2) ]  ; some B ~ — X  
~~3~ 2 bands  also appear to be p re sen t  in the same

reg ion . The B ~ state l ies  at about 4 eV , which  is cons iderab ly more  than

the Sn + F2 reac t ion  exo the rmici t y ,  above the g round  state .

E. PHOTON YIELDS
Photon yield s m e a s u r e d  fo r  the above reac t ions  are  l i s t ed  in Table II.

Sn + N 2 O and Sn + F 2 a re  the onl y r eac t ion  sys t ems  that appear  to be of pos-

sible i n t e r e s t  as chemical ly pumped l a se r  s y s t e m s .  The maximum Sn + N 2 O

photon yield of 6. 7% measured  h e r e  (fo r all p ho tons in the range  2 2 0 - 8 0 0  nf l ))

is cons iderab ly l a r g e r  than the LC ~~~~~~~~~~~~~~~~~~~~~ of 1 to 2% ,  but thei r  result

is a lowe r bound , and thus  the n u m b e r s  a r e  not in d i s a g r e e m e n t .  The 6. 7%

i s,  however , much less than the 31 to 53% value s given by Fe lder  and F on t ij n ~
for  Sn + N 2 O in Ar at 10 T o r r .  The appa ren t  d i s a g r e e m e n t  is l a r g e ,  even

when c o n s i d e r i n g  the facto r of two a c c u r a cy  ci ted for  t he i r  work  and fo r  the

p re sen t  work .  There  were  si g n i f i c a n t  d i f f e r e n c e s , however , in the experi-

mental  methods used both fo r  photon ca l ib ra t ion  and fo r  t in  flux m e a s u r e m e n t s .

Also , t he i r  t in  ato m c o n c e n t r a t i o n s  in the reac t ion  zone ( 2  x 10~~~/ c c)  were

about two o rde ’-s of magni tude  lowe r than those used here . It is poss ible  that

Sn could be a quenche r of e lec t ron ica l ly exc i ted  SnO. This e f f ec t  is a l read y

known fo r  the Ba + N 2O s y s t e m .  16 It is also poss ib le  that , at the hi ghe r con-

c e n t r a t i o n s  in our  f l a m e ,  Sn a toms  begin  to d irne r i ze , which p r e v e n t s  the

e f f i c i en t  f o r m a t i o n  of SnO because the Sn 2 bond e n e r g y  is 2 eV . Finall y ,

and p e r h a p s  most  i m i )p o r t a n t l y .  our  f l ame  ope rated wi th  r eac t an t s  that  were

~~~~~~~~ ~~~~
‘ ,,~~~~~~~~X
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Table II. Measured photon yields for Sn reactions in Ar

- Sn Flow ,Pressure , Em i t t i ng  17 Measured
Oxidizer Torr Specie s atom s X 10 /5cc Yield , %

N 20 5.2  SnO 1 .24  4 .1
9 .5  0 .2 5  6 .7

20 0 . 9 5  5 .1
O

~ 
5. 2 SnO 1. 24 0 .08

F2 5.4 SnF 1.24

9 . 5  0 . 9 4  O. 22 a

20 0 .9 5  0 31a

Br 2 5 <0 . 01

Cl2 5 < 0 . 0 1

a90 to 95% of this y ield was f rom SnF (A 2
~~ - X 2 f l ) ,  and most  of the

r ema inde r  was f rom the 310 to 400 nm sys tem , which could not be

ident if ied.
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14 
j u s t  sli ghtl y above room tempe ra tu m - e , whe rca s Felde r and Fon t ijn ’ s expe r i  -

mnent s  were  c a r r i e d  out with the r e a c t a n t s  at e leva ted  t e m p e r a t u r e s .  They

have , in fact , measu red  a s i g n i f i c a n t  t e mp e r a t u r e  dependence  of the photon

y ield fo r  Sn + N 2 O SnO.  17 
We found tha t , unde r cond i t ions  of excess metal ,

i . e . ,  with a small measured  flow of N
20, increas ing  the crucible t e mp e r a t u r e

f r o m  157 5 to 1635 K (which also i n c r e a s e s  the t empera ture  of the Ar -Sn  mix-

tu re )  near ly doubles SnO A-X and b ’-X emi s s ion  i n t e n s i t y ,  i n c r e a s e s  h - X

emission b y about a facto r of 1 .5 , and has very little effect on the a -X sys tem.

F u r t h e r m o r e, in the normal  (excess  N 2 0) opera t ing  condition , increas ing  the

crucible  t e mp e r a t u r e ,  which necessa r i ly also i n c r e a s e s  the tin evaporation

rate , not onl y i n c r e a s e s  the lig ht output , but also shor tens  the flame , which

imp lies an i nc r ea sed  reac t ion  rate c o n st an t .

F. P 1 -I O T O L UM IN E S C E N C E

With th e use of s eve ra l  l a s e r s , e f f o r t s  were  made to s t imulate  photo -
luminescence  in the  Sn + 0

~ 
f lame at 2 T o r r .  The Ar + l a se r  (2 W total , each

l ine  between 528.7 nm and 454 .5  nI -il  i nd iv id ually prism selectable), cw dye
laser  (200 to W max , \ 640 to 570 nm and 560 to 520 nm , cont inuously tunab le ) ,

and N 2 -la se r-pun iped  d ye l a se r  (1 to 2 kW , k = 640 to 570 nm , 491 to 445 nm ,
and 4~~5 to 415 nm)  all fa i led to p r o d u c e  any detectable  SnO photo luminescence .

The onl y detectable  s ignals  were  the sodium D l ines  near  589 nm.  This indi-
cates  e i the r  that t h e r e  is ve r y  l i t t le  g r o u n d - s t a te  SnO available to absorb  a

photon or that the t r a n s i t i o n  p robab i l i t i e s  of the a , b , and b ’-X s y s t e m s  a r e

smal l .  The n i t rogen  laser  (10 nsec , 200 kW , 337 .1  nm) did produce a detect-
able signal with a measurab le  l i fe t ime .  Because  the N 2 laser  is not tunable
and the p hotoluminescence was not s t r o ng  enoug h to p e r m i m i t  spectral  anal ys i s ,
it was not possible to de te rmine  absolutely the en-t i t te r ’ s ident i ty .  However ,
because the si gnal disappeared when e ither the Sn or O

~ 
flow was tu rned  off ,

and because it maximized at an 02 flow tha t  gave a compact blue f lame,  it is
probable that SnO was excited , as t h e r e  was no evidence for the presence  in
the flame of molecules othe r than SnO and 02 .  The only known SnO sys tem

that  the N 2 laser  could have exc ited is A 1fl .~~X
l
E

+ , and the short  l i fe t ime

- 2 1-
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that was measured  is indicat ive of such an allowed tr ans i t i on .  Decay

measu remen t s  taken at 9. 7 , 4 . 8 , ari d 0. 85 To r r  total pre s sure (Fi g.  5) actu
ally revealed two decay t imes:  one with a moderate  p r e s s u r e  dependence that
extrapolated to 160 ± 2 0  nsec at ze ro  p r e s s u r e , and one with a v e ry  s t rong
p r e s s u r e  dependence that extrapolated to 130 ± 6 0  n s e c .  These short ze ro
pressure decay times make SnO (A

1 fl - X~~~~) una t t rac t ive  as a cw laser  sys-
tem , un l ike  the  a , b , and b ‘-X 1

E s y s t e m s .  The a , b , and b ’ s ta tes , which cor-
relate with the low-ly ing t r iplet state s of o the r  group IVA monoxides ,  a re
expected to have fa i r l y long radiat ive l i f e t imes .  In view of the reasonably
la rge  photon yields , these  states appear to he p romis ing  chemical  laser  candi-
date s , pa r t i cu la r l y when it is r emembered  that the measured  p hoton y ield s
r e p r e s e n t  a lower l imit  to the actual react ion b ranch ing  ratio .
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THE IV A N A , G E T T I N G  L A B O R A T O R I E S

The Laboratory  Opera t io n s  of The Aerospace  C o r p o r a t i o n  is  conduct ing

exper imental  and t h e o r e t i c a l  I ~v e S t i g a t i o n 5  n e c e s s a r y  f o r  the evaluat ion and

app l i c a t i o n  of s c i e n t i f i c  advances to new m i t i t a  r v  concepts  and sys tems .  ~‘ er-

s a t i l i t y  and f l e x i b i l i t y  have bee n deve loped  to a hi g h d e g r e e  b y the l abo ra to ry

pe r sonne i  in  dea i ing  with the many p rob lems  encoun te  red in  the nat ion ’ s rap id l~
deve lop ing  space  and m i s s i l e  s y s t e m s .  E x p e r t i s e  in  the la tes t  s c i e n t i f i c  devel-

opments i s  v i t a l  to the accomp i i s h m e n t  of t a s k s  re la ted  to t h e s e  p r o b l e m s ,  The

labo ra to r i e s  that con t r ibu te  to th is  r e s e a r c h  a re :

Aerop h y s i c s  Labora to ry :  Launch and r e e n t r y  aerod ynamics , heat tra ns-
fe r . reentry p h y s i c s , chemica l  k i n e t i c s , s t r u c t u r a l  mechanics , f l ight  dynam ics .
atmosp h e r ic  pol lut ion , and hi gh-power gas l a se r s .

Chemi s t r y  and Ph y s i c s  Labora tory :  Atmosp h e r i c  r e a c t i o n s  and atmos-
p he rx  ,i p t i cs . chemica l  r eac t i ons  in polluted atmosp h e r e s . chen’ü c al r eac t ions
of e x c i t e d  s p e c i e s  in r o c k e t  p lumes , chemica l  thermod ynamics , p lasma and
l a s e r - i n d u c e d  reac t ions , l a se r  c h e m i s t r y ,  p ropu l s ion  c h e m i s t r y ,  space vacuum
and r ad i a t i on  e f f e c t s  on ma te r i a l s , l ub r i ca t ion  and s u r f a c e  p henomena , p hot o-
s e n s i t i v e  m a t e r i a l s  and sensors , hig h p r e c i s i o n  l a s e r  ranging,  and the app li -
c a t i o n  of p h y s i c s  and c h e m i s t r y  to problems of law enforcement  and b i o m e d i c in e .

E l e c t r o n i c s  R e s e a r c h  Labora tory :  E l e c t r o m a g n e t i c  t h e o r y ,  d e v i c e s , and
p r o p a g a t i o n  p henomena , i n c l u d i n g  p lasma el e c t r o m a g n e t i c s  quantum e l e c t r o n i c s .
l a s e r s , and e l e c t r o - o p t i c s ;  communica t ion  s c i e n c e , ,  app l~ ed e l ec t ron i c s , semi -
conduc t ing ,  superconduc t ing ,  and c r y s t a l  des i ce  ph y s i c s , op t i ca l  and a c o u s t i c a l
imag ing ; a tmosp h e r i c  po l lu t ion :  m i l l ime t e r  wave and f a r - i n f r a r e d  t e c h n o l o g y .

M a t e r i a l s  S c i e n c e s  Labora to ry :  Development  of new m a t e r i a l s ;  metal
matr ix compos i t e s  and new forms of c a r b o n ;  tes t  and e v a l u a t i o n  of grap hi te
and c e r a m i c s  in  r e e n t r y ;  s p a c e c r a f t  m a t e r i a t s  and e l e c t r o n i c  components in
n u c l e a r  weapons  e n v i r o n m e n t ; app l i ca t i o n  of f r a c t u r e  m e c h a n i c s  to s t r e s s  cor-
r o s i o n  and f a t i g u e - i n d u c e d  f r a c t u r e s  in s t r u c t u r a l  m e t a l s ,

Space S c i e n c e s  Laborat oiy :  Atmospher ic  and ionosp her ic phy s i c s , radi a-
tion from the a tmosp h e r e ,  d e n s i t y and compos i t ion  of the a tmosphere ,  ,i u rorae
and ai r g low ;  ma gne tosp he r i c  ph y s i c s , co smic  rays , g e n e r a t i on  and p ropaga t i on
of p l a sma  w a v e s  in  the  magne tosp h e r e ;  solar  ph y s i c s , s t u d i e s  of so l a r  m a g n e t i c
f i e l d s ;  space ast ronomy. x - r a y  a s t ronomy;  the e f f e c t s  of .1111 l e a r  exp losions .
magne t i c  s t ,~ r ,i:s , and so la r  a c t i v i t y  on the ea r th ’ s a t m o sp h ere . ior t osp her . and
m a g n e t o s p h e r e ;  the , ‘ l f e c t s  of O p t i ca l , e l e c t r o m a g n e t i c , and par t icu la te  radia-
t i , , , i 5 in  s pace  on space  sy s t ems ,
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