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S u m m a r y  

Exc i t ed  p h o t o f r a g m e n t s  are p r o d u c e d  by  vacuum ul tra-violet  photo lys i s  
of  gaseous a m m o n i a  and ammonia-d3.  The  fo l lowing t ransi t ions have been  
recorded :  NH2(ND2) ,~ 2A1 -* X 2B1 by i r radia t ion wi th  x e n o n  and k r y p t o n  
resonance  lamps;  NH (ND) c lo  -~ a 1A and b 1Z+ -* X 3 ~ -  with the  k r y p t o n  
and argon resonance  lamps. 

This last emission, observed here  fo r  the  first  t ime,  occurs  a t  471 n m  
and i t  leads to  the  s ing le t - t r ip le t  spli t t ing a 1A --  X 3 ~ -  of  NH, with an energy 
of  1 .561 eV (1 .565  eV for  ND). The  ro ta t iona l  t empera tu re s  of  the  c and b 
exc i ted  states o f  NH and ND radicals have been  measured  and the  p r imary  
processes leading to  the  exc i t ed  p h o t o f r a g m e n t s  are discussed. 

I n t r o d u c t i o n  

A m m o n i a  photo lys i s  in the  gaseous phase has been  s tudied  for  several 
decades  [ 1 - 8 ] .  F o r  the  last t en  years  i n f o r m a t i o n  concern ing  the  exc i ted  
p h o t o f r a g m e n t s  has been  ob ta ined  by  opt ical  m e t h o d s  [4 - 8 ] .  The re  are few 
studies conce rn ing  ND 3 pho to lys i s  [3, 4 ] .  

In a previous  pape r  [4] we evaluated  the  kinet ic  energy o f  the  h y d r o g e n  
a toms  p roduced .  

Here  we p resen t  results  re levant  to  the  observa t ion  of  emissions dur ing  
NH a and ND 3 photo lys i s  in th ree  spectral  ranges: lower  than,  close to,  and 
higher  than  the i r  ion iza t ion  potent ia ls .  

The  NH b 1• ÷ "-> X 3 Z -  radiat ive t rans i t ion  has been  observed fo r  the  
first  t ime  dur ing  the  course  of  this p h o t o c h e m i c a l  s tudy  and we have repor t -  
ed it previous ly  [9] ; t he  expe r imen ta l  value o f  the  energy  d i f fe rence  b e tw een  
the  t r ip le t  3Z-  g round  state  and the  first singlet exc i ted  state  alA is 1.56 eV. 
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Spectral and thermodynamic data concerning the ammonia molecule 
The ammonia spectrum [10 - 18] is structured at wavelengths longer 

than 140 nm but becomes very diffuse at }, < 140 nm so that  analysis was 
possible only for ~,  B and C states [17 - 20]. Douglas [17] showed that  the 
A state predissociates into NH 2 (,~2B 1) + H, and that  the ground state of am- 
monia correlates with NH2 (.~ 2A1). 

The ground state of  ammonia belongs to point group C3v (pyramidal 
symmetry),  while the excited states belong to point group D3h [15] (planar 
symmetry).  The ground state of NH~ is also planar (quantum yields of  photo- 
ionization [3] are 0.4 and 0.42, respectively, for NH a and ND 3 at 104.8 
nm). 

The various thermodynamic data concerning ammonia compiled in 
1971 [21],  do not  assist in deciding which values for AHf(29 s K) (NH3), 
(NH) and (NH2) to choose in order to calculate the thermodynamic thresh- 
olds of the two following processes: 

NH 3 -+ NH 2 (~: 2B1) + H(2S) 

N H  3 ~ N H ( X  3 2 - )  + H 2 ( l E g )  

TABLE 1 

Threshold  energies in ammonia  decompos i t i on  

E(eV) 

NH 3 1 + -+ NH(X 3 ~ - )  + H2 ( ~ g )  

-~ NH2(X 2B1) + H(2S) 

-+ NH(a 1A) + H2(1Eg) 

-+ NH2(.~2A1) + H(2S) 

-+ N H ( b l E  ÷) + H2(12g)  

-+ NH(A 3Tr) + H2(1Xg) 

-+ NH(X 3 ~ - )  + H(2S) + H(2S) 

-+ NH(c l~r) + H 2 ( l ~ g )  

--> NH(a 1A) + H(2S) + H(2S) 

-+ NH~ + e 

--> NH(b 12+) + H(2S) + H(2S) 

-> NH(A 3~.) + H(2S) + H(2S) 

3.9 -+ 0.1 (1) 

4.4 +- 0.1 (2) 

5.5 + 0.1 (3) 

5.7 + 0.1 (4) 

6.6 +- 0.1 (5) 

7.6 + 0.1 (6) 

8.4 + 0.1 (7) 

9.3 + 0.1 (8) 

9.9 -+ 0.1 (9) 

10.14 [22]  (10) 

11.1 +0.1 (11) 
12.1 +0.1 (12) 

We have shown [4] that  NH 3 photolysis leads to dissociation into NH 
(X3Z -) + H + H. The assumption that  147 nm is the threshold of the reac- 
tion, corresponds to the lowest experimental values for AH r (NH) = 78.5 
kcal/mol and AH r (NH3) = --10.5 kcal/mol; NH (Ex3r-  "--Eal~) = 1.56 eV 
[9]. 

Thermodynamic thresholds in ammonia decomposition are given in 
Table 1. 



419 

Experimental 
A m m o n i a  was o b t a i n e d  f r o m  Air  Liquide;  its pu r i t y  was 99.6%. The  

a m m o n i a - d a  o b t a i n e d  f r o m  CEA had  a pu r i t y  of  99.7%. Bo th  were  used 
w i t h o u t  f u r t h e r  pur i f i ca t ion .  

The  e x p e r i m e n t a l  appa ra tu s  is shown  in Fig. 1. Gas a t  0.3 T o r r  pressure  
(measu red  b y  Pirani LKB gauge) f l owed  at  a ra te  o f  0.1 c m a / s  t h rough  a cell 
pa in t ed  b lack  and  e q u i p p e d  wi th  Wood ' s  ho rns  fo r  the  e l imina t ion  o f  scat- 
t e red  light. 

3 

8 

Fig. 1. Experimental apparatus: 1, lamp; 2, titanium wires; 3, microwave power antenna; 
4, LiF window; 5, photolysis cell; 6, gas input and pressure measurements; 7, Wood's 
horns; 8, quartz observation window; 9, gas output and vacuum. 

TABLE 2 

Wavelengths of the rare gas resonance line emissions 

k(nm) E(eV) Relative intensity (%) 

Xe 147 8.45 99 
129.5 9.57 1 

123.6 10.06 80 Kr 
116.5 10.65 20 

104.8 11.82 not observed Ar 
106.7 11.62 

T h e  rare  gas r e sonance  l a m p  was filled to  I T o r r  pressure  wi th  Xe, Kr  or  
Ar, and  the  gases were  pur i f ied  b y  hea t ing  t i t an ium wires  inside the  l amp  b y  
a 10 A cur ren t .  Be fo re  each  e x p e r i m e n t ,  the  l a m p  was tes ted  wi th  a v a c u u m  
ul t ra -v io le t  m o n o c h r o m a t o r  (Coderg  MSV 102)  having a grat ing of  2400  
l i n e s / m m  blazed  a t  121 .6  nm.  

The  wave leng ths  o f  the  emiss ion  lines are s h o w n  in Tab le  2. I t  was pos- 
sible to  evalua te  the  relat ive in tensi t ies  o f  the  emiss ion  lines f r o m  x e n o n  and 
k r y p t o n ,  b u t  the  sensi t iv i ty  o f  o u r  a p p a r a t u s  rap id ly  decreased  be low  115 
nm,  m a k i n g  it  imposs ib le  to  eva lua te  the  relat ive intensi t ies  o f  the  argon 
r e sonance  lines. 

Emiss ion  was obse rved  a t  r ight  angles to  the  exc i t a t ion ,  t h r o u g h  a mo-  
n o c h r o m a t o r  ( J o b i n - Y v o n  HRP)  e q u i p p e d  wi th  a grat ing o f  1221 l ines /nm 
blazed  a t  500 nm.  T h e  d ispers ion  o f  this appa ra tu s  was 1.3 n m / m m .  T h e  
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Fig. 2. Emission spectrum NH 2 A 2A 1 ~ X 2B 1 transition formed during the photolysis 
of ammonia at 147 nm.*  designates Xe scattered lines. 

600 5..50 500 450nrn 

Fig. 3. Emission spectrum ND 2 A 2A 1 --> X 2B 1 transition formed during the photolysis 
of ammonia-d 3 at 147 nm.*  designates Xe scattered lines. 

p h o t o m u l t i p l i e r  se lected ( H a m m a m a t s u  R212  UHS)  was sensit ive in the  
spec t ra l  range 250 - 650  n m  and was c o n n e c t e d  to  a p i c o a m m e t e r  ( L e m o u z y  
PA 15T).  The  o u t p u t  was r eco rded  on a Graph i r ac  (Sef ram) .  

I t  is n o t  poss ib le  to  give a precise  value o f  any  q u a n t u m  yield;  by  com-  
par i son  wi th  O k a b e  and  Lenz i ' s  [7] e s t ima t ion  o f  the  NH2 (~. 2A1) q u a n t u m  
yie ld  ( 4  10 -3)  dur ing  the  pho to ly s i s  o f  N H  3 in this spect ra l  range,  we can 
infer  t h a t  ou r  d e t e c t i o n  s y s t e m  had  a p p r o x i m a t e l y  the  same sensi t ivi ty  fo r  
large m o n o c h r o m a t o r  slits (1000  pm) .  Bu t  in o rder  to  s t udy  the  ro t a t iona l  
s t ruc tu re  of  these  emissions,  i t  is necessary  to  ope ra t e  wi th  n a r r o w  slits lead- 
ing to  a h igher  d e t e c t i o n  th reshold .  

Resul ts  

Xenon resonance lamp (147 and 129.5 nm) 
Emiss ion  a t  129 .5  n m  is on ly  1% of  the  to t a l  emiss ion  and  has been  

neglected.  We observe  in Figs. 2 and  3 a d i f fuse  b a n d  s p e c t r u m  lying be- 
tween  390  n m  and  the  d e t e c t i o n  l imi t  o f  the  p h o t o m u l t i p l i e r  (650 nm) .  
This  emiss ion  m a y  be assigned [23]  to  the  t rans i t ion  N H 2 ( N D z )  .~ 2A1 -* 
2B 1. 

Krypton resonance lamp (123.6 and 116.5 nm) 
Three  d i f f e ren t  emiss ions  are observed:  (1) a d i f fuse  s p e c t r u m  ident ical  

to  the  p reced ing  one  assigned to  NH2(ND2)  .~ 2A 1 -~ .~ 2B1; (2) an in tense  
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Fig. 4. Emission spectrum in the second order of the 0 - 0 NH c IN -~ a IA transition 
formed during the photolysis of ammonia by Kr resonance lamp. 
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Fig. 5. Emission spectrum in the second order of the 0 - 0 ND c 1/r --> a 1A transition 
formed during the photolysis of ammonia-d 3 by Kr resonance lamp. 

emission already observed by Becker  and Welge [6] for  NH 3 lying be tween  
324 and 335 nm (Figs. 4 and 5) which was assigned to the 0 - 0 band  of  NH 
(ND) c 1~ _, a 1A. The ro ta t iona l  levels are popu la t ed  unti l  J = 17 for  NH and 
J = 28 for  ND; (3) a thi rd  weaker  emission, more  intense with ND 3 than  with 
NH3, c o m p o s e d  of  an intense central  line placed in b o t h  cases at 471 nm and 
su r rounded  by  a fine s t ructure .  We have assigned this (see below) to  NH(ND)  
blE + --> X 3E--, 

Argon resonance lamp (104.8 and 106.7 nm)  
(1) Emission of  NH2 (ND2) A 2A1 -* ~( 2B1 has no t  been observed;  (2) 

emissions of  0 - 0 (Figs. 6 and 7) and 1 - 0 (Figs. 8 and 9) f rom the t ransi t ion 
NH (ND) c lo  -* a 1A occur.  Ro ta t iona l  levels are popu la t ed  unti l  J = 16 for  
NH and J = 12 for  ND in the (0 - 0) band  and unti l  J = 13 for  NH and J = 17 
for  ND in the  (1 - 0) band;  (3) emissions o f  NH(ND)  b I ~+ -* X 3 Z -  become  
more  intense (Figs. 10 and 11). 

Spectral  analysis o f  exper imenta l  results 

N H c  i~ _. a 1A 
Spect ra  of  the  t rans i t ion  NH(ND)  c I n -* a 1A obta ined  by  photo lys is  at  

123.6 n m  and 104.8  n m  have been analysed,  and all the observed lines have 
been assigned to  ro ta t iona l  levels by  compar i son  with the previous assignments 
for  NH [24, 25] and ND [26, 2 7 ] .  

F r o m  the  in tensi ty  d is t r ibut ion of  these lines, ro ta t iona l  t empera tures  
cou ld  be calculated in the  frame of  the B o r n - O p p e n h e i m e r  approx ima t ion ,  
neglect ing the v i b r a t i o n - r o t a t i o n  in teract ion.  For  this t ransi t ion,  n -* A 
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Fig. 6. Emission spectrum in the second order of  the 0 - 0 N H  c 1/t ~ a 1A transition 
formed during the photolysis of ammonia-d 3 by Ar resonance lamp. 
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Fig. 7. Emission spectrum in the second order of the 0 - 0 ND c 17r -+ a 1A transition 
formed during the photolysis of ammonia-d 3 by Ar resonance lamp. 
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Fig. 8. Emission spectrum in the second order of the 1 - 0 NH c llr ~ a 1 ~  transition 
formed during the photolysis of ammonia-d 3 by Ar resonance lamp. 

(A k = - - 1 ) ,  the  in tens i ty  d i s tr ibut ion  is d irect ly  l inked  w i t h  the  H 6 n h l -  
L o n d o n  factors  Sj,~,, : the  ca l cu la t i on  o f  these  factors  [ 2 8 ]  a l lows  us to  ob ta in  
the  ro ta t iona l  t e m p e r a t u r e  w i t h  the  f o l l o w i n g  e q u a t i o n :  

Ij,j,, t E j ' )  l o g s j , ~ , , v  4J,J,,- C s t -  ~ l o g e  

w h e r e  pj,j,, and Ij,j,, axe re spec t ive ly  the  w a v e n u m b e r  and in tens i ty  o f  a J'J" 
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Fig. 9. Emission spectrum in the second order of the 1 - 0 ND c 1~ __> a 1A transition 
formed during the photolysis of ammonia-d 3 by Ar resonance lamp. 
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Fig. 10. Emission spectrum of NH b 12;+ ~ X 3N- formed during the photolysis of 
ammonia-d 3 by Ar resonance lines. 
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Fig. 11. Emission spectrum of ND b 1]~+ _+ X 3E-  formed during the photolysis of 
ammonia-d 3 by Ar resonance lines. 

t r a n s i t i o n ,  a n d  E~, is t h e  e n e r g y  o f  t h e  r o t a t i o n a l  l eve l  J ' .  
We o b t a i n  f o r  e a c h  case  a s t r a i g h t  l i ne  w h o s e  s l ope ,  e v a l u a t e d  b y  l e a s t  

s q u a r e s ,  gives  a r o t a t i o n a l  t e m p e r a t u r e  T. T h e  T v a l u e s  a re  s h o w n  in T a b l e  3. 

NH b 1E+ _~ X 32;-  
As  t h i s  e m i s s i o n  h a s  n e v e r  b e e n  o b s e r v e d  b e f o r e ,  w e  sha l l  give a d e t a i l e d  

a n a l y s i s  h e r e .  T h e  t r a n s i t i o n  is f o r b i d d e n  b y  t h e  m u l t i p l i c i t y  ru l e  a n d  t h e r e -  
f o r e  i ts  o s c i l l a t o r  s t r e n g t h  is p r o b a b l y  l ow .  

Spectrum analysis 
T h e  d i a g r a m  o f  t h i s  t r a n s i t i o n  is s h o w n  in Fig .  12.  T h e  s p e c t r u m  is 

c o m p o s e d ,  f o r  N H  as f o r  N D ,  o f  a v e r y  i n t e n s e  c e n t r a l  l i n e  (F igs .  10  a n d  11)  
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TABLE 3 

Rota t iona l  tempera tures  of  NH(ND)c 17r radical formed by photolysis  of  ammonia  and 
ammonia-d  3 with krypton  and argon resonance lines 

= 123.6 nm h = 104.8 nm 

NH ND NH ND 

v = 0  T = 2 7 4 5 K  T = 2 7 8 5 K  T = 1 1 1 5 K  T = 9 0 5 K  
v = 1 not observed not observed T = 882 K T = 616 K 

1£+ N ' J :  0 1_ 2 
+ + ~ 

.~o 2 o 

' i / '\ 

sR( "1 

3 E -  J " : l  0 1 2 1 2 3 2 4 
N"= 0 I 2 

Fig. 12. Schemat ic  diagram for the rota t ional  levels of  the NH(ND) b 1F,+ -+ X 3 E -  
transition. 

TABLE 4 

Rota t iona l  constants  of  NH(ND)b  IX+ and NH(ND)X 3~ 

X 3 E -  b 1E+ 

NH ND NH ND 

B 0 (cm -1) 16.3454 8.7822 16.7326 8.3472 

with  a SR b r a n c h  and  a Op b ranch .  The  th ree  b ranches  QP, QQ and Q R  o v e r -  

l a p  each o t h e r  in t he  cen t ra l  l ine.  The  s ta tes  b 1E* and X 3 ~ -  are k n o w n  
f rom w o r k  on  the  t r ans i t i ons  c z~ H -~ b 1E+ [29,  30]  and  A 3~ _~ X 3 E -  [31,  
3 2 ] .  The  r o t a t i o n a l  c o n s t a n t s  a l r e ady  k n o w n  are shown  in Table  4. F o r  b o t h  
i s o t o p i c  species ,  B 0 - -  B~ is nea r ly  zero ,  and  c o n s e q u e n t l y  all Q b ranches  
pi le  up  in a n a r r o w  band .  

We can ca l cu la t e  the  energies  of  the  l ines of  this  t r a n s i t i on  fo r  NH and 
ND by  t a k i n g  t h e  Q Q ( 0 )  l ine  as t he  ene rgy  origin.  

The  f i rs t  t en  Q l ines over lap  wi th in  a very  n a r r o w  range,  a b o u t  10 cm -1,  
so t h a t  fo r  NH and  ND the re  is on ly  one  large in tense  l ine in the  low resolu-  
t i on  s p e c t r u m  (Table  5). A t t e m p t s  were  m a d e  to  resolve  the  cen t ra l  l ine wi th  
a b e t t e r  s p e c t r o g r a p h  in the  Molecu la r  P h o t o p h y s i c s  L a b o r a t o r y  of  Dr. Leach  
at  Orsay.  U n f o r t u n a t e l y  the  i n t e n s i t y  was t o o  weak  and on ly  the  Q b ranch  
fo r  ND c o u l d  be obse rved .  
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F r o m  the  obse rva t ions  we have  d e t e r m i n e d  the  origin of  b o t h  spec t r a  to  
be: NH:  471 .01  -+ 0 .25 nm;  ND:  470 .73  -+ 0.13 nm.  

Evaluation AE (X  3~-  - -a  1A) 
Observa t ion  of  this emiss ion  pe rmi t s  for  the  first  t ime  the  m e a s u r e m e n t  

of  the  t r i p l e t - s ing l e t  spl i t t ing o f  NH(ND) .  Fo r  the  energy  d i f fe rence  b e t w e e n  
the  f irst  s inglet  exc i t ed  s ta te  and the  t r ip le t  g round  state,  we ob ta in  the  values 
1.561 eV fo r  N H  and 1 .565  eV for  ND (Fig. 13). The  value fo r  NH is in good  
a g r e e m e n t  wi th  the  ind i rec t  d e t e r m i n a t i o n  m a d e  by  O k a b e  and Lenzi  (1.6 
eV) and  wi th  the  theore t i ca l  value o f  1.47 eV ca lcu la ted  b y  O 'Nei l  and  
Schaef fe r  [ 33 ] .  

d 1Z + 10.272 (10.2 85 I 

I 
i ¢1Ft 5.374 [5,,390] l 

A3 FI 3"716 (3"6981 i v ~,bl]E 2.633 (2,6 32) 

x3~- l ~,/// °% 1,561 ll.S6sd 

Fig. 13. Energy diagram of NH and ND. The energy values in eV, are the intervals be- 
tween X 3~- p = 0 level and excited states p = 0 levels. Values in parenthesis concern ND. 

Rotational temperatures 
The  ro t a t iona l  s t ruc tu re  of  this emission,  observed  in the  course  of  the  

pho to lys i s  wi th  Ar  lines, al lows the  ro ta t iona l  t e m p e r a t u r e s  to  be  evaluated.  
The  H S n h l - L o n d o n  fac tors  for  this f o r b i d d e n  t rans i t ion  con ta in  the  paral lel  
and  pe rpend icu l a r  t rans i t ion  m o m e n t s  (a lways  pl, + P_~ = 1) and to  k n o w  
these m o m e n t s  it  is real ly necessary  to  resolve all the  Q branches .  However ,  
l~ Ip and Pi  cancel  in the  loga r i thmic  equa t ion  f r o m  which the  t e m p e r a t u r e s  are 
ob ta ined .  T h e  H S n h l - L o n d o n  fac to r s  are t h e n  given by  the  fo l lowing  
equa t ions  [ 3 4 ] :  

S~j,, (Op) = ( j  + 1)(J  + 2 ) (2J  + 1A)(p//--pj)2 

Sj,j,, (sR) = J ( J  - -  1 ) (2J  - -  1) '1  (p//-- ]aj.) 2 

T h e y  are i n t r o d u c e d  in the  logar i thmic  express ion :  

/ j ' j "  "\ E j,, 
log Sj ' j "  ,4 , } - - -  kT-  log e + c o n s t a n t  

J ' j "  / 

The analysis  p e r f o r m e d  with  on ly  the  SR a n d ° P  branches  gives for  v' = 0 the  
fo l lowing  values: TNH = 300 K and T•D = 370 K. 

Discussion 

N H  2 (ND2) ~4 2A I radical formation 
O k a b e  and  Lenzi  [ 7] have observed  the  f o r m a t i o n  of  NH 2 (A 2A1) in the  

course  o f  pho to lys i s  o f  NH 3 a t  wavelengths  shor t e r  t han  164 n m  with  a 
q u a n t u m  yield  ~< 10 -3.  This  p h o t o n  energy  is the  th re sho ld  of  the  N H  3 



427 

(g 1E") state. According to them this state would be predissociated in order 
to give the A state of NH2. The present work is in agreement with these 
results and shows moreover the absence of this dissociation mode at 104.8 
rim. The spectrum of the emission NH 2 A 2A 1 -~ X 2B 1 perturbed by the 
Renner-Teller effect [23] is very diffuse and it was impossible to carry out 
vibrational and rotational analysis. 

The dissociation (4) can occur only from two states 1A 1 and 3A 1 
(1A~ and 3A 1 in D3h symmetry)  because of correlation rules. 

The singlet ground state X 1 A1 of ammonia directly dissociates into 
NH 2 (A 2A 1) + H, and consequently, a predissociation may occur only 
through NH 3 (3A 1 ). The fact that  this predissociation is forbidden by multi- 
plicity might explain the low NH 2 (A 2A 1 ) quantum yield obtained at 147 
and 123.6 nm. 

The absence of NH2 (A 2A1) production at 104.8 nm may be explained 
in several ways: (a) there may be no intersection between the 3A 1 surface 
and that  reached at 104.8 nm; (b) the predissociation may be forbidden by 
symmetry in addition to the spin interdiction; (c) the predissociation may be- 
come negligible as other channels, especially photo-ionization, become 
available. 

NH(ND)c 1 II radical formation 
NH(c 1 If) formation by NH 3 photolysis at 123.6 nm has already been 

observed by Becker and Welge [6]. We confirm this result and, moreover, we 
observe this radical formation at 104.8 nm. If we refer to Table 1, only the 
dissociation (8) can be responsible for this radical formation. 

As the ammonia molecule is planar in all of its excited states, the v2 
bending "ou t  of plane" vibration is strongly excited by photon absorption. 
This excitation mode would lead to rotational motion of NH. In the two 
cases of argon and krypton photolysis the rotational temperatures are very 
high. Since the rotational temperature is higher in the krypton case, in the 
vibrational state reached at 123.6 nm, the v2 excitation must be greater than 
in the state reached at 104.8 rim. 

We can perhaps explain the high rotational temperatures observed with 
the following model. If we consider the planar ammonia molecule as triatomic, 
taking one NH bond as fixed, then the NH + H 2 dissociation requires the 
excitation of planar bending vibration. Since the bond length in H 2 is shorter 
than the H-H distance in NH3, this bending vibration has to be excited to 
produce a hydrogen molecule. It is then highly probable that, at the two 
wavelengths and for the two isotopic compounds, dissociation (8) leads to 
various population of vibrational levels of H 2 (D2) with different rotational 
temperature of  NH(ND) as measured in the different cases (Table 3). 

NH(ND)b 1 E+ radical formation 
Two problems arise from the first observation here of this emission: (1) 

the direct formation of NH(b 1E+) by photochemical excitation of NH 3 is 
certainly possible, while, to our knowledge, it does not  occur when the 
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molecu le  is exc i t ed  in o the r  ways  (e lec t ronic  impac t ,  f lames,  discharge,  etc. ); 
(2) if  the  p h o t o d i s s o c i a t i o n  (5) is respons ib le  fo r  the  f o r m a t i o n  o f  the  radical,  
we m u s t  expla in  why  we do  n o t  observe  N H ( b  1~+) a t  8 .45 eV w h e n  the  
t h e r m o d y n a m i c  pho t od i s s oc i a t i on  th re sho ld  is 6.6 eV. Also, the  process  (11) 
requires  a m i n i m u m  energy  o f  11.1 eV, 0.5 eV higher  than  the  ene rgy  o f  the  
second  k r y p t o n  resonance  line. 

One  migh t  be  t e m p t e d  to  a t t r i b u t e  the  f o r m a t i o n  of  N H ( b  ~ + )  to  the  
d issoc ia t ion  (11) because  its energy  th resho ld  (11.1 eV) should  be higher  
t han  the  N H  3 ion iza t ion  po ten t ia l .  One  wou ld  e x p e c t  t h a t  every  m e t h o d  o f  
exci t ing  N H  3 which  could  p r o d u c e  ions, would  f avour  ion iza t ion  against  
d issoc ia t ion  of  a supe rexc i t ed  molecu le  (NH(b  1E +) c a n n o t  c o m e  f r o m  NH~ 
because  of  lack of  energy) .  The  u n c e r t a i n t y  conce rn ing  the  hea t  o f  f o r m a t i o n  
o f  N H  3 and  N H  is t o o  grea t  to  m a k e  a cho ice  b e t w e e n  reac t ions  (5) and (11). 
As N H  2 (,~ 2A 1) wou ld  predissoc ia te  on ly  in to  N + H2, and as H 2 would  dis- 
socia te  in to  H + H only  if f o r m e d  in its 3 ÷ E u state,  whose  f o r m a t i o n  is forbid-  
den f r o m  a singlet  NHs ,  the  d issoc ia t ion  (11) m u s t  d i rec t ly  yie ld  th ree  frag- 
men t s .  The  observed  low ro ta t iona l  t e m p e r a t u r e s  (~ 300 K) are n o t  in con- 
t r ad ic t ion  with  such a d issoc ia t ion  because  the  excess energy  wou ld  be easily 
c o n v e r t e d  in to  kinet ic  energy  of  the  h y d r o g e n  a toms .  

U n f o r t u n a t e l y  the  radia t ive  l i fe t ime o f  this N H  b 12;+ -~ X a~ transi- 
t ion  is n o t  k n o w n ;  being fo rb idden ,  its l i fe t ime m u s t  be large, h igher  t han  
t h a t  o f  the  a l lowed c l l I  -~ al/~ t rans i t ion  ( a b o u t  4 × 10 -v  s). F o r  the  pressure  
used in this work ,  t h e rm a l i za t i on  by  coll is ion would  have  to  be cons idered  
on ly  if the  l i fe t ime is longer  than  10 -5 s. I f  t h a t  is the  case, and  if  r eac t ion  
(5) occurs ,  a r a the r  high po ten t i a l  barr ier  would  p reven t  its obse rva t ion  fol- 
lowing i r rad ia t ion  at  147 n m  (8.45 eV). 
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