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Several K  = 3 doublets o f  l4N D 3 and I5N D 3 in the v2 =  1 excited vibrational state have been 
observed. W ith the new lines we were able to ob tain  im proved values for the 73 and constants. 
For 14N D , i/5 =  2.3517(15) • 10“ 5 MHz, tj{ = -  1.068(8) • 10“ 8 MHz, and for 15N D 3 »9 =  2.3548(23)
• 10“ 5 MHz, rjj = 1.061(10) • 10~8 MHz.

Introduction

In two p reced ing  investigations [1, 2] the pure 
inversion  spe c t ru m  o f  the a m m o n ia  iso topom ers 
l4 N D 3 and  l5 N D 3  in the v2  =  1 excited v ibrational 
sta te  has been  investiga ted . In a fu r the r  publica tion
[3] these m ic ro w av e  da ta  have been  used toge ther  
with high reso lu tion  IR -da ta  to perfo rm  a m ore  
genera l f i tt ing o f  the  m o lecu la r  param eters .

A fit o f  the  K  = 3 doub le ts  m easu red  in the 
m i l l im e te r  wave range  has also been  pe rfo rm ed  in 
[ 1 ] and  [2 ] bu t  the  values o f  the o b ta ined  / / 3 p a r a m ­
eters had  a large e r ro r  and  d id  not show  com ple te  
ag reem en t w ith  the  values ob ta in ed  in [3] because 
o f  the l im ited  n u m b e r  o f  ava i lab le  K  =  3 doublets. 
To  get a be t te r  in fo rm a t io n  ab o u t  these param eters  
and also as c o m p le m e n ta ry  d a ta  o f  recent p u b l ic a ­
tions [4. 5], we h ave  now  considered  and  m easured  a 
suffic ient n u m b e r  o f  K  — 3 doub le ts  for both  
iso topom ers  up  to J  =  15.

Experimental

A m m o n ia  1 4 N D 3  has  been  purchased from Merck. 
S h a rp  & D o h m e  (C a n a d a )  with a D  concentra tion  
o f  99 atom %  and  used w ithou t  purif ica tion .

T h e  l5 N D 3  sa m p le  was p rep a red  from 1 5 N D 4 C1 
pu rchased  from  R o h s to f f  E in fu h r  G m b H ,  D üssel­
d o r f  with a dec la red  D concen tra tion  o f  99% and 
i5N  concen tra tion  o f  95%. Oki and  O kay a  klystrons,
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used to p ro du ce  m i l l im e te r  w ave frequenc ies  in the 
region 4 5 - 1 0 0  G H z .  w ere p hase  locked to a 
PTS 500 signal gen e ra to r  th ro u g h  a d ou b le - lo op  
stabil isation. Source  m o d u la t io n  o f  the  Klystron is 
p rov ided  by p hase  m o d u la t in g  the  10 M H z  o f  the 
S chom andl F D S  30 synchronizer.

T h e  PTS synthesizer is con tro lled  by a TI-Personal 
C o m p u te r  w hich  genera tes  the  d ig ita lly  contro lled  
sweep for the klystron. W h e n  S tark  m o d u la t io n  was 
used, the cell was a conventional H u ghes-W ilson  
type Stark cell o f  1,5 m length. 33 kH z  sq u a re  wave 
m od u la t io n  was ap p lied  to the  sep tum .

The  range o f  the  sam p le  pressures  was be tw een
3 and  7 Pa. M easu re m en ts  w ere  m a d e  part ia l ly  at 
room  te m p e ra tu re  and  part ia l ly  at 400 K. T he  
accuracy o f  the  m e asu rem en ts  is be lieved  to be 
±  10 kH z except for very w eak  lines.

Results and D iscussion

All m easu red  lines are  listed in T a b le  1. T h e  lines 
o f  the K  =  3 d ou b le ts  have  an  in tensity  ra t io  o f  10:1 
because  o f  the spin statistics, and  thus  lines with 
J  >  10 (abso lu te  energy level h ig h e r  th a n  1500 c m -1) 
were so m etim es  very w eak  and  only m ea su rab le  
with  Stark spec troscopy  and  an  averaging procedure. 
T he  transit ion  A \ - A ' {  is strong, the  A ' i - A ' i  is w eak  
and  the sequence  s trong-w eak  or w eak-s trong  is 
d epen d en t  o f  the  J  q u a n tu m  n um b er .  T h e  sym m etry  
species o f  the  levels a re  those co r re spo nd in g  to the 
p e rm u ta t io n  inversion g ro u p  i s o m o rp h o u s  to the 
D 3/, poin t  g roup.

It should  here  be re m e m b e re d  th a t  the  K  =  3 
double ts  o r ig ina te  from  an o p e ra to r
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Table 1. Frequencies o f the doublet lines in M Hz for 
l4N D 3 and l5N D 3. Sign +  on K  corresponds to the spin 
statistical weight I (A'^-A'{)  and sign -  to the spin sta tisti­
cal weight \ 0 ( A \ — A ”).
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J K 14n d 3 ,5N D 3

5 + 3 101 321.365°
5 - 3 101 323.215c 92 462.707 b
6 + 3 97 821.14° 89 139.720b
6 -  3 97 815.54° 89 134.098 b
7 + 3 93 883.70°-a 85 406.47 b
7 - 3 93 897.59c a 85 422.54 b
8 + 3 89 618.67a 81 375.59 b
8 - 3 89 588.34a 81 344.65 b
9 + 3 84 994.25 d-a 77 006.30 d
9 - 3 85 054.41 d a 77 066.04d

10 + 3 80 277.50a 72 566.77a
10 - 3 80 165.94a 72 455.7 9 d-a
11 + 3 75 169.43 d a 67.755.07a
11 - 3 75 360.71 d a 67 946.83a
12 + 3 70 376.5 0 a 63 275.52a
12 - 3 70 061.66a 62 961.17a
13 + 3 64 898.53a 58 126.44a
13 -  3 65 396.24a 58 624.78a
14 + 3 60 486.22a 54 056.20a
14 -  3 59 728.21a 53 296.49a
15 + 3 54 591.46a 48 509.24a
15 - 3 55 71 1.94a 49 632.29a

a This work. -  b M easured in Kiel, see [2], -  c M easured 
in Kiel, see [1]. -  d M easured in Cologne, see [3].

w here  / / , ( o )  is a funct ion  o f  th e  large a m p l i tu d e  
inversion coo rd in a te  o de f ined  in [6 . 7] and  J±  are 
rotational step opera tors .  S u i tab le  w ave functions 
are  ob ta ined  by m ultip ly ing  inversion w ave fu nc ­
tions '/' (a)./ .*(£>) w ith  a l inear  co m b in a t io n  o f  sy m ­
metric  top  wave functions:

A ± )  =  2 _1/:( J.  k )  ±  J , - k ) )  as it follows

n l h . K ( Q ) >  a ±) =  M i ) , . *(<?)>.

F o r  K  = 3 follows with the use o f  the given opera tor :

(~ ^ (a ) ./ .3  ^ 3  ±(P( a) j . 3 )

=  H , ( q ) V i l i j . i X A i  J i + J i  A ± >

= ±/i6<̂ (|)y.3 H,(e)
3

• E t  [ J { J + \ ) - r { r -  1)].
r =  1

T h e  m atr ix  e lem en t  (V 'd X ,  3 //,(£>) ^ ( 3 )7 . 3 )  rep re­
sents a o - in dep end en t  p a ra m e te r  w hich  d epen ds  
param etr ica lly  upon  J  and  is called ^ a) [6 . 7].
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Fig. 1. Inversion-rotation levels of the v2 =  1 excited state 
(after [8]). K  =  3 levels are blown-up showing the  splitting 
and the characteristics o f  the doublets whose frequency 
difference is given by

3

Ay = 4 r]3 [ I  [ J + 1) -  r(r  -  1)].
r= 1

T h e  m easured  frequencies  do  not a llow a sepa ra te  
de te rm ina t io n  o f  t j f ] and  ^  bu t  only an  average  
value o f  //3 =  (;/3S) -I- ;/3 3 )) / 2 . It follows tha t  the  in te r ­
action energy is given by

^ E ( J ,  3) =  173 [J ( J  +  1)] • [7 ( J  +  1) — 2]

• [J(J+ 1) - 6],
w here  a and s ind icate  the pari ty  o f  the  inversion  
wave functions. F o llow ing  the  n o m en c la tu re  o f  the 
D 3 /, g roup, the a -inversion  level splits in to  A'2 and 
A\  sublevels and the s-inversion level accordingly into 
A\  and A’{  sublevels. Only A 2- A ’{  and  A \ - A ' {  t r a n ­
sitions are  allowed. Because o f  spin sta tistics the 
A 2 - A 2 transit ion is 1 0  t imes w eaker  th an  the 
A \ - A ” transit ion (see F igure  1). T h e  split ting
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Fig. 2. Plot o f the //3 constant against 
J 0  + 1) showing the 7-dependence and 
the corresponding m easurem ent error 
given by the length o f the error bars. 
The large error for J  =  5 is due to the 
corresponding small d istance between 
the lines o f the doublet.
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Table 2. M easured and calculated frequency difference in 
MHz between lines o f the doublets for 14N D 3.

J Measured
(MHz)

C alculated
(M Hz)

M eas.-Calc.
(kHz)

5 1.91 1.87 40°
6 5.60 5.58 2 0 c
7 13.89 13.86 3 0 c
8 30.33 30.27 6 0 a
9 60.07 60.03 40 da

10 110.56 110.44 120a
11 191.28 191.23 5 0 d-a
12 314.94 315.02 — 8 0 a
13 497.71 497.62 9 0 a
14 758.21 758.37 — 160a
15 1120.48 1120.41 70 a

a This work. -  c M easured in Kiel, see [1]. — d M easured 
in Cologne, see [3].

T able 3. M easured and calculated frequency difference in 
M Hz between lines o f the doublets for 5̂N D 3.

J M easured
(MHz)

Calculated
(MHz)

M eas.-Calc.
(kHz)

5 _
6 5.72 5.59 130 b
7 14.06 13.88 — 180 b
8 30.55 30.31 240a
9 60.34 60.12 220 d-a

10 110.82 110.61 210a
11 191.76 191.55 210da
12 315.57 315.58 - 10a
13 498.40 498.57 — 170a
14 759.71 759.94 — 230a
15 1123.05 1122.89 160a

a This work. -  b M easured in Kiel, see [2], — d M easured 
in Cologne, see [3].

Table 4. Values for the rj  ̂ and tj{ constants in M Hz com pared w ith those obtained in preceding 
investigations.

T his work [3]
(IR +  M W  data)

[1] and [2]

^ ( l4N D 3) 2.3517(15) • 10~5 2.365(10) • 10~5 2.33(5) • 10"8
fj i  ( I4n d 3) -1 .0 6 8 (7 )  • 10~8 -1 .1 5 ( 8 )  ■ 10~8 -

^ ( I5n d 3) 2.3548(23) • 10~5 2.455(10) • 10~5 2.408(24) • 10~5
rjj ( l5N D 3) -  1.061(10) • 1 0 '8 -2 .0 5 (1 2 )  • 10" 8 -  1.57(30) • 10~8
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betw een the d o u b le t  lines is therefore  given by

3

A v = 4 // ,  n [j (j + 1 ) ~ u i  •
r =  I

It has been show n tha t the J  d ep en den ce  o f  the 
/ / 3 p a ra m e te r  should  be  o f  the kind

= rf\ + J  {J +  1) rji + h igher  terms.

In T ab les  2 and  3 the m easured  and  ca lculated  
frequency  differences inside a d o ub le t  a re  listed 
toge ther  with the dev ia t ion  ob ta in ed  by the fi tt ing 
procedure . T he  sm a lle r  deviations in the  case o f  
l4 N D 3 are  d u e  to the  better  m easu rem en t  poss ib il­
ities because  o f  the  stronger intensity o f  the lines 
due  to the be tte r  experim en ta l  conditions.

In T ab le  4 the values ob ta ined  for the  constants rß 
and f]{ for both  iso topom ers  are  com p are d  with

those given in the  p reced in g  publica tions. It can be 
seen tha t  the  presen t values are  i) m ore  precise than  
the  l i te ra tu re  values and  ii) tha t  the d iscrepancy 
be tw een  l4 N D 3 and  l5 N D 3 d a ta  is now below the 
e r ro r  level o f  the  m ea su rem en ts ,  as expected.
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