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We investigated /-type doublet transitions of 1 5 N 2 0 in the first excited state of the degenerate 
bending vibration v2 with 14 < J < 34. From analysis of the ./-dependence of the line center frequen-
cies, the doubling constant qi0) was obtained together with the first and second order centrifugal 
distortion constants q{1) and qa\ respectively. For the lines in the J-band (4 to 8.2 GHz) and K-band 
(18 to 26.5 GHz) we have also investigated the pressure broadening due to self-collisions with use 
of the transient emission technique. The experimental results for the pressure broadening parameter 
rp are compared with predictions from binary collision theory, based on the modified Murphy-Boggs 
perturbative treatment. 

1. Introduction 

In the m i c r o w a v e r a n g e / - type d o u b l e t t r ans i t i ons of 
l inear molecu le s h a v e ma in ly been inves t iga ted to 
d e t e r m i n e the d o u b l i n g c o n s t a n t fo r d e g e n e r a t e v ib ra -
t i o n a l m o d e s wi th a v i b r a t i o n a l a n g u l a r m o m e n t u m 
/ h a l o n g the s y m m e t r y axis. In s o m e cases a cen t r i fu -
gal d i s t o r t i o n ana lys i s h a s been inc luded . T h e de ter -
m i n a t i o n of the d o u b l e t c o n s t a n t s is useful to get m o r e 
i n f o r m a t i o n a b o u t the i n t r a m o l e c u l a r Cor io l i s in ter-
ac t i on be tween v i b r a t i o n a n d r o t a t i o n , wh ich r e m o v e s 
t he ± / -degeneracy of the r o v i b r a t i o n a l ene rgy levels. 

P r e s s u r e b r o a d e n i n g p a r a m e t e r s for / - type d o u b l e t 
t r a n s i t i o n s h a v e been d e t e r m i n e d ra re ly [ 1 - 6 ] in the 
m i c r o w a v e region. T h e inves t iga t ion of p res su re 
b r o a d e n i n g p a r a m e t e r s of / - type d o u b l i n g t r ans i t i ons 
is usefu l in a d d i t i o n t o the inves t iga t ion of t he self-
b r o a d e n i n g of p u r e r o t a t i o n a l l ines because these 
s tud ies p r o v i d e a d d i t i o n a l i n f o r m a t i o n a b o u t r o t a -
t i ona l r e l axa t i on c a u s e d by d i f ferences of col l is ion-in-
d u c e d energy t r ans fe r invo lved in the t w o types of 
t r ans i t ions . T h e s e di f ferences a r e m a i n l y d u e t o the 
t w o fo l lowing r easons . 

(i) A c c o r d i n g t o the first o r d e r d ipo le - type select ion 
ru les co l l i s ion- induced t r ans i t i ons wi th A J = 0 a r e for-
b i d d e n for p u r e r o t a t i o n a l t r a n s i t i o n s a n d a l lowed in 
/ -doub le t t r ans i t ions . 
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(ii) T h e col l is ion p a r t n e r s ( p e r t u r b e r ) for emi t t i ng 
molecu les in the inves t iga ted / - doub le t s ta tes (ab-
so rbe r ) a re d o m i n a t e d by mo lecu l e s in the g r o u n d 
s ta te . T h i s m e a n s t h a t the s ta tes of a b s o r b e r a n d per -
t u r b e r a re d i f ferent in m o s t cases. 

I n the p resen t p a p e r we r e p o r t t he resul ts f r o m 
m i c r o w a v e s tudies of / - type d o u b l e t t r ans i t i ons of 
1 5 N 2 0 in the f r e q u e n c y reg ion of 4.8 t o 33.8 G H z . F o r 
the t r ans i t i ons in t he J- a n d in the K - b a n d we de te r -
m i n e d pressure b r o a d e n i n g p a r a m e t e r s a t a m b i e n t 
t e m p e r a t u r e . T h e low in tens i ty of t he s ignals m a d e it 
imposs ib le to d e t e r m i n e s ignif icant d a t a for the ab -
s o r b e r speed d e p e n d e n c e of the l i n e - b r o a d e n i n g as 
r e p o r t e d p rev ious ly in [ 7 - 9 , 19]. 

M o r e i n f o r m a t i o n a b o u t the e x p e r i m e n t s a re given 
in Sec t ion 2. In Sect. 3 the resul ts of t h e cen t r i fuga l 
d i s t o r t i o n analys is a r e p r e s e n t e d a n d in Sect. 4 t h o s e 
of the p res su re b r o a d e n i n g s tudies . T h e conc lus ions of 
the p a p e r a re given in Sec t ion 5. 

2. Experimental 

T h e t ransient emiss ion techn ique involves the detec-
t i on of the t r ans i en t emi s s ion s ignals of the mo lecu l a r 
s a m p l e fo l lowing a n in tense m i c r o w a v e pulse. 

F o r the e x p e r i m e n t s m i c r o w a v e F o u r i e r t r a n s f o r m 
s p e c t r o m e t e r s in J - [10], X- [11], K u - [12], K - [13], a n d 
V - b a n d [14] were used . 

1024 po in t s were s a m p l e d a t a n i n t e rva l of 10 ns, i.e. 
wi th a r a t e of 100 M H z . T h e resu l t s of consecu t ive 
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e x p e r i m e n t s we re a c c u m u l a t e d in a 16-bit m e m o r y of 
a d ig i ta l a v e r a g e r t o ach ieve s igna l - to -no i se i m p r o v e -
men t s . 

T o avo id t he hype r f ine sp l i t t ings d u e t o t he 1 4 N -
nuc l ea r q u a d r u p o l e c o u p l i n g we used n i t r o u s ox ide 
wi th b o t h n i t r o g e n a t o m s be ing 1 5 N . N H 4 N 0 3 ( M e d -
genix C o . pu r i t y exceed ing 9 9 % ) w a s d e h y d r a t e d by 
h e a t i n g to get N 2 0 . T h e s a m p l e w a s des t i l led twice 
u n d e r v a c u u m . T h e i so top i c p u r i t y w a s b e t t e r t h a n 
9 5 % . F o r the p r e s su re b r o a d e n i n g s tud ies t he p r e s su re 
w a s var ied f r o m a b o u t 1.5 t o 9 0 m T o r r . P r e s s u r e m e a -
s u r e m e n t s were m a d e wi th a M K S B a r a t r o n 31 OB 
c a p a c i t a n c e m a n o m e t e r . 

T h e t r ans i en t emiss ion s igna l w a s a n a l y s e d by a 
least squa re s fit p r o g r a m a c c o r d i n g t o t he exp re s s ion 

S(t) = S0 e~,2'*q2 e-t/T> c o s ( 2 ; m + <£) (1) 

wi th S0, T2, v, a n d <P as f i t t ing p a r a m e t e r s . S0 is the 
va lue of the s ignal a t the e n d of t he m i c r o w a v e pulse, 
1/T2 t he decay r a t e d u e to col l i s ions e i the r w i th o t h e r 
molecu les o r w i th t he wal l of t he s a m p l e cell, v co r re -
s p o n d s t o t he f r e q u e n c y of t he osc i l la t ing s igna l a n d q 
is re la ted to the D o p p l e r h a l f w i d t h (AvD = (In 2 ) 1 / 2 / 
2 n q) of the line. All m e a s u r e m e n t s were d o n e a t r o o m 
t e m p e r a t u r e . 

Table 1. /-type doublet transition frequencies for 1 5 N 2 0 in 
the vibrational state v2 = 1. J is the rotational quantum num-
ber, v0(obs.) is the observed and v0(calc.) the calculated fre-
quency. The calculation was made by use of (2) and the 
constants of Table 2. 

J v0(obs.) v0(calc.) v0(obs.)-v0(calc.) 
[MHz] [MHz] [kHz] 

14 4 788.4426 4 788.4422 0.44 
15 5 472.2991 5 472.2987 0.34 
16 6 202.6891 6 202.6889 0.22 
17 6 876.6022 6 876.6017 0.54 
18 7 797.0259 7 797.0255 0.42 
19 8 662.9475 8 662.9479 - 0 . 3 8 
20 9 574.3570 9 574.3560 1.08 
21 10 531.2350 10 531.2361 - 0 . 6 8 
22 11 533.5767 11 533.5739 2.79 
23 12 581.3540 12 581.3545 - 0 . 4 7 
24 13 674.5611 13 674.5621 - 0 . 9 9 
25 14 813.1791 14 813.1805 - 1 . 3 8 
26 15 997.1929 15 997.1927 0.17 
27 17 226.5798 17 226.5811 - 1 . 3 9 
28 18 501.3251 18 501.3275 - 2 . 3 7 
29 19 821.4116 19 821.4129 - 1 . 3 5 
30 21 186.8174 21 186.8178 - 0 . 4 0 
31 22 587.5225 22 587.5220 0.50 
32 24 053.5031 24 053.5046 - 1 . 5 7 
33 25 554.7460 25 554.7443 1.69 
34 27 101.2235 27 101.2189 4.58 
35 28 692.9099 28 692.9056 4.21 
36 30 329.7766 30 329.7813 - 4 . 6 7 
37 32 011.8212 32 011.8219 - 0 . 7 1 

3. Centrifugal Distortion Analysis 

We m e a s u r e d t he lines w h i c h were i n c l u d e d in o u r 
s tud ies of the p r e s s u r e b r o a d e n i n g several t imes , each 
t ime a t a d i f ferent p ressure . N o s igni f icant p re s su re - in -
d u c e d l ineshif t w a s obse rved . So it w a s poss ib le t o use 
the m e a n va lue of the l ine-cen te r f r e q u e n c y fo r the 
f u r t h e r analysis . T h e lines w h i c h were n o t u sed fo r the 
d e t e r m i n a t i o n of the p r e s su re d e p e n d e n c e of 1 /F 2 were 
r e c o r d e d on ly o n c e a t t he lowes t poss ib le p ressure . 
T h e e x p e r i m e n t a l r e s o n a n c e f r equenc ie s fo r / - type 
d o u b l e t t r a n s i t i o n s m a y be a p p r o x i m a t e d b y t he ex-
p ress ion [15] ^ 

w h e r e q(0) is t he / - type d o u b l i n g c o n s t a n t fo r t he c o n -
s idered v i b r a t i o n a l m o d e . T h e q(i) (i> 1) a r e co r rec -
t ion t e rms fo r effects f r o m cen t r i fuga l d i s t o r t i o n . 

A ca l cu la t ion of P l iva [16] gave q(0) = 22.84 M H z . 
T h i s ca l cu la t ion w a s c o n f i r m e d by his i n f r a r e d m e a -
su remen t s . 

We used o u r o b s e r v e d f r equenc i e s t o get t he c o n -
s t a n t s q(l) (0 < i < 2) f r o m a least s q u a r e s fit. Tab le 1 

Table 2. /-type doublet constants for the vibrational state 
v2 = 1 of 1 5 N 2 0 . The errors in the parentheses are in the last 
digit given and equal twice the standard deviation. 

Molecule Ref. q(0) [MHz] q(1) [Hz] q™-105 [Hz] 

15N2O this 22.808140(8) 28.769(17) 16.13(86) 
work 

15N2O [16] 22.84 

c o n t a i n s the obse rved a n d the ca l cu l a t ed f r equenc ies 
fo r t he va r ious r o t a t i o n a l q u a n t u m n u m b e r s J. T h e 
p red i c t i ons were m a d e wi th t he c o n s t a n t s q(0), q{1), q(1) 

f r o m Tab le 2. T h e a g r e e m e n t b e t w e e n e x p e r i m e n t a l 
a n d theore t ica l va lues (see Tab le 1) is i nd i ca t ed by t he 
resu l t ing 1.9 k H z r o o t m e a n s q u a r e s dev i a t i on of t he 
fit. T h e fitting of q(3) s h o w e d n o f u r t h e r i m p r o v e m e n t . 

4. Pressure Broadening 

Recen t theore t ica l t r e a t m e n t s of t he t r ans i en t emis-
s ion s ignal wi th c o n s i d e r a t i o n of a b s o r b e r speed de-
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J rp(obs.) rp(calc.) 

14 3.794(19) 4.511 
15 3.667(18) 4.493 
16 3.611(16) 4.476 
17 3.561 (22) 4.460 
18 3.564(16) 4.443 
28 3.33(12) 4.230 
29 3.27(5) 4.202 
30 3.30(4) 4.175 
31 3.15(9) 4.147 
32 3.15(6) 4.119 
33 3.31(9) 4.091 

Table 3. Halfwidth parameter 
rp (in MHz/torr) due to self-
broadening of I-type doublet 
lines of 1 % 2 0 in the vibra-
tional state v2 = 1 at room tem-
perature. J\ rotational quan-
tum number; rp(obs.): ob-
served halfwidth parameter; 
rp(calc.): calculated halfwidth 
parameter according to modi-
fied Murphy-Boggs theory 
[17]. The errors in the paren-
theses are in the last digit 
given and equal the standard 
deviation. 

p e n d e n t r e l axa t i on r a t e s [9, 18] p red ic t n o n e x p o n e n -
tial decay b e h a v i o u r . S u c h a speed d e p e n d e n c e of the 
r o t a t i o n a l r e l axa t i on fo r the J = 0 - + 1 t r ans i t i on of 
N 2 0 w a s desc r ibed in [7] a n d [8]. F o r the inves t iga ted 
/- type d o u b l e t t r a n s i t i o n s n o s ignif icant speed depen -
dence of t he r o t a t i o n a l r e l axa t i on ra tes was observed . 

T h e p r e s su re d e p e n d e n c e of 1/T2 (see (1)) was ob -
t a ined by a l inear least s q u a r e s fit a c c o r d i n g to the 
expres s ion 

\/T2=oc + ßp. (3) 

T h e in te rcep t a a c c o u n t s ma in ly for wal l coll isions. 
T h e s lope ß yields t he p r e s su re b o a d e n i n g p a r a m e t e r 
Fp = ß/2n f o r the h a l f w i d t h of the line. T h e values of 
Ip a re given in Tab le 3. T h i s t ab le a l so c o n t a i n s the 
va lues fo r the p r e s su re b r o a d e n i n g p a r a m e t e r s pre-
dic ted by use of the mod i f i ed M u r p h y - B o g g s (MB)-
t h e o r y [17] wi th c o n s i d e r a t i o n of l o n g - r a n g e (dipole-, 
q u a d r u p o l e - , i n d u c t i o n - a n d d ispers ion- ) i n t e rmolecu-
lar i n t e r ac t ion . T h e m o l e c u l a r p a r a m e t e r s used for 
the i n t e r m o l e c u l a r p o t e n t i a l in the ca lcu la t ions were 
0.1608 D for the electr ic d ipo le m o m e n t [19], 
- 7 . 3 D Ä for the electr ic q u a d r u p o l e m o m e n t [20], 
12.89 eV fo r the i o n i z a t i o n p o t e n t i a l [21], 3.0 Ä 3 for 
the a v e r a g e po la r i zab i l i ty [22] a n d 2.79 Ä 3 for the an -
i s o t r o p y of po la r i zab i l i ty [22]. I t s h o u l d be no t i ced 
t h a t t he used q u a d r u p o l e m o m e n t is twice the va lue 
given in [23]. T h e p r e s su re d e p e n d e n c e Fp for the /- type 
d o u b l e t t r a n s i t i o n wi th J = 1 6 is p l o t t e d in F igu re 1. 
In Fig. 2 we p resen t t he J - d e p e n d e n c e of the self-
b r o a d e n i n g l inewid th p a r a m e t e r s for t he /- type d o u -
blet t r ans i t ions . T h e q u o t e d e r r o r s a re the s t a n d a r d 
dev i a t i ons f r o m the l inear least s q u a r e s fit. Shif ts in 
t e m p e r a t u r e ( < 2 K) a n d inaccuracies for the pressures 
( < 0 . 1 m T o r r ) a re n o t ref lected in these e r rors . T h e 
p re s su re b r o a d e n i n g p a r a m e t e r is desc reas ing wi th in-
c reas ing r o t a t i o n a l q u a n t u m n u m b e r J for the exper i -

1/2TTT2 

[MHz] 

1 . 5 -

1.0 

0.5— 

10 20 30 40 50 60 70 80 
p [ m T o r r ] 

Fig. 1. Pressure dependence of the pressure broadened half-
width \/2nT2 for the /-type doublet transition in the vibra-
tional state v2 = 1 of 1 5 N 2 0 with J — 16 at room temperature. 
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Fig. 2. ./-dependence of the self-broadening linewidth parame-
ters rp for the /-type doublet transitions in the vibrational 
state v2 = 1 of 1 5 N 2 0 at room temperature. The given errors 
for the experimental values (•) are the single standard devia-
tions from the least squares fits. The theoretical values ( x ) , 
calculated using the modified Murphy-Boggs theory, are 
given without errors. 
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m e n t a l a n d for the theore t i ca l values w h i c h a re 1 5 % 
to 3 0 % la rger t h a n the expe r imen ta l va lues . F o r m e r 
inves t iga t ions [2, 3, 6] s h o w e d the s a m e d i sc repanc ie s 
be tween expe r imen ta l a n d theore t ica l va lues fo r line-
w i d t h p a r a m e t e r s d u e t o se l f -b roaden ing . 

T h e f r ac t i on / (Jp) of p e r t u r b e r mo lecu le s wi th r o t a -
t iona l q u a n t u m n u m b e r J p is the we igh t ing f a c t o r fo r 
the ca lcu la t ion of the se l f -b roaden ing p a r a m e t e r r p 

f r o m the p a r a m e t e r s r j p wh ich reflect t h e b r o a d e n i n g 
caused by p e r t u r b e r molecu les in r o t a t i o n a l s ta te Jp 

a c c o r d i n g to 

rp = T f ( J P ) r p
J p . (4) jp 

In f o r m e r inves t iga t ions [2, 3, 6] the . / „ -dependence of 
r p

p fo r di f ferent /- type d o u b l e t t r a n s i t i o n s wi th t he 
r o t a t i o n a l q u a n t u m n u m b e r s J were s h o w n in f igures. 
T h e curves r p

p were a lways m o r e o r less s h a r p l y 
p e a k e d a r o u n d Jp = J. T h i s fact was a l w a y s exp la ined 
by the first o r d e r d ipo le - type col l is ional se lec t ion ru les 
A J = 0, ± 1 , A J p = 0, + 1 [24] a n d the d o m i n a n t con t r i -
b u t i o n f r o m coll is ions wi th n e a r r e s o n a n t e x c h a n g e of 
r o t a t i o n a l energy t o the b r o a d e n i n g of t h e lines. T h u s , 
a c c o r d i n g t o (4) the p ressure b r o a d e n i n g p a r a m e t e r Jp 

p e a k s a r o u n d the J - v a l u e which c o r r e s p o n d s to t he 
m a x i m u m of the B o l t z m a n n d i s t r i bu t ion / ( J p ) . 

F o r n i t r o u s oxide the obse rved . / - dependence of t he 
s e l f -b roaden ing p a r a m e t e r is also m o s t l y c a u s e d by 
the B o l t z m a n n d i s t r i bu t ion of the p o p u l a t i o n of pe r -
t u r b e r r o t a t i o n a l energy levels. H o w e v e r , N 2 0 h a s 
by far the smal les t d ipo le m o m e n t a n d t he larges t 
q u a d r u p o l e m o m e n t in c o m p a r i s o n w i t h p rev ious ly 
s tud ied molecu les [2 ,3 ,6] , F r o m ca l cu l a t i ons ba sed o n 
the M B - t h e o r y it can be s h o w n tha t co l l i s ion - induced 
t r ans i t i ons caused by q u a d r u p o l e - q u a d r u p o l e in te rac -
t ion p r e d o m i n a n t l y c o n t r i b u t e to the l inewid th . T h e 
q u a d r u p o l e - t y p e col l is ional select ion ru les a r e A J = 0, 
± 1 , + 2 , A J p = 0, + 2 fo r J p in the v i b r a t i o n a l g r o u n d 
s ta te . Ref lect ing the c o m b i n a t i o n of d i f fe ren t in te r -
ac t ions , the p e a k s in the curves f p

p a r e b r o a d e n e d a n d 
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n o t very s ignif icant . The re fo re , c o r r e s p o n d i n g f igures 
fo r dep ic t ing t he J p - d e p e n d e n c e of r p

p a re n o t p re -
sen ted in th i s p a p e r . 

T h e m a x i m u m of the B o l t z m a n n d i s t r i bu t ion cu rve 
is a t a b o u t J = 1 4 a t r o o m t e m p e r a t u r e . F o r th is J 
q u a n t u m n u m b e r the b r o a d e n i n g of the line s h o u l d be 
a t m a x i m u m . I t w a s n o t poss ib le to test this fact be-
c a u s e t he t r a n s i t i o n f requenc ies for the / - type d o u b l e t 
t r a n s i t i o n s w i t h J < 13 were o u t of the r a n g e of o u r 
s p e c t r o m e t e r s . 

5. Conclusion 

S u m m a r i z i n g o u r resul ts f r o m the cen t r i fuga l dis-
t o r t i o n ana lys i s , we c o n c l u d e t h a t the cen t r i fuga l dis-
t o r t i o n c o n s t a n t s a re accu ra t e ly d e t e r m i n e d u p t o sec-
o n d o rde r . T h e a g r e e m e n t b e t w e e n expe r imen ta l a n d 
theo re t i ca l r e s o n a n c e f r equenc ies is be t t e r t h a n t he 
r e s o l u t i o n of t he spec t rome te r . F o r s o m e of the t r ans i -
t i ons we a l o d e t e r m i n e d l inewid th p a r a m e t e r s f r o m 
t h e p r e s su re d e p e n d e n c e of t r ans i en t emiss ion decay 
ra tes . We exp l a ined the obse rved J - d e p e n d e n c e of the 
p r e s su re b r o a d e n i n g p a r a m e t e r s qua l i ta t ive ly wi th a 
B o l t z m a n n p o p u l a t i o n d i s t r i bu t i on of the p e r t u r b e r 
r o t a t i o n a l s ta tes . T h e resul ts a r e c o m p a r e d wi th ca lcu-
l a t i ons by m e a n s of the m o d i f i e d M u r p h y - B o g g s the-
ory . Di f fe rences be tween t he expe r imen ta l a n d t he the -
ore t ica l va lues a r e bel ieved to be d u e t o insufficiencies 
of t he used t h e o r y t o t r ea t b i n a r y coll isions. T h e in te r -
p r e t a t i o n of t h e J - d e p e n d e n c e of l inewidth p a r a m e t e r s 
is c o m p l i c a t e d by the la rge mo lecu l a r q u a d r u p o l e 
m o m e n t of N 2 0 . 
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