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The band origin of the A t uiode v2, which represents the symmetrical stretching vibration of 
the two C = N bonds of furazan, has been determined from the high-resolution FT-IR band as 
v° = 1418.4724± 0.0001 c m - 1 . The rotational parameters of this excited state, as determined in a 
preceding D R M microwave study, have been confirmed and their precision was raised through the 
combined fit of microwave data and of some 2500 rovibrational transitions. 

The use of conjugate low-J Q-branch lines for the determination of the origin of a B-type IR band 
of an asymmetric rotor is illustrated. 

I. Introduction 

In c o n t i n u a t i o n of recent p a p e r s [ l a , b, c], wh ich 
r e p o r t resul t s of t he c u r r e n t s t u d y of the h igh- reso lu -
t ion F T - I R b a n d s of t he he te rocyc l ic c o m p o u n d f u r a -
zan (o r : 1 ,2 ,5-oxadiazole , C 2 H 2 N 2 0 ) , t he p resen t c o n -
t r i b u t i o n deals wi th t he ana lys i s of the s y m m e t r i c a l 
s t r e t ch ing v i b r a t i o n v 2 ~ 1 4 1 8 c m - 1 of the t w o C = N 
b o n d s of th is molecu le . Th i s f u n d a m e n t a l m o d e be-
longs t o the fully s y m m e t r i c a l v i b r a t i o n s (C 2 v s y m m e -
try species A x ) a n d , as n o t e d p rev ious ly [1 b], t he rovi -
b r a t i o n a l t r a n s i t i o n s of the v 2 - b a n d fo l low the n b 

se lect ion rule (B- type band) . W i t h a B o l t z m a n n f ac to r 
at r o o m t e m p e r a t u r e of ~ l x l 0 ~ 3 o r less, the s t a t e 
v2 = 1 is the energe t ica l ly h ighes t a n d the re fo re the 
least p o p u l a t e d exci ted v i b r a t i o n s t a te wh ich c o u l d 
still be fully a n a l y s e d f r o m the pu re ly r o t a t i o n a l p o i n t 
of view by d o u b l e r e s o n a n c e m o d u l a t i o n ( D R M ) mi-
c r o w a v e s p e c t r o s c o p y [1 e]. As w a s init ial ly expec ted 
[1 d] a n d h a s since b e e n c o n f i r m e d t h r o u g h t he rovi-
b r a t i o n a l ana lyses of five f u n d a m e n t a l b a n d s [1 a - c ] , 
the ear l ier r o t a t i o n a l i n f o r m a t i o n p r o v e d very he lpfu l 
t o w a r d s the speedy ana lys i s of t he v 2 - b a n d as well. 

II. Experimental 

T h e w a v e n u m b e r r a n g e f r o m 1 1 0 0 - 1 9 0 0 c m - 1 was 
r e c o r d e d in 1990 u n d e r a s a m p l e p r e s su re of 2.5 m b a r . 
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This relat ively h igh p re s su re w a s t h e n c h o s e n for o b -
ta in ing the best poss ib le d a t a fo r the s t u d y of the 
m e d i u m - s t r o n g f u n d a m e n t a l s v n ~ 1 1 7 5 c m - 1 a n d 
v3 ~ 1316 c m - 1 [ l b , c] a n d fo r t he w e a k c o m b i n a t i o n 
b a n d s in this r a n g e (F igu re 1). F o r the s t r o n g B- type 
b a n d v 2 ~ 1 4 1 8 c m _ 1 t he h igh s a m p l e p r e s su re re-
sul ted in a n a d v a n t a g e as well as in a d i s a d v a n t a g e : 
T h e a d v a n t a g e was t h a t t he very w e a k c o n j u g a t e 
l o w - J Q - b r a n c h t r ans i t i ons nea res t t o t he b a n d or ig in 
(F igure 2) cou ld be ident i f ied easily t o yield the or ig in 
wi th a prec is ion of ± 0 . 0 0 1 c m - 1 v i r tua l ly by m e r e 
inspec t ion at the ou t se t of t he w o r k . T h e d i s a d v a n t a g e 
lay in the fact t h a t the lead ing , s t ronges t c o m p o n e n t s 
of each P - or R - b r a n c h c lus ter of t he b a n d r e m a i n e d 
unreso lved u p to the h ighes t J ' - v a l u e s as a conse-
q u e n c e of p ressure b r o a d e n i n g , a n d t he lines were 
to ta l ly a b s o r b i n g (opt ical ly th ick) in t he m o s t in tense 
sect ions of the P - a n d R - b r a n c h (F igu re 3). I t was n o t 
poss ib le the re fo re to a sce r t a in the (expected) absence 
of Cor io l i s p e r t u r b a t i o n s f r o m the v 2 - b a n d . Th i s ne-
cess i ta ted a r epea t m e a s u r e m e n t of th is b a n d u n d e r a 
lower s a m p l e p res su re su i t ab le t o r each o p t i m a l reso-
lu t ion . 

In 1992 the F T - I R s p e c t r u m of f u r a z a n v a p o u r was 
re - recorded be tween 1100 c m - 1 a n d 1900 c m - 1 o n 
the B r u k e r I F S 120 H R i n t e r f e r o m e t e r u n d e r a s a m p l e 
p ressure of 0.3 m b a r a t r o o m t e m p e r a t u r e . T h i s was a 
near ly ten t imes lower p re s su re t h a n t h a t used init ial ly 
(2.5 mbar ) . T h e IR r a d i a t i o n was p r o v i d e d by a G l o -
b a r source a n d d iv ided by a K B r b e a m - s p l i t t e r c o a t e d 
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WAVENUMBER CM-1 

Fig. 1. Survey of the FT-IR spectrum of furazan in the range from 1150 c m - 1 to 1850 c m - 1 , showing four fundamentals and 
several combination bands at a sample pressure of 2.5 mbar. 

wi th Ge . Af ter a d e q u a t e opt ica l f i l ter ing the r a d i a t i o n 
w a s de tec ted by a n M C T ( H g C d T e ) d e t e c t o r a t 77 K 
(initially: G e : C u de tec to r a t 4.2 K). I n b o t h exper i -
m e n t s the s a m p l e cell wi th w e d g e d C s l w i n d o w s w a s 
a n ex te rna l a d d i t i o n to the c o m m e r c i a l i n s t r u m e n t 
p r o v i d i n g for a n opt ica l p a t h l eng th of 300 cm. T h e 
i n t e r f e r o g r a m was buil t u p f r o m 600 c o - a d d e d scans 
(initially: 245 scans) a n d the u n a p o d i s e d spec t ra l reso-
lu t i on was 0.0031 c m - 1 (0.0039 c m - 1 in 1990). W h i l e 
the w a v e n u m b e r scale of the s p e c t r o m e t e r h a d b e e n 
ca l ib ra t ed in the init ial expe r imen t aga ins t a c c u r a t e l y 
k n o w n [2] a b s o r p t i o n s of N 2 0 , m e a s u r e d i m m e d i a t e l y 
a f te r the s amp le r u n , precisely k n o w n [2] a b s o r p t i o n s 
of H 2 0 , which was c o n t a i n e d in t h e f u r a z a n s a m p l e as 
a n impur i ty , were utilised for c a l i b r a t i o n in the r e p e a t 
expe r imen t . Th i s H 2 0 ca l ib ra t i on i nd i ca t ed a s t a n -
d a r d e r r o r of 5 . 4 x 1 0 " 5 c m - 1 f o r t he w a v e n u m b e r 
scale of the i n s t r u m e n t . 

III. Theory and Computational Aspects 

T h e s e a spec t s of the w o r k h a v e been s u m m a r i s e d in 
each of t he p r e v i o u s p a r t s [ l a - c ] . T h e y a re re- in-
c luded h e r e mere ly fo r comple teness . 

U n d e r t he a s s u m p t i o n t h a t the v a r i o u s v i b r a t i o n a l 
m o d e s of a m o l e c u l e (for the m o d e s of f u r a z a n see 
Fig. 1 of [1 b]) d o n o t in te rac t wi th each o the r , the 
r o t a t i o n a l levels of a p a r t i c u l a r v i b r a t i o n s ta te m a y b e 
ca l cu la t ed as t he e igenva lues of a r o t a t i o n a l H a m i l -
t o n i a n wh ich w a s last revised a n d f o r m u l a t e d u n d e r 
the inc lus ion of d i s t o r t i o n effects by W a t s o n [3], T h i s 
H a m i l t o n i a n ( some t imes endea r ing ly re fer red t o as 
' W a t s o n i a n ' ) desc r ibes the energy of a specific m o l e -
cule by t h r ee r e d u c e d r o t a t i o n a l c o n s t a n t s (A, B, C), 
five q u a r t i c (A, 5) a n d seven sextic (</>, <p) d i s t o r t i o n 
c o n s t a n t s . T h e s e 15 r o t a t i o n a l p a r a m e t e r s (or c o m b i -
n a t i o n s the reo f ) a p p e a r in the H a m i l t o n i a n as the co-
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eff icients of the second , f o u r t h a n d sixth p o w e r of the 
a n g u l a r m o m e n t u m P o r of its c o m p o n e n t s PaJ, c 

a l o n g t he p r inc ipa l iner t ia l axes of the molecu le . Since 
o u r p r e v i o u s s tudies have s h o w n sextic d i s t o r t i o n ef-
fects in f u r a z a n to be u n o b s e r v a b l y smal l u p t o J ~ 50, 
W a t s o n ' s H a m i l t o n i a n m a y be a b b r e v i a t e d t h r o u g h 
the omi s s ion of the sextic t e rms a n d r eads t h e n in its 
^ - r e d u c e d f o r m in the I r r e p r e s e n t a t i o n : 

HTOt=\(B + C)P2 

+ (A-±(B + C))Pa
2-AJP*-AJKP2P2-AKPa

4 

+ (±(B-C)-2SJ P2) (Pb
2-P2) 

+ K - A Pal (Pb
2~Pc2)]+-

F o r p rac t i ca l app l i ca t ion , such as the p r e d i c t i o n of 
the r o t a t i o n a l f ine s t r uc tu r e of a h i g h - r e s o l u t i o n IR 
b a n d , G a m b i et al. [4] have deve loped a c o m p u t e r 
s c h e m e ( T R A N S I ) which sets u p the r o t a t i o n a l ene rgy 
ma t r i c e s fo r t he t w o v ib ra t ion s ta tes a n d , a f t e r the i r 
d i a g o n a l i s a t i o n , c o m p u t e s the f requenc ies a n d in tens i -
ties of t he a l lowed t r ans i t i ons be tween the levels of t he 
lower a n d u p p e r v ib ra t ion s ta te . T h e resul ts of such a 
c o m p u t a t i o n , which requ i res speci f ica t ion of t he en-
ergy di f ference be tween the 0 o o levels of the t w o s ta tes 
( b a n d or igin) in a d d i t i o n to the r o t a t i o n a l p a r a m e t e r s 
of each s ta te , m a y be used for c o m p a r i s o n wi th a n 
o b s e r v e d IR b a n d to lead to the c o r r e l a t i o n of o b -
served p e a k s wi th ca lcu la ted t r ans i t i ons b e t w e e n 
specific pa i r s of r o t a t i o n a l levels of the t w o v i b r a t i o n 
s ta tes ( r ov ib r a t i ona l ass ignment) . - T h e s a m e a u t h o r s 
[4] h a v e a lso p r o v i d e d a l eas t - squares ( L S Q ) f i t t ing 
p r o c e d u r e ( S M I N I Q ) for the reverse task of d e d u c i n g 
the b a n d or ig in a n d the r o t a t i o n a l p a r a m e t e r s of o n e 
(or b o t h ) v i b r a t i o n s ta te (s) f r o m a set of ass igned 
p e a k s of a n obse rved IR b a n d . F u r t h e r f ea tu res of th is 
c o m p u t e r p a c k a g e , which a re des igned to fac i l i ta te t he 
usua l ly diff icult init ial a s s ignments , were n o t n e e d e d in 
the p resen t w o r k . 

IV. Results 

1. Assignments within the v2-Band 

It h a s been s h o w n prev ious ly [1 a] t h a t the r o v i b r a -
t iona l ana lys i s of a n u n p e r t u r b e d h igh - r e so lu t i on F T -
IR b a n d b e c o m e s very s imple if, firstly, the sets of 
r o t a t i o n a l p a r a m e t e r s of the t w o c o n n e c t e d s t a t e s a n d , 
secondly , the v ib ra t i ona l s e p a r a t i o n be tween t h e m a re 
k n o w n in a d v a n c e wi th sufficient prec is ion . I n t he 
p resen t case, the first p a r t of th is c o n d i t i o n w a s m e t o n 

nearly symmetrically around the origin of the B-type band 
v2. (Sample pressure: 2.5 mbar.) 



Fig. 3. The B-type band v2 with high-resolution sections at sample pressures of 2.5 mbar and of 0.3 mbar. 
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account of the earlier study [1 d] of the state v2 = 1 by 
rota t ional spectroscopy. The second part requires that 
the band origin v2 be fixed at the outset with sufficient 
accuracy ( ± 0 . 1 c m " 1 or, preferably, better) so that 
ambiguities in the J ' -values to be assigned to P- and 
R-branch clusters and their components can be 
avoided. - To reach such precision of v2 at the outset, 
use was made of the previous observation [1 a, c] that 
pairs of conjugate IR transitions of a B-type band, 
especially the pair of weak Q-branch transit ions 
1 0 1 « - 1 1 0 and 1 !()•*-lot which is closest to the origin, 
and the components of similarly conjugate pairs with 
consecutively higher values of J = J ' , are displaced 
almost symmetrically to either side of the origin v°. 

With this fact in mind, the recording of the v 2 -band 
at the (excessively) high pressure of 2.5 mbar was ex-
amined in the vicinity of 1418 c m - 1 [5]. As is empha-
sised through blackening-in of the relevant peaks in 
Fig. 2, four pairs of nearly symmetrically displaced 
transit ions could be spotted a round an apparent v2-
value of 1418.5 c m - 1 . The assignment of J = J' - val-
ues to these transit ions was helped by the fact that the 
separat ion of the pair with J = J' = 1, if indeed ob-
served, should be 

AvJ=l = (A-C)GS+(A'-C\2 = 1. 

F r o m the earlier D R M M W work [1 d] this separat ion 
could be calculated as z lv c a l c = 0.362024 c m - 1 , and 
this was compared with the FT-IR measurements 
which indicated a separation of /dvobs = 0.362155 cm - 1 

for the innermost pair of transitions. O n the basis of 
that result the first four observed pairs could be safely 
assigned to the conjugate Q-branch transit ions with 
J = J'= 1, 2, 3, 4 as indicated in Figure 2. The pair for 
J = J ' = 5 is somewhat obscured due to its blending 
with other Q-b ranch transitions, but its identification 
together with a fur ther dozen pairs of conjugate Q-
branch lines followed easily by calculation. The de-
sired band origin emerged from this initial work as 
v°2 = 1418.4724± 0.0001 c m - 1 , and this value was not 
significantly altered through the later incorporat ion in 
the L S Q fit of the band of some 2500 IR transit ions 
measured at the low pressure of 0.3 mbar . 

2. Qualitative Appearance of the v2-Band 

A detailed description of the structures of A- and 
B-type bands of furazan has been given previously 
[ l a ] . The rota t ional fine structure of the present 
B-type band v2 agrees in all aspects with the charac-

teristic features outl ined before: Fig. 3, which shows 
areas of the band under the high pressure of 2.5 mbar 
and under the low pressure of 0.3 mbar , illustrates 
that bo th the P- and R-branch consist of regularly 
spaced groups of t ransi t ions (clusters) which in each 
case begin with the strongest componen t J ( ' 0 /d , / ' 
<- (J'± l)(i/o),(/ '±i) a n <3 continue with transitions 
with successively lower values of J' and increasing 
values of Ka. The no ta t ion (0/1) for Ka is meant to 
indicate that the levels are doubly degenerate. Values 
of the leading q u a n t u m number / ' have been inserted 
in the high-resolution sections ar ranged around the 
compressed band in the middle of Figure 3. At low 
values of J ' the clusters are relatively compact and 
leave r o o m therefore for the observat ion of Q-branch 
lines in the wavenumber gaps between successive clus-
ters. F r o m J ' ~ 35 the increasing number of compo-
nents in each cluster spreads out to fill these gaps and 
finally, at J ' ~ 45, successive clusters overlap with each 
other. The readily recognisable ro ta t ional structure of 
the band is then lost (bot tom left and right sections of 
Figure 3). 

3. Molecular Constants and Band Origin 

Following the rovibrat ional assignment of over 750 
P -b ranch transit ions and of an equal number of 
R-branch lines, more then 1000 Q-branch lines could 
be identified within abou t ± 1 0 c m " 1 of the band 
origin. With peak wavenumber values taken from the 
low-pressure repeat-experiment alone, all these IR 
transi t ions were fitted with the L S Q program 
S M I N I Q for the purpose of extracting the best values 
of the rota t ional parameters of the state v2 = 1 and of 
the band origin v2 f rom the assigned lines. The rota-
t ional parameters of the GS were held fixed at their 
predetermined values [ l a ] , which are included in 
Table 1. 

Abou t 40 tentatively assigned absorpt ions were 
eliminated f rom the final L S Q fit of the band on 
the g round that their peak wavenumbers deviated 
by more than the adopted compatibil i ty limit of 
± 5 x l 0 _ 4 c m _ 1 f rom the expected (calculated) posi-
tions. About 170 observed absorpt ions of the v2-band 
were split into na r row doublets. This 'manipulat ion ' 
of the experimental da ta was considered justified 
whenever the calculated band structure indicated that 
an observed peak represented two separate rovibra-
t ional t ransi t ions which could not be resolved experi-
mentally. In the listing of fitted transit ions such mod-
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Table 1. Molecular constants and band origin for the funda-
mental vibration v2of furazan. 

Mode, level GS a v2 = l 

C2 v symmetry 
species (Aj) 

Selection rule/ 
type inb) Hb/B-type 

b 

t 
J o ) 

Diagrammatic \ * / description 

" A 1 // "*a 

jc> j (£) 

(üi 1 iO) 

Fitted transitions 
^ P - b r a n c h 756 
^ Q - b r a n c h 1038 
^ R - b r a n c h 758 

iV(IR)Total 2552 
St'd dev'n of IR fit 2.0 E-4 cm ~1 

MW transitions 79 
Af (IR + MW)Tota l 2631 
St'd dev'n (IR + MW) 1.2 E-5 c m " 1 

Rotational constants (in cm 1 and MHz) ' 
0.348 814 617 (21)c 

10 457.1991 (6) 
0.322 944 775 (19) 

9 681.6408 (6) 
0.167 572 473 (19) 

5 023.6964 (6) 

Quartic distortion constants (in 10~7 

4/* 

<5, 

0.832 70(18) 
-0.276 00 (59) 
0.768 14 (60) 
0.332 47 (6) 
0.625 57 (27) 

0.348 026 256(18) 
10 433.5647 (6) 

0.322 485 666(17) 
9 667.8770 (5) 

0.167 243 834 (22) 
5 013.8440 (7) 

- 1 ) 

0.908 65(11) 
- 0 . 2 7 1 25 (66) 

0.676 94 (85) 
0.371 50 (6) 
0.608 13 (25) 

Band origin v2 (in cm *) 1418.472 356 (1) 

a GS constants held fixed in final LSQ fit. - b Conversion 
factor c = 299 792 458 m/sec. - c Uncertainties are 1 a limits 
and given in units of the last quoted digit. 

ified w a v e n u m b e r va lues a re m a r k e d wi th a d o t , 
a l t h o u g h they are readi ly r ecogn i sab le f r o m the fact 
t h a t the s epa ra t i on of these w a v e n u m b e r va lues is u p 
to ten t imes smal ler t h a n the spec t ra l r e so lu t i on of the 
i n t e r f e rome te r (0.0031 c m - 1 ) . T h e list of f i t ted t r ans i -

t i ons h a s b e e n depos i t ed for genera l access w i th the 
" S e k t i o n f ü r S p e k t r e n u n d S t r u k t u r d o k u m e n t a t i o n " 
of the U n i v e r s i t ä t U l m (Pos t f ach 4066, D - 7 9 0 0 U l m / 
D o n a u , F R G ) . It m a y also be o b t a i n e d f r o m the a u -
tho r s . 

As i nd i ca t ed in Tab le 1, wh ich inc ludes a d i a g r a m -
m a t i c d e s c r i p t i o n of the m o d e v2 of f u r a z a n , t he L S Q 
fit of 2552 I R t r ans i t i ons a lone , as d e t e r m i n e d f r o m the 
l o w - p r e s s u r e r epea t expe r imen t , r e p r o d u c e s the p e a k 
w a v e n u m b e r va lues of a b s o r p t i o n s wi th a s t a n d a r d 
d e v i a t i o n os 2 x l 0 - 4 c m - 1 . W h e n the pu re ly ro -
t a t i o n a l t r a n s i t i o n s wi th in the s ta te v2 = l (5 l o w - J 
R - b r a n c h a n d 74 Q - b r a n c h lines wi th J - v a l u e s u p t o 
J' = 24, [1 d]) were inc luded in the fit wi th a 100 t imes 
l a rge r we igh t t h a n the IR t rans i t ions , th is dev ia t i on 
r e d u c e d by a f ac to r of a b o u t 20. T h r o u g h the inc lus ion 
of these D R M M W d a t a the prec is ion of the der ived 
r o t a t i o n a l p a r a m e t e r s of the exci ted s ta te w a s im-
p r o v e d by f a c t o r s of u p t o 4, a n d the s ta t is t ical unce r -
t a in ty of t he b a n d or ig in was r educed by a n o r d e r of 
m a g n i t u d e t o + 1 0 " 6 c m ' 1 . As the b o t t o m half of 
Tab le 1 shows , the f inal unce r t a in t i e s of the p a r a m e -
ters of the s t a te v2 = 1 a re essent ial ly the s a m e as 
t h o s e of the i r c o u n t e r p a r t s in the G S . T h e r a t h e r h igh 
s ta t i s t ica l a c c u r a c y of the b a n d or igin is, u n f o r t u -
na te ly , lost w i th in the cons ide rab ly larger u n c e r t a i n t y 
a s soc i a t ed w i th the ca l i b r a t i on of the w a v e n u m b e r 
scale of the spec t rome te r . It seems r e a s o n a b l e in t h o s e 
c i r c u m s t a n c e s t o q u o t e the b a n d or ig in wi th the a b -
so lu te u n c e r t a i n t y i m p o s e d by the ca l ib ra t i on as 
v° = 1418.4724 ± 0.0001 c m " 1 . 

F o r a n a s se s smen t of t he LSQ-f i t t he c o r r e l a t i o n 
m a t r i x is r e p r o d u c e d overleaf . 

V. Discussion 

T h e successful fit of the r o v i b r a t i o n a l t r ans i t i ons of 
t he f u n d a m e n t a l v2 t o a n u n p e r t u r b e d r o t a t i o n a l level 
s c h e m e of t he exci ted s ta te con f i rms the expec ted a b -
sence of de t ec t ab l e Cor io l i s p e r t u r b a t i o n s f r o m this 
v i b r a t i o n s ta te . In c o m b i n a t i o n wi th a n a l o g o u s resul ts 
in t he p r e v i o u s s tud ies [1 a - c ] , all six m o d e s of f u r a z a n 
a b o v e 900 c m " 1 m u s t the re fo re be j u d g e d as free f r o m 
v i b r a t i o n a l in t e rac t ions . T h e s a m e conc lus ion m u s t 
a l so be in fe r red fo r the seven th f u n d a m e n t a l in this 
w a v e n u m b e r range , wh ich m a y be descr ibed [ l b ] 
a s the a n t i s y m m e t r i c a l C = N s t r e t ch ing v i b r a t i o n 
v 1 0 ( B 1 ) ~ 1541 c m - 1 [5]. U n f o r t u n a t e l y , we d id n o t 
succeed in iden t i fy ing the p u r e r o t a t i o n a l s p e c t r u m of 
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Correlation matrix of the LSQ determination of the molecular constants of the state v2 = l . 

1.0000 
0.1530 
0.2765 

- 0 . 4 6 0 8 
0.0079 

1.0000 
0.6776 
0.1463 
0.0073 

1.0000 
- 0 . 0 6 4 5 

0.0096 
1.0000 
0.0215 1.0000 

1.0000 
- 0 . 4 0 3 0 1.0000 
- 0 . 4 1 2 8 0.5405 1.0000 

0.2166 - 0 . 0 1 2 0 - 0 . 6 5 7 7 1.0000 
0.0828 - 0 . 0 1 9 3 0.3278 - 0 . 8 5 7 0 
0.6012 -0 .2671 0.0622 - 0 . 1 2 7 4 
0.0904 - 0 . 0 0 9 2 0.6257 -0 .5201 
0.1373 - 0 . 2 9 9 0 - 0 . 0 8 0 5 0.2824 

- 0 . 0 1 0 6 - 0 . 2 0 3 3 - 0 . 0 5 9 4 - 0 . 0 1 9 5 

Sequence of variables: A — B, B, A}, AJK, AK, B-C, öJt öK, v2 . 

the s ta te v 1 0 = 1 ( B o l t z m a n n f ac to r a t r o o m t e m p e r a - < 
t u r e : ~ 7 x l 0 ~ 4 ) d u r i n g the ear l ier D R M M W ex- i 
p e r i m e n t s [ I d ] , a n d in the F T - I R expe r imen t the co r -
r e s p o n d i n g f u n d a m e n t a l is so w e a k as t o be h a r d l y j 
de tec t ab l e even u n d e r the e leva ted p r e s su re of i 
2.5 m b a r (see F i g u r e 1). O n these a c c o u n t s the p rov i -
s ion of e x p e r i m e n t a l d a t a su i tab le for a r o v i b r a t i o n a l 
s t udy of v 1 0 , a n d hence for the c o n f i r m a t i o n of the 
a b o v e inference, h a s to r e m a i n a cha l lenge fo r the 
fu tu re . 

T h e o b s e r v a t i o n a n d recogn i t ion in the p r e sen t 
s t udy of the c o n j u g a t e Q - b r a n c h t r ans i t i ons nea re s t t o 
the b a n d or ig in , a n d the s u b s e q u e n t exp lo i t a t i on of 
these few t r ans i t i ons for the d e t e r m i n a t i o n of t he b a n d 
or ig in to a n accu racy of ± 1 0 " 3 c m " \ is equ iva l en t t o 
the p r e v i o u s d e t e r m i n a t i o n [1 f] of v° 2 a n d v° t h r o u g h 
l a s e r / m i c r o w a v e d o u b l e r e s o n a n c e ( L M D R ) w o r k 
p r i o r to the analys is of the c o r r e s p o n d i n g F T - I R 
b a n d s [ l a ] . In b o t h cases, n o w a n d previous ly , a v°-
va lue of sufficiently g o o d accu racy was ava i lab le f r o m 
the ou t se t of the IR s tudy to r ende r the r o v i b r a t i o n a l 
a s s i g n m e n t s of the IR p e a k s a r a t h e r s imple t ask . Of 
course , in a d d i t i o n to def in ing the IR b a n d s t ruc tu re , 
p r i o r k n o w l e d g e of the r o t a t i o n a l p a r a m e t e r s of ex-
ci ted s ta tes [1 d] p layed a s ignif icant role for the co r r ec t 
i n t e r p r e t a t i o n of the L M D R exper imen t s , a n d it 
he lped the cor rec t a s s ignmen t of the c o n j u g a t e 
Q - b r a n c h t r ans i t i ons in the p resen t case of t he v 2 -
b a n d . H o w e v e r , even in the absence of such p r i o r 
k n o w l e d g e , o n e migh t expect t h a t the o c c u r r e n c e a n d 
r ecogn i t i on of these c o n j u g a t e Q - b r a n c h lines in t he 
B- type b a n d s of a s y m m e t r i c r o t o r molecu les will gen-

ii] O. L. Stiefvater, Z. Naturforsch, a) 46a, 841 (1991); 
b) 47a, 499 (1992); c) 48a, • (1993); d) 45a, 1117 (1990); 
e) 30a, 1742, 1756 (1975); f) 46a, 599 (1991). 

[2] G. Guelachvili and K. N. Rao, Handbook of Infrared 
Standards, Academic Press, London 1986. 

[3] J. K. G. Watson, in: Vibrational Spectra and Structure 
(J. R. Durig, ed.), Vol. 6, Elsevier, Amsterdam 1977. 

eral ly a id the d e t e r m i n a t i o n of the b a n d or igins a n d of 
the r o t a t i o n a l c o n s t a n t s A', B', C ' of the excited state. 

T h e p re sen t w o r k c o m p l e t e s the r o v i b r a t i o n a l s tud-
ies of t he h igh - r e so lu t i on f u n d a m e n t a l s to the six en-
erget ical ly h ighes t levels wh ich cou ld still be obse rved 
by D R M r o t a t i o n a l s p e c t r o s c o p y (Table 2 of [1 d]). 
T h e p rev ious ly expressed o p t i m i s m t h a t these s tudies 
w o u l d be grea t ly he lped by the r o t a t i o n a l i n f o r m a t i o n 
e s t ab l i shed before , h a s been v ind ica ted in full. T h e 
r e f i n e m e n t of r o t a t i o n a l a n d d i s t o r t i on c o n s t a n t s of 
the six exci ted s ta tes a n d of the G S - t h r o u g h the 
c o m b i n a t i o n of a la rge n u m b e r of v ib ra t iona l d a t a 
wi th a c o m p a r a t i v e l y smal l n u m b e r of r o t a t i o n a l d a t a 
wi th s ignif icant ly h ighe r prec is ion t h a n the f o r m e r -
w a s n o t a n t i c i p a t e d a t the ou tse t , b u t is n o w accep ted 
as a n a d d i t i o n a l b o n u s a p p r o p r i a t e t o the c o m b i n a -
t ion of t w o di f ferent e x p e r i m e n t a l techniques . 

T h e r o v i b r a t i o n a l ana lys i s of the f u n d a m e n t a l s be-
low 900 c m - 1 is m o r e t r o u b l e s o m e d u e to the pres-
ence of v i b r a t i o n a l p e r t u r b a t i o n s be tween these 
m o d e s . T h e i r s t udy is in h a n d a n d the f indings will be 
c o m m u n i c a t e d in d u e course . 
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