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The v3 fundamental of diazomethane. which essentially corresponds to a symmetric methylene 
deformation has been reinvestigated at a resolution of 0.07 cm -1. The J- and ^-structures of this 
A-type band have been resolved and analysed for the first time. The rovibrational assignment is 
given and, using Watson's S-reduced Hamiltonian, the rotational and quartic centrifugal 
distortion constants could be determined for the first excited vibrational state of the symmetric 
methylene deformation. 

I. Introduction 

Diazomethane is one of a g roup of isomers of 
which the structures are given in F igure 1. The most 
stable isomer of this g roup is cyanamide , which has 
been detected in interstellar space [ 1 , 2 ] and which 
is regarded as a precursor in prebiot ic chemistry [3], 
For this reason it is desirable to obta in high 
resolution spectroscopic data of as many of these 
isomers as possible in order to investigate their 
possible role in cosmochemistry. In recent work 
carried out in our laboratory we have studied the 
millimeter wave spectra of i socyanamide [4, 5] and 
diazirine [6]. Moreover we have investigated the 
infrared spectra of diazir ine [7, 8], For isocyana-
mide [9] and diazir ine [10] mil l imeter wave spectro-
scopic studies of isotopically enriched samples are 
also in progress. 

Although d iazomethane is widely used in 
preparat ive and analytical chemistry, little is known 
about the spectroscopical proper t ies of this ex-
tremely explosive compound . There are numerous 
infrared investigations at low or m e d i u m resolution, 
which were made about twenty years ago [11-17] , 
The first high resolution spectrum [18] was observed 
in the microwave region. The rotat ional spectrum 
has been investigated fur ther in the mil l imeter wave 
region in our laboratory [19]. In this context we have 
started again the infrared spectroscopical study of 
this compound. For the first t ime we have been able 
to resolve and analyse the rotat ional s tructure. 

including both the J and the / ^ - s t ruc tu re , in two of 
the fundamental bands. In this p a p e r we report the 
rovibrational analysis of the v3 f undamen ta l band 
which essentially corresponds to the symmetr ic 
methylene deformation (see Table 1). In a follow-
ing paper we shall report the analysis of the 
v2 band [20], 

II. Experimental Procedure 

The chemical prepara t ion has been described 
elsewhere [19]. In handl ing the H 2 C N N sample we 
avoided the transition f rom the l iquid to the solid 
phase, with the result that no explosions took place. 
In order to condition the 10 cm glass cell it was 
filled several times with a few m b a r of diazo-
methane. The resulting polyethylene film on the 
glass walls and the KBr-windows prevented rapid 
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Table 1. Fundamental vibrations of diazomethane (notation slightly modified according to the 
recommendation given in [23]). 

Mode Approximate description Symmetry v0/cm 1 Reference 
species 

V| symmetric CH-> stretch A, 3077.1 [13] 
v2 NN stretch " A, 2101.577 [20] 
v3 symmetric CH-, deformation A, 1413.330 this work 
v4 CN stretch " A, 1170 [17] 
v5 CNN bending out of plane B, 564.0 [17] 
v6 CH2 deformation out of plane B] 406.0 [17] 
V7 antisymmetric CH2 stretch B2 3184.5 [17] 
vg asymmetric CH-) deformation B2 1109.0 [17] 
v9 CNN bending in plane B2 421.2 [17] 

decomposit ion of d iazomethane . The mid infrared 
spectrum of d iazomethane at 13 m b a r was recorded 
with a Digi lab Four ier t ransform spectrometer 
F T S 2 0 B , which was purged with dry nitrogen. 
A MCT detector, cooled with l iquid nitrogen, was 
used to detect the interferograms. In order to obta in 
a good signal to noise rat io at 0.07 c m - 1 resolution 
400 interferograms were coadded and Four ier trans-
formed. The resulting spect rum has been cal ibrated 
with DBr lines recorded under the same condi-
tions [21]. 

III. Analysis 
A survey spectrum of v3, which is an A-type 

band, is shown in F igure 2. D iazome thane is a near 

prolate asymmetric top (x = - 0.996). On the right 
hand side of Fig. 2 the P-branch shows a character-
istic pattern, whereas the R-branch on the left hand 
side is more compressed and does not exhibit such 
regular structure. The starting point for the analysis 
was the assignment of the Q-branches , which are 
well separated due to a large change in the rota-
tional constant A. Figure 3 shows the band center 
region with the Q-branches and the beginnings of 
the P- and R-branches. Due to the C 2 v symmetry of 
the molecule the Q-branches show intensity alter-
nation. We were finally able to assign rovibrat ional 
transitions in the P- and R-branches up to J = 45 
and Ka = 7. For this slightly asymmetr ic top only 
the asymmetry splitting of the Ka = 1 lines could be 
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Fig. 3. Band center region of the fundamental of diazomethane with the assignment of the K.d subbands (K = K.J. 

resolved. In Fig. 3 the a s s ignmen t is ind ica ted be low 
the spec t rum for low J values. 

Fo r the numer ica l analys is of the rov ib ra t i ona l 
t ransi t ions e f fec t ive H a m i l t o n i a n s were f i t t ed for 
the ground and exci ted states. T h e e f fec t ive H a m i l -
tonians are 

1-3 = 0 : Har= Hrot ( r 3 = 0 ) , 

v3 = 1: Heff = £ v i b + Hrot(v3 = 1 ) , 

whe re / / r o t is W a t s o n ' s S - r e d u c e d H a m i l t o n i a n . Th i s 
Hami l ton i an [22] no rma l ly con ta ins only ro ta t iona l 
and qua r t i c and sextic cen t r i fuga l d i s to r t ion con-
stants. In o r d e r to fit p u r e ro ta t iona l t r ans i t ions 
aris ing f r o m high ÄVro ta t iona l levels in t h e g r o u n d 
state, it is necessary to i n t r o d u c e several h i g h e r 
o rde r d is tor t ion constants . T h e ro ta t iona l H a m i l -
tonians thus have the fo l lowing f o r m : 

Hmt = UB + C)P2+(A-\(B + C))P\ 

- D J P 4 - D j k P 2 P ] - D k P 4
z 

+ ( } ( B - C ) + d , P 2 ) ( P 2 + P i ) 

+ d2(P4
+ + P-) + HJKP4P2

: + H k j P 2 P 4
z 

- LKJP2P6: + SjKP4P6
: + SKJP2P\ 

~ T k j P 2 P \ ° + U k j P 2 P \ 2 , 

where P. Px, Pv, and P: a re the o p e r a t o r s fo r t h e 
total angular m o m e n t u m a n d its c o m p o n e n t s , re-
spectively. T h e l a d d e r o p e r a t o r s a r e g iven b y 
P± = Px ± iPY. T h e coe f f i c i en t s A, B and C a re 
Watson ' s r educed ro t a t iona l cons tan t s in the I r axis 
representa t ion. Dj, DJK, DK, d\ a n d d2 a re q u a r t i c 
dis tor t ion constants w h e r e a s HJK a n d HKJ a r e t h e 
only sextic cen t r i fuga l d i s to r t ion cons tan ts f o u n d 
necessary. T h e r e m a i n i n g cons tan t s a r e h i g h e r o r d e r 
dis tort ion constants . 

Since the mi l l ime te r w a v e m e a s u r e m e n t s [19] a r e 
much more precise t h a n the p resen t i n f r a r e d m e a -
surements the ro ta t iona l a n d cen t r i fuga l d i s to r t ion 
constants of the g r o u n d v ib r a t i ona l s ta te were t a k e n 
f r o m the analysis of those m e a s u r e m e n t s a n d he ld 
fixed dur ing the least s q u a r e s analys is . T h e ro ta -
tional and qua r t i c cen t r i fuga l d i s to r t i on cons tan t s 
have been d e t e r m i n e d fo r the exci ted s ta te f r o m t h e 
321 rovibra t ional t rans i t ions wh ich a re l isted in 
Tab le 2. D u e to the l imi t ed re so lu t ion m a n y 
b lended lines could be ass igned to several r o v i b r a -
tional transit ions. C o n s e q u e n t l y , these t r ans i t ions 
have been weighted in such a way tha t the tota l 
weight of each line pos i t ion is un i ty in the fit. T h e 
s tandard dev ia t ion a of the fit was 0.011 c m - 1 w h i c h 
is abou t one sixth of t h e reso lu t ion at w h i c h t h e 



Table 2. Observed rovibrational transitions (wavenumbers/cm ') and assignment for the v3 fundamental of diazo-
methane. 

J ' ( K a - J " (K a K i ' ) 0 B S . 0 B S - CALC 

r - l n r h V l 1 

?[ - 3 ( 1 3 ) 1 ' . 1 1 2 4 5 0 0 0 0 5 6 
5 1 ) - 6 ( 1 6 ) 1 4 0 1 0 5 0 0 0 0 1 4 8 
8 ( P ) - 9 ( 1 9 ) 1 4 0 6 8 2 8 0 0 0 0 4 9 
o ; 9 ) - 1 0 C 1 1 0 ) 1 4 0 6 0 9 8 0 0 0 1 4 0 

1 0 ( 1 0 ) - 1 1 1 1 1 1 ) 1 4 0 5 3 6 5 0 0 0 2 0 9 
1 1 ( 1 1 ) - 1 2 ( 1 1 2 ) 1 4 0 4 6 0 2 0 - 0 0 0 1 3 
1 2 ( 1 2 ) - 1 3 ( 1 1 3 ) 1 4 0 3 8 6 7 0 0 0 0 5 3 
n ( 1 3 ) - 1 4 ( 1 1 4 ) 1 4 0 3 1 3 3 0 0 0 1 3 7 

i i i ! 4 ) - 1 5 ( 1 1 5 ) 14 0 2 3 6 8 0 - 0 0 0 8 1 

i M I 5 ) - 1 6 ( 1 1 6 ) 1 4 0 1 6 3 7 0 0 0 0 5 0 
U . ( H i ) - 1 7 ( 1 1 7 ) M O O H 9 7 0 0 0 0 9 9 
11 ( 1 1 ) - 1 8 ( 1 1 8 ) 1 4 0 0 1 3 4 0 - 0 0 0 7 4 

1 8 1 8 ) - 1 9 1 1 1 9 ) 1 3 9 9 4 0 3 0 0 0 0 8 1 
1 " ( 1 1 ) - 2 0 ( 1 2 0 ) 1 3 9 8 6 3 3 0 - 0 0 1 4 6 
2 0 ( 2 0 ) - 2 1 ( 1 2 1 ) 1 3 1 7 R 9 Q 0 - 0 0 0 0 4 

2 1 i 2 1 ) - 2 2 ( 1 2 2 ) 1 3 9 7 1 3 4 0 - 0 0 1 6 5 
2 2 2 2 ) - 2 3 ( 1 2 3 ) 1 3 9 6 3 9 5 0 - 0 0 0 5 8 
2 3 ! 2 3 ) - 2 4 ( 1 2 4 ) 1 3 9 5 6 5 3 0 0 0 0 2 7 
2 4 ( 2 4 ) - 2 5 ( 1 2 5 ) 1 3 1 4 8 9 1 0 - 0 0 0 8 1 
2 5 ( 2 5 ) - 2 6 ( 1 2 6 ) 1 3 9 4 1 5 4 0 0 0 0 7 0 
2 6 ( 2 6 ) -27 c 1 2 7 ) 1 3 9 3 3 8 5 0 - 0 0 0 9 2 
2 7 ( 2 7 ) - 2 8 ( 1 2 8 ) 1 3 9 2 6 4 7 0 0 0 0 6 4 

? M ( 2 8 ) - 2 9 ( 1 2 9 ) 1 3 9 1 8 7 8 0 - 0 0 0 8 3 
2 0 ( 2 9 ) - 3 0 ( 1 3 0 ) 1 3 9 1 1 4 0 0 0 0 0 8 8 
3 0 1 3 0 ) - 3 1 ( 1 3 1 ) 1 3 9 0 3 7 1 0 - 0 0 0 4 3 
3 1 ! 3 1 ) - 3 2 ( 1 3 2 ) 1 3 8 9 6 3 0 0 0 0 1 1 3 
3 2 I 3 " ) - 3 3 ( 1 3 3 ) 1 3 8 8 8 5 5 0 - 0 0 0 6 3 
3 3 ( 3 3 ) - 3 4 ( 1 3 4 ) 1 3 8 8 1 0 6 0 0 0 0 2 7 
3 4 ( 3 4 ) - 3 5 ( 1 3 5 ) 1 3 K 7 3 4 9 0 0 0 0 4 6 
3 5 3 5 ) - 3 6 ( 1 3 6 ) 1 3 H 6 5 7 9 0 - 0 0 0 5 9 
31, ( 3 6 ) - 3 7 ( 1 3 7 ) 1 3 8 5 8 3 6 0 0 0 1 1 3 
3 / ( 3 7 ) - 3 8 ( 1 3 8 ) 1 3 8 5 0 6 4 0 0 0 0 0 3 
3 8 I 3 8 ) - 3 9 ( 1 3 9 ) 1 3 8 4 3 0 2 0 - 0 0 0 0 1 
3 Q ( 3 i ) - 4 0 1 1 4 0 ) 1 3 8 3 5 4 4 0 0 0 0 4 2 
4 0 ( 4 0 ) - 4 1 ( 1 4 1 ) 1 3 8 2 7 8 7 0 0 0 1 0 2 
4 1 ( 4 1 ) - 4 2 ( 1 4 2 ) 1 3 R 2 0 0 9 0 - 0 0 0 4 2 
4 3 ( 1 4 3 ) - 4 4 ( 1 4 4 ) 1 3 8 0 5 0 1 0 0 0 1 7 1 
« 4 ( 1 4 4 j - 4 5 1 1 4 5 ) 1 3 7 9 7 2 4 0 0 0 0 5 6 

P - b r a n c h : V l u 

1 ( 0 ) - 2 ( 1 1 ) 1 4 U 9 4 1 0 - 0 0 0 1 5 
8 ( 7 ) - 9 ( 1 8 ) 1 4 0 6 7 0 8 0 - 0 0 0 5 4 
9 ( 8 ) - 1 0 ( 1 9 ) 1 4 0 5 9 7 7 0 0 0 1 0 9 

1 0 ( 9 ) - 1 1 1 1 1 0 ) 1 4 0 5 2 0 5 0 - 0 0 1 3 7 

l i e 1 0 ) - 1 2 ( 1 1 1 ) 1 4 0 4 4 7 2 0 0 0 0 0 8 
1 2 ( 1 1 ) - 1 3 ( 1 1 2 ) 1 4 0 3 7 1 0 0 - 0 0 1 3 6 
1 3 ( 1 2 ) - 1 4 ( 1 1 3 ) 1 4 0 2 9 6 9 0 - 0 0 0 7 0 
1 4 ( 1 3 ) - 1 5 ( 1 1 4 ) 1 4 0 2 2 4 1 0 0 0 1 2 8 
1 5 ( 1 4 ) - 1 6 1 1 1 5 ) 1 4 0 1 4 6 9 0 - 0 0 1 1 4 
1 6 ( 1 5 ) - 1 7 ( 1 1 6 ) 1 4 0 0 7 3 8 0 0 0 0 5 5 
1 7 ( 1 6 ) - 1 8 ( 1 1 7 ) 1 4 0 0 0 0 3 0 0 0 1 8 5 
1 8 C 1 7 ) - 1 9 ( 1 1 8 ) 1 3 9 9 2 3 3 0 - 0 0 0 3 4 
1 9 { 1 8 ) - 2 0 ( 1 1 9 ) 1 3 9 8 5 0 5 0 0 0 1 6 8 
2 0 ( 1 9 ) - 2 1 ( 1 2 0 ) 1 3 9 7 7 3 3 0 - 0 0 0 6 9 
2 1 1 2 0 ) - 2 2 ( 1 2 1 ) 1 3 9 7 0 0 0 0 0 0 0 8 5 
2 2 ( 2 1 ) - 2 3 ( 1 2 2 ) 1 3 9 6 2 3 4 0 - 0 0 0 8 9 
2 3 { 2 2 ) - 2 4 ( 1 2 3 ) 1 3 9 5 4 9 3 0 - 0 0 0 1 2 
2 4 ( 2 3 ) - 2 5 ( 1 2 4 ) 1 3 9 4 7 5 5 0 0 0 0 9 7 
2 5 t 2 4 ) - 2 6 ( 1 2 5 ) 1 3 9 3 9 9 0 0 - 0 0 0 6 3 
2 6 ( 2 5 ) - 2 7 ( 1 2 6 ) 1 3 9 3 2 6 0 0 0 0 1 2 9 
2 7 C 2 6 ) - 2 8 ( 1 2 7 ) 1 3 9 2 4 8 5 0 - 0 0 1 2 7 
2 8 C 2 7 ) - 2 9 ( 1 2 8 ) 1 3 9 1 7 5 5 0 0 0 0 6 9 
2 9 ( 2 8 ) - 3 0 ( 1 2 9 ) 1 3 9 0 9 8 1 0 - 0 0 1 7 3 
3 0 ( 2 9 ) - 3 1 ( 1 3 0 ) 1 3 9 0 2 4 8 0 - 0 0 0 0 3 

P - b r a n c h : V 3 

8 ( 3 5 ) - 9 ( 3 6 ) 1 4 0 7 5 9 2 0 -0 0 1 5 7 
1 0 ( 3 7 ) -IK 3 8 ) 1 4 0 6 0 9 8 0 -0 0 2 2 6 
1 1 ( 3 8 ) - 1 2 ( 3 9 ) 1 4 0 5 3 6 5 0 -0 0 1 1 3 
1 3 C 3 1 0 ) - 1 4 ( 3 1 1 ) 1 4 0 3 8 6 7 0 -0 0 1 9 2 
1 4 ( 3 1 1 ) - 1 5 ( 3 , 1 2 ) 1 4 0 3 1 3 3 0 -0 0 0 7 4 
1 6 1 3 1 3 ) - 1 7 ( 3 , 1 4 ) 1 4 0 1 6 3 7 0 -0 0 1 0 2 
1 7 ( 3 1 4 ) - 1 8 ( 3 , 1 5 ) 1 4 0 0 8 9 7 0 -0 0 0 2 9 
1 8 ( 3 1 5 ) - 1 9 ( 3 1 6 ) 1 4 0 0 1 3 4 0 -0 0 1 8 1 
1 9 C 3 1 6 ) - 2 0 ( 3 1 7 ) 1 3 9 9 4 0 3 0 -0 0 0 0 8 
2 0 ( 3 1 7 ) - 2 1 ( 3 , 1 8 ) 1 3 9 8 6 3 3 0 -0 0 2 2 0 
2 1 C 3 1 8 ) - 2 2 ( 3 1 9 ) 1 3 9 7 8 9 9 0 - 0 0 0 6 7 

0 ' ( K ^ - J " (K j K £ ) 0 B S . OBS CALC J 1 (K a . K<:) K c ) 0 B S . OBS - C A L C 

2 2 1 1 9 ) - 2 3 { 3 2 0 ) 1 3 9 7 1 3 4 0 - 0 0 2 1 9 2 9 ( 0 , 2 9 ) - 2 8 C 0 , 2 8 ) 1 4 3 4 . 3 9 5 0 0 . 0 1 3 6 

2 3 ( 3 . 2 0 5 - 2 4 ( 3 2 1 ) 1 3 9 6 3 9 5 0 - 0 0 1 0 6 3 3 { 0 , 3 3 ) - 3 2 { 0 3 2 ) 1 4 3 7 . 1 8 5 0 - 0 . 0 1 0 2 
2 4 ( 3 2 1 ) - 2 5 ( 3 2 2 ) 1 3 9 5 6 5 3 0 - 0 0 0 1 9 3 4 ( 0 , 3 4 ) - 3 3 ( 0 3 3 ) 1 4 3 7 . 9 0 9 0 0 . 0 1 4 9 

2 5 ( 3 2 2 ) - 2 6 ( 3 2 3 ) 1 3 9 4 8 9 1 0 - 0 0 1 2 6 3 7 ( 0 , 3 7 ) - 3 6 ( 0 3 6 ) 1 4 3 9 . 9 6 6 0 - 0 . 0 1 4 1 

2 6 ( 3 2 3 ) - 2 7 ( 3 2 4 ) 1 3 9 4 1 5 4 0 0 0 0 2 1 3 8 ( 0 , 3 8 ) - 3 7 ( 0 3 7 ) 1 4 4 0 . 6 8 1 0 0 . 0 0 9 2 

2 7 ( 3 2 4 ) - 2 8 ( 3 2 5 ) 1 3 9 3 3 8 5 0 - 0 0 1 4 7 3 9 ( 0 , 3 9 ) - 3 8 ( 0 , 3 8 ) 1 4 4 1 . 3 7 9 0 0 . 0 1 7 3 

2 8 ( 3 2 5 ) - 2 9 ( 3 2 6 ) 1 3 9 2 6 4 7 0 - 0 0 0 0 1 4 2 ( 0 , 4 2 ) 4 1 ( 0 4 1 ) 1 4 4 3 . 4 0 6 0 - 0 . 0 1 4 9 

2 9 ( 3 2 6 ) - 3 0 { 3 2 7 ) 1 3 9 1 8 7 8 0 - 0 0 1 5 9 4 3 ( 0 4 3 ) 4 2 1 0 4 2 ) 1 4 4 4 . 1 1 9 0 0 . 0 1 5 2 

3 0 ( 3 2 7 ) - 3 1 ( 3 2 8 ) 1 3 9 1 1 4 0 0 - 0 0 0 0 3 
3 1 ( 3 2 8 ) - 3 2 ( 3 2 9 ) 1 3 9 0 3 7 1 0 - 0 0 1 5 2 R - j r a n c h V 1 

3 2 ( 3 2 9 ) - 3 3 ( 3 3 0 ) 1 3 8 9 6 3 0 0 - 0 0 0 1 7 
3 3 ( 3 3 0 ) - 3 4 ( 3 3 1 ) 1 3 8 8 8 5 5 0 - 0 0 2 1 7 7 ( 1 7 ) - 6 ( 1 6 ) 1 4 1 8 . 5 1 4 0 - 0 0 1 3 6 

3 4 ( 3 3 1 ) - 3 5 ( 3 3 2 ) 1 3 8 8 1 0 6 0 - 0 0 1 5 2 8 ( 1 8 ) 7 ( 1 7 ) 1 4 1 1 2 4 3 0 - 0 0 0 8 2 

3 5 ( 3 3 2 ) - 3 6 ( 3 3 3 ) 1 3 8 7 3 4 9 0 - 0 0 1 6 3 9 ( 1 9 ) 8 ( 1 8 ) 1 4 1 9 9 6 0 0 - 0 0 1 3 8 

3 7 ( 3 , 3 4 ) - 3 8 ( 3 3 5 ) 1 3 8 5 8 3 6 0 - 0 0 1 6 0 1 0 ( 1 1 0 ) 9 ( 1 9 ) 1 4 2 0 . 6 8 7 0 - 0 0 0 8 4 

4 3 ( 3 4 0 ) - 4 4 ( 3 4 1 ) 1 3 8 1 2 8 2 0 - 0 0 1 9 6 I K 1 , 1 1 ) 1 0 ( 1 1 0 ) 1 4 2 1 4 3 4 0 0 0 1 8 0 - 4 4 ( 
1 2 ( 1 , 1 2 ) I K 1 1 1 ) 1 4 2 2 1 3 2 0 - 0 0 0 3 6 

P - s r a n c h 5 1 3 ( 1 1 3 ) 1 2 ( 1 1 2 ) 1 4 2 2 8 5 9 0 0 0 0 4 9 
a 

1 4 ( 1 1 4 ) 1 3 ( 1 1 3 ) 1 4 2 3 5 8 0 0 0 0 0 8 4 

5 ( 5 0 ) 6 ( 5 1 ) 1 4 1 1 4 7 5 0 - 0 0 1 0 5 1 5 ( 1 1 5 ) 1 4 ( 1 1 4 ) 1 4 2 4 3 0 0 0 0 0 1 2 0 

6 ( 5 1 ) 7 ( 5 2 ) 1 4 1 0 7 4 0 0 - 0 0 0 4 3 1 6 ( 1 1 6 ) 1 5 ( 1 1 5 ) 1 4 2 5 0 1 8 0 0 0 1 4 6 

7 ( 5 2 ) 8 ( 5 3 ) 1 4 1 0 0 0 7 0 0 0 0 4 5 1 7 ( 1 1 7 ) 1 6 ( 1 1 6 ) 1 4 2 5 7 3 6 0 0 0 1 8 3 

8 ( 5 3 ) 9 ( 5 4 ) 1 4 0 9 2 6 6 0 0 0 0 5 7 I B ( 1 1 8 ) 1 7 ( 1 1 7 ) 1 4 2 6 4 2 7 0 - 0 0 0 4 0 

9 ( 5 4 ) - 1 0 ( 5 5 ) 1 4 0 8 5 1 2 0 - 0 0 0 5 6 1 9 ( 1 1 9 ) 1 8 ( 1 1 8 ) 1 4 2 7 1 3 6 0 - 0 0 0 7 1 

1 0 c 5 5 ) - I K 5 6 ) 1 4 0 7 7 8 2 0 0 0 0 7 6 2 0 ( 1 2 0 ) 1 9 ( 1 1 9 ) 1 4 2 7 8 6 0 0 0 0 0 5 9 

I K 5 6 ) - 1 2 ( 5 7 ) 1 4 0 7 0 3 7 0 0 0 0 6 3 2 1 ( 1 2 1 ) 2 0 ( 1 2 0 ) 1 4 2 8 5 8 0 0 0 0 1 5 9 

1 2 1 5 7 ) - 1 3 ( 5 8 ) 1 4 0 6 2 8 5 0 - 0 0 0 1 6 2 2 ( 1 2 2 ) 2 1 ( 1 2 1 ) 1 4 2 9 2 9 0 0 0 0 1 7 1 

1 3 ( 5 8 ) - 1 4 { 5 9 ) 1 4 0 5 5 4 6 0 0 0 0 4 1 2 4 ( 1 2 4 ) 2 3 ( 1 2 3 ) 1 4 3 0 6 6 5 0 - 0 0 2 2 1 
1 4 ( 5 9 ) - 1 5 { 5 1 0 ) 1 4 0 4 7 8 8 0 - 0 0 0 8 7 2 8 ( 1 2 8 ) 2 7 ( 1 2 7 ) 1 4 3 3 4 8 1 0 - 0 0 2 0 9 

1 5 ( 5 1 0 ) - 1 6 ( 5 1 1 ) 1 4 0 4 0 5 0 0 - 0 0 0 1 1 2 9 ( 1 2 9 ) 2 8 ( 1 2 8 ) 1 4 3 4 2 0 3 0 0 0 0 0 3 

1 6 ( 5 1 1 ) - 1 7 ( 5 1 2 ) 1 4 0 3 3 0 6 0 0 0 0 1 0 3 0 ( 1 3 0 ) 2 9 ( 1 2 9 ) 1 4 3 4 9 1 8 0 0 0 1 5 7 

1 7 ( 5 1 2 ) - 1 8 ( 5 1 3 ) 1 4 0 2 5 5 9 0 0 0 0 0 6 3 6 ( 1 3 6 ) 3 5 ( 1 3 5 ) 1 4 3 9 0 6 5 0 - 0 0 1 0 2 
1 8 ( 5 1 3 ) - 1 9 ( 5 1 4 ) 1 4 0 1 8 2 0 0 0 0 0 8 7 3 7 ( 1 3 7 ) - 3 6 ( 1 3 6 ) 1 4 3 9 7 8 3 0 0 0 1 6 4 

1 9 ( 5 1 4 ) - 2 0 ( 5 1 5 ) 1 4 0 1 0 6 6 0 0 0 0 2 3 3 9 ( 1 3 9 ) 3 8 ( 1 3 8 ) 1 4 4 1 1 2 7 0 - 0 0 1 8 8 
2 0 ( 5 1 5 ) - 2 1 ( 5 1 6 ) 1 4 0 0 3 1 0 0 - 0 0 0 5 7 4 0 ( 1 4 0 ) - 3 9 ( 1 3 9 ) 1 4 4 1 8 3 2 0 - 0 0 0 1 7 

2 1 ( 5 1 6 ) - 2 2 ( 5 1 7 ) 1 3 9 9 5 6 6 0 - 0 0 0 1 1 4 6 ( 1 4 6 ) - 4 5 ( 1 4 5 ) 1 4 4 5 9 2 3 0 - 0 0 1 3 6 
2 2 ( 5 1 7 ) - 2 3 ( 5 1 8 ) 1 3 9 8 8 0 8 0 - 0 0 1 0 1 
2 3 1 5 1 8 ) - 2 4 ( 5 1 9 ) 1 3 9 8 0 6 4 0 - 0 0 0 4 6 R - i r a n c h K a " r 
2 4 ( 5 1 9 ) - 2 5 C 5 2 0 ) 1 3 9 7 3 0 8 0 - 0 0 1 0 7 
2 5 1 5 2 0 ) - 2 6 5 2 1 ) 1 3 9 6 5 6 5 0 - 0 0 0 3 2 5 ( 1 4 ) 4 ( i 3 ) 1 4 1 7 1 6 6 0 - 0 0 0 0 2 
2 6 ( 5 2 1 ) - 2 7 ( 5 2 2 ) 1 3 9 5 8 0 8 0 - 0 0 0 9 3 6 ( 1 5 ) 5 ( i 4 ) 1 4 1 7 9 1 0 0 - 0 0 0 1 8 

2 7 ( 5 2 2 ) - 2 8 ( 5 2 3 ) 1 3 9 5 0 6 9 0 0 0 0 3 1 7 ( 1 6 ) 6 ( l 5 ) 1 4 1 8 6 7 9 0 0 0 2 1 8 

2 8 ( 5 2 3 ) - 2 9 ( 5 2 4 ) 1 3 9 4 3 3 0 0 0 0 1 6 0 8 ( 1 7 ) 7 ( l 6 ) 1 4 1 9 4 1 5 0 0 0 1 2 5 

2 9 ( 5 2 4 ) - 3 0 ( 5 2 5 ) 1 3 9 3 5 7 1 0 0 0 0 9 4 9 ( 1 8 ) 8 ( l 7 ) 1 4 2 0 1 4 2 0 - 0 0 0 5 5 

3 0 ( 5 2 5 ) - 3 1 ( 5 2 6 ) 1 3 9 2 8 2 9 0 0 0 2 0 2 1 0 ( 1 9 ) 9 ( l 8 ) 1 4 2 0 8 7 6 0 - 0 0 1 6 2 

3 1 ( r, 2 6 ) - 3 2 ( 5 2 7 ) 1 3 " ? 0 7 0 0 0 0 1 4 6 I K 1 1 0 ) - 1 0 ( i 9 ) 1 4 2 1 6 3 5 0 - 0 0 0 1 7 

3 3 ( 5 2 8 ) - 3 4 ( 5 2 9 ) 1 3 9 0 5 6 5 0 0 0 1 7 7 1 2 ( 1 1 1 ) - I K l 1 0 ) 1 4 2 2 3 6 6 0 - 0 0 1 4 9 

3 7 ( 5 3 2 ) - 3 8 ( 5 3 3 ) 1 3 8 7 5 4 5 0 0 0 1 9 7 2 0 ( 1 1 9 ) - 1 9 ( i 1 8 ) 1 4 2 8 3 3 8 0 0 0 1 5 9 

2 1 ( 1 2 0 ) - 2 0 ( l 1 9 ) 1 4 2 9 0 6 8 0 0 0 0 5 2 

P - b r a n c h K a 7 2 2 ( 1 2 1 ) - 2 1 ( l 2 0 ) 1 4 2 9 8 1 6 0 0 0 1 3 0 

2 3 ( 1 2 2 ) - 2 2 ( l 2 1 ) 1 4 3 0 5 6 3 0 0 0 2 0 4 

9 ( 7 2 ) - 1 0 1 7 3 ) 1 4 1 0 9 3 3 0 0 0 0 4 8 2 4 ( 1 . 2 3 ) - 2 3 1 l 2 2 ) 1 4 3 1 2 9 3 0 0 0 1 1 3 

l O i 7 3 ) - I K 7 4 ) 1 4 1 0 1 9 1 0 0 0 0 4 7 2 5 ( 1 , 2 4 ) - 2 4 ( l 2 3 ) 1 4 3 2 0 2 5 0 0 0 0 4 9 

1 1 ( 7 - 1 2 ( 7 5 ) 1 4 0 9 4 5 6 0 0 0 1 2 0 2 6 C 1 . 2 5 ) - 2 5 ( l 2 4 ) 1 4 3 2 7 6 0 0 0 0 0 2 2 

i 2 ( / 5 ) - 1 3 ( 7 6 ) 1 4 0 8 6 9 1 0 - 0 0 1 0 2 2 7 ( 1 . 2 6 ) - 2 6 ( l 2 5 ) 1 4 3 3 4 8 1 0 - 0 0 1 3 9 

1 3 ( J 6 ) - 1 4 ( 7 7 ) 1 4 0 7 9 5 6 0 - 0 0 0 2 0 3 2 ( 1 . 3 1 ) - 3 1 ( l 3 0 ) 1 4 3 7 1 8 5 0 0 . 0 1 6 4 
1 4 ( 1 7 ) - 1 5 ( 7 8 ) 1 4 0 7 2 2 9 0 0 0 1 4 6 3 3 { 1 . 3 2 ) - 3 2 ( l 3 1 ) 1 4 3 7 9 0 9 0 0 0 0 8 2 
1 5 ( 7 8 ) - 1 6 ( 7 9 ) 1 4 0 6 4 5 4 0 - 0 0 1 6 3 3 4 ( 1 . 3 3 ) - 3 3 ( l 3 2 ) 1 4 3 8 6 2 4 0 - 0 . 0 0 8 0 
1 6 1 7 9 ) - 1 7 ( 7 1 0 ) 1 4 0 5 7 3 2 0 0 0 0 6 2 3 5 { 1 . 3 4 ) - 3 4 ( l 3 3 ) 1 4 3 9 3 6 1 0 - 0 . 0 0 1 1 

1 7 ( 7 , 1 0 ) - 1 8 ( 7 1 1 ) 1 4 0 5 0 0 2 0 0 0 2 1 2 3 6 ( 1 . 3 5 ) - 3 5 ( l 3 4 ) 1 4 4 0 0 9 6 0 0 0 0 4 7 

1 8 i 7 1 1 ) - 1 9 ( 7 1 2 ) 1 4 0 4 2 2 8 0 - 0 0 0 7 5 3 7 ( 1 , 3 6 ) - 3 6 ( l 3 5 ) 1 4 4 0 8 2 4 0 0 0 0 4 7 
1 9 ; 7 , 1 2 ) - 2 0 ( 7 1 3 ) 1 4 0 3 5 0 6 0 0 0 1 6 3 3 8 ( 1 . 3 7 ) - 3 7 ( l 3 6 ) 1 4 4 1 5 5 1 0 0 0 0 4 8 

2 1 1 7 14 ) - 2 2 ( 7 1 5 ) 1 4 0 1 9 8 9 0 - 0 0 0 7 8 
2 2 i 7 1 5 ) - 2 3 ( 7 1 6 ) 1 4 0 1 2 5 6 0 0 0 0 6 3 R - j r a n c h : K a = 2 
2 3 ( 7 1 6 ) - 2 4 ( 7 1 7 ) 1 4 0 0 4 9 3 0 - 0 0 0 9 1 
2 4 ( 7 , 1 7 ) - 2 5 ( 7 1 8 ) 1 3 9 9 7 6 4 0 0 0 0 9 9 5 ( 2 4 ) - 4 ( 2 3 ) 1 4 1 7 4 4 2 0 0 0 0 5 0 
2 6 ( 7 1 9 ) - 2 7 ( 7 2 0 ) 1 3 9 8 2 4 9 0 - 0 0 0 7 8 8 ( 2 1) - 7 ( 2 6 ) 1 4 1 9 6 4 0 0 - 0 0 0 1 8 
2 8 ( 7 2 1 ) - 2 9 ( 7 2 2 ) 1 3 9 6 7 4 1 0 - 0 0 1 6 8 9 ( 2 8 ) - 8 ( 2 7 ) 1 4 2 0 3 6 0 0 - 0 . 0 1 5 6 

1 0 ( 2 9 ) - 9 ( 2 8 ) 1 4 2 1 . 0 8 7 0 - 0 0 2 1 8 
R - ) r a n c h : K a = 0 1 1 1 2 . 1 0 ) - 1 0 1 2 9 ) 1 4 2 1 8 2 1 0 - 0 0 2 0 4 

1 7 ( 2 . 1 6 ) - 1 6 C 2 1 5 ) 1 4 2 6 2 0 2 0 - 0 0 2 1 2 
5 ( 0 5 ) - 4 { 0 4 ) 1 4 1 7 0 1 1 0 - 0 0 0 5 2 2 3 ( 2 , 2 2 ) - 2 2 C 2 2 1 ) 1 4 3 0 5 6 3 0 - 0 0 1 6 7 
8 ( o 8 ) - 7 ( 0 7 ) 1 4 1 9 2 4 3 0 0 0 2 3 0 2 4 ( 2 . 2 3 ) —2 3 ( 2 2 2 ) 1 4 3 1 2 9 3 0 - 0 0 1 0 1 
9 1 Ö 9 ) - 8 ( 0 8 ) 1 4 1 9 9 6 0 0 0 0 0 6 9 2 5 ( 2 , 2 4 ) - 2 4 ( 2 2 3 ) 1 4 3 2 . 0 2 5 0 - 0 0 0 0 6 

1 0 1 0 1 0 ) - 9 ( 0 9 ) 1 4 2 0 6 8 7 0 0 0 0 1 6 2 6 ( 2 . 2 5 ) - 2 5 ( 2 2 4 ) 1 4 3 2 . 7 6 0 0 0 0 1 2 6 
I K 0 1 1 ) - 1 0 ( 0 1 0 ) 1 4 2 1 4 3 4 0 0 0 1 7 1 2 7 ( 2 . 2 6 ) - 2 6 ( 2 . 2 5 ) 1 4 3 3 4 8 1 0 0 0 1 2 7 
1 2 ( 0 1 2 ) - I K 0 11 ) 1 4 2 2 1 3 2 0 - 0 0 1 5 4 2 8 ( 2 . 2 7 ) - 2 7 ( 2 2 6 ) 1 4 3 4 . 2 0 3 0 0 0 1 4 7 
1 3 ' 0 1 3 ) - 1 2 1 0 , 1 2 ) 1 4 2 2 8 5 9 0 - 0 0 1 8 0 2 9 ( 2 , 2 8 ) - 2 8 ( 2 , 2 7 ) 1 4 3 4 . 9 1 8 0 0 0 1 0 5 
2 5 0 2 5 ; - 2 4 ( 0 2 4 ) 1 4 3 1 5 3 0 0 - 0 0 1 0 1 3 0 ( 2 , 2 9 ) - 2 9 ( 2 . 2 8 ) 1 4 3 5 6 4 7 0 0 . 0 2 1 3 
2 6 ; 0 2 6 ) - 2 5 ( 0 2 5 ) 1 4 3 2 2 4 8 0 - 0 0 0 4 Q 3 2 ( 2 . 3 1 ) - 3 1 ( 2 . 3 0 ) 1 4 3 7 . 0 5 1 0 - 0 0 0 8 5 
2 7 ( 0 2 7 ) - 2 6 ( 0 2 6 ) 1 4 3 2 9 6 6 0 0 0 0 1 9 4 4 ( 2 . 4 3 ) - 4 3 ( 2 4 2 ) 1 4 4 5 . 5 6 1 0 - 0 . 0 1 6 3 
2 0 [ 0 2 8 ) - 2 7 ( 0 2 7 ) 1 4 3 3 6 7 8 0 0 0 0 4 4 4 5 ( 2 , 4 4 ) - 4 4 ( 2 . 4 3 ) 1 4 4 6 . 2 6 5 0 - 0 . 0 1 5 0 



J ' ( K j , < c ) - J " ( K ä . K c ' 0 B S - O B S - C A I C J ' ( K j , K i ; ) - J , , ( K 3 , K c ) O B S . O B S - C A I C J ' (K j , K ^ ) - J " (K g , ) O B S . O B S - C A I C 

« 6 1 2 , 1 5 ) 1 5 ( 2 , 1 4 ) 1 1 1 6 9 7 7 0 - 0 0 0 1 5 8 1 , 1 ) 7 ( 4 , 3 ) 2 , 1 5 ) 2 , 1 4 ) 
9 1 , 5 ) 8 ! 4 . 4 ) 

R - l i r a ' i c h V 3 1 0 1 , 6 ) 9 ! 4 , 5 ) 
1 1 1 . 7 ) - 1 0 ! 4 , 6 ) 

I", ( 3 , 1 1 5 ( 3 , 3 I 1 1 1 8 6 7 1 0 - 0 0 1 5 8 1 2 1 , 8 ) - 1 1 ( 1 . 7 ) 

M 3 , i r>( 3 , 4 ) H I ' ) 1 1 5 0 - 0 0 1 1 8 1 1 1 , 1 0 ) - 1 3 ! 1 , 9 ) 

R( 3 . 6 1 7 ! 3 , 5 ) 1 1 2 0 1 1 2 0 - 0 0 2 2 2 ] 8 4 , 1 1 ) - 1 7 ! 1 , 1 3 ) 

9 i 3, 7) 8 ( 3 , 6 ) 1 1 2 0 8 7 6 0 - 0 0 2 2 1 1 9 1 , 1 5 ) - 1 8 ! 1 , 1 4 ) 

1 0 i 3, P) 9 ! 3 , 7 ) 1 1 2 1 6 3 5 0 0 0 0 3 5 20 4 , 1 6 ) - 1 9 ! 4 , 1 5 ) 

1 1 1 3 . " ) - 1 0 ! 3 . 8 ) H 2 2 3 6 6 0 0 0 0 1 6 2 1 1 , 1 7 ) - 2 0 ! 4 , 1 6 ) 

1 2 ! 3,10) - 1 1 ! 3 , 9 ) 1 1 2 3 0 " 4 0 -0 0 0 2 7 2 2 4 , 1 8 ) - 2 1 ( 4 , 1 7 ) 

13 ( 3 , 1 1 ) - 1 2 ! 3 , 1 0 ) H 2 3 8 2 0 0 -0 0 0 2 5 2 3 1 , 1 9 ) - 2 2 ( 4 , 1 8 ) 

I i i 3,12) - 1 3 ! 3 , 1 1 ) 1 4 2 4 5 7 8 0 0 0 1 8 2 2 4 1 , 2 0 ) - 2 3 ( 1 , 1 9 ) 

1 5 i 3,13) - I K 3 , 1 2 ) 1 1 2 5 3 0 2 0 0 0 1 1 5 2 5 1 , 2 1 ) - 2 4 ! 4 , 2 0 ) 

1 9 ! 3 , 1 7 ) - 1 8 ! 3 , 1 6 ) H 2 8 2220 0 0 1 3 8 2 6 1 , 2 2 ) - 2 5 ! 4 , 2 1 ) 

2 0 ! 3 , IR) - 1 9 ( 3 , 1 7 ) 1 1 2 8 9 4 0 0 0 0 0 3 7 2 7 4 , 2 3 ) - 2 6 ( 4 , 2 2 ) 

2 1 ( 3 , 1 9 ) - 2 0 ! 3 , 1 8 ) 1 4 2 9 6 6 2 0 -0 0 0 1 9 2 8 4 , 2 4 ) - 2 7 ! 4 , 2 3 ) 

22! 3 , 2 0 ) - 2 1 ! 3 , 1 9 ) 1 1 3 0 3 8 7 0 -0 0 0 3 9 2 9 4 , 2 5 ) - 2 8 ! 4 , 2 4 ) 

2 3 ! 3,21) - 2 2 ! 3 , 2 0 ) 1 1 3 1 1 1 2 0 -0 0 0 5 3 3 0 1 , 2 6 ) - 2 9 ! 1 , 2 5 ) 

2 4 ( 3 , 2 2 ) - 2 3 ! 3 , 2 1 ) 1 1 3 1 8 3 4 0 -0 0 0 9 2 3 1 4 , 2 7 ) - 3 0 ! 1 , 2 6 ) 
251 3,23) - 2 4 ( 3 . 2 2 ) 1 1 3 2 5 5 8 0 -0 0)06 3 2 1 , 2 8 ) - 3 1 ( 1 , 2 7 ) 

26! 3 , 2 1 ) - 2 5 ! 3 , 2 3 ) 1 1 3 3 2810 -0 0 1 2 1 3 3 4 , 2 9 ) - 3 2 ! 4 , 2 8 ) 

2 7 ! 3 , 2 5 ) - 2 6 ! 3 , 2 4 ) 1 1 3 1 0 0 5 0 -0 0 1 2 6 3 4 1 , 3 0 ) - 3 3 ! 1 . 2 9 ) 
2 8 ! 3 , 2 6 ) - 2 7 ( 3 , 2 5 ) 1 1 3 1 7 2 8 0 -0 0 1 3 3 3 5 1 , 3 1 ) - 3 4 ! 4 , 3 0 ) 

2 9 ! 3 , 2 7 ) - 2 8 ! 3 , 2 6 ) 1 1 3 5 4 5 1 0 -0 0 1 3 1 3 5 1 , 3 2 ) - 3 5 ( 4 , 3 1 ) 

3 0 ( 3 , 2 8 ) - 2 9 ( 3 , 2 7 ) 1 4 3 6 1 7 6 0 -0 0 1 0 9 

3 1 1 3 . 2 1 ) - 3 0 ! 3 , 2 8 ) 1 4 3 6 9 0 5 0 -0 0 0 3 8 R-branch : Ka = 5 
3 2 ! 3 , 3 0 1 - 3 1 ( 3 , 2 9 ) 1 1 3 7 . 6 3 8 0 0 . 0 0 7 R 
3 3 ! 3 , 3 1 ) ' - 3 2 ! 3 , 3 0 ) 1 1 3 8 . . 3 5 0 0 -0. . 0 0 0 9 6 ! 5 , 2 ) - 5 ! 5 , 1 ) 
3 1 ' 3 2 ) - 3 3 ! 3 , 3 1 ) 1 1 3 9 , , 0 6 5 0 -0. . 0 0 6 0 7 ! 5 , 3 ) - 6 ! 5 , 2 ) 
3 5 ! 3 , 3 3 1-- 3 1 ! 3 , 3 2 ) 1 1 3 1 . . 7 8 3 0 -0. , 0 0 7 5 8 ! 5 , 4 ) - 7 ! 5 , 3 ) 
3 6 ! 3 . 3 D - 3 5 ! 3 , 3 3 ) 1 1 4 0 . . 4 9 1 0 -0. , 0 1 5 3 9 ! 5 . 5 ) - 8 ! 5 , 4 ) 
3 7 ! 3 ] m ) . - 3 6 ! 3 , 3 1 ) 1 1 1 1 . . 2 2 7 0 -0. , 0 0 0 5 1 0 ! 5 , 6 ) - 9 ! 5 , 5 ) 
3 » ! 3 , 3 6 ) - 3 7 ( 3 , 3 5 ) 1 1 4 1 . , ° 5 0 0 0 . , 0 1 5 0 I l l 5 . 7 ) - 1 0 ! 5 , 6 ) 
3 « ( 3 ' 3 7 ) - 3 8 ! 3 . 3 6 ) 1 1 1 2 . . 6 8 1 0 0 . , 0 1 9 1 I K 5 , 1 0 ) - 1 3 ! 5 , 9 ) 

1 5 ! 5 , 1 1 ) -11! 5 , 1 0 ) 
R-branch : V = 1 2 0 ! 5 , 1 6 ) - 1 9 ! 5 , 1 5 ) 

2 1 ! 5 . 1 7 ) - 2 0 ! 5 , 1 6 ) 
5! .1, 1 ) - 4 ! 1, 0 ) H 1 R . . 6 7 9 0 -0, . 0 0 5 1 2 2 ! 5 . 1 3 ) - 2 1 ! 5 , 1 7 ) 

6 ! 1 ] 2 ) - 5 ! 1 . 1 ) H H . 1 1 5 0 -0 , 0 0 1 1 2 3 ! 5 , 1 9 ) - 2 2 ! 5 , 1 8 ) 
7 ! 4 , 3 ) - 6 ! 4 , 2 ) 1 1 2 0 . 1 1 2 0 -0. . 0 1 2 1 2 4 ! 5 , 2 0 ) - 2 3 ! 5 , 1 9 ) 

1 4 2 0 . 8 7 6 0 - 0 . 0 1 2 4 2 5 ! 5 , 2 1 ) - 2 4 ! 5 , 2 0 ) 1 4 3 4 . , 2 0 3 0 0. 0 0 0 8 
H 2 1 . 6 3 5 0 0 . 0 1 3 0 2 6 ( 5 , 2 2 ) . - 2 5 ! 5 . 2 1 ) 1 4 3 4 . , 9 1 8 0 - 0 . 0 0 8 0 
1 1 2 2 . 3 6 6 0 0 . 0 1 0 8 2 7 ! 5 , 2 3 ) . - 2 6 ! 5 , 2 2 ) 1 4 3 5 . . 6 4 7 0 - 0 . 0 0 2 1 
1 1 2 3 . 0 9 4 0 0 . 0 0 6 2 2 8 ! 5 , 2 4 )• - 2 7 ( 5 . 2 3 ) 1 4 3 6 . . 3 7 9 0 0. 0 0 7 3 
1 1 2 3 . 8 2 6 0 0 . 0 0 6 2 3 0 ! 5 , 2 6 ) - 2 9 ! 5 , 2 5 ) 1 4 3 7 . . 8 0 3 0 - 0 . 0 1 2 0 
1 1 2 5 . , 3 0 2 0 0 . 0 1 9 7 3 1 ! 5 , 2 7 ) . - 3 0 ! 5 , 2 6 ) 1 4 3 8 . , 5 3 2 0 - 0 . 0 0 3 7 
1 4 2 8 . 2 2 2 0 0. 0 2 1 1 3 2 ! 5 , 2 8 ) - 3 1 ! 5 , 2 7 ) 1 4 3 9 . , 2 5 0 0 - 0 . 0 0 5 7 
1 1 2 8 . 9 1 0 0 0. 0 1 1 2 3 3 ! 5 , 2 9 ) - 3 2 ! 5 , 2 8 ) 1 4 3 9 . . 9 6 6 0 - 0 . 0 0 9 1 
1 1 2 9 . 6 6 2 0 0 . 0 0 5 6 3 4 ! 5 , 3 0 ) - 3 3 ! 5 , 2 9 ) 1 4 4 0 . , 6 8 1 0 - 0 . , 0 1 2 9 
1 1 3 0 . 3 8 7 0 0. 0 0 3 5 3 6 ! 5 , 3 2 ) - 3 5 ! 5 , 3 1 ) 1 4 4 2 . , 1 2 0 0 - 0 . , 0 0 9 5 
1 1 3 1 . 1 1 2 0 0. 0 0 2 0 3 7 ( 5 , 3 3 ) - 3 6 ! 5 , 3 2 ) 1 4 4 2 . . 8 1 6 0 - 0 . , 0 0 0 2 
1 4 3 1 . , 8 3 1 0 - 0 . 0 0 1 9 3 8 ! 5 , 3 4 ) - 3 7 ! 5 , 3 3 ) 1 4 4 3 . . 5 6 9 0 0. , 0 0 6 7 
1 4 3 2 . 5 5 8 0 - 0 . , 0 0 3 2 3 9 ! 5 , 3 5 ) - 3 8 ! 5 , 3 4 ) 1 4 4 4 . , 2 9 9 0 0. , 0 2 1 2 
1 4 3 3 . , 2 8 1 0 - 0 . , 0 0 5 0 4 0 ! 5 , 3 6 ) - 3 9 ! 5 , 3 5 ) 1 4 4 5 . . 0 1 0 0 0 . , 0 1 7 5 

1 4 3 4 . , 0 0 5 0 - 0 . , 0 0 5 2 1 1 ! 5 , 3 7 ) - 4 0 ! 5 , 3 6 ) 1 4 4 5 . , 7 1 0 0 0 . , 0 0 3 5 
1 1 3 4 . , 7 2 8 0 - 0 . , 0 0 5 8 4 2 ! 5 , 3 8 ) - 4 1 ! 5 , 3 7 ) 1 4 4 6 . . 4 1 8 0 - 0 . . 0 0 1 9 

1 4 3 5 . , 4 5 1 0 - 0 . . 0 0 5 8 4 3 ! 5 , 3 9 ) - 4 2 ! 5 , 3 8 ) 1 4 4 7 . . 1 1 4 0 0 . . 0 1 1 5 
1 1 3 6 . , 1 7 6 0 - 0 . . 0 0 3 3 
1 4 3 6 . . 9 0 5 0 0. , 0 0 3 9 R - b r a n c h : K a : = 7 
1 1 3 7 . , 6 3 8 0 0. . 0 1 5 6 
1 1 3 8 . , 3 5 0 0 0, . 0 0 7 0 1 2 ! 7 , 5 ) - 1 1 ! 7 , 4 ) 1 4 2 7 , . 1 3 6 0 -0 . . 0 0 0 3 
1 1 3 9 , . 0 6 5 0 0. . 0 0 1 9 1 3 ! 7 , 6 ) - 1 2 ! 7 , 5 ) 1 4 2 7 , . 8 6 0 0 -0 . . 0 0 7 5 
1 1 3 9 . . 7 8 3 0 0 . , 0 0 0 5 1 4 ! 7 . 7 ) - 1 3 ! 7. 6) 1 4 2 8 , . 5 8 0 0 - 0 . . 0 1 8 3 
1 4 4 0 , . 4 9 4 0 - 0 , . 0 0 7 3 1 7 ! 7 , 1 0 ) - 1 6 ( 7 . 9 ) 1 4 3 0 , . 8 0 1 0 0. . 0 1 3 5 
1 4 4 1 , . 2 2 7 0 0, . 0 0 7 4 1 8 ! 7 , 1 1 ) - 1 7 ( 7 , 1 0 ) 1 4 3 1 , . 5 3 0 0 0, . 0 1 3 9 

1 9 ! 7 , 1 2 ) - 1 8 ! 7 . 1 1 ) 1 4 3 2 , . 2 4 9 0 0, . 0 0 3 7 

2 0 ! 7 , 1 3 ) - 1 9 ! 7 , 1 2 ) 1 4 3 2 , . 9 6 6 0 - 0 . . 0 0 5 9 
2 1 ! 7 . 1 4 ) - 2 0 ! 7 , 1 3 ) 1 4 3 3 . 6 7 8 0 -0 . . 0 2 0 9 

1 1 2 0 , . 3 6 0 0 0 . 0 1 9 6 3 1 ! 7 , 2 4 ) - 3 0 ! 7 , 2 3 ) 1 4 4 0 . 9 2 3 0 - 0 . . 0 1 4 5 
1 1 2 1 . 0 8 7 0 0 . 0 1 2 0 3 2 ! 2 5 ) - 3 1 ! 7 , 2 4 ) 1 4 4 1 . 6 4 8 0 -0 , . 0 1 0 0 
1 4 2 1 . 8 2 1 0 0 . 0 1 2 0 3 3 ! 7 , 2 6 ) - 3 2 ! 7 , 2 5 ) 1 4 4 2 . 3 6 6 0 -0 , . 0 1 1 9 
1 1 2 2 . 5 1 7 0 0 . 0 0 4 6 3 6 ! 7 , 2 9 ) - 3 5 ! 7 , 2 8 ) 1 4 4 4 . 5 3 4 0 0 . 0 0 0 4 

1 1 2 3 . 2 7 9 0 0 . 0 0 3 6 

1 1 2 3 . 9 9 9 0 - 0 . 0 0 8 8 
H 2 6 . 2 0 2 0 0 . 0 0 0 4 
1 4 2 6 . 9 2 5 0 - 0 . 0 0 6 8 
1 4 3 0 . 5 6 3 0 - 0 . 0 1 1 3 
1 1 3 1 . 2 9 3 0 - 0 . 0 0 8 0 

H 3 2 . 0 2 5 0 - u . 0 0 2 2 
1 1 3 2 . 7 6 0 0 0 . 0 0 7 2 

1 4 3 3 . 4 8 1 0 0 . 0 0 3 2 

Fig. 4. Comparison of the simulated with the observed spectrum at the band center region of the v3 band of diazo-
methane. The computed spectrum was obtained from the molecular constants given in Table 3. 



expe r imen ta l 

U05 uoo 1395 1390 cm-

Fig. 5. Simulation of the P-branch region of the v3 band of diazomethane. The computed spectrum was obtained from the 
molecular constants given in Table 3. 

expe r imen ta l 

U35 U30 U 25 U20 

Fig. 6. Simulation of the R-branch region of the v3 band of diazomethane. The computed spectrum was obtained from 
the molecular constants given in Table 3. 



Table 3. Rotational and centrifugal distortion constants 
in Watson's S-reduced Hamiltonian for the fundamental 
v3 in diazomethane a b . 

ground state0 r 3 = l d 

A/MHz 272 979.1 (81) 276 135.3 (45) 
B/MHz 11 305.42697 (45) 11 309.56 (27) 
C/MHZ 10 845.22028 (47) 10 825.54 (25) 

Dj/ kHz 4.14620 (74) 4.290 (69) 
Djk/kHz 396.817 (92) 407.3 (30) 
Dk/kHz 22 000e 24 229.2 (809) 
d|/kHz -0.19255 (43)f -0.594 (81) 
d2/kHz -0.05727 (39) -

Hjk/HZ 2.081 (42) -

HKJ/Hz -492.4 (83) -

W H z 1.26 (30) -

SJK/mWz 0.2085 (56) -

S^y/mHz -34.1 (49) -

TKJ/mUz -0.257 (38) -

UKJ/mHz -0.00162 (11) 
v0/cm-1 

-

1413.3302 (17) 
a/cm - 1 

- 0.011 
V,: -0.996489 -0.996351 
a ground state constants held fixed. 
b in parentheses standard deviations in units of the last 

significant figures. 
c taken from [19], 
d present work. 
e from perpendicular bands. 
f corrected value. 

spectrum was recorded. The resulting rotational and 
centrifugal distortion constants are listed and 
compared with the ground state constants in 
Table 3. 

In order to confirm the assignment the adjus ted 
molecular parameters given in Table 3 were used in 
calculating the transition wavenumbers and relative 
intensities, thus providing the basis for a s imulat ion 
of the observed spectrum. Figure 4 shows the band 
center region with the beginning of the P- and 
R-branches, the lower trace being the observed 
spectrum and the upper trace the simulated spec-
trum. Considering the fact that no hot bands have 
been assigned the theoretical spectrum simulates 

the observed one very well. In Fig. 5 the character-
istic pattern of the P-branch is well reproduced, 
whereas in the R-branch (Fig. 6) the main features 
of the observed spectrum are in reasonably good 
agreement with the prediction. The rovibrational 
assignment of this band has thus been demon-
strated. 

IV. Conclusions 

From the rovibrat ional analysis of the A-type v3 

band of d iazomethane the rotat ional and quar t ic 
centrifugal distortion constants were determined for 
the first excited vibrational state of the symmetr ic 
methylene deformat ion . Compar ing these molecular 
parameters with those of the ground vibrational 
state in Table 3 we see that the rotational con-
stant A and the distortion constant DK are signif-
icantly increased upon excitation of this vibration, 
whereas the rotational constants B and C are only 
slightly modif ied. Fur the rmore the distortion con-
stants Dj and DJK are increased. In a previous study 
[14], in which only the ./-structure of this funda-
mental could be resolved, only the effective rota-
tional constant (B + C) /2 and the band center v0 

could be obtained. In our work the value for the 
band center has been refined f rom 1414.3 c m - 1 [14] 
to 1413.330 c m - 1 due to better resolution and a 
correct rovibrational assignment. 
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