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The v2 vibration-rotation band of cyanoacetylene. HCCCN, has been studied by diode laser 
spectroscopy in the wavenumber region from 2240 cm"1 to 2290 cm"1. In addition to the 
fundamental band we have assigned hot bands arising from r7 = 1. 2. and 3 states and from r6 = 1 
state. In these hot bands splittings due to /-type doubling and /-type resonance were clearly 
observed. The transition wavenumbers were measured precisely, with an estimated error of 
0.001 cirr1. Their analysis simultaneously with the microwave data allowed an accurate deter-
mination of the band origin v0 = 2273.99539(11) cm"1, the rotational constant B' = 4527.4861 (28) 
MHz. and the centrifugal distortion constant D' = 0.53547(43) kHz. 

I. Introduction 

Several of the seven f u n d a m e n t a l b a n d s of the 
linear molecule H C 3 N have been measu red with 
high spectral resolution. T h e C = C stretching b a n d 
has been measured by us using a d i o d e laser 
spectrometer [1, 2], whereas the d iode laser spect ra 
of the C = N stretching band v2 will be repor ted 
in the present work. T h e first h igh resolut ion s tudy 
of this band was carr ied out by Mall inson and Fayt 
[3]. who assigned the f u n d a m e n t a l and several 
"ho t " bands arising f rom the r 7 = 1 and 2. r 6 = 1 and 
r 5 = 1 states. Since this band is of s t ronger abso rp -
tion than the v3 band , m a n y addi t iona l hot b a n d s 
could be observed. However the hot band f r o m the 
/• 5 = 1 state has not been ident i f ied in the present 
study. Instead we observed the hot band f r o m the 
r 7 = 3 state. The microwave da ta [4. 5. 6] were ful ly 
utilized to assign the lines and to ob ta in precise 
molecular constants. 

Since the high resolut ion rovibra t iona l spect ra of 
H C 3 N are of astrophysical interest and since the i r 
analysis will allow a precise d e t e r m i n a t i o n of the 
equi l ibr ium rotat ional constant , we intend to 
measure most of the f u n d a m e n t a l bands by d i o d e 
laser spectroscopy. These da ta will u l t imate ly be 
used towards de te rmin ing the equ i l i b r i um s t ruc ture 
of H C , N . 

The present work presents an analysis of the C = N 
stretching band v2 and several hot bands associated 
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with it. The r 7 = 3 " h o t " band is observed in this 
work for the first t ime. Measu remen t s for the 
isotopicallv substi tuted molecules, involving D. 
and LvN, are also in progress [7], 

In the following the vibrat ional states are present -
ed by the notat ion ( r 2 ; r 6 , r 7 ) ' , w h e r e I is the 
quan tum number of the vibrat ional angu la r m o m e n -
tum: thus the hot band v 2 + v 7 - v7 will be expressed 
by (1 :0 . l ) ' - ( 0 ; 0. I)1. 

II. Spectra and Analysis 

The experimental procedures are ident ical to the 
techniques used in our previous d i o d e laser work 
[1.2, 8]. The wavenumbers were ca l ib ra ted by m e a n s 
of the vibrat ion-rotat ion bands of N N O and l 3 C 0 2 , 
whose precise line posi t ions were repor ted by 
Guelachvil i and coworkers [9. 10]. T h e f r inges of a 
7.5 cm Ge etalon were used as an in te rpo la t ion scale 
and were recorded s imul taneously with each spec-
t rum to assure the needed precis ion. T h e f ree 
spectral range of the etalon (about 0.016 c m - 1 ) was 
calibrated for every scan. The spectra were measured 
at room tempera ture with a 75 cm long glass cell, 
sealed with two BaF 2 windows. T h e s a m p l e pressure 
was less than 100 Pa. The re fo re the spectral l ine 
widths were essentially de te rmined by the D o p p l e r 
broadening. Figure 1 shows a por t ion of the record-
ed spectrum. 

1. Fundamental band: (1; 0. 0 ) ° - (0: 0. 0)° 

For the v2 f undamen ta l band , the rov ibra t iona l 
lines were assigned f rom P(86) to R ( 5 0 ) . T h e J 
assignment was obtained by using the i teration me thod 
described in [1], Thus the very precise, g round 
vibrational state rotat ional constant a q u a i n t e d by 
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microwave spectroscopy [5] a l lowed us to f ind an 
unique J assignment. The lines were analyzed 
using a conventional expression 

v=G' + B'[J'(J'+ 1)- r 2 ] - D'[J'(J' + 1 )-/'2]2 

~{G" + B" [J"(J"+ 1 )-/"2] 

- D" [J" (J" + 1) — /"2] 2J, (1) 

where G, B, and D are the ef fec t ive p a r a m e t e r s 
representing vibrat ional energy, ro ta t iona l constants , 
and quart ic centr i fugal d is tor t ion constants , respec-
tively. For the v2 f u n d a m e n t a l b a n d , the v ibra t iona l 
angular m o m e n t u m / ' and / " vanish for bo th the 
lower and upper states of the t ransi t ion. T h e effec-
tive constants, v0 = G' — G", B', and D' were deter -
mined by using a least squares fit. T h e lower state 
constants, B" and D" were cons t ra ined to thei r 
microwave values [5]. T h e observed t rans i t ions are 
listed in Table 1 with the t rans i t ion w a v e n u m b e r s 
calculated on the basis of the constants thus deter -
mined. 

2. Hot band: (1; 0, 1)1 — (0; 0, 1)1 

The strongest hot band observed was iden t i f i ed as 
the 77 - 77 transi t ion of the lowest excited vibra-

tional state, ( 0 : 0 , 1 ) ' . The doub ly d e g e n e r a t e 
77 state, both (1:0 , l)1 and (0 :0 , l)1 , a re split in to 
two components, e and f, by the /- type d o u b l i n g 
interaction. For the P and R branch , which were 
observed in the present study, the t ransi t ions fo l low 
the selection rules of e - e and f - f . W e have 
measured the line posi t ions of this b a n d f r o m P ( 7 0 ) 
to R (72) for both /-type components . 

For J larger than ~ 15 the regular ly spaced 
transitions were observed as doub le t s for bo th the P 
and R branch. The observed t ransi t ion w a v e n u m b e r s 
were analyzed for each c o m p o n e n t separa te ly using 
the effective expression of (1). Because of the / - type 
doubling interaction, the doub ly degene ra t e energy 
level are shifted by the a m o u n t of 

A = ±[ch-chJJ{J+\)]J{J+ l ) / 2 , (2) 

where the constant qt is the /-type doub l ing cons tant 
and qxj is its centr i fugal correction. T h e + sign s tands 
for f and - sign for e componen t . T h u s the ef fec-
tive constants in (1) include the effect of this inter-
action in the form 

G = G±(ql-qul2) I2/2, 

B = B±(qt-2qul2)/2, 

D=D±qtJ/2. (3) 

HCCCN v2 
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Fig. 1. A portion of the v2 band of HCCCN recorded in the present work by frequency modulation. The typical 
multiplets due to the /-type doubling and /-type resonance interaction confirm the assignment indicated above. 



Table 1. Observed transitions in cm- ' for the fundamental (1; 0, 0 ) ° - (0 : 0, 0)° band of HCCCN a 

J ' - J " CALC. 0 - C J ' - J " CALC. 0 - C 

8 5 - 8 6 2 2 4 2 . 6 9 5 8 0 . 0 0 1 3 25 - 26 2 2 6 5 . 6 3 8 6 0 . 0 0 0 3 
8 4 - 8 5 2 2 4 3 . 1 1 9 4 - 0 . 0 0 0 2 2 4 - 2 5 2 2 6 5 . 9 7 7 9 - 0 . 0 0 0 1 
8 3 - 8 4 2 2 4 3 . 5 4 1 6 - 0 . 0 0 0 4 2 3 - 2 4 2 2 6 6 . 3 1 5 7 - 0 . 0 0 0 5 
8 2 - 8 3 2 2 4 3 . 9 6 2 4 - 0 . 0 0 0 8 

14 - 15 2 2 6 9 . 2 9 2 3 - 0 . 0 0 0 9 
79 - 8 0 2 2 4 5 . 2 1 6 6 0 . 0 0 0 2 13 - 14 2 2 6 9 . 6 1 5 9 0 . 0 0 0 2 
7 8 - 7 9 2 2 4 5 . 6 3 1 9 0 . 0 0 0 0 1 2 - 13 2 2 6 9 . 9 3 8 1 0 . 0 0 0 2 

72 - 7 3 2 2 4 8 . 0 9 4 5 0 . 0 0 0 0 7 - 8 2 2 7 1 . 5 2 7 3 0 . 0 0 0 7 
71 - 7 2 2 2 4 8 . 5 0 0 1 - 0 . 0 0 0 8 6 - 7 2 2 7 1 . 8 4 0 8 0 . 0 0 0 4 
70 - 71 2 2 4 8 . 9 0 4 3 0 . 0 0 0 3 5 - 6 2 2 7 2 . 1 5 2 9 0 . 0 0 0 1 
6 9 - 7 0 2 2 4 9 . 3 0 7 1 0 . 0 0 0 2 4 - 5 2 2 7 2 . 4 6 3 6 - 0 . 0 0 0 5 

3 - 4 2 2 7 2 . 7 7 2 8 - 0 . 0 0 1 0 
66 - 6 7 2 2 5 0 . 5 0 7 1 0 . 0 0 0 4 2 - 3 2 2 7 3 . 0 8 0 6 - 0 . 0 0 0 8 
6 5 - 6 6 2 2 5 0 . 9 0 4 3 0 . 0 0 0 4 1 - 2 2 2 7 3 . 3 8 7 0 - 0 . 0 0 0 3 
64 - 6 5 2 2 5 1 . 3 0 0 1 - 0 . 0 0 0 5 0 - 1 2 2 7 3 . 6 9 1 9 0 . 0 0 0 2 
6 3 - 64 2 2 5 1 . 6 9 4 5 - 0 . 0 0 0 1 
6 2 - 6 3 2 2 5 2 . 0 8 7 5 - 0 . 0 0 1 1 5 - 4 2 2 7 5 . 4 9 1 2 - 0 . 0 0 0 3 
61 - 6 2 2 2 5 2 . 4 7 9 1 - 0 . 0 0 0 2 6 - 5 2 2 7 5 . 7 8 6 0 0 . 0 0 0 7 
6 0 - 61 2 2 5 2 . 8 6 9 4 - 0 . 0 0 0 3 7 - 6 2 2 7 6 . 0 7 9 4 0 . 0 0 0 3 
59 - 6 0 2 2 5 3 . 2 5 8 2 0 . 0 0 0 3 8 - 7 2 2 7 6 . 3 7 1 4 0 . 0 0 0 4 
5 8 - 5 9 2 2 5 3 . 6 4 5 6 0 . 0 0 0 3 9 - 8 2 2 7 6 . 6 6 1 9 0 . 0 0 0 8 
57 - 5 8 2 2 5 4 . 0 3 1 6 - 0 . 0 0 0 3 10 - 9 2 2 7 6 . 9 5 1 0 0 . 0 0 0 4 
5 6 - 5 7 2 2 5 4 . 4 1 6 2 0 . 0 0 0 5 1 1 - 10 2 2 7 7 . 2 3 8 6 0 . 0 0 0 4 
55 - 5 6 2 2 5 4 . 7 9 9 4 0 . 0 0 0 4 12 - 1 1 2 2 7 7 . 5 2 4 8 - 0 . 0 0 0 2 
54 - 5 5 2 2 5 5 . 1 8 1 2 0 . 0 0 0 1 13 - 1 2 2 2 7 7 . 8 0 9 5 - 0 . 0 0 0 2 
5 3 - 54 2 2 5 5 . 5 6 1 6 0 . 0 0 0 2 

31 - 3 0 2 2 8 2 . 6 8 7 6 - 0 . 0 0 0 4 
48 - 4 9 2 2 5 7 . 4 4 2 4 - 0 . 0 0 0 1 32 - 31 2 2 8 2 . 9 4 4 8 0 . 0 0 0 0 
4 7 - 4 8 2 2 5 7 . 8 1 4 3 - 0 . 0 0 0 1 33 - 32 2 2 8 3 . 2 0 0 6 - 0 . 0 0 0 6 
46 - 4 7 2 2 5 8 . 1 8 4 8 0 . 0 0 0 3 34 - 3 3 2 2 8 3 . 4 5 5 0 0 . 0 0 0 9 
4 5 - 4 6 2 2 5 8 . 5 5 3 9 0 . 0 0 2 2 b 35 - 3 4 2 2 8 3 . 7 0 7 9 0 . 0 0 1 0 
44 - 4 5 2 2 5 8 . 9 2 1 6 - 0 . 0 0 0 4 36 - 3 5 2 2 8 3 . 9 5 9 3 0 . 0 0 0 6 
4 3 - 4 4 2 2 5 9 . 2 8 7 9 0 . 0 0 0 0 37 - 36 2 2 8 4 . 2 0 9 3 - 0 . 0 0 0 4 
42 - 4 3 2 2 5 9 . 6 5 2 8 - 0 . 0 0 0 1 
41 - 42 2 2 6 0 . 0 1 6 3 - 0 . 0 0 0 2 42 - 41 2 2 8 5 . 4 3 7 5 0 . 0 0 0 8 

43 - 42 2 2 8 5 . 6 7 8 8 0 . 0 0 0 8 
38 - 3 9 2 2 6 1 . 0 9 8 1 - 0 . 0 0 0 1 44 - 4 3 2 2 8 5 . 9 1 8 6 0 . 0 0 0 2 
37 - 3 8 2 2 6 1 . 4 5 5 9 - 0 . 0 0 0 7 4 5 - 4 4 2 2 8 6 . 1 5 7 0 0 . 0 0 1 8 
36 - 37 2 2 6 1 . 8 1 2 3 - 0 . 0 0 1 0 46 - 4 5 2 2 8 6 . 3 9 3 9 - 0 . 0 0 0 4 
3 5 - 3 6 2 2 6 2 . 1 6 7 2 - 0 . 0 0 0 6 47 - 4 6 2 2 8 6 . 6 2 9 4 - 0 . 0 0 0 5 
34 - 3 5 2 2 6 2 . 5 2 0 8 - 0 . 0 0 0 7 48 - 47 2 2 8 6 . 8 6 3 4 - 0 . 0 0 0 3 
3 3 - 3 4 2 2 6 2 . 8 7 2 9 0 . 0 0 0 0 49 - 48 2 2 8 7 . 0 9 6 0 - 0 . 0 0 0 1 

50 - 49 2 2 8 7 . 3 2 7 1 0 . 0 0 0 1 
27 - 2 8 2 2 6 4 . 9 5 5 7 - 0 . 0 0 0 5 51 - 5 0 2 2 8 7 . 5 5 6 8 0 . 0 0 0 4 
2 6 — 27 2 2 6 5 . 2 9 7 8 0 . 0 0 0 3 

a The vibrational states are indicated as (r2; v6, v-j)1. b Not used in the fit. 
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Table 2. Observed transitions in cm - 1 f o r t h e ( l ; 0 . l ) ' - ( 0 ; 0 , l)1 band of HCCCN a 

e - e f - f 
J ' - J " CALC . 0 - C CALC. 0 - C 

8 0 - 81 2 2 4 2 . 5 5 5 2 - 0 . 0 0 0 4 2 2 4 2 . 5 4 1 4 0 . 0 0 0 0 
7 9 - 8 0 2 2 4 2 . 9 7 2 6 0 . 0 0 0 2 2 2 4 2 . 9 5 8 9 - 0 . 0 0 1 1 
7 8 - 7 9 2 2 4 3 . 3 8 8 7 - 0 . 0 0 0 2 2 2 4 3 . 3 7 4 9 0 . 0 0 1 3 
77 - 7 8 2 2 4 3 . 8 0 3 3 - 0 . 0 0 0 3 2 2 4 3 . 7 8 9 6 - 0 . 0 0 0 5 

74 - 7 5 2 2 4 5 . 0 3 8 9 - 0 . 0 0 0 6 2 2 4 5 . 0 2 5 3 - 0 . 0 0 0 6 
7 3 - 7 4 2 2 4 5 . 4 4 8 0 0 . 0 0 0 2 2 2 4 5 . 4 3 4 4 0 . 0 0 0 0 
72 - 7 3 2 2 4 5 . 8 5 5 7 0 . 0 0 0 7 2 2 4 5 . 8 4 2 2 0 . 0 0 0 7 

66 - 67 2 2 4 8 . 2 7 2 8 0 . 0 0 1 3 2 2 4 8 . 2 5 9 4 0 . 0 0 1 2 
6 5 - 6 6 2 2 4 8 . 6 7 0 8 - 0 . 0 0 0 1 2 2 4 8 . 6 5 7 4 0 . 0 0 0 0 
64 - 6 5 2 2 4 9 . 0 6 7 3 0 . 0 0 0 3 2 2 4 9 . 0 5 4 0 - 0 . 0 0 0 1 

6 0 - 61 2 2 5 0 . 6 3 9 7 0 . 0 0 0 9 2 2 5 0 . 6 2 6 5 0 . 0 0 1 1 
59 - 6 0 2 2 5 1 . 0 2 9 3 0 . 0 0 0 3 2 2 5 1 . 0 1 6 2 0 . 0 0 2 0 
5 8 - 59 2 2 5 1 . 4 1 7 5 - 0 . 0 0 0 3 2 2 5 1 . 4 0 4 4 - 0 . 0 0 0 4 
57 - 5 8 2 2 5 1 . 8 0 4 3 - 0 . 0 0 0 4 2 2 5 1 . 7 9 1 3 - 0 . 0 0 0 4 
5 6 - 57 2 2 5 2 . 1 8 9 7 - 0 . 0 0 1 0 2 2 5 2 . 1 7 6 7 - 0 . 0 0 1 1 
55 - 56 2 2 5 2 . 5 7 3 6 - 0 . 0 0 0 2 2 2 5 2 . 5 6 0 7 - 0 . 0 0 1 1 
54 - 5 5 2 2 5 2 . 9 5 6 2 0 . 0 0 0 0 2 2 5 2 . 9 4 3 4 0 . 0 0 0 2 
5 3 - 54 2 2 5 3 . 3 3 7 4 0 . 0 0 0 3 2 2 5 3 . 3 2 4 6 0 . 0 0 0 1 
52 - 5 3 2 2 5 3 . 7 1 7 2 0 . 0 0 0 4 2 2 5 3 . 7 0 4 4 0 . 0 0 0 8 
51 - 52 2 2 5 4 . 0 9 5 5 - 0 . 0 0 0 2 2 2 5 4 . 0 8 2 9 0 . 0 0 0 0 
5 0 - 51 2 2 5 4 . 4 7 2 5 - 0 . 0 0 1 0 2 2 5 4 . 4 5 9 9 - 0 . 0 0 0 1 
49 - 5 0 2 2 5 4 . 8 4 8 0 0 . 0 0 0 2 2 2 5 4 . 8 3 5 5 0 . 0 0 0 1 
4 8 - 4 9 2 2 5 5 . 2 2 2 2 - 0 . 0 0 0 8 2 2 5 5 . 2 0 9 8 - 0 . 0 0 0 9 
47 - 48 2 2 5 5 . 5 8 2 6 0 . 0 0 0 3 

4 2 - 4 3 2 2 5 7 . 4 3 7 4 - 0 . 0 0 0 6 2 2 5 7 . 4 2 5 5 0 . 0 0 0 1 
41 - 42 2 2 5 7 . 8 0 1 6 0 . 0 0 0 0 2 2 5 7 . 7 8 9 9 - 0 . 0 0 0 7 
4 0 - 4 1 2 2 5 8 . 1 6 4 4 0 . 0 0 0 6 2 2 5 8 . 1 5 2 9 0 . 0 0 0 2 
39 - 4 0 2 2 5 8 . 5 2 5 9 0 . 0 0 1 3 2 2 5 8 . 5 1 4 4 0 . 0 0 0 5 
3 8 - 39 2 2 5 8 . 8 8 5 9 - 0 . 0 0 0 7 2 2 5 8 . 8 7 4 6 - 0 . 0 0 0 6 
37 - 38 2 2 5 9 . 2 4 4 5 0 . 0 0 0 1 2 2 5 9 . 2 3 3 3 - 0 . 0 0 0 2 
3 6 - 37 2 2 5 9 . 6 0 1 6 - 0 . 0 0 0 1 2 2 5 9 . 5 9 0 6 - 0 . 0 0 0 4 
3 5 - 36 2 2 5 9 . 9 5 7 4 - 0 . 0 0 0 7 2 2 5 9 . 9 4 6 5 - 0 . 0 0 0 7 

3 2 - 3 3 2 2 6 1 . 01 6 1 - 0 . 0 0 0 5 2 2 6 1 . 0 0 5 7 0 . 0 0 0 4 
31 - 32 2 2 6 1 . 3 6 6 1 - 0 . 0 0 0 6 2 2 6 1 . 3 5 6 0 0 . 0 0 0 0 
3 0 - 3 1 2 2 6 1 . 71 4 8 - 0 . 0 0 0 3 2 2 6 1 . 7 0 4 8 - 0 . 0 0 0 6 
29 - 3 0 2 2 6 2 . 0 6 2 0 - 0 . 0 0 0 5 2 2 6 2 . 0 5 2 2 - 0 . 0 0 0 7 
28 - 29 2 2 6 2 . 4 0 7 8 - 0 . 0 0 0 8 2 2 6 2 . 3 9 8 2 - 0 . 0 0 0 9 
27 - 2 8 2 2 6 2 . 7 5 2 2 0 . 0 0 0 1 2 2 6 2 . 7 4 2 8 - 0 . 0 0 0 2 

2 1 - 2 2 2 2 6 4 . 7 8 8 4 - 0 . 0 0 0 5 2 2 6 4 . 7 8 0 4 - 0 . 0 0 0 6 
2 0 - 21 2 2 6 5 . 1 2 2 8 0 . 0 0 0 2 2 2 6 5 . 1 1 5 1 0 . 0 0 0 2 
19 - 2 0 2 2 6 5 . 4 5 5 7 0 . 0 0 0 4 2 2 6 5 . 4 4 8 3 - 0 . 0 0 0 1 
18 - 19 2 2 6 5 . 7 8 7 2 0 . 0 0 0 2 2 2 6 5 . 7 8 0 1 0 . 0 0 0 2 



Table 2 (continued) 

J ' - J " 
e 

CALC. 
e 

O-C 
f 

CALC . 
f 

O-C 

17 - 18 2 2 6 6 . 1 1 7 3 - 0 . 0 0 0 3 2 2 6 6 . 1 1 0 4 - 0 . 0 0 0 3 
16 - 17 2 2 6 6 . 4 4 6 0 - 0 . 0 0 0 8 2 2 6 6 . 4 3 9 4 - 0 . 0 0 1 3 

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

2 - 1 2 2 7 2 . 4 1 7 5 0 . 0 0 0 0 2 2 7 2 . 4 1 8 1 - 0 . 0 0 0 6 
3 - 2 22 72 . 7 1 74 0 . 0 0 0 0 2 2 7 2 . 7 1 8 5 - 0 . 0 0 1 1 
4 - 3 2 2 7 3 . 0 1 5 9 0 . 0 0 0 6 b 2 2 7 3 . 0 1 7 4 - 0 . 0 0 0 9 b 
5 - 4 2 2 7 3 . 3 1 2 9 0 . 0 0 0 9 b 2 2 7 3 . 3 1 4 9 - 0 . 0 0 1 1 b 
6 - 5 2 2 7 3 . 6 0 8 5 0 . 0 0 1 1 b 2 2 7 3 . 6 1 1 0 - 0 . 0 0 1 4 b 
7 - 6 2 2 7 3 . 9 0 2 6 0 . 0 0 2 1 b 2 2 7 3 . 9 0 5 6 - 0 . 0 0 0 9 b 

1 2 - 11 2 2 7 5 . 3 5 1 6 0 . 0 0 0 0 2 2 7 5 . 3 5 7 2 0 . 0 0 0 8 
13 - 12 2 2 7 5 . 63 71 0 . 0 0 0 4 2 2 7 5 . 6 4 3 2 0 . 0 0 1 1 
14 - 1 3 2 2 7 5 . 92 1 1 - 0 . 0 0 0 2 2 2 7 5 . 9 2 7 8 0 . 0 0 0 1 
15 - 14 2 2 7 6 . 2 0 3 6 0 . 0 0 0 7 2 2 7 6 . 2 1 0 9 0 . 0 0 0 5 
16 - 1 5 2 2 7 6 . 4 8 4 8 0 . 0 0 0 4 2 2 7 6 . 4 9 2 6 0 . 0 0 0 6 
17 - 16 2 2 7 6 . 7 6 4 4 0 . 0 0 0 9 2 2 7 6 . 7 7 2 8 0 . 0 0 1 2 
18 - 1 7 2 2 7 7 . 0 4 2 7 0 . 0 0 0 0 2 2 7 7 . 0 5 1 6 0 . 0 0 0 1 
19 - 18 2 2 7 7 . 31 94 0 . 0 0 0 1 2 2 7 7 . 3 2 9 0 0 . 0 0 0 1 
2 0 - 19 2 2 7 7 . 5 9 4 8 0 . 0 0 0 0 2 2 7 7 . 6 0 4 9 0 . 0 0 0 1 
21 - 2 0 2 2 7 7 . 8 6 8 7 - 0 . 0 0 0 8 2 2 7 7 . 87 94 - 0 . 0 0 0 8 

4 0 - 3 9 2 2 8 2 . 7 9 6 9 0 . 0 0 0 0 
41 - 4 0 2 2 8 3 . 0 4 1 8 0 . 0 0 0 2 2 2 8 3 . 0 6 6 0 0 . 0 0 0 4 
42 - 41 2 2 8 3 . 2 8 5 2 0 . 0 0 0 8 2 2 8 3 . 3 1 0 1 0 . 0 0 0 6 
43 - 42 2 2 8 3 . S 2 71 0 . 0 0 1 3 2 2 8 3 . 5 5 2 8 0 . 0 0 0 7 
4 4 - 4 3 2 2 8 3 . 7 6 7 6 - 0 . 0 0 0 8 2 2 8 3 . 7 9 4 0 0 . 0 0 0 7 
4 5 - 44 2 2 8 4 . 0 0 6 7 0 . 0 0 0 2 2 2 8 4 . 0 3 3 8 0 . 0 0 0 3 
4 6 - 4 5 2 2 8 4 . 2 4 4 3 - 0 . 0 0 0 6 2 2 8 4 . 2 7 2 2 0 . 0 0 0 0 

51 - 5 0 2 2 8 5 . 4 1 0 5 0 . 0 0 1 0 2 2 8 5 . 4 4 2 2 0 . 0 0 1 5 
52 - 51 2 2 8 5 . 6 3 9 4 0 . 0 0 0 5 2 2 8 5 . 6 7 1 8 0 . 0 0 0 3 
53 - 52 2 2 8 5 . 8 6 6 8 0 . 0 0 0 6 2 2 8 5 . 9 0 0 0 0 . 0 0 0 2 
54 - 5 3 2 2 8 6 . 0 9 2 8 - 0 . 0 0 0 2 2 2 8 6 . 1 2 6 8 - 0 . 0 0 0 4 
55 - 54 2 2 8 6 . 31 73 - 0 . 0 0 0 6 2 2 8 6 . 3 5 2 1 - 0 . 0 0 0 5 
5 6 - 55 2 2 8 6 . 5 4 0 3 - 0 . 0 0 0 6 2 2 8 6 . 5 7 5 9 - 0 . 0 0 0 8 
57 - 5 6 2 2 8 6 . 7 6 1 9 - 0 . 0 0 0 4 2 2 8 6 . 7 9 8 3 - 0 . 0 0 0 8 
5 8 - 57 2 2 8 6 . 9 8 2 1 - 0 . 0 0 0 1 2 2 8 7 . 0 1 9 2 - 0 . 0 0 0 4 
59 - 5 8 2 2 8 7 . 2 0 0 8 - 0 . 0 0 0 1 2 2 8 7 . 2 3 8 7 - 0 . 0 0 0 2 
6 0 - 5 9 2 2 8 7 . 4 1 8 1 0 . 0 0 0 4 2 2 8 7 . 4 5 6 8 0 . 0 0 1 3 

a The vibrational states are indicated by (v2: v6, r7) ' . The /-type doubling components are distinguished by e and f. 
b Not used in the fit. 



The constants G. B. and D represent the v ib ra t iona l 
energy and the rotat ional and cent r i fuga l d is tor t ion 
constants in the usual sense. 

The parameters in the lower state, (0; 0, l )1 , 
where determined by analyzing the mic rowave da ta 
reported by Mall inson and de Z a f r a [4] toge the r with 
Creswell 's new measu remen t s [6], They were con-
strained to these values in the f inal fit. T h e observed 
transitions and calculated w a v e n u m b e r s a re listed in 
Table 2. 

3. Hot band: (1; 0, 2 ) a 2 - ( 0 ; 0, 2)°-2 

The second excited state of the bend ing v ib ra t ion 
in a linear molecule is tr iply degenera te . T h e an-
harmonic potential removes this degene racy and 
splits the level into an / = 0 (27) state and two / = 2 
(A) states. The doub ly degene ra t e A s tate is f u r t h e r 
separated by /-type resonance into e and f com-
ponents. The v ibra t ion- ro ta t ion energy of these three 
levels are given analytical ly as 

E(I, Ae) = ( £ o + Ei ± [(E2 ~ E0)2 + 8 ^ 2 ] 1 / 2 } / 2 , 

and 

E ( A f ) — E2, (4) 

where 

E0/hc = G+ BJ(J + 1)- D[J(J+ l)]2, 

E2/hc=G + 4xl7ll+(B + 4yil) 

•[J(J+ l ) - 4 }-D[J(J+ 1) — 4] 2 , (5) 

and 

^02 /he =[ch-q0J(J+ 1)] 

• {J(J+ 1) [J(J + 1) - 2 ] / 2 j 1 / 2 . 

Here G is the v ibra t ional energy wi thou t the con-
tr ibution f rom the v ibra t ional angu la r m o m e n t u m . 
This contr ibut ion is explicitly represen ted by the 
term .v/7/7 in the second equa t ion of (5). T h e / 
dependence of the rotat ional constant is t aken into 
account by the term yu. 

The transition w a v e n u m b e r s were ca lcula ted 
applying (4) for both the (1 :0 . 2)°-2 and (0; 0, 2)°-2 

states. F rom the present in f ra red da ta the p a r a m e t e r s 
in the upper state. (1 :0 . 2)0 '2, were d e t e r m i n e d by 
least-squares fit t ings whereas the lower s tate con-
stants were fixed at the mic rowave values [4. 6], T h e 
microwave data a lone did not al low us to d e t e r m i n e 
the sign of (.V/7/7 - B") [5]. However the present 

analysis of the inf rared spec t rum c o n f i r m e d de-
finitely that the sign of this value is posi t ive. T h e 
observed transitions are listed in Tab le 3 toge ther 
with the calculated wavenumbers . 

4. Hot band: (1:0 . 3 ) u - ( 0 : 0 . 3 ) u 

The third excited states of a bend ing v ib ra t ion of 
a linear molecule is composed of the / = 1 (77) and 
1=3 ( 0 ) state. The degenera te 77 state splits into 
two components , e and f, and the <t> state also splits 
into an e and f state by /-type doub l ing and /- type 
resonance interactions. In the present s tudy the 
77-77 band was observed f r o m P(55) to R ( 3 2 ) , and 
the 0 - 0 band f rom P(70) to R(61) . T h e line 
splittings due to the /-type doub l ing were observed 
in the 77 - 77 band R-branch t ransi t ions at h igh J 
values. In the P branch the spli t t ing was not resolved 
for the J values observed. Fo r the 0 - 0 b a n d , the 
splitting due to the /-type resonance was too small to 
be resolved. 

Since the microwave da ta of the (0; 0, 3)1 , 3 s tate 
[4, 6] show that this state is p e r t u rb ed by a n o t h e r 
vibrational state, p r e sumab ly by the 1 5 = 1 state, we 
have analyzed this hot band by app ly ing only the 
effective expression of (1). T h e effect ive p a r a m e t e r s 
for both upper and lower states were d e t e r m i n e d 
f rom the present in f ra red da ta only. T h e observed 
transitions are listed in Tab le 4 toge ther with the 
calculated wavenumbers . T h e mic rowave da ta for 
the (0; 0. 3)1 ,3 states [4, 6] were used only to con f i rm 
the assignment. 

5. Hot band: (1; 1, 0 ) ' - ( 0 ; 1, 0)1 

The 77 - 77 hot band aris ing f r o m the first excited 
state of the second lowest bend ing v ib ra t ion was 
observed f rom P(70) to R(79) . T h e analysis was 
carried out in exactly the s ame m a n n e r as for the 
hot band (1; 0, 1)1 — (0; 0, l)1 . T h e spli t t ings d u e to 
the /-type doubl ing were observed for high J t ran-
sitions. The observed t ransi t ions are listed in Tab le 5 
together with the calculated wavenumber s . 

III. Results 

The obtained constants for the f u n d a m e n t a l 
( 1 : 0 , 0 ) ° - ( 0 : 0 , 0 ) ° and the hot b a n d s (1; 0, 1)1 — 
( 0 : 0 , 1 ) ' . (1:0, 2 ) a 2 - ( 0 ; 0, 2 ) a 2 , and (1; 1, 0>1 — 
(0: 1 .0) ' are summar ized in Tab le 6. F o r the 7 7 - 7 7 
hot bands the constants were ob ta ined f r o m the 



Table 3. Observed transitions in cm"1 for the (1; 1. 0)1 - (0: 1.0)1 b a n d o f H C C C N 3 

J ' - J " 
e -

CALC . 
e 

O-C 
f -

CALC. 
f 

O-C 

6 9 - 7 0 2 2 4 2 . 6 8 7 2 0 . 0 0 0 3 2 2 4 2 . 6 6 8 3 - 0 . 0 0 0 1 
6 8 - 6 9 2 2 4 3 . 0 8 8 3 0 . 0 0 0 6 2 2 4 3 . 0 6 9 6 0 . 0 0 1 0 
6 7 - 6 8 2 2 4 3 . 4 8 7 9 - 0 . 0 0 0 1 2 2 4 3 . 4 6 9 5 0 . 0 0 0 4 
66 - 67 2 2 4 3 . 8 8 6 1 0 . 0 0 0 4 2 2 4 3 . 8 6 8 0 - 0 . 0 0 0 4 

6 3 - 64 2 2 4 5 . 0 7 2 5 - 0 . 0 0 0 2 2 2 4 5 . 0 5 5 3 0 . 0 0 0 3 
62 - 6 3 2 2 4 5 . 4 6 5 2 - 0 . 0 0 0 3 

5 5 - 5 6 2 2 4 8 . 1 7 5 0 - 0 . 0 0 0 7 2 2 4 8 . 1 6 0 1 0 . 0 0 1 1 
54 - 55 2 2 4 8 . 5 5 6 6 - 0 . 0 0 1 0 2 2 4 8 . 5 4 1 9 - 0 . 0 0 1 2 
5 3 - 54 2 2 4 8 . 9 3 6 7 0 . 0 0 0 2 2 2 4 8 . 9 2 2 3 0 . 0 0 0 1 
52 - 5 3 2 2 4 9 . 3 1 5 5 0 . 0 0 0 3 2 2 4 9 . 3 0 1 4 - 0 . 0 0 0 3 

4 8 - 4 9 2 2 5 0 . 8 1 6 5 - 0 . 0 0 0 3 2 2 5 0 . 8 0 3 6 - 0 . 0 0 0 1 
47 - 4 8 2 2 5 1 . 1 8 8 3 0 . 0 0 0 4 2 2 5 1 . 1 7 5 6 - 0 . 0 0 0 6 
4 6 - 47 2 2 5 1 . 5 5 8 6 0 . 0 0 0 3 2 2 5 1 . 5 4 6 2 0 . 0 0 0 5 
4 5 - 4 6 2 2 5 1 . 9 2 7 6 - 0 . 0 0 1 3 2 2 5 1 . 9 1 5 5 - 0 . 0 0 1 3 
4 4 - 4 5 2 2 5 2 . 2 9 5 1 - 0 . 0 0 1 2 2 2 5 2 . 2 8 3 3 - 0 . 0 0 1 5 
4 3 - 44 2 2 5 2 . 6 6 1 3 - 0 . 0 0 1 2 2 2 5 2 . 6 4 9 8 - 0 . 0 0 2 1 b 
4 2 - 4 3 2 2 5 3 . 0 2 6 0 - 0 . 0 0 0 5 2 2 5 3 . 0 1 4 8 0 . 0 0 0 0 
41 - 42 2 2 5 3 . 3 8 9 4 - 0 . 0 0 0 1 2 2 5 3 . 3 7 8 5 - 0 . 0 0 0 2 
4 0 - 41 2 2 5 3 . 7 5 1 3 - 0 . 0 0 0 3 2 2 5 3 . 7 4 0 7 - 0 . 0 0 0 5 
39 - 4 0 2 2 5 4 . 1 1 1 9 - 0 . 0 0 0 3 2 2 5 4 . 1 0 1 5 0 . 0 0 0 1 

37 - 3 8 2 2 5 4 . 8 2 8 8 - 0 . 0 0 0 1 2 2 5 4 . 8 1 9 0 0 . 0 0 0 1 

35 - 36 2 2 5 5 . 5 4 0 0 0 . 0 0 0 0 2 2 5 5 . 5 3 0 8 - 0 . 0 0 0 3 

3 0 - 31 2 2 5 7 . 2 9 3 5 0 . 0 0 0 0 2 2 5 7 . 2 8 5 7 - 0 . 0 0 0 2 
29 - 3 0 2 2 5 7 . 6 4 0 0 0 . 0 0 0 1 2 25 7 . 6 3 2 4 0 . 0 0 0 3 
2 8 - 29 2 2 5 7 . 9 8 5 1 0 . 0 0 0 1 2 2 5 7 . 9 7 7 8 0 . 0 0 0 5 
27 - 28 2 2 5 8 . 3 2 8 7 0 . 0 0 1 0 2 2 5 8 . 3 2 1 7 0 . 0 0 0 8 
2 6 - 27 2 2 5 8 . 6 7 1 0 - 0 . 0 0 0 7 2 2 5 8 . 6 6 4 2 - 0 . 0 0 0 8 
25 - 2 6 2 2 5 9 . 0 1 1 8 0 . 0 0 0 3 2 2 5 9 . 0 0 5 3 0 . 0 0 0 1 
2 4 - 2 5 2 2 5 9 . 3 5 1 2 - 0 . 0 0 0 4 2 2 5 9 . 3 4 5 0 - 0 . 0 0 0 1 
2 3 - 2 4 2 2 5 9 . 6 8 9 2 0 . 0 0 0 3 2 2 5 9 . 6 8 3 3 - 0 . 0 0 0 2 
22 - 2 3 2 2 6 0 . 0 2 5 8 0 . 0 0 0 2 

19 - 2 0 2 2 6 1 . 0 2 7 2 0 . 0 0 0 0 2 2 6 1 . 0 2 2 3 0 . 0 0 0 3 

17 - 18 2 2 6 1 . 6 8 7 6 0 . 0 0 0 2 2 2 6 1 . 6 8 3 3 - 0 . 0 0 0 2 
16 - 17 2 2 6 2 . 0 1 5 8 - 0 . 0 0 0 8 2 2 6 2 . 0 1 17 - 0 . 0 0 0 8 
1 5 - 16 2 2 6 2 . 3 4 2 4 - 0 . 0 0 0 9 2 2 6 2 . 3 3 8 6 - 0 . 0 0 0 9 
14 - 1 5 2 2 6 2 . 6 6 7 7 - 0 . 0 0 1 3 2 2 6 2 . 6 6 4 2 - 0 . 0 0 1 6 
1 3 - 14 2 2 6 2 . 9 9 1 6 - 0 . 0 0 2 8 b 2 2 6 2 . 9 8 8 3 0 . 0 0 0 5 b 

7 - 8 2 2 6 4 . 9 0 5 0 - 0 . 0 0 1 0 b 2 2 6 4 . 9 0 3 2 0 . 0 0 0 8 b 
6 — 7 2 2 6 5 . 2 1 8 9 - 0 . 0 0 0 2 b 2 2 6 5 . 2 1 7 4 0 . 0 0 1 3 b 
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Table 3 (continued) 

J ' - J " 
e 

CALC . 
e 

O-C 
f -

CALC. 
f 

O-C 

5 - 6 2 2 6 5 . 5 3 1 4 0 . 0 0 0 5 b 2 2 6 5 . 5 3 0 2 0 . 0 0 1 7 b 
4 - 5 2 2 6 5 . 8 4 2 5 - 0 . 0 0 0 4 b 2 2 6 5 . 8 4 1 5 0 . 0 0 0 6 b 
3 - 4 2 2 6 6 . 1 5 2 2 - 0 . 0 0 0 6 2 2 6 6 . 1 51 4 0 . 0 0 0 2 

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

14 - 1 3 2 2 7 1 . 4 8 2 7 0 . 0 0 1 0 2 2 7 1 . 4 8 6 0 0 . 0 0 0 8 
1 5 - 14 2 2 7 1 . 7 6 5 2 0 . 0 0 0 7 2 2 7 1 . 7 6 8 8 0 . 0 0 0 4 
16 - 1 5 2 2 7 2 . 0 4 6 4 0 . 0 0 0 0 2 2 7 2 . 0 5 0 2 0 . 0 0 1 0 
17 - 16 2 2 7 2 . 3 3 0 1 0 . 0 0 0 0 
18 - 17 2 2 7 2 . 6 0 4 4 - 0 . 0 0 0 5 2 2 7 2 . 6 0 8 6 - 0 . 0 0 0 1 
19 - 18 2 2 7 2 . 8 8 1 2 - 0 . 0 0 0 1 2 2 7 2 . 8 8 5 7 - 0 . 0 0 0 9 
2 0 - 19 2 2 7 3 . 1 5 6 6 - 0 . 0 0 0 4 2 2 7 3 . 1 6 1 3 - 0 . 0 0 0 5 
2 1 - 2 0 2 2 7 3 . 4 3 0 6 0 . 0 0 0 2 2 2 7 3 . 4 3 5 5 0 . 0 0 0 6 
22 - 21 2 2 7 3 . 7 0 3 2 0 . 0 0 1 1 2 2 7 3 . 7 0 8 3 0 . 0 0 0 8 

2 8 - 27 2 2 7 5 . 3 0 8 4 0 . 0 0 0 1 2 2 7 5 . 3 1 4 7 0 . 0 0 0 5 
29 - 2 8 2 2 7 5 . 5 7 0 9 0 . 0 0 0 6 2 2 7 5 . 5 7 7 5 0 . 0 0 0 4 
3 0 - 2 9 2 2 7 5 . 8 3 2 0 0 . 0 0 1 0 2 2 7 5 . 8 3 8 7 0 . 0 0 1 1 
31 - 3 0 2 2 7 6 . 0 9 1 7 0 . 0 0 0 8 2 2 7 6 . 0 9 8 6 0 . 0 0 0 6 
3 2 - 31 2 2 7 6 . 3 4 9 9 0 . 0 0 0 8 2 2 7 6 . 3 5 7 0 0 . 0 0 0 6 
3 3 - 32 2 2 7 6 . 6 0 6 6 0 . 0 0 0 7 2 2 7 6 . 6 1 4 0 0 . 0 0 0 7 
3 4 - 3 3 2 2 7 6 . 8 6 2 0 0 . 0 0 0 1 2 2 7 6 . 8 6 9 5 0 . 0 0 0 2 
3 5 - 3 4 2 2 7 7 . 1 1 5 9 0 . 0 0 0 9 2 2 7 7 . 1 2 3 6 - 0 . 0 0 0 1 
3 6 - 3 5 2 2 7 7 . 3 6 8 3 - 0 . 0 0 0 3 2 2 7 7 . 3 7 6 2 - 0 . 0 0 0 2 

5 9 - 5 8 2 2 8 2 . 7 7 7 3 - 0 . 0 0 0 4 2 2 8 2 . 7 8 9 5 - 0 . 0 0 1 3 
6 0 - 5 9 2 2 8 2 . 9 9 5 1 - 0 . 0 0 0 3 2 2 8 3 . 0 0 7 5 0 . 0 0 0 0 
61 - 6 0 2 2 8 3 . 2 1 1 5 0 . 0 0 0 3 2 2 8 3 . 2 2 4 1 0 . 0 0 0 2 
6 2 - 61 2 2 8 3 . 4 2 6 5 - 0 . 0 0 0 8 2 2 8 3 . 4 3 9 2 0 . 0 0 0 4 
6 3 - 6 2 2 2 8 3 . 6 4 0 0 0 . 0 0 0 9 2 2 8 3 . 6 5 2 9 0 . 0 0 0 5 
6 4 - 6 3 2 2 8 3 . 8 5 2 0 0 . 0 0 1 1 2 2 8 3 . 8 6 5 2 0 . 0 0 0 4 
6 5 - 6 4 2 2 8 4 . 0 6 2 7 - 0 . 0 0 0 3 2 2 8 4 . 0 7 6 0 0 . 0 0 0 3 

72 - 71 2 2 8 5 . 4 9 6 4 0 . 0 0 1 1 2 2 8 5 . 51 1 1 0 . 0 0 0 1 
7 3 - 72 2 2 8 5 . 6 9 5 5 0 . 0 0 1 6 2 2 8 5 . 7 1 0 3 0 . 0 0 1 0 

7 6 - 7 5 2 2 8 6 . 2 8 3 8 - 0 . 0 0 0 3 2 2 8 6 . 2 9 9 3 - 0 . 0 0 0 8 
77 - 7 6 2 2 8 6 . 4 7 7 1 - 0 . 0 0 0 4 2 2 8 6 . 4 9 2 7 - 0 . 0 0 0 6 
7 8 - 77 2 2 8 6 . 6 6 8 9 - 0 . 0 0 0 4 2 2 8 6 . 6 8 4 7 - 0 . 0 0 0 8 
7 9 - 7 8 2 2 8 6 . 8 7 5 2 0 . 0 0 0 8 
8 0 - 7 9 2 2 8 7 . 0 4 8 1 - 0 . 0 0 1 1 2 2 8 7 . 0 6 4 3 - 0 . 0 0 0 1 

a b For footnotes see Table 2. 
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Table 4. Observed transitions in cm - 1 for the (1: 0, 2)0-2- (0: 0. 2)0-2 band of HCCCN a 

J ' - J " 
0 -

CALC. 
0 

0 -c 

2 e -
CALC . 

2e 
0 -c 

2 f - 2 f 
CALC. 0 -c 

7 4 - 75 2 2 4 2 . 8 2 0 3 - 0 . 0 0 0 4 2 2 4 2 . 7 9 2 7 - 0 . 0 0 0 4 2 2 4 2 . 8 0 1 5 - 0 . 0 0 0 1 
7 3 - 74 2 2 4 3 . 2 3 0 1 0 . 0 0 0 5 2 2 4 3 . 2 0 2 6 - 0 . 0 0 0 3 2 2 4 3 . 2 1 1 4 - 0 . 0 0 0 8 
72 - 7 3 2 2 4 3 . 6 3 8 5 0 . 0 0 0 4 2 2 4 3 . 6 1 1 2 0 . 0 0 0 2 2 2 4 3 . 6 1 9 8 0 . 0 0 0 4 

68 - 6 9 2 2 4 5 . 2 5 8 2 0 . 0 0 0 5 2 2 4 5 . 2 3 1 5 0 . 0 0 0 5 2 2 4 5 . 2 3 9 7 0 . 0 0 0 0 

6 0 - 61 2 2 4 8 . 4 3 0 7 - 0 . 0 0 1 2 2 2 4 8 . 4 0 5 7 - 0 . 0 0 1 9 b 2 2 4 8 . 4 1 2 8 - 0 . 0 0 1 2 
59 - 6 0 2 2 4 8 . 8 2 1 0 0 . 0 0 0 0 2 2 4 8 . 7 9 6 3 - 0 . 0 0 0 2 2 2 4 8 . 8 0 3 1 - 0 . 0 0 0 3 
5 8 - 59 2 2 4 9 . 2 0 9 9 0 . 0 0 0 3 2 2 4 9 . 1 8 5 4 0 . 0 0 0 5 2 2 4 9 . 1 9 2 1 0 . 0 0 0 3 

54 - 55 2 2 5 0 . 7 5 1 4 0 . 0 0 0 5 2 2 5 0 . 7 2 8 0 0 . 0 0 0 6 2 2 5 0 . 7 3 4 1 0 . 0 0 0 3 
5 3 - 54 2 2 5 1 . 1 3 3 2 0 . 0 0 0 5 2 2 5 1 . 1 1 0 2 - 0 . 0 0 0 3 2 2 5 1 . 1 1 6 1 - 0 . 0 0 0 1 
52 - 5 3 2 2 5 1 . 51 37 - 0 . 0 0 0 2 2 2 5 1 . 4 9 1 0 - 0 . 0 0 0 2 2 2 5 1 . 4 9 6 7 0 . 0 0 0 3 
51 - 52 22 5 1 . 8 9 2 7 - 0 . 0 0 0 6 2 2 5 1 . 8 7 0 4 - 0 . 0 0 1 1 2 2 5 1 . 8 7 5 8 - 0 . 0 0 0 4 
50 - 51 2 2 5 2 . 2 7 0 4 - 0 . 0 0 1 3 2 2 5 2 . 2 4 8 3 - 0 . 0 0 1 5 22 52 . 2 5 3 6 - 0 . 0 0 1 3 
4 9 - 50 2 2 5 2 . 6 4 6 6 0 . 0 0 1 1 2 2 5 2 . 6 2 4 9 - 0 . 0 0 0 9 2 2 5 2 . 6 3 0 0 - 0 . 0 0 0 4 
48 - 49 2 2 5 3 . 0 2 1 5 - 0 . 0 0 0 5 2 2 5 3 . 0 0 0 1 0 . 0 0 0 9 2 2 5 3 . 0 0 5 0 0 . 0 0 0 9 
4 7 - 48 2 2 5 3 . 3 9 4 9 0 . 0 0 0 7 2 2 5 3 . 3 7 3 8 0 . 0 0 0 3 2 2 5 3 . 3 7 8 6 - 0 . 0 0 0 3 
46 - 47 2 2 5 3 . 7 6 7 0 - 0 . 0 0 0 3 2 2 5 3 . 7 4 6 2 - 0 . 0 0 0 2 2 2 5 3 . 7 5 0 8 0 . 0 0 0 2 
4 5 - 4 6 2 2 5 4 . 1 3 7 6 0 . 0 0 0 0 2 2 5 4 . 1 1 7 2 - 0 . 0 0 0 2 2 2 5 4 . 1 2 1 5 0 . 0 0 0 1 
44 - 4 5 2 2 5 4 . 5 0 6 8 - 0 . 0 0 0 5 2 2 5 4 . 4 8 6 7 0 . 0 0 1 8 b 22 54 . 4 9 0 9 - 0 . 0 0 2 4 b 

4 3 - 44 2 2 5 4 . 8 7 4 6 - 0 . 0 0 0 4 2 2 5 4 . 8 5 4 9 0 . 0 0 0 2 b 2 2 5 4 . 8 5 8 8 0 . 0 0 0 9 b 

42 - 4 3 2 2 5 5 . 2 4 1 0 0 . 0 0 0 3 
41 - 42 2 2 5 5 . 6 0 6 0 0 . 0 0 0 3 

3 6 - 37 2 2 5 7 . 4 0 9 9 0 . 0 0 0 2 2 2 5 7 . 3 9 2 4 0 . 0 0 1 0 b 2 2 5 7 . 3 9 5 1 - 0 . 0 0 1 7 b 

35 - 36 2 2 5 7 . 7 6 6 4 - 0 . 0 0 1 2 2 2 5 7 . 7 4 9 2 0 . 0 0 1 1 b 2 2 5 7 . 7 5 1 8 - 0 . 0 0 1 5 b 

34 - 35 2 2 5 8 . 1 2 1 5 - 0 . 0 0 0 6 2 2 5 8 . 1 0 4 7 0 . 0 0 1 1 b 2 2 5 8 . 1 0 7 0 - 0 . 0 0 1 2 b 

3 3 - 34 2 2 5 8 . 47 5 3 - 0 . 0 0 0 6 2 2 5 8 . 4 5 8 7 0 . 0 0 2 0 b 2 2 5 8 . 4 6 0 9 - 0 . 0 0 0 2 b 

32 - 3 3 2 2 5 8 . 82 76 - 0 . 0 0 0 1 2 2 5 8 . 8 1 1 2 0 . 0 0 0 9 b 2 2 5 8 . 8 1 3 3 - 0 . 0 0 1 2 b 

31 - 32 2 2 5 9 . 1 7 8 5 0 . 0 0 0 7 2 2 5 9 . 1 6 2 4 0 . 0 0 1 7 b 2 2 5 9 . 1 6 4 3 - 0 . 0 0 0 2 b 

3 0 - 31 2 2 5 9 . 52 80 0 . 0 0 0 6 22 59 . 5 1 2 2 0 . 0 0 0 4 b 2 2 5 9 . 5 1 3 9 - 0 . 0 0 1 3 b 

29 3 0 2 2 5 9 . 8 7 6 0 - 0 . 0 0 0 1 2 2 5 9 . 8 6 0 5 0 . 0 0 0 9 b 2 2 5 9 . 8 6 2 1 - 0 . 0 0 0 7 c 

2 6 _ 27 2 2 6 0 . 9 1 1 8 - 0 . 0 0 0 3 2 2 6 0 . 8 9 6 9 0 . 0 0 0 0 c 2 2 6 0 . 8 9 8 1 - 0 . 0 0 1 2 c 
25 - 26 2 2 6 1 . 2 5 4 2 - 0 . 0 0 0 9 2 2 6 1 . 2 3 9 5 0 . 0 0 0 5 c 2 2 6 1 . 2 4 0 7 - 0 . 0 0 0 7 c 
2 4 - 2 5 2 2 6 1 . 5 9 5 2 - 0 . 0 0 0 4 2 2 6 1 . 5 8 0 7 - 0 . 0 0 0 2 c 2 2 6 1 . 5 8 1 8 - 0 . 0 0 1 3 c 
2 3 - 24 2 2 6 1 . 9 3 4 8 - 0 . 0 0 1 3 2 2 6 1 . 9 2 0 5 - 0 . 0 0 0 8 c 2 2 6 1 . 9 2 1 4 - 0 . 0 0 1 7 c 
22 - 2 3 2 2 6 2 . 2 7 3 0 - 0 . 0 0 1 0 2 2 6 2 . 2 5 8 9 - 0 . 0 0 0 3 c 2 2 6 2 . 2 5 9 7 - 0 . 0 0 1 1 c 
21 - 22 2 2 6 2 . 6 0 9 8 - 0 . 0 0 0 3 2 2 6 2 . 5 9 5 8 0 . 0 0 0 5 c 2 2 6 2 . 5 9 6 5 - 0 . 0 0 0 2 c 
2 0 - 21 2 2 6 2 . 9 4 5 1 - 0 . 0 0 0 6 2 2 6 2 . 9 3 1 3 - 0 . 0 0 0 5 c 2 2 6 2 . 9 3 1 9 - 0 . 0 0 1 1 c 

14 - 1 5 2 2 6 4 . 92 74 0 . 0 0 0 1 2 2 6 4 . 9 1 4 2 0 . 0 0 0 1 c 2 2 6 4 . 9 1 4 4 - 0 . 0 0 0 1 c 
1 3 - 1 4 2 2 6 5 . 2 5 2 8 0 . 0 0 0 3 2 2 6 5 . 2 3 9 7 0 . 0 0 0 5 c 2 2 6 5 . 2 3 9 9 0 . 0 0 0 3 c 
12 - 1 3 2 2 6 5 . 5 7 6 7 0 . 0 0 0 7 2 2 6 5 . 5 6 3 7 0 . 0 0 0 8 c 2 2 6 5 . 5 6 3 9 0 . 0 0 0 6 c 
1 1 - 12 2 2 6 5 . 8 9 9 3 - 0 . 0 0 0 2 2 2 6 5 . 8 8 6 3 0 . 0 0 0 2 c 2 2 6 5 . 8 8 6 5 0 . 0 0 0 0 c 
10 - 1 1 2 2 6 6 . 2 2 0 4 - 0 . 0 0 0 2 2 2 6 6 . 2 0 7 5 - 0 . 0 0 0 4 c 2 2 6 6 . 2 0 7 6 - 0 . 0 0 0 5 c 
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Table 4 (continued) 

0 - 0 2 e - 2 e 2 f - 2 f 
J ' - J " C A L C . O - C C A L C . O - C C A L C . O - C 

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

1 0 - 9 2 2 7 2 . 6 3 3 7 - 0 . 0 0 0 6 2 2 7 2 . 6 2 1 0 - 0 . 0 0 0 2 c 2 2 7 2 . 6 2 0 9 - 0 . 0 0 0 1 c 
11 - 1 0 2 2 7 2 . 9 2 3 2 - 0 . 0 0 0 6 2 2 7 2 . 9 1 0 7 - 0 . 0 0 0 7 c 2 2 7 2 . 9 1 0 5 - 0 . 0 0 0 5 c 
1 2 - 1 1 2 2 7 3 . 2 1 1 3 - 0 . 0 0 0 5 2 2 7 3 . 1 9 8 9 - 0 . 0 0 0 2 c 2 2 7 3 . 1 9 8 7 0 . 0 0 0 0 c 
1 3 - 12 2 2 7 3 . 4 9 8 0 0 . 0 0 0 1 2 2 7 3 . 4 8 5 7 0 . 0 0 0 4 c 2 2 7 3 . 4 8 5 4 0 . 0 0 0 7 c 
1 4 - 1 3 2 2 7 3 . 7 8 3 2 0 . 0 0 0 8 2 2 7 3 . 7 7 1 0 0 . 0 0 0 4 c 2 2 7 3 . 7 7 0 7 0 . 0 0 0 7 c 

2 0 - 19 2 2 7 5 . 4 6 4 1 0 . 0 0 0 3 2 2 7 5 . 4 5 3 0 - 0 . 0 0 0 5 c 2 2 7 5 . 4 5 2 2 0 . 0 0 0 3 c 
2 1 - 2 0 2 2 7 5 . 7 3 9 1 0 . 0 0 0 3 2 2 7 5 . 7 2 8 3 0 . 0 0 0 3 c 2 2 7 5 . 7 2 7 4 0 . 0 0 1 2 c 
2 2 - 2 1 2 2 7 6 . 0 1 2 7 0 . 0 0 0 0 2 2 7 6 . 0 0 2 2 - 0 . 0 0 0 1 c 2 2 7 6 . 0 0 1 1 0 . 0 0 1 0 c 
2 3 - 2 2 2 2 7 6 . 2 8 4 8 0 . 0 0 0 5 2 2 7 6 . 2 7 4 7 - 0 . 0 0 0 1 b 2 2 7 6 . 2 7 3 4 0 . 0 0 1 2 b 
2 4 - 2 3 2 2 7 6 . 5 5 5 5 0 . 0 0 1 1 2 2 7 6 . 5 4 5 8 - 0 . 0 0 0 4 b 2 2 7 6 . 5 4 4 3 0 . 0 0 1 1 b 
2 5 - 2 4 2 2 7 6 . 8 2 4 7 0 . 0 0 0 7 2 2 7 6 . 8 1 5 4 - 0 . 0 0 0 3 b 2 2 7 6 . 8 1 3 7 0 . 0 0 1 4 b 
2 6 - 2 5 2 2 7 7 . 0 9 2 4 0 . 0 0 0 1 
2 7 - 2 6 2 2 7 7 . 3 5 8 7 - 0 . 0 0 0 3 2 2 7 7 . 3 5 0 3 - 0 . 0 0 0 8 b 
2 8 - 2 7 2 2 7 7 . 6 2 3 5 0 . 0 0 0 2 2 2 7 7 . 6 1 5 7 - 0 . 0 0 1 0 b 2 2 7 7 . 6 1 3 3 0 . 0 0 1 4 b 

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

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

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

2282 
2 2 8 3 
2 2 8 3 

2 2 8 3 
2 2 8 4 
2 2 8 4 

8 5 9 0 
0 9 3 0 
3 2 5 6 

7 8 6 5 
0 1 4 7 
2 4 1 6 

2 2 8 5 . 5 7 2 6 

2286 
2286 

0 0 4 8 
2 1 8 7 

•0 . 0 0 0 2 
• 0 . 0 0 0 1 
0 . 0 0 0 9 

0 . 0 0 0 6 
0 . 0 0 0 4 

-0 . 0 0 0 7 

0 . 0 0 1 7 

0.0008 
-0 . 0 0 0 4 

2282 
2 2 8 3 

8 4 6 0 
0 7 92 

2 2 8 3 . 5 4 1 4 

2 2 8 3 
2 2 8 4 

2 2 8 5 
2 2 8 5 
2 2 8 5 
2 2 8 6 

9 9 7 7 
2 2 3 7 

5 4 9 1 
7 6 4 9 
9 7 9 3 
1 9 2 2 

2 2 8 6 . 6 4 2 2 - 0 . 0 0 1 0 2 2 8 6 . 6 1 3 7 

• 0 . 0 0 0 7 
• 0 . 0 0 0 7 

0 . 0 0 1 5 

0 . 0 0 1 1 
•0 . 0 0 0 4 

0 . 0 0 0 9 
0 . 0 0 0 5 
0 . 0 0 0 0 

- 0 . 0 0 0 2 

0.0008 

a The vibrational states are indicated as ( r 2 ; v6, vj)1. The transitions of L—L band are listed in the column of 0 - 0 , and 
of A—A band are in the column of 2 - 2 , where /-type components are distinguished by e and f. 

b Not used in the fit. 
c Unresolved /-doublets which were less weighted in the fit by factor of 0.5 than the others. 

e f fec t ive p a r a m e t e r s us ing (3). T h e b a n d o r ig in s v0 

for the 7 7 - / 7 hot b a n d s con ta in a c o n t r i b u t i o n of 
the .Y/t/t te rm, and t he ro ta t iona l cons tan t s fo r t he 77 
states con ta in a small c o n t r i b u t i o n f r o m the yu t e r m . 
F r o m the band or ig ins l isted in T a b l e 7 we cou ld 
d e t e r m i n e several l inear c o m b i n a t i o n s of h a r m o n i c 
and a n h a r m o n i c p a r a m e t e r s which a p p e a r in t he 
v ib ra t iona l energy expres s ion : 

G0 = X vi + X 4 Vi Vj + X y f j k V, Vj Vk 
i isj iSjSk 

+ E (*///;+L-vJfir*)/,/,. (6) 
isj k 

This e q u a t i o n is s l ightly d i f f e r e n t f r o m tha t used in 
the p rev ious w o r k fo r t he v3 b a n d ( E q u a t i o n (2) in 
[2]): the c o n t r i b u t i o n f r o m the ro t a t iona l energy , 
— B/2, is not i nc luded in G° in the a b o v e e q u a t i o n . 
W e reserve t he n o t a t i o n g u fo r t he va lue w h i c h 
inc ludes that . T h e va lues t h u s o b t a i n e d a r e l is ted in 
T a b l e 8. 

Fo r the (1 ;0 , 3 ) u - ( 0 ; 0 , 3 ) 1 3 b a n d only e f f ec t i ve 
p a r a m e t e r s w e r e o b t a i n e d , w h i c h a re s u m m a r i z e d 
in Tab le 9. T h e c o m p l e t e analys is , w h i c h i nc ludes 
h ighe r o rde r in te rac t ions , is in p rogress a n d will b e 
pub l i shed e l sewhere . 



Table 5. Observed transitions in cnT1 for the (1; 0. 3) ' - ( 0 : 0, 3)1 band of HCCCN a 

J ' - J " 
e 

CALC . 
e 

0 - C 
f -

CALC. 
f 

0 - C 

5 4 - 5 5 2 2 4 8 . 5 6 3 7 0 . 0 0 1 9 2 2 4 8 . 5 6 5 0 0 . 0 0 0 6 
5 3 - 54 2 2 4 8 . 9 4 7 1 - 0 . 0 0 1 2 2 2 4 8 . 9 4 6 5 - 0 . 0 0 0 6 

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

47 - 4 8 22 5 1 . 2 1 7 1 - 0 . 0 0 0 9 

4 2 - 4 3 2 2 5 3 . 0 6 9 1 - 0 . 0 0 2 7 b 2 2 5 3 . 0 5 4 1 - 0 . 0 0 4 1 b 
41 - 42 2 2 5 3 . 4 3 5 1 - 0 . 0 0 0 4 2 2 5 3 . 4 1 9 5 - 0 . 0 0 1 3 
4 0 - 41 2 2 5 3 . 7 9 9 7 - 0 . 0 0 0 5 2 2 5 3 . 7 8 3 5 0 . 0 0 1 2 
39 - 4 0 2 2 5 4 . 1 6 2 9 - 0 . 0 0 1 5 
3 8 - 39 2 2 5 4 . 5 2 4 7 0 . 0 0 0 3 
37 - 38 2 2 5 4 . 8 8 5 0 0 . 0 0 0 4 

3 0 - 31 2 2 5 7 . 3 6 7 0 - 0 . 0 0 1 9 b 2 2 5 7 . 3 4 8 2 - 0 . 0 0 1 7 
29 - 3 0 2 2 5 7 . 7 1 5 9 0 . 0 0 1 4 2 2 5 7 . 6 9 7 2 0 . 0 0 0 9 
2 8 - 29 2 2 5 8 . 0 6 3 3 0 . 0 0 0 9 2 2 5 8 . 0 4 4 7 - 0 . 0 0 0 5 
27 - 28 2 2 5 8 . 4 0 9 3 0 . 0 0 1 4 2 2 5 8 . 3 9 0 9 0 . 0 0 0 9 
2 6 - 27 2 2 5 8 . 7 5 3 8 0 . 0 0 0 1 2 2 5 8 . 7 3 5 7 0 . 0 0 0 1 
2 5 - 2 6 2 2 5 9 . 0 9 6 9 0 . 0 0 1 3 2 2 5 9 . 0 7 91 0 . 0 0 0 5 
2 4 - 2 5 2 2 5 9 . 4 3 8 6 - 0 . 0 0 0 5 2 2 5 9 . 4 2 1 1 - 0 . 0 0 0 5 
2 3 - 2 4 2 2 5 9 . 7 7 8 9 0 . 0 0 0 2 2 2 5 9 . 7 6 1 7 0 . 0 0 1 0 
22 - 2 3 2 2 6 0 . 1 0 1 0 0 . 0 0 0 6 

19 - 2 0 2 2 6 1 . 1 2 5 7 - 0 . 0 0 0 1 2 2 6 1 . 1 1 0 3 0 . 0 0 1 0 
18 - 19 2 2 6 1 . 4 4 4 0 - 0 . 0 0 1 4 
17 - 18 2 2 6 1 . 7 9 0 5 - 0 . 0 0 1 3 2 2 6 1 . 7 7 6 3 - 0 . 0 0 1 2 
16 - 17 2 2 6 2 . 1 2 0 8 - 0 . 0 0 1 0 2 2 6 2 . 1 0 7 1 0 . 0 0 0 1 
15 - 16 2 2 6 2 . 4 4 9 7 - 0 . 0 0 0 5 2 2 6 2 . 4 3 6 6 - 0 . 0 0 0 4 
1 4 - 1 5 2 2 6 2 . 7 7 7 1 - 0 . 0 0 0 8 2 2 6 2 . 7 6 4 7 0 . 0 0 0 6 

7 - 8 2 2 6 5 . 0 2 9 0 0 . 0 0 0 1 2 2 6 5 . 0 2 17 - 0 . 0 0 1 4 
6 - 7 2 2 6 5 . 3 4 5 0 0 . 0 0 0 5 2 2 6 5 . 3 3 8 5 0 . 0 0 1 1 

14 - 1 3 2 2 7 1 . 6 4 8 9 0 . 0 0 0 3 2 2 7 1 . 6 6 2 4 0 . 0 0 0 8 
1 5 - 14 2 2 7 1 . 9 3 3 2 0 . 0 0 0 3 2 2 7 1 . 9 4 7 8 0 . 0 0 0 6 
16 - 15 2 2 7 2 . 2 1 6 1 - 0 . 0 0 0 6 2 2 7 2 . 2 3 17 - 0 . 0 0 0 4 
17 - 16 2 2 7 2 . 4 9 7 5 0 . 0 0 0 3 2 2 7 2 . 5 1 4 2 - 0 . 0 0 0 3 

19 - 18 2 2 7 3 . 0 5 5 9 - 0 . 0 0 0 6 
2 0 - 19 2 2 7 3 . 3 3 3 0 0 . 0 0 3 2 b 2 2 7 3 . 3 5 3 1 - 0 . 0 0 0 3 
21 - 2 0 2 2 7 3 . 6 0 8 5 0 . 0 0 1 0 
2 2 - 21 2 2 7 3 . 9 0 5 2 - 0 . 0 0 0 5 

30 - 29 2 2 7 6 . 0 5 5 4 0 . 0 0 0 7 
31 3 0 2 2 7 6 . 3 1 7 7 0 . 0 0 0 1 

33 _ 32 2 2 7 6 . 8 0 0 8 - 0 . 0 0 0 7 2 2 7 6 . 8 3 7 9 - 0 . 0 0 0 4 
3 4 - 3 3 2 2 7 7 . 0 5 7 3 0 . 0 0 0 0 
35 - 34 2 2 7 7 . 3 1 2 2 0 . 0 0 0 4 



Table 6. Observed transitions in c m - 1 for the (1; 0, 3 ) 3 - (1; 0, 3)3 band of HCCCN a 

J ' - J " C A L C . 0 - C J ' - J " C A L C . 0 - C 

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

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

5 5 - 5 6 2 2 4 8 . 1 4 7 0 - 0 . 0 0 0 2 8 - 7 2 2 6 9 . 8 9 2 6 0 . 0 0 0 7 

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

15 - 1 4 2 2 7 1 . 9 1 7 0 0 . 0 0 0 2 
4 9 - 5 0 2 2 5 0 . 4 3 1 5 - 0 . 0 0 1 0 16 - 1 5 2 2 7 2 . 2 0 0 4 - 0 . 0 0 0 4 
4 8 - 4 9 2 2 5 0 . 8 0 7 3 0 . 0 0 0 2 17 - 16 2 2 7 2 . 4 8 2 4 0 . 0 0 0 0 
4 7 - 4 8 2 2 5 1 . 1 8 1 8 0 . 0 0 0 0 1 8 - 17 2 2 7 2 . 7 6 3 0 - 0 . 0 0 0 7 
4 6 - 4 7 2 2 5 1 . 5 5 4 8 0 . 0 0 0 1 19 - 18 2 2 7 3 . 0 4 2 2 - 0 . 0 0 0 6 

2 0 - 19 2 2 7 3 . 3 1 9 9 0 . 0 0 0 4 
42 - 4 3 2 2 5 3 . 0 3 3 0 0 . 0 0 0 0 2 1 _ 2 0 2 2 7 3 . 5 9 6 1 0 . 0 0 0 4 
4 1 - 4 2 2 2 5 3 . 3 9 9 0 0 . 0 0 0 6 22 - 2 1 2 2 7 3 . 8 7 1 0 0 . 0 0 1 6 
4 0 - 4 1 2 2 5 3 . 7 6 3 6 0 . 0 0 0 6 
3 9 - 4 0 2 2 5 4 . 1 2 6 8 0 . 0 0 0 6 2 9 - 2 8 2 2 7 5 . 7 5 4 6 0 . 0 0 0 0 

3 0 _ 3 1 2 2 5 7 . 3 3 2 2 - 0 . 0 0 0 1 3 0 - 2 9 2 2 7 6 . 0 1 7 9 0 . 0 0 0 4 

2 9 - 3 0 2 2 5 7 . 6 8 1 3 0 . 0 0 0 3 3 1 — 3 0 2 2 7 6 . 2 7 9 8 - 0 . 0 0 0 1 

2 8 - 2 9 2 2 5 8 . 0 2 8 9 0 . 0 0 0 5 
2 7 - 2 8 2 2 5 8 . 3 7 5 2 0 . 0 0 0 9 3 3 - 3 2 2 2 7 6 . 7 9 9 3 0 . 0 0 0 8 

2 6 _ 2 7 2 2 5 8 . 7 2 0 0 - 0 . 0 0 0 2 3 4 - 3 3 2 2 7 7 . 0 5 6 8 0 . 0 0 0 5 

2 5 _ 2 6 2 2 5 9 . 0 6 3 5 0 . 0 0 0 0 3 5 - 3 4 2 2 7 7 . 3 1 3 0 - 0 . 0 0 0 4 

2 4 _ 2 5 2 2 5 9 . 4 0 5 5 - 0 . 0 0 0 3 36 - 3 5 2 2 7 7 . 5 6 7 7 - 0 . 0 0 0 4 

2 3 - 2 4 2 2 5 9 . 7 4 6 1 0 . 0 0 0 2 37 — 3 6 2 2 7 7 . 8 2 1 0 - 0 . 0 0 1 7 

22 - 2 3 2 2 6 0 . 0 8 5 2 - 0 . 0 0 0 2 
5 8 - 5 7 2 2 8 2 . 8 0 7 2 - 0 . 0 0 0 7 

18 - 19 2 2 6 1 . 4 2 7 7 - 0 . 0 0 1 3 59 - 5 8 2 2 8 3 . 0 2 8 8 0 . 0 0 0 2 
17 - 1 8 2 2 6 1 . 7 5 9 7 0 . 0 0 0 0 6 0 - 5 9 2 2 8 3 . 2 4 9 0 0 . 0 0 0 9 
16 - 17 2 2 6 2 . 0 9 0 4 - 0 . 0 0 0 8 6 1 - 6 0 2 2 8 3 . 4 6 7 7 - 0 . 0 0 0 9 
1 5 - 1 6 2 2 6 2 . 4 1 9 6 - 0 . 0 0 0 5 62 - 6 1 2 2 8 3 . 6 8 5 0 0 . 0 0 0 5 

a For footnote see Table 1. 

Table 7. Molecular constants of HCCCN obtained from the v2 fundamental and hot bands a 

(1; 0, 0 )° - (0 ; 0, 0)° (1; 0, l ) ' - ( 0 ; 0, l)1 (1; 1, 0 ) ' - ( 0 ; 1, 0)1 (1; 0, 2)°<2-(0; 0, 2)0-2 

vo [cm"1] 2273.99539(11) 2271.81254(10) 2267.37605(12) 2269.65867(12) 
B' [MHz] 4527.4861(28) 4541.9747(25) 4536.9603(32) 4556.4545(33) 
B" 4549.0579 b 4563.5130c 4558.3142° 4577.9672° 
D' [kHz] 0.53547(43) 0.56026(43) 0.55091(55) 0.58575(56) 
D" 0.54311 b 0.56765c 0.55456° 0.59329° 

[MHz] - 6.6638(50) 3.5606(65) 6.6704(59) 
q7 - 6.5382° 3.5820c 6.5595° 

qu [Hz] - 20.29(86) 0.42(110) 25.0(12) 

q'ü - 15.69c 1.62c 21.99° 

y ' / t / t [kHz] -
d d - 9.50(71) 

7/t n - - 13.031° 
x'i t n [cm"1] -

e e 0.71662(4) 
x'i'iii - 0.72054° 

a The bands are indicated as (r2 ' ; v6', vY)r — (r2 ' ; v'6', v'-j')1". The numbers in the parentheses corresponds to one standard 
deviation in the unit of the last digit quoted. The conversion factor of 1 c m - 1 = 29 979.2458 MHz was used 
in the calculations. 

b Fixed at the values given in [5]. 
c Fixed at the values obtained from the preliminary analysis of the microwave data (see text). 
d Included in the rotational constants. 
e Included in the band origin. 



Table 8. Anharmonic constants derived from the present Table 9. Effective parameters for (1; 0, 0 ) 1 3 - ( 0 ; 0, 3)1-3 

analysis band of HCCCN a 

( 4 + + V̂ 22 = 2273.99539(1 1) cirT 
A i + >'227 = - 2.18950(37) c n r 

y\r,= 0.01057(18) cm" 
= - 0.00392 (4) cm-

+ + 4 V - 6.61934(17) cm-

The present results agree very well with those of 
Mallinson and Fayt [3], except tha t we could not 
identify the hot band arising f r o m the 1-5 = 1 state. 
Since we have succeeded to assign the hot band 
f rom the r 7 = 3 state, for which the Bol tzmann 
factor is almost equal to that for the r 5 = 1 state, we 
should have observed the lines of the hot band 
arrising f rom it. Probably the lines of this band are 
obscured by the over lapp of o ther lines in the region 
of the present measurement . 

/-subband v0 [cm"1] B- [MHz] D-„ [kHz] 

l e - l e 2267.51605(34) 4564.60(27) 
4586.12(26) 

1.04(14) 
0.98(13) 

If— If 2267.51565(37) 4578.38(30) 
4599.72(29) 

1.46(18) 
1.49(17) 

3e, f - 3 e, f 2267.48669(18) 4571.100(88) 
4592.546(85) 

0.465(15) 
0.476(14) 

a For footnote see Table 7. 

Acknowledgement 

We are grateful to Dr. R. A. Creswell for sending 
us his latest microwave and mil l imeter wave da ta 
prior to publication. This work has been suppo r t ed 
in part by the Deutsche Forschungsgemeinschaf t — 
SFB-131 - Radioast ronomie. 

[1] K. Yamada. R. Schieder, G. Winnewisser, and A. W. 
Mantz, Z. Naturforsch. 35 a, 690 (1980). 

[2] K. Yamada and G. Winnewisser. Z. Naturforsch. 36 a, 
23 (1981). 

[3] P. D. Mallinson and A. Fayt, Mol. Phys. 32, 473 
(1976). 

[4] P. D. Mallinson and R. L. de Zafra, Mol. Phys. 36, 
827 (1978). 

[5] R. A. Creswell. G. Winnewisser, and M. C. L. Gerry, 
J. Mol. Spectrosc. 65,420 (1977). 

[6] R. A. Creswell. private communication. 
[7] K. Yamada and G. Winnewisser, J. Mol. Spectrosc. 

88,207 (1981). 
[8] K. Yamada and G. Winnewisser, Z. Naturforsch. 36 a, 

1052 (1981). 
[9] C. Amiot and G. Guelachvili, J. Mol. Spectrosc. 59, 

171 (1976). 
[10] G. Guelachvili, J. Mol. Spectrosc. 79,72 (1980). 


