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Detection of the Millimeter Wave Spectrum of 
Hydrogen Isocyanide, H N C 2 

R. A. Creswell, E. F. Pearson, M. Winnewisser, and G. Winnewisser 

Physikal isch-Chemisches Ins t i t u t , Justus L ieb ig -Un ivers i tä t , Giessen 
and M a x P lanck- Ins t i tu t f ü r Radioastronomie, Bonn 

(Z. Natur forsch. 3 1 a , 2 2 1 - 2 2 4 [1976] ; received March 11, 1976) 

The ro ta t i ona l spectra of three isotopic species of H N C have been observed i n the m i l l ime te r 
wave region. I n the case of the parent species, H 1 4 N 1 2 C, our measurement of the J=l-*- 0 transi-
t i on unequ ivoca l l y conf i rms the assignment of the U90.7 in terste l lar l i ne to H N C . For the parent 
species the mo lecu la r constants obta ined are B0 = 45332.005(40) M H z and D0 = 0 .1019(50) M H z . 
S t ruc tu ra l parameters der ived f r o m the ground state ro ta t iona l constants of th is l inear molecule 
are r ( H — N ) = 0.987 (3) A and r ( N - C ) = 1 . 1 7 1 (4) A . 

I. Introduction 

Many compounds of general formula R — N — C 
have been well characterised and they constitute an 
important branch of organic chemistry Among the 
simpler compounds of this type are CH3NC. 
C2H5NC, C2H3NC and C6H5NC all of which have 
been studied in the gas phase by rotational spectro-
scopy 2 _ 5 . However the parent molecule HNC, hy-
drogen isocyanide, has hitherto proved to be some-
what elusive. Evidence for its existence was first ob-
tained in 1963 by Milligan and Jacox 6 who ob-
served its infrared absorption spectrum following 
the photolysis of methylazide in an argon matrix at 
4 ° K . The authors later reported that similar absorp-
tion bands were produced by the photolysis of HCN 
in both argon and nitrogen matrices at 14 K 7 . 

In 1971 Snyder and B u h l 8 ' 9 reported the ob-
servation of a new interstellar emission line known 
as U90.7 at 90665 ± 1 MHz from the radio sources 
W51 and D R 2 1 . Following a suggestion by Herz-
berg 9 concerning the interstellar X-ogen line U89.2, 
now known 10 to be due to HCO+ , it was found that 
assigning the U90 .7 line as the 7 = 1-^—0 transition 
of HNC implied a not unreasonable range of struc-
tural parameters for this species. Observations by 
Zuckerman et al.1 1 of the emission from the very 
young cluster NGC 2264 led to an improved value 
of 90663.9 ± 0.5 MHz for its rest frequency. Even 
though the emission lines from this source are nar-
row, no hyperfine structure could be resolved for 
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U90.7 which is consistent with the small 14N qua-
drupole splitting observed in other isocyanides 2 - 5 . 

Ab initio calculations on HNC have been per-
formed by Barsuhn1 2 , Pearson et al . 1 3 and Kra-
mer et al. 20 yielding a structure and hence a rota-
tional constant consistent with the assignment of the 
observed interstellar line to HNC. Calculations on 
the HCN — HNC isomerisa'tion have been made by 
Booth and Murrel'l14 and more elaborately by Pear-
son et al.1 5 , this latter work indicating that HNC is 
higher in energy than HCN by 5100 c m - 1 . An at-
tempt to observe a line at 90665 MHz in HCN by 
Blackman et al . 1 6 was unsuccessful and was inter-
preted to give a lower limit of 3 7 9 0 + 160 c m - 1 for 
the energy difference between HCN and HNC. 

Recently Arrington and Ogryzlo 1 7 observed an 
IR emission feature at 2.74 ju when active nitrogen 
produced in a 2450 MHz discharge was reacted with 
HCN, C 2 H 2 , C 2 H 4 , CH3CN, CH3Br or CH3I. This 
feature is close to the 2.76 u observed for the 
N — H stretch in the matrix study of Milligan and 
Jacox 6 ' Furthermore the emission was sufficiently 
strong in the case of the CH3Br reaction to permit 
resolution of the rotational structure and B0 was 
thus found to be 45270 ± 6 0 MHz, again supporting 
but not definitely proving the assignment of the 
interstellar line to HNC. 

This paper reports the observation of the labo-
ratory rotational spectrum of HNC and the un-
equivocal assignment of the U90 .7 interstellar line 
to HNC. 

II. Experimental Procedures 

The millimeter wave spectrometer, which has pre-
viously been described in detai l 1 8 ' 1 9 , consisted of 
an harmonic generator radiation source with video 
detection and a dedicated PDP 8/1 computer system 
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for signal averaging and frequency measurement. 
The free space absorption cell was built with sec-
tions of 10 cm diameter glass pipe to give a total 
length of 2.5 m. At one end of this cell an inlet port 
was constructed to enable the reactant gas to be 
mixed with the products of a radio frequency dis-
charge. The discharge tube passed through the in-
ductive section of a tank circuit tuned to about 
4.5 MHz, and in this way up to 300 Watts of con-
tinuous R.F power could be coupled in. 

Methyl bromide or iodide was reacted with the 
active nitrogen produced by the discharge and ab-
sorption due to HNC was readily detected in the 
products which were continuously flowed through 
the cell. HCN and BrCN or ICN, depending upon 
the methyl halide used, were also identified as reac-
tion products by their millimeter wave absorptions. 
A golden brown deposit appeared on the cell wall 
during the course of the experiments. Total gas 
pressures employed were typically 30 mtorr with a 
nitrogen partial pressure of about 20 mtorr. The 
DNC and HN1 3C isotopic species were observed 
using CD3I (99 .5% D) and 13CH3I (90% ^ C ) . 

III. Spectra, Assignment and Analysis 

Weak lines close to the expected frequencies of 
the 1 -<—0 and 2 1 HNC transitions were observed 
and are illustrated in Figure 1. The corresponding 
transitions in the isotopic species DNC and HN13C 
were found close to the positions predicted using 

HNC 
M - 0 J - 2 - 1 

Tab le I . Observed t rans i t i on f requencies a of H N C . 

T rans i t i on H N C D N C H N 1 3 C 
J+l-*-J 

1 ^ - 0 90663.602 76305.727 87090.851 
2 ^ - 1 181324.758 152609.774 174179.411 

a Frequencies are i n M H z w i t h an est imated exper imenta l 
uncer ta in ty of ± 50 k H z cor responding to three t imes the 
s tandard deviat ions. 

the calculations of Kraemer, Hennig and Dierck-
sen20. The measured frequencies are listed in Table I. 
Ground state rotational constants, B0, and centri-
fugal distortion constants, D0, were calculated from 
the observed frequencies using the relationship 

v = 2 B0 (7 + 1) —4 £)0 ( / + l ) 3 

and the derived constants are listed in Table II. 
Proof that the observed transitions do in fact 

arise from HNC comes from several sources. Shown 
in Fig. 1 is the absence of absorption which results 
when the discharge and gas flows are stopped thus 
trapping the reaction products in the cell. This null 
test indicates that the absorption is arising from a 
transient species, and it was repeated for all of the 
lines assigned to HNC in this paper. It also indicates 
that the life-time of the species, under the conditions 
of the present experiment, is appreciably less than 
one second. The second piece of evidence comes 

/ 
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1 v ' 
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i l i I i l i 
-1.5 | 4 5 M H z 

90 663.602(50)MHz 

i i i i 
- 2 . 0 - 1 . 0 

I I I I I 
I 4 0 -2 

181 324.758(50) MHz 

F ig . 1. The / = 1 -<-0 and 2 ^ - 1 t rans i t ions of 
H N C observed i n the products of the react ion 
of C H 3 I w i t h exc i ted N 2 . T h e upper traces 
show the absorpt ion l ines w i t h the discharge 
and f low system runn ing , the lower show the 
absence of absorpt ion f ound when the react ion 
products are t rapped i n the ce l l and the dis-
charge is tu rned off. The lower trace fo r the 
1 <— 0 t rans i t ion is expanded by a factor of 
two re lat ive to the upper 1 0 trace. Each 
trace shown consists of 250 data po in ts aver-
aged over 2000 sweeps each of 15 ms dura t ion 
fo l lowed by 25 po in t smooth ing. The to ta l 
t ime needed to acqui re one of the traces was 

approx imate ly 2 minutes . 
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Tab le I I . Spectroscopic constants of H N C . 

Species Z?0/MHz (obs) D 0 / M H z (obs) D 0 / M H z (ca lc ) a 

H N C 45332.005(40) 0 .1019(50) 0.0977 
D N C 38153 .004(40) 0 .0700(50) 0.0657 
H N 1 3 C 43545 .616(40) 0 .0955(50) 0.0905 

a For ha rmon ic force f ie ld see Reference 6. 

from the sharpness of the observed lines. These line 
widths imply an absolute value of eqQ less than 
1 MHz whereas eqQ in HCN is - 4 . 7 0 8 MHz 
This situation is consistent both with observa-
tions on other cyanide isocyanide pairs 2 - 5 and the 
calculated value 13 of 0.93 MHz for eqQ in HNC. 
All other observed lines in the frequency region of 
the 7 = 1 - ^ - 0 transitions of the various HNC iso-
topic species displayed resolvable hyperfine struc-
ture. 

The third piece of evidence comes from the chem-
istry of the production; the same absorptions are 
found for both methyl bromide and methyl iodide 
thus indicating that the molecule does not contain a 
halogen atom. Also the IR emission found in Ref . 1 7 

from a similar reaction was assigned as coming 
from HNC. Comparison of the absorption intensity 
of HNC with that of HCN indicates an HNC partial 
pressure of less than 1 mtorr in the reaction mix-
ture. Further support f or the observed species being 
HNC comes from the close agreement between values 
of D0 calculated f rom the harmonic force field6 

with the experimentally determined D0 constants. 
These values are compared in Table II. 

The final piece of evidence that the species ob-
served is in fact HNC, and the most conclusive of 
all, is the effect of isotopic substitution upon the 
rotational constants and the structure which is de-
duced from this. Since no 15N isotopic species have 
so far been studied it is not possible to calculate a 
complete rs structure. However, a close approxima-
tion to such a structure is obtained using the sub-
stitution coordinates of the H and C atoms and ap-
plying the first moment condition to locate the 
nitrogen atom. Such a procedure gives r^H = 

0 . 9 8 7 0 9 4 ( 2 3 ) Ä and rN C = 1.170947 (30) Ä, where 
these uncertainties reflect only the experimental un-
certainties in the parameters. Estimation of error 
limits f or rs structures is a difficult problem since 
they have no clear physical significance but merely 
a convenient operational definition. Perhaps the 
most useful rule for estimating uncertainties is that 

due to Costain 21 which gives t x h = 0.9871 (33) Ä 
and rxc = 1 .1709 (38 ) Ä. Again the meaning of 
these uncertainties is not wholly clear but they are 
useful if the parameters are to be compared with 
those of other molecules. The extensive C I calcula-
tion reported in Re f . 1 3 gives 0.995 Ä and 1.169 Ä 
for the NH and NC bond lengths respectively, but 
these are equilibrium distances. Table III presents 
a comparison of the structure of HNC with parame-
ters from similar molecules, and it is evident from 
this that the HNC structure shows no special pecu-
liarities. 

Tab le I I I . I n te rnuc lea r distances of H N C and some re lated 
Molecu les i n un i ts of Ä . 

Mo lecu le H - N 
or 

C - N 

H - C 
or 

C - C 

C = N N = C Reference 

H N C 0.987 1.171 Th i s wo rk a 

H C N 1.063 1.155 22 
C H 3 N C 1.424 1.166 23 
C H 3 C N 1.458 1.157 23 
H N C O 0.986 1.209 24 
H C N O 1.060 1.161 25 

a T h e moments of i ne r t i a l b were ca lcu la ted us ing B X I = 
505379 M H z u A 2 . 

IV. Astrophysical Implications 

It has been demonstrated by Buhl and Snydej 26 

and more recently by Morris et al.2 7 that the inter-
stellar distribution of HNC and HCO+ follows that 
of HCN more closely than that of any other com-
mon interstellar molecule. Buhl and Snyder deduced 
that the upper levels of these transitions of each of 
these molecules must have similar life-times. In 
Table IV we have summarized the characteristics of 
the observed interstellar features attributed to HNC, 
HCN and HCO + . For the interstellar sources 
DR21 (OH) and W 5 1 we have corrected the velocity 
of the local standard of rest quoted by Snyder and 
Buhl using the new laboratory rest frequency. In the 
case of DR21 (OH) two distinct velocity components 
are observed for HCO+ , one at —1.2 k m s - 1 and a 
stronger one at — 5.2 k m s - 1 , the latter of which is 
correlated with the HNC feature. Thus for both 
molecular sources the results are in good agreement 
with the known velocities of HCN and HCO+ . 

Further strong support f or the assignment of 
HNC as the carrier of U90 .7 comes from a recent 
study of the newly discovered molecular cloud in 
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Tab le I V . In te rs te l la r emission features of H N C , H C N and 
H C O + . 

Source Mole-
cules 
observed 

T A / K Av\ 
k m s - 1 

L S R R a d i a l 
ve loc i ty / 
k m s"1 

Ref . 

S g r A ( N H g ) H N C (values not repor ted) i 
H C N 8 40 + 26 d 
H C O + 1.6 38 + 2 3 . 8 a 

O R i A H N C (values not repor ted) i 
H C N 12.9/18.0 3.67 + 9.43 h, c 

H C O + 12.4 3.8 + 8 . 8 a 
O M C 2 H N C 6.5 1 .62(17) ( + 1 1 . 1 4 ) t b 

H C N 8 1 .70(17) + 11 .14(10) b 
H C O + 8.5 1 .81(17) ( + 1 1 . 1 4 ) t b 

NGC.2024 H N C (values not repor ted) i 
H C N 4.22 2.0 + 1 1 . 0 e . k 
H C O + 2.4 3.5 + 8 . 8 a 

W 3 ( O H ) H N C (values not repor ted) i 
H C N 3 14 - 4 9 d 
H C O * 2.5 5.0 - 4 8 . 2 a 

W 5 1 H N C 1.6 ~ 1 5 + 55.4 * f 
H C N 5 16 + 55 d 
H C O + 5.0 11.0 + 58.3 a 

D R 2 1 ( O H ) H N C — — - 5 . 5 * f 
H C N 1.94/5 2.5/12 — 4 .9 /—1.0 k, d 
H C O + 3.9 /2 .1 3.7/3.7 — 5.2/ —1.2 a 

N G C 2264 H N C 2.5 ~ 2 . 5 + 7.6 g 
H C N 5 /2 .08(6) i ~ 3 / 5 . 8 1 ( 9 ) + 7 . 0 / 4 . 7 ( 1 ) 
H C O + 4.0 5.0 + 7.3 a 

t These veloci t ies have been used to der ive the rest fre-
qrencies fo r the / = 1-<— 0 t rans i t ions of r 0 ( H N C ) = 
90663.59(15) M H z and r 0 ( H C O + ) = 8 9 1 8 8 . 5 1 (15) M H z . 

* Corrected F l s r sh i f t to labora tory rest f requency, 
a J. M . Ho l l i s , L . E. Snyder, D . Buh l , and P. T . Giguere, 

Ast rophys. J. 200, 584 [ 1 9 7 5 ] . 
b M . Mo r r i s , B. Zuckerman, B. E. T u r n e r , and P. Pa lmer , 

Ast rophys. J. 192, L 27 [ 1 9 7 4 ] . 
c F. O. C la rk , As t rophys. J. 200. L 115 [ 1 9 7 5 ] . 
d L . E. Snyder and D . Buh l , H igh l i gh t s of As t ronomy 1971. 

p. 407 (De Jager, ed . ) . 
e D . B u h l and L . E. Snyder, As t rophys. J. 180. 791 [ 1 9 7 3 ] . 
f L . E . Snyder and D. Buh l , A n n . N . Y . Acad . Science 194. 

17 [ 1972 ] . 
S B. Zuckerman, M . M o r r i s , P. Pa lmer , and B. E . Tu rne r , 

Ast rophys. J. 173, L 125 [ 1 9 7 2 ] . 
1» C. A . Got t l ieb , C. J. Lada, E . W . Got t l i eb , A . E . L i l l e y , 

and M . M . L i t v a k , Ast rophys. J. 202. 655 [ 1 9 7 5 ] . 
i L . E. Snyder and D. Buh l , B u l l . Amer . As t r . Soc. 4, 227 

[19721. 
k M . Mo r r i s , P. Pa lmer , B. E. Tu rne r , and B. Zuckerman. 

Ast rophys. J. 191. 349 [ 1 9 7 4 ] . 

Orion, OMC 2, which produces unusually narrow 
line widths. Morris et al. 27 derived a rest frequency 
for U90.7 in this cloud of 9 0 6 6 3 . 5 9 ( 1 5 ) MHz which 
is in excellent agreement with our laboratory rest 
frequency of the / = 1 0 transition of HNC. 

Recently Thaddeus and Turner 28 observed in this 
same source the emission spectrum of the molecular 
ion HNo+ and were able to resolve the nuclear hyper-

fine structure of both the outer and inner 14N nuclei. 
From their data and the line width of HNC in this 
source we derive an upper limit for je<jr()| = 1.0 
MHz, in agreement with the reported laboratory 
measurements. 
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