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High-resolution spectroscopy of [H,C,N]+: II. Ground
state rotational spectrum of HCN+ (X̃ 2Π)

Weslley G. D. P. Silva*,a Philipp C. Schmid,a Divita Gupta,a Sven Thorwirth,a János Sarka,a

Oskar Asvany,a Stephan Schlemmer*a

The rotational spectrum of HCN+ has been measured between 270 and 520 GHz in a cryogenic
ion trap instrument employing a double resonance vibrational-rotational scheme based on leak-out
spectroscopy. A total of four transitions with quantum numbers ranging from J” = 2.5 to 5.5 have
been observed for the lowest-energy spin-orbit state 2Π3/2 of this open-shell cation, which has an
inverted 2Π electronic ground state. The transitions show well-resolved Λ-doubling components each
displaying complex hyperfine splittings due to the presence of two nuclei with non-zero spins, H (I =
1/2) and 14N (I = 1). The accurate transition frequencies and ground state spectroscopic parameters
determined for HCN+ in this work will enable radio astronomical searches of this important cation
in the interstellar medium.

1 Introduction
Molecules containing a cyano group (CN) are crucial components
of both terrestrial and interstellar chemistry1. Together with CH,
the CN radical was one of the first molecules detected in the
interstellar medium (ISM) by radio astronomy2. Given its fun-
damental importance for chemistry and astronomy, the CN rad-
ical, as well as its ionic variants CN– and CN+, have become
the subjects of several laboratory spectroscopic and astronomical
studies. Because molecular ions are typically highly reactive and
hard to produce in large quantities in the laboratory, the pure
rotational spectra of CN– 3 and CN+ 4 were only reported more
than 30 years after the first rotational laboratory work on neutral
CN5. Based on the millimeter-wave spectroscopic work of Got-
tlieb et. al3, transitions corresponding to CN– were identified in
the radio spectra collected toward the envelope of the carbon star
IRC+102166. Unfortunately, no astronomical detection of CN+

has been reported to date.
The next fundamental members of the cyanide family, neutral

hydrogen cyanide (HCN) and its higher energy isomer hydrogen
isocyanide (HNC), are well-known species both in the laboratory
and space (see e.g. the Cologne Database for Molecular Spec-
troscopy, CDMS,7 and McGuire 1 and references therein). How-
ever, their primary cations HCN+ and the lower energy isomer

a I. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, 50937 Köln, Ger-
many, E-mail: silvaw@ph1.uni-koeln.de, schlemmer@ph1.uni-koeln.de
† Electronic Supplementary Information (ESI) available. See DOI:
10.1039/cXCP00000x/

HNC+ have been elusive to astronomers to date, even though
they are considered by astrochemical models key intermediate
species driving nitrogen chemistry in the ISM8. One example of
their role as important intermediates is the gas-phase reaction of
HCN+/HNC+ with H2 that leads to the formation of HCNH+ + H,
as recently re-measured at low temperatures in the laboratory9.
HCNH+ is also a well-known interstellar molecule10–14. To date,
high-resolution spectroscopic data on the HCN+ and HNC+ in-
termediates, in particular from rotational spectroscopic investi-
gations which usually support astronomical detections, have not
been reported in the literature.

Aiming to overcome the lack of spectroscopic data on HCN+

and HNC+, in the first paper of this series of high-resolution
spectroscopic works (paper I), we report the observation of rota-
tionally resolved infrared bands for both HCN+ and HNC+. The
measured bands include the fundamental CH stretching vibra-
tion ν1 and the lower energy Renner-Teller component (Σ) of the
ν1 + ν2 combination band of HCN+, as well as the fundamental
NH stretching vibration of HNC+ 15. This thorough investigation
allowed accurate spectroscopic constants for several vibrational
states of both ions to be determined for the first time.

Building on paper I,15 in this second work, we present the
first pure rotational spectrum measured for a [H,C,N]+ species,
the HCN+ cation. The rotational transitions were recorded in
a 22-pole cryogenic ion trap apparatus employing a double-
resonance vibrational-rotational scheme16 based on leak-out
spectroscopy17. Owing to the open-shell nature of HCN+ and
to the presence of two atoms with non-zero nuclear spins (1H
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and 14N), the observed transitions exhibit complex patterns from
resolved fine and hyperfine splittings, as shown in detail below.

2 Methods

2.1 Experimental Section

The experiments reported here were conducted using the 22-pole
cryogenic ion trap instrument, COLTRAP, which has been de-
scribed in detail previously18. The HCN+ ions were generated in
a storage ion source via electron impact ionization (Ee−= 30 eV)
of stable methyl cyanide (CH3CN). The produced m/z= 27
ions were then extracted from the source, mass selected using a
quadrupole mass filter, and trapped inside the 4 K 22-pole trap19.
Upon entering the trap, the HCN+ ions were stopped and ther-
malized to the cryogenic temperature by collisions with He buffer
gas (n ≈ 1013 cm−3) which was added to the trap continuously.
Additionally, Ne was pulsed into the trap in a 1:3 Ne:He mixture
using a piezoelectrically actuated valve at the beginning of each
trapping cycle to serve as the collision partners for the leak-out
process of the HCN+ ions. Once trapped, the spectra of HCN+

were recorded using leak-out spectroscopy, as described in detail
previously17,20.

The COLTRAP experiments started by revisiting the rovibra-
tional spectrum of the ν1 fundamental CH stretching band of
HCN+. Although this band has been recently measured at a trap
temperature of 35 K as discussed in detail in paper I15, the colder
trap temperature of COLTRAP typically leads to narrower spec-
tral lines and may allow splittings to be better resolved (e.g. Λ-
doubling). Furthermore, the accurate wavenumber positions of
the rovibrational lines observed with the COLTRAP instrument
are needed to support the millimeter-wave measurements. After
remeasuring the band, the observed rovibrational lines were used
in a double-resonance vibrational-rotational scheme which was
employed to search for the pure rotational transitions of HCN+.

The double-resonance vibrational-rotational scheme based on
LOS has been recently described in detail for HC3O+ 16, and has
also been successfully applied to other astrophysically relevant
cations14,16,21–24. During the double-resonance measurements,
the wavenumber of the infrared beam was kept fixed on reso-
nance with a rovibrational transition of the ν1 band (e.g. ν1 = 1,
J + 1 ← ν = 0, J) generating a constant LOS signal. Then, ad-
ditionally, millimeter-wave radiation was used to search for a
pure rotational transition in the ground vibrational state (ν = 0,
J ← ν = 0, J−1) involving the common rotational quantum state
(ν = 0, J) probed by the infrared laser. Upon hitting the rotational
resonance, this procedure results in an increase in the population
of the (ν = 0, J) level and thus, an enhancement in the LOS signal
is observed. It is worth mentioning that other double-resonance
level schemes are possible, in which a decrease in the LOS signal
is observed by, for example, de-populating the (ν = 0, J) level.
The rotational lines were recorded in individual measurements in
which the millimeter-wave frequency was tuned in a given fre-
quency window in fixed steps while monitoring the LOS signal.
As the hyperfine structure of HCN+ is extended, relatively large
step sizes of 20−100 kHz were used. The larger steps are typically
used for initial searches, while the smaller ones are employed in

the final measurements. The measurement counts were normal-
ized using a millimeter-wave frequency-switching procedure, i.e.
by dividing the number of HCN+ ions in the scanned frequency
window by those at an off-resonance position. Thus, the result-
ing baseline is close to unity. The millimeter-wave power was
lowered to sufficiently low levels to minimize power broadening
effects. Examples of measured transitions are provided and dis-
cussed in detail below in the "Rotational Measurements" section.

The infrared radiation was supplied by a continuous-wave
optical parametric oscillator (cw-OPO, Toptica, model TOPO),
whose frequency was measured continuously by a waveme-
ter/spectrum analyzer (Bristol Instruments, model 771A-MIR),
which has a manufacturer-stated accuracy of ±0.0006 cm−1. The
measured laser power was on the order of a few hundred mW.
The millimeter-wave radiation was generated using a Rb-clock-
referenced microwave synthesizer (Rohde & Schwarz SMB 100A)
driving an amplifier-multiplier chain (Virginia Diode Inc., VDI).
With the setups available in Cologne, frequencies up to 1.1 THz
can be reached.

2.2 Quantum Chemical Calculations

The experimental work described here was complemented by
high-level quantum chemical calculations, performed using the
CFOUR25 program package. Although a few theoretical works
have been previously reported for HCN+ 26,27, information on
several molecular parameters relevant to deciphering the ground
state rotational spectrum is still missing. The equilibrium struc-
ture of HCN+ was determined at the CCSD(T)28,29 level of the-
ory using ROHF reference functions in the frozen core approxi-
mation with the aug-cc-pV5Z basis set30,31. From the obtained
equilibrium structure, the rotational (Be), centrifugal distortion
(De) as well as hyperfine constants for the non-zero spin nuclei
1H and quadrupolar 14N were obtained. The calculated hyper-
fine parameters include the Fermi contact (bF ) and the diagonal
dipole-dipole interaction tensor constants (Taa, Tbb and Tcc) for
both nuclei as well as the nuclear electric coupling quadrupole
constants for the 14N nucleus (eQq). From the calculated bF , Taa,
Tbb and Tcc constants, the Frosch and Foley hyperfine interaction
constants a (nuclear spin − orbit), b (nuclear spin − electron
spin), c (nuclear spin − electron spin dipole-dipole) and d (nu-
clear spin − electron spin dipole-dipole off diagonal term) can be
derived for each nucleus using equations previously described in
the literature32,33. Similar computational approaches have been
used to disentangle the hyperfine structure in the radio spectra
observed for the larger siblings of HCN+, i.e., HC3N+ 34, HC5N+,
and HC7N+ 35. A summary of the computational results is pro-
vided below in Table 1. The optimized geometric parameters
for the equilibrium structure of HCN+ are rCN = 1.2159 Å and
rHC = 1.0914 Å.

3 Results and Discussion

3.1 Rovibrational Measurements of the Fundamental ν1 C-H
Stretching Vibration at 4 K

HCN+ is an open-shell molecular cation with a X̃ 2Π electronic
ground state. The coupling of the electron spin (S = 1/2) and or-
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bital (Λ = 1) angular momenta leads to two spin-orbit fine struc-
ture components; the lower-energy 2Π3/2 and the higher-energy
2Π1/2 state, which are separated by about 50 cm−1 15,27. In addi-
tion, the end-over-end rotation of the linear ion lifts the degener-
acy of the orbital angular momentum (Λ = 1) resulting in further
splitting of the rotational states, which is known as Λ-doubling.
In paper I of this series15, transitions from both spin-orbit states
were observed in the rovibrational spectra of the fundamental ν1

CH stretching vibration of HCN+ measured at a trap tempera-
ture of 35 K. Furthermore, lines with higher J rotational quantum
numbers (J= N + S) within each spin-orbit ladder showed well-
resolved Λ-doubling components. Based on these observations,
accurate spectroscopic parameters for the ground and ν1 vibra-
tional states of HCN+ could be determined for the first time.

Guided by these first measurements,15 the ν1 band of HCN+

was readily identified in our experiments performed at a nominal
trap temperature of 4 K. Owing to the low temperature condi-
tions, only levels from the lower-energy spin-orbit state 2Π3/2
are populated. An overview of the 4 K spectrum of the ν1

band together with a simulation of its spectral features obtained
at a rotational temperature of 15 K using the PGOPHER pro-
gram36 is provided in Fig 1. In the simulation, lines from the
higher-energy 2Π1/2 state are depicted in orange for illustration,
but these are not observed in the cold spectrum as mentioned
above. The zoomed-in regions in Fig. 1 show a portion of the
Q-branch between 3056.45 and 3056.70 cm−1, and the P-branch
J′(ν1) ← J′′ (ν0) = 3.5← 4.5 transition within the 2Π3/2 state in
detail to highlight the well-resolved Λ-doubling components (la-
beled here also as e and f ). Λ-doubling was observed for lines
with quantum numbers J ≥ 2.5 in the Q-branch, and for all tran-
sitions in the P- and R-branches, with the smallest splittings being
on the order of 0.002 cm−1. Overall, the observed lines in our
spectrum show narrow Doppler widths; e.g. the components of
the P-branch J′(ν1) ← J” (ν0) = 3.5← 4.5 transition given in the
inset of Fig. 1 have a full width at half maximum (FWHM) of
about 60 MHz, which corresponds to a kinetic temperature of the
ions of approximately 15 K. This temperature is higher than the
nominal trap temperature of 4 K due to known heating effects37.

3.2 Rotational Measurements

Based on the ground state spectroscopic parameters derived from
the infrared measurements15, we searched for pure rotational
lines of HCN+ in the 270− 520 GHz range. As HCN+ has a size-
able predicted dipole moment (3.63 D26, 3.53 D this work at
the CCSD(T)/aug-cc-pV5Z level), intense spectral features corre-
sponding to different rotational transitions were readily observed
in the vicinity of the initial predictions. In total, four rotational
transitions (J′′ = 2.5−5.5) with well-resolved Λ-doubling compo-
nents were measured for the 2Π3/2 state. An overview of the ex-
perimental and simulated rotational spectra of HCN+ is given in
Fig. 2. In the inset of Fig. 2, a zoom into the J′ ← J′′ = 3.5 ← 2.5
transition is given to show its two Λ-doubling components (e and
f ) in the ground state, which are separated by about 120 MHz.
Furthermore, it is evident in the zoomed-in spectra of Fig. 2 that
each peak shows additional underlying splittings, spanning a win-

dow of roughly 60 MHz, which are thus not resolved in the in-
frared spectrum. These features can be attributed to magnetic hy-
perfine effects arising from the interaction between the non-zero
spins of the 1H (I = 1/2) and quadrupolar 14N (I = 1) nuclei with
the electron orbital and electron spin angular momenta. These
interactions are known to lead to characteristic extended hyper-
fine structures, and were previously observed in the radio spectra
collected toward TMC-1 for transitions attributed to the related
HC3N+ 34, HC5N+ and HC7N+ 35 open-shell cations, which also
have 2Π electronic ground states.

To exemplify the complex hyperfine structure observed in
the ground state rotational spectrum of HCN+ further, the e-
component of the J′← J′′ = 3.5← 2.5 transition is shown in detail
in Fig. 3. Below the experimental spectrum, we provide different
simulations to illustrate in a stepwise fashion the effect of each
non-zero spin nucleus on the rotational structure of HCN+ (right-
hand side). A correlated energy level diagram is also given on
the left-hand side of Fig. 3. As shown in the diagram, each ro-
tational level with a distinct quantum number J splits into three
non-degenerate sub-levels due to interactions with the 14N nu-
cleus. These sub-levels are further split into two additional levels
when hyperfine contributions from the 1H nucleus are also taken
into account, leading to a total of six non-degenerate rotational
levels. To describe each nucleus, we used the following coupling
scheme; F1 = J+ IN and F = F1+ IH with IN = 1 and IH = 1/2. The
selection rules for the R-branch ground state transitions measured
are e ← e or f ← f with ∆J = 1; ∆F1 = 0, 1 and ∆F = 0, ± 1.
The most intense transitions are those with ∆J = 1, ∆F1 = 1 and
∆F = 1, which appear in the spectrum as six intense lines. For
the J′ ← J′′ = 3.5← 2.5 transition in Fig. 3, these features are
well-resolved and can be readily seen in the spectrum between
276.38 and 276.41 GHz. The selection rules for the six strong
transitions are highlighted in the energy level diagram using black
arrows, and their expected spectral patterns are displayed in the
purple trace of the simulated spectrum for reference. For tran-
sitions with quantum numbers J′′ > 3.5, the hyperfine splitting
becomes smaller and some of the components start to overlap
(see an overview spectrum showing the hyperfine structure of
all measured transitions in the ESI). The less intense cluster of
lines, appearing on the left-hand side of the main peaks (roughly
12−30 MHz below), match predictions for four hyperfine compo-
nents which follow the ∆J = 1, ∆F1 = 0 and ∆F = 0 selection rules
(purple trace). However, it is evident in the experimental spec-
trum that these lines, between 276.35 and 276.38 GHz, exhibit
additional small splittings that are not described by our spectro-
scopic model. Although there could be four additional transitions,
with selection rules ∆F1 = 0 and ∆F = 0,−1, in this range, they
are predicted to be extremely weak and unlikely to appear in our
low-temperature spectrum (see ESI for more details).

In addition to fine and magnetic hyperfine effects, we speculate
that the HCN+ transitions may also be influenced by Zeeman ef-
fects from external magnetic fields, which could explain both the
observed extra small splittings and the unusually broad, asym-
metric line shapes. This reasoning is based on recent (unpub-
lished) studies of other open-shell cations in our laboratory, in-
cluding CCH+ (X̃3Π), OH+ (X̃3Σ−) and HCCD+ (X̃2Π), in which
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Fig. 1 Comparison between the experimental (top) and simulated (bottom) spectra of the fundamental ν1 C-H stretching band of HCN+. The
simulation was obtained using the spectroscopic constants derived in paper I of this series 15 at a rotational temperature of 15 K. In the simulation,
the lines from the lower-energy (2Π3/2) and higher-energy (2Π1/2) spin-orbit states are depicted in black and orange, respectively, but lines from the
latter were not observed due to the low temperature conditions. The insets show the J′(ν1) ← J′′ (ν0) = 3.5← 4.5 transition in the P-branch, and
the Q-branch progression in detail.

Fig. 2 Overview of the pure rotational spectrum of HCN+ in the 180−700 GHz region. The observed transitions (top) are compared to a simulation
(bottom) obtained at a rotational temperature of 15 K using the spectroscopic parameters from Table 1. In the simulation, lines from both 2Π3/2 (in
black) and 2Π1/2 (in orange, not to scale) spin-orbit states are shown, but those belonging to the latter were not observed due to the low temperature
conditions. The inset shows the J′← J′′ = 3.5← 2.5 transition in detail with its resolvable Λ-doubling splitting, labeled here as e and f .
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Zeeman splittings were observed in their ground state rotational
spectra, and a magnetic field of about three times the Earth’s mag-
netic field was estimated (1.8× 10−4 T) from the experimental
line shapes. The origin of this external magnetic field requires
further detailed investigation but it could potentially arise from
the magnetically levitated turbo pumps or from other magnetic
parts in our experimental setup. By incorporating the Zeeman ef-
fect (Bfield= 1.8×10−4 T) in our final spectroscopic model, a bet-
ter reproduction of the observed spectrum can be obtained (see
orange trace in Fig. 3).

3.3 Spectroscopic fits

The transition frequency of the observed lines was determined
by using a Gaussian line profile. As our line shapes are heavily
influenced by Zeeman and some non-resolved hyperfine compo-
nents, we assumed conservative uncertainties of 120 kHz for the
determined line positions. In total, 72 individual hyperfine com-
ponents (neglecting Zeeman) were assigned to 66 unique transi-
tion frequencies in the ground state rotational spectrum. For the
less intense hyperfine components following ∆J = 1, ∆F1 = 0 and
∆F = 0 selection rules, the small splittings were disregarded and a
single transition frequency value corresponding to the line center
was considered. The assigned transition frequencies were least-
squares fitted using the PGOPHER program36 employing an effec-
tive Hamiltonian for a linear molecule in a 2Π electronic state to
obtain accurate ground state spectroscopic constants. The Hamil-
tonian contains rotational (B0), centrifugal distortion (D0), spin-
orbit (A0 and AD0 ), Λ-doubling (p0 and q0), magnetic hyperfine
coupling due to the H and N nuclei (a and bF for both, and d for
N), as well as 14N nuclear electric quadrupole (eQq0 and eQq2)
interaction terms. The result of the fit is summarized in Table 1.
During the fitting procedure, most of the constants were deter-
mined, but those that could not be derived from the rotational
data only had their values fixed to those previously obtained from
the rovibrational measurements in paper I (Schmid et al. 15), i.e.,
A0, AD0 , and p0, which are also listed in Table 1 for comparison.
The overall root-mean-square (rms) of the fit is 139 kHz, which
is very reasonable for an open-shell molecule with coupled fine
and hyperfine interactions. A line list containing the transition
frequencies and fit residuals is given in the ESI. A global fit of
the rovibrational data reported in paper I15 of this series together
with the rotational data of this work can be also found in the ESI
file for reference.

The values of the ground state constants determined in this
work (Table 1) show excellent agreement with those from the
rovibrational measurements of Schmid et al. 15 . The accuracy
in the values of the B0, D0, and q0 constants was significantly
refined, improving by two orders of magnitude. The hyperfine
parameters for both the H and 14N nuclei are also determined
and their values show reasonable agreement with their calculated
counterparts, lending further support to our spectroscopic assign-
ments.

Table 1 Spectroscopic parameters of HCN+. The uncertainty in the last
digits of each parameter is reported in parentheses. The values are given
in MHz, unless otherwise noted.

Parameter IRa Rot., this workb Calc.c

B 40554.6(3) 40554.9424(68) 40389.90
D 0.100(3) 0.09853(11) 0.084
p 731.6(18) [731.6]d

q -60.0(2) -60.039(11)
A/cm−1 -49.3113(3) [-49.3113]
AD -43.1(3) [-43.1]
a(H) 39.63(80) 26.07
bF(H) -50.1(37) -41.07
a(N) 38.75(36) 66.48
bF(N) 36.13(47) 32.20
d(N) 57.4(42) 80.18
eQq0(N) -5.59(12) -6.39
eQq2(N) -16.26(67) -8.81
N 137 72
max. J′ 11.5 5.5

a Ground state values from the paper I of this series,
Schmid et al.15

b Ground state values determined in this work
c Equilibrium values obtained at the

CCSD(T)/aug-cc-pV5Z level of theory
d Values in brackets, [], were kept fixed to those

determined by Schmid et al.15

4 Conclusions and Outlook
The ground state rotational spectrum of HCN+ has been suc-
cessfully measured and assigned for the first time. Together
with the infrared spectroscopic data reported in the first paper
of this series15, the accurate ground state spectroscopic parame-
ters and transition frequencies determined in this work (Table 1)
will unquestionably allow searches of HCN+ in space not only
via infrared astronomy, as recently shown for CH +

3
38, but also

through highly sensitive radio astronomy surveys targeted at the
pure rotational spectra. A future astronomical detection of HCN+

would certainly contribute to enhance our current knowledge of
the abundance and astrochemistry of interstellar CN-containing
molecules.

Considering that neutral HCN and HNC are ubiquitous in var-
ious regions of the interstellar medium, including star-forming
regions, photodissociation regions, diffuse clouds, translucent
molecular clouds and starless cores8, any of these regions could,
in principle, serve as suitable candidates for searching for HCN+.
In particular, the highly sensitive GOTHAM39 and QUIJOTE40 ra-
dio surveys have been showing that the cold Taurus Molecular
Cloud, TMC-1, has an incredibly rich chemistry harboring many
CN-containing molecules. Among those, the presence of neutral
cyanopolyynes, HCnN, and of the recently detected HC3N+ 34,
HC5N+, and HC7N+ 35 cations in this source makes it a highly
promising region for the search for HCN+. Unfortunately, no lines
of HCN+ are currently covered by the GOTHAM and QUIJOTE
line surveys. However, regardless of the candidate astronomical
source, it is important to note that HCN+ may react quickly with
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Fig. 3 Portion of the energy level diagram of HCN+ (not to scale, left) in the ground vibrational state showing the hyperfine splitting of the J = 2.5
and J = 3.5 rotational states (e-component, 2Π3/2) due to both 14N and 1H nuclei. Selected allowed transitions with ∆J = 1, ∆F1 = 1, ∆F = 1
selection rules are illustrated in the diagram with black arrows. The transitions following these selection rules are the most intense features observed
in the spectrum and they appear as six strong lines, as can be seen in the experimental spectrum shown on the right-hand side. A comparison between
the simulated and observed ground state rotational spectrum for the J′− J′′ = 3.5 e− 2.5 e transition (infrared wavenumber fixed on resonance with
the rovibrational J− J′ = 4.5 e−3.5 e transition at 3068.324 cm−1) is also provided to illustrate the origin of the splittings observed. Convolving the
Zeeman spectrum (orange trace) with Gaussian line shapes corresponding to a kinetic temperature of about 15 K (grey countour) reproduces best the
observed spectrum.

H2 under astrophysical conditions, potentially affecting its overall
abundance. Based on recent laboratory measurements9, the rate
coefficients determined for the reaction of both HCN+ and HNC+

isomers with H2 are close to the Langevin rate (≈ 10−9 cm3 s−1),
and are also very similar to the rate derived for the CN+ + H2
reaction.9

Following the successful detection of the pure rotational fin-
gerprints of HCN+ in this work, measurements of the rotational
spectra of the lower-energy HNC+ isomer are clearly indicated in
the near future. The rotationally resolved infrared spectrum of
the N-H stretching band of HNC+ (2Σ← 2Σ) only became known
after the measurements of this work had been carried out. This
rovibrational band is described thoroughly in the first paper of
this series and the accurate spectroscopic parameters obtained
from the infrared measurements should facilitate the searches for
the ground state rotational spectrum of HNC+. Apart from the
high-resolution data reported here, novel spectroscopic investi-
gations of HCN+ in the laboratory would also help to improve
further the current spectroscopic models. This includes, for exam-
ple, experiments at higher temperatures aiming to observe pure
rotational transitions within the higher-energy 2Π1/2 spin-orbit
ladder. Given that the impressive discoveries of the HC3N+ 34,

HC5N+ and HC7N+ 35 cations are solely based on predictions
from quantum chemical calculations, laboratory experiments to
refine the spectroscopic models are desirable.
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