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The structures of the CoN,/CoH, complex in solid argon matrices have been investigated using FTIR spec-
troscopy and ab initio calculations, at the aug-cc-pVTZ level of theory. Predicted frequency shifts for the linear
structure, characterized by a strong hydrogen bond between the nitrogen of C,N, and the acetylenic proton were
found in good agreement with the ones from the experiment. The photodissociation of C,N,-C,H, complex
trapped in argon matrix at 10 K has been performed at 120 nm. The FTIR measurement and ab initio calcula-
tions pointed to the formation of HC3N, HCN and probably HC,NC and HNC as final reactional products.
This mechanism route is potentially important for chemical models of the Titan’s atmosphere.
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Introduction

Titan, the largest moon of Saturn, is the only satellite in
the solar system to have a dense atmosphere. Unlike Earth,
Titan’s atmosphere is oxygen-deficient, but predominantly
composed of nitrogen and a few percent of methane [1]. In
Titan’s upper atmosphere, N2 and CH4 are photodissociated
by different sources of radiations as solar wind particles
and ultraviolet radiations, leading to the formation of ni-
triles and hydrocarbons [2]. Among the detected mole-
cules, cyanogen (C2N2) and acetylene (CoHy) are present
in a large proportion [3] and can lead to the formation of
complex molecules by molecular growth (under photo-
chemical radiation) [3c,4]. In particular, both molecules
are the small precursors to synthesize unsaturated linear
molecules like cyanopolyynes (HCyn+1N) whose first
members like HC3N and HCsN are detected in Titan’s
atmosphere [4a,3b,c]. The formation of cyanopolyynes in
space most probably involves the collisions of neutral radi-
cals CN*® with polyacetylenic hydrocarbons (HC2nH) or
more generally, of *Cn+1N radicals with HC2yH mole-
cules [5]. This was demonstrated by Balucani et al. [6] in a
crossed molecular beam experiment, which consisted in
the cyanoacetylene production from acetylene and ground
state cyano radicals CN®* coming from HCN or C2Ny as
illustrated in various models [7]. Numerous experiments
[8,9] on the photolysis of CoHy performed at various pho-
tolysis wavelengths (193.3 nm [6-10]; 184.9 nm [11];
147 nm [12]; 123.6 nm [13] and 121.6 nm [14]) are report-

ed in the literature. According to the photolysis wave-
lengths used, these studies show that the major primary
photochemical process is different. Lauter et al. [14] have
proved that the dissociation dynamics of acetylene after
photoexcitation at the Lyman-a wavelength (121.6 nm)
induces the formation of H* atoms along with *CoH radi-
cals as the main photochemical process.

The cyanogen molecule has also been extensively stud-
ied experimentally [15-20] and became a model for photo-
chemical studies as a source of *CN radicals.

Numerous studies on the photochemical synthesis used
IR spectrometry as a detection method of molecules trapped
in cryogenic rare gas matrix. This latter offers a convenient
laboratory environment for spectroscopic studies on isolat-
ed intermolecular complexes. Recent studies demonstrated
that the cryogenic co-deposition of HCsN/HCoH [21],
HC3N/HC4H [22], C4N2/HC,H [23], HC3N/HCoH [23], or
HCoH/HCN [24] induces the formation of the well-defined
complexes. The combination of experimental and theoretical
informations showed that the hydrogen-bond system involv-
ing C-Hx interaction plays a significant role in determin-
ing the shape or the conformation of molecules in the ma-
trix. There are two approaches of complex; (i) linear
complex showing the interaction between the nitrogen atom
of X—CN and one hydrogen atom of HC,H moiety and (ii)
P-complex formed by the m-electron of X-CN and the =n-
electron of acetylenic molecules. Considering the major
photodissociation processes of the two molecules involved
in the complex, previous studies [5] showed that these kinds
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Scheme 1. Proposed mechanism reaction of CoH2/CoN, complex
under photolysis performed at A > 120 nm.

of molecular complexes could be considered as the pre-
reactive states which can lead to routes to the more long-
chained molecules synthesis.

In this paper we first report the characterization of pre-
reactive states between CoHz and CoNy using computa-
tional method. Secondly, we describe the photochemistry
of CoH2:C2N> complex which can induce the formation of
different products by addition (C4H2N2, path 5) or addi-
tion/elimination (HC3N; HC,NC; HCN, C4Np, path 1 to 4)
processes presented in Scheme 1. The goal is to confirm
the mechanism route leading to the formation of HC3N as
illustrated by the chemical models of Titan’s atmosphere [7].

2. Experiment

Pure acetylene was supplied by Air Liquid (purity
99.6%) and was used without further purification. Pure
cyanogen was prepared in a flask containing AgCN (20 g,
15 mmol) that was adapted to a U-tube equipped with
stopcocks in a vacuum line (10~ mbar). The U-tube was
immersed in a liquid nitrogen bath and the flask was heat-
ed with a Bunsen burner for around 2 min to form, via the
cyanogen radical, the cyanogen molecule NCCN which
was trapped in the U-tube. The stopcocks of the U-tube
were then closed and the cyanogen was obtained.

Matrix isolation experiments. The apparatus and exper-
imental techniques used to obtain argon matrices have
been described previously [25]. Gas mixtures were pre-
pared using standard manometric techniques. The CoHa/Ar
and CoNo/Ar mixtures are prepared in a 0.5/500 and
1/500 ratio, and the CoH2/CoNo/Ar mixture is prepared in a
2/1/500 ratio. The gas mixture is sprayed onto a gold-
coated copper plate cooled down to 20 K with the help of a
cold head cryostat (CTI, model 21) with a high vacuum
chamber (ca 107 mbar). A Fourier transform infrared
spectrometer (Nicolet series Il Magna system 750) was
used to record the reflexion-absorption spectra of samples
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at 10 K in the 4000-650 cm range. Each spectrum has a
spectral resolution of 0.125 cm

Irradiation techniques. All cryogenic samples were ir-
radiated using a microwave discharge Hy lamp (Opthos
Instruments), which simulated the interstellar radiation field
and was adapted directly onto the sample chamber. The
spectral flux of the lamp (operated with a steady flow of
hydrogen, at 0.9 mbar) was confined in the range 3-10 eV,
being dominated by two bands centred on 120 and 160 nm,
approximately (4.7911.37)-1013 photons-cm_z-s_1 [26].
The flux of the lamp was transmitted through an MgF;
window (A > 120 nm).

Details of calculations. Quantum chemical calculations
were carried out with Gaussian 09 [27]. The equilibrium
structure of CoHp, CoNo and their complexes as well as the
corresponding harmonic frequencies of molecular vibra-
tions (as given by analytical second derivatives of the total
energy, with respect to nuclear positions) were predicted
using the density functional theory (DFT) [28] with the
B3LYP hybrid exchange correlation functional [29], the
correlation-consistent polarized valence triple-§ basis set
augmented by s, p, d, and f functions (aug-cc-pVTZ) [30],
and standard convergence criteria.

3. Results and discussion

Figure 1 shows the spectra recorded at 10 K after an
annealing to 30 K for CoHy (Fig. 1(a)), CoHa/CoNo/Ar
(Fig. 1(b)) and CoNo/Ar (Fig. 1(c)) in three spectral re-
gions. In these spectra, each vibrational mode exhibits
multiple absorption lines due to different matrix sites and
polymeric compounds.

3.1. CoN2 and CyHj> isolated in argon matrix

Acetylene is a linear molecule with three strong absorp-
tion bands in its infrared spectrum observed in Ar matrix at
3302.8, 3289.1 and 736.9 cm ™. The two first correspond
to a Fermi-resonance involving the vo + v4 + vs and the v%
vibrations (Fig. 1(a)). The last one observed at 736.9 cm
is assigned to the vs mode of acetylene (Fig. 1(a)) [31].

Numerous works on the IR absorption spectrum of gas-
eous [32] and solid [33] cyanogen C2N> have already been
published. The Raman spectrum of liquid cyanogen has
also been measured [34]. This compound is likewise a lin-
ear centrosymmetric molecule (D oo h point group) with
seven normal modes of vibration. Among these modes,
only the CN antisymmetric fundamental stretching (v3)
(Fig. 1(c)) is infrared active and could be present between
4000400 cm ™. In our experimental conditions (Fig. 1(c)),
four bands are observed at 2153.9, 2657.2, 2559.6 and
7421cm™t. The first one corresponds to the CN
antisymmetric stretching mode (v3). The three others cor-
respond respectively to combination modes involving the
v3 + vy, v1 + vgand vy + vg vibrational absorptions.
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Fig. 1. FTIR spectra at T = 10 K after 30 K annealing of CoHy/Ar
in a 0.5/500 ratio (a), CoN2/CoHo/Ar in a 2/1/500 ratio T =10 K
(b), CoNo/Ar in a 1/500ratio T=10K (c). The most intense
bands of the molecular complexes are noted with an asterisk. In

these spectra, each vibrational mode exhibits multiple absorption
lines due to different matrix sites and polymeric compounds.

3.2. C,N,/C,H, codeposition in argon matrix

Figure 1(b) gives an overview of the spectrum in the
3320-3220, 2170-2160 and 780-715 cm ™! areas obtained
when the cyanogen and CyH> are codeposited in argon
matrix. The spectrum shows the absorption bands of mono-
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mers and homopolymers attributed by comparison of this
spectrum with those of the monomers obtained at 10 K
(Fig. 1(a) and 1(c)), but also other new absorption bands
noted by an asterisk in Fig. 1(b). According to previous
studies, we can expect the formation of a complex between
C2N2 and CyH». Annealing of the matrix to 30 K induces
an increase in the intensity of these bands and a decrease of
those assigned to the isolated molecules. When the temper-
ature increases, the trapping sites are reorganized, promot-
ing the formation of the complex. It is well known that the
complexation between two molecules induces the for-
mation of new bands which are shifted compared to those
of the monomers. To identify the geometry of the complex
formed, we have to calculate these shifts for all the funda-
mental modes by comparison of the new bands with those
of the monomers (Av (Vmonomer—Vcomplex)). Among these
bands, one is observed in the CN stretching range of CoN2
at 2160.2 cm - (Fig. 1(b)) shifted to higher frequency by
6.3 cm ~ with respect to the vz of CoNo. Two other bands
are observed at 2345 cm * and 860.1 cm ~. These bands
are observed respectively in the vi and v, mode range of
C,N,. For these modes, it is difficult to determine the fre-
quency shifts induced by the complexation because the
absorption bands of monomers are not IR active.

Likewise, in the acetylenic CH bond stretching range, we
observe one new band at 3272.5 cm™* shifted to lower fre-
quencies by —16.6 cm™ compared to the 3289.1 cm ™ mode
of CoHo monomer. On the other hand, in the 710-780 cmt
range (Fi%. 1(c)), we oblserve two absorption bands at
759.8cm ~ and 740 cm . These bands growing in the
vy + v mode range of CoN2 and the vs mode area of CoHa,
we have to compare their shifts with these two vibrational
modes. So, the band observed at 759.8 cm s shifted to
higher frequency by 22.9 cm ™t with respect to the vs mode
of CoHp and 17.7 cm ™ if we consider the vj + v5 mode of
CsNa2. On the other hand, the band observed at 740 em Lis
either shifted to higher frequency by 3.1 cm™t compared to
the vs mode of CoH» or to lower frequency by -2.1 cm_1
compared to the v} + v5 mode of CoNo.

3.3. Theoretical study

Our experimental results indicate the formation of a
complex between CoN» and CoHy. To establish the molecu-
lar structure, theoretical calculations have been performed
with Gaussian 09 at the B3LYP level with aug-cc-pVTZ
basis sets. Several arrangements are possible in the complex
subunits. If we consider the Mulliken’s charges (Scheme 2),
one hydrogen atom of acetylene is expected to be involved
in an H-bond interaction with CoN2 by the nitrogen atom
(linear structure). We also investigated a parallel complex
structure by analogy with the complex formed between
CoH2 and C4N» [23] or C302 [35] and previous studies
developed in our laboratory [36].

From these initial configurations, calculations yield to
two local minima. The optimized structures are shown in
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Scheme 2. Mulliken’s charges of acetylene and cyanogen and
structure of optimized complexes.

Scheme 2. The first minimum corresponding to the linear
shape exhibits a hydrogen bond between CyH; and CoN2
moieties which is estimated to 2.50 A in aug-cc-pVTZ, by
calculation. For the CoN2 and CoHa subunit in comparison
to the monomers, we observe, respectively, a slight short-
ening of the CN bond (r = 0.001 A) and a lengthening of
C-H bond (0.002 A). The second minimum corresponds to
the parallel structure. In this complex, the acetylene and the
cyanogen axes are parallel; the two acetylenic hydrogens are
adjacent to the nitrogen of the cyanogen (3.67 A). The ge-
ometrical parameters are similar to those of the monomer.
The linear complex is predicted to be most stable with re-
spect to the monomers (5.2 kJ-mol” ) but the energy
2.07 kI:mol™ regarding to the parallel complex is not sig-
nificant at this level of theory into clearly determining the
structure present in argon matrix. It is therefore appropriate
to compare the experimental frequency shifts induced by
the complexation with those calculated (Table 1).

The theoretical calculations provide valuable infor-
mation’s on the stability and the spectroscopic features of
the complexes. The complexation effects can be observed on
the geometry of the partner molecules and on the corre-
sponding bond stretching vibrational frequencies (Table 1).
The geometric parameters being slightly modified by the
complexation, we observe minor and similar shifts for the
CoNa2 subunit in the P- or L-complex. For example the
C2N2 v3 mode is predicted to be shifted by +3.9 cm_1 and
+1.4 cm * for the L- and P-complexes respectively and the
experimental one has been found to be +6.3 cm™. The
comparison between experimental and calculated shifts on
C2N2 does not allow the identification of the form present
in argon matrixes (Table 1).
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On the other hand the C2N2/C2H> interaction induces an
important calculated frequency shift of the vs deformatlon
mode of CoH, towards higher frequencies (+35 cm ) in the
L-complex while the P-complex |nd|cates a shift towards
higher frequencies of only around 4 cm™ (+4 9or4.3cm )
The shift calculated for the L-complex is in better agreement
with the experimental one +22.9 cm ~ showing as well as
the band observed at 7598cm_1 is a response of the vs
mode of CoH». The L- complex is indeed characterized by a
large shift for the 3289.1 cm™ ! mode of C Hy. This mode is
moved to lower frequency by —13.6 cm ™, with respect to
the monomer while it is slightly shifted —-3.8 cm ™ in the P-
complex. The experimental shift being —16.6 cm_l, we can
say that the calculated frequency shifts for the L-complex
are in good agreement with this result. So, we can conclude
that this L-complex is present in argon matrix.

As discussed in the Sec. 3.2, the band observed at
740 cm* can be attributed to the C2H; complexed vs mode
or at the combination vj + vg mode of the CoN, complexed.
Nevertheless, it is well known that the combination bands
frequencies are poorly modelized in our calculations which
prevent us from attributing this band for sure. On the other
hand, if we consider that this band is shifted toward higher
frequency by 3.1cm™ by comparison with CoHz vs mode,
this shift is in good agreement with the calculated shift for
the P-structure. However, for all other modes, the predicted
shifts are too small to be observed, masked by the monomer
absorption bands. Thus, we can only assume the presence of
the P-complex in argon matrix.

3.4. Irradiation of CoH2:CoNo at A > 120 nm

Difference spectra (after-before photolysis) depict the
photolysis effects found in samples CoNo/Ar, CoHo/Ar and
CoNo/CoHo/Ar which are illustrated in Fig. 2 in two differ-
ent areas. During the photolysis of CoH2:CoN2 in argon
matrix at A > 120 nm, we observe the decrease of the ab-
sorption bands of monomeric species (CoHz and CoNy)
and those of the complex (CoH2:C2N»). At the same time,
new bands appeared (Fig. 2(b)). Most of them correspond
to photolyzed monomers. Far-UV photolysis of rare gas
matrix-isolated CoN> (Fig. 2(c)) is known to give neutral
radical CN*® [37]. In our experiment, the growth of one band
located at 2046.7 cm ™~ attributed to this radical indicates the
break of the CC single bond. This break can induce the for-
mation of at least two isomers of CoN». So, the absorption
bands growing at 2294.8 and 2054.2 cm * which present the
same behavior during the photolysis could be attributed to
the v, and v, vibration modes of CNCN [38] Likewise, the
absorption band observed at 1997.0 cm™ durlng the pho-
tolysis experiment corresponds to the v, vibrational mode
of CNNC [37b]. However, another band is observed at
2023 cm ™. Based on our previous work [24c,39], this band
could come from the formation of CN".
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Table 1. Experimental and theoretical frequency shifts in cm™t (Vmonomer—Vcomplex) for the acetylene, CoN; and their complex (linear
L and parallel P) at aug-cc-pVTZ level of theory. Calculated intensities are given in parenthesis

Experiment Calculation (aug-cc-pVTZ) AV (Vmonomer—Vcomplex)
Mode Monorilfr Compl_elx Monon_11er L-comp_llex P-comp_lfx Exp cepVTZ
v, cm v, cm v, cm v, cm v, cm L P
Vi 3516.8 (0.0) 3505.1 (9.0) 3513.2 (0.1) ~117 | -36
V3 3289.1 32725 3412.1 (90.0) 3398.5 (216.7) 3408.3 (89.2) -16.6 -13.6 | -3.8
CoHy vo | 19738(a) | 19688 | 2068.5 (0.0) 2063.5 (6.1) 2066.9 (0.1) 50 50 | -16
V5 736.9 759.8 769.5 (98.1) 804.5 (82.2) 774.4 (111.1) 22.9 35.0 4.9
804.5 (82.2) 773.8 (90.8) 350 | 43
Vi 2345 2429.0 (0.0) 2431.9 (0.4) 24305 (0.1) 29 | 15
CoN, vh 2153.9 21602 | 2266.2(0.01) | 2270.1(0.03) | 2267.6(0.01) 6.3 39 | 14
vh 860.1 883.5 (0.0) 885.0 (0.2) 883.3 (0.02) 15 | -02

Notes: * The frequency is measured by the Raman spectroscopy
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Fig. 2. FTIR difference spectra (after—before photolysis) showing
the creation of photoproducts at A >120 nm: CoHo/Ar matrix,
2069 min of irradiation (a); CoNo/CoHy/Ar, 470 min (b);
CoNay/Ar, 690 min (c). The photoproducts produced by the photo-
chemistry of the complex are noted with an asterisk. The absorp-
tion bands coming from the photochemistry of HC3;N are noted

by ().
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By comparison with previous works, we can assign the
absorption bands coming from the irradiation of acetylene.
Indeed, the acetylene decomposition leads to the formation
of HC4H [40] (3326.7 cm 5, C4H*® (2060.7 cm ™) [41] and
CyH® (2846.4 cm_l) [35,42]. In addition to the bands due
to these species, others spectral features appeared during
the irradiation, in the C-H, C=N and C=C triple bond
stretching regions noted by an asterisk on the Fig. 2. The
bands are pointed at 3314.5, 3293.3, 2268.5, 2077, 2068
and 2029 cm™" and listed in Table 2. The evolution of the
integrated absorbances as a function of time permits us to
distinguish some sets of bands. One of these groups, com-
posed by absorption bands at 3314.5, 2268.5 and 2077 cm
is easily identified to the cyanoacetylene on the basis of
our previous work [21] as illustrated on Fig. 3. Further-
more, the band at 3293.3 cm (Fig. 2(b)) has the same
behavior, but this band cannot be attributed to HC3N. This
is seen in the Fig.4 which depicts the intensities of
2268.5 cm ™+ band, plotted as a function of the 3293.3 cm
band, with correlation factor of 0.99. This good correlation
factor proves that the two products are formed at the same
time. Likewise, based on literature data [43,44], this band
appears in the vcy mode region of HCN observed in argon
matrix at 3306 cm © and is shifted by 12.7 cm™* towards
lower frequencies with respect to the monomer. So, we can
affirm that HC3N and HCN formed during the experiment
are probably trapped in the same cage. These results ob-
served on both molecules indicate that the association of
the two partners takes probably place between the nitrogen
of HC3N and the hydrogen of HCN. Vibrational theoretical
calculations have been performed in order to establish the
molecular structure of this complex. These calculations
yield to two local minima, but the results are not in good
agreement with our experiments that do not allow us to
conclude which geometry of the complexes obtained in our
experiment.
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Table 2. Experimental frequencies in cm™ of HCN, HC3N, HC,NC and HNC and calculated intensities given in parenthesis

HCN HC3N HC,NC HNC
Toumi This work Guennoun This work Guennoun This work Toumi This work
et al. [24] et al. [39] et al. [39] et al. [24]
3306(100) | 3293.3(100) 3316(100) 3314.5(100) 3328 3620
2098(2) 2269(18) 2268.5(36) 2213 (71) 2029 2029(100)
721(78) 2076(6) 2077(4) 2033(100) 2068(100)
v
0.0012 =
3 M (@) TE
g 5] | ]
S 2 0.0006
5 e
e [\
< B o
O L
I (b . . ! !
T S S| 0 0.002 0.004 0.006
3340 3320 3300 3280 3260 2268.5 cm |
-1
Wayenumbers, cm Fig. 4. Correlations between integrated optical densities IR ab-
sorption band developed during A > 120 nm irradiation of Ar
v, matrix-isolated CoH2/CoN, complex at 10 K assigned to v, of
I HC3N (2268.5 cm ) and v of HCN (3293.3 cm™).
g W |@ latter cogld be attribgted to the formation of HNC. No oth-
S er band is observed in the different areas of the spectrum.
_% | v Thus, C4Npo, its isomers, or (CN)CHCH(CN) are not formed
< ’ during the photolysis process, as supposed in path 3to 5 in
i Scheme 1 by addition processes.
. ® .
4. Discussion
2280 2260 2240 2100 2080 As underlined by Cherchneff et al. [46], it is of interest to

-1
Wavenumbers, cm

Fig. 3. FTIR difference spectra (after—before photolysis) showing
the creation of photoproducts at A >120 nm: C,N2/CoHo/Ar,
470 min (a); HC3N/Ar, 1/500 (b).

On the other hand, when the CC single bond of HC3N is
broken, the rotation of the CN® group is very easy in the
argon cage. This isomerization process has frequently been
observed in previous experiment [45]. This kind of process
leads us to suppose, the formation of HCoNC during a sec-
ondary process. Furthermore, HCoNC can also be formed
directly during the photochemistry of the CoH2:CoN2 com-
plex. A band is obtained at 2068 cm during the photo-
process. This band is observed in the v; range of HCoNC [39]
(2033 cm_l) but is quite strongly shifted (-35 cm_l) com-
pared to the monomer. So, we can considered the possible
formation of HCoNC.

At least, one very small band is observed at 2029 em ™
Based on the literature data and on our previous works, this
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recall that large cyanopolyynes can be produced by reaction
between Con+1N° and acetylene according to the following
reaction:

HCoH + Con+1N* — HCop43N + H”.

This chemistry is active in the outer envelope of the car-
bon rich star.

In our experimental conditions, at A>120 nm the major
process for CoNy dissociation consists in the breaking of
the C—-CN bond leading the production of CN*® as described
in Eq. (1):

CyNo+ hv — 2 °CN. Q)

One of this *CN radical could then react with a nearby
acetylene molecule by an addition process that results in
HC3N formation and H® elimination in the same cage (2):

HCH + °CN +°*CN — HC3N + H®* +°CN. 2

The transient presence of this pair of radicals (H® and
*CN) in the same cage also implies the emergence of HCN

Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 6



New possible route of HC3N formation in Titan’s atmosphere

or HNC. However, the non-detection of C4N2, CNC2NC
and C4HoN> (Scheme 1, path 3, 4 and 5) indicates that the
addition of two *CN radicals on CoHy is not observed in
our experimental conditions.

On the other hand, at A > 120 nm the major process for
CyH> induces the production of H® and *C,H after the
break of the C—H bond as illustrated in (3):

CoHo+ hv — *CoH + H°. ?3)

Likewise, the formation of acetylenic radicals CoH®, may
be followed by an addition reaction analogous to (2) i.e :

H® + CoH® + CoNo —> HC3N + CN* + H®.  (4)

So, as in the previous case, CN*® and H* trapped in the
same cage could induce the formation of HCN or HNC.

In the case of the addition of H®* on CoNy, the formation
of HCN is expected (5)

CoH® + H® + CoNp > HCN + CH*+CN°. (5)

As previously mentioned, the CoH®* and CN*® radicals
trapped in the same cage can either induce the formation of
HC3N or that of HCoNC by recombination. It is important
to specify that HCoNC can be obtain by a secondary pho-
tochemical reaction coming from the direct photochemistry
of HC3N. Indeed, it is well known that HC3N, induces the
formation of HC,NC by isomerization process at
A >120 nm (6):

HC3N — HCoNC (6)

Based on the previous discussion, the complex photo-
chemistry provides three main channels summarized below
During the photolysis experiment at A > 120 nm of the
CoH2:C2N> complex, the major products are the HC3N and
the HCN, which seems evident since these two molecules

+CH2 5 HC,N + HCN or HNC (a)

N

C,H" +CN,
————2 3% HC,N + HCN or HNC (b)
I

%‘
HCN + HC,N or HC,NC (c)

can be obtained from the three processes detailed above.
On the other hand, the HC,;NC formation can only come
from the (c) process or by the direct photolysis of HC3N.
The observation of the very small band at 2029 cm ~, cor-
responding at HNC can be obtained from process (a) or (b)
or by direct photolysis of HCN.

However, this work suggests that HC3N and HCoNC
could be formed during the photochemistry of CoN> and
CoH2 mixture. In previous studies, we put in evidence the
formation of HC3N from CyH5 and HCN [24c]. Our results
seem consistent with both HC3N training pathways as
shown by different models [7] in which CN* obtained ei-
ther from HCN or CoNjy is predicted to react with CoHj to
induce the formation of HC3N.

C,H,: C,N, + hv
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5. Conclusion

In this study, we have put in evidence the formation of
C2oN2—CoH2 complex in argon matrix by FTIR and theoret-
ical ab initio calculations. The complex presents a linear
structure characterized by a strong hydrogen bond between
the two partners. These conclusions are supported by the
good agreement between the theoretical and experimental
frequency shifts of the vCH and 8CCH modes of the
acetylenic group. The photodissociation of CyNo—CoH»
trapped in argon matrix at 10 K has been performed at
A>120nm and has revealed the formation of the
HC3N:HCN complex as final reactional products and permit
us to suppose the HCoNC and HCN formation. It should be
necessary to perform isotopic experiment in order to confirm
the formation of this later complex. The observed processes
are similar to the formerly reported in situ cryogenic synthe-
sis of HCsN from HC3N and CoHo trapped in solid argon.
This method confirms one way of formation of HC3N as
predicted by the different models [7].
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Hoeun moxnmeun wnsix gopmyBaHHs HC3N
B aTMocdepi TutaHa

J. Mouzay, C. Assadourian, N. Piétri, T. Chiavassa,
I. Couturier-Tamburelli

Crpykrypu komiuiekcy CoN2/CoHz B TBepanx aproHoBUX Ma-
Tpuisx Oymno nociimkeno 3a gonomororo FTIR cnekrpockomii Ta
ab initio pospaxyHkie Ha aug-cC-pVTZ pisHi Teopii. [Tependaue-
Hi 3CyBH 4acTOT UL JIHIIHOI CTPYKTYpH, SIKa XapaKTepU3yeThCs
CHIBHUM BOJHEBHM 3B’sI3KOM MiXk a30ToM y CoNj Ta mpotoHOM
aLeTUIeHY, 00pe y3ropKyroThes 3 ekcepuMmentoM. doroauco-
miarist kommuiekcy CoNo—CoHp, sikuit okamnizoBaHuid B MaTpUIl
aprony npu 10 K, BigOyBanacst npu onpoMiHEHHi CBITJIOM 3 T0B-
xuHor xBuii 120 umM. Bumiproannst FTIR ta ab initio pospaxy-
HKH BKa3yloTh Ha yrBopenHs HC3N, HCN i, moxiBo, HCoNC
ta HNC kiHIeBHX mpoAyKTiB peakiii. Xix peakmii 3a UM Mexa-
HI3MOM € MOTEHLIHHO BXJIMBUM Ul XIMIYHUX MOJEINeH aTMoc-
¢epu Turana.

KurouoBi cioBa: aproHoBi matpuui, armMocdepa Turana, FTIR
CHEKTPOCKOITISI.
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New possible route of HC3N formation in Titan’s atmosphere

HoBbI BO3MOXHbIN NyTb oopmmpoBaHmst HC3N
B atmocdepe TutaHa

J. Mouzay, C. Assadourian, N. Piétri, T. Chiavassa,
I. Couturier-Tamburelli

Crpykrypsl komiuiekca CoN2/CoHy B TBepabIX aproHOBBIX
Marpuuax obutn uccnenoBansl ¢ nomouisio FTIR cnexrpockonuu
u ab initio pacueroB Ha aug-cc-pVTZ yposue Teopui. IIpencka-
3aHHbIE CIBUTH YacTOT JUIS JIMHEHHOI CTPYKTYpBI, XapaKTepH-
3YIOIICHCS CHIIBHOW BOJOPOIHOM CBsI3bI0 MEXAY a30ToM B CoNa

M NIPOTOHOM arleTHJIeHa, HaXO/SATCSl B XOPOIIEM COTJIACHH C JKC-
nepumenToM. Doronucconmanus komrwiekca CoNo—CoHyp, moka-
IM30BaHHOro B Marpuue aproHa npu 10 K, mpoucxomuna npu
o0irydeHnu cBeToM ¢ umHoi BonHE! 120 aM. U3mepenus FTIR u
ab initio pacuer ykaspiBator Ha obpasoBanne HC3N, HCN wu,
Bo3M0OxkHO, HCoNC 1 HNC KoHEeuHBIX IPOAYKTOB peakiuu. Xox
pEaKIMU M0 3TOMY MEXaHH3My MOTEHLHATbHO BaXKEH AT XHUMU-
YecKUx MoJeneil atMocdeps! Turana.

KiroueBrsle cnoBa: aproHoBsle Marpuibl, armoctepa TwuraHa,
FTIR cnektpockomnusi.
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