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Photochemical Synthesis of the Cyanodiacetylene HN: A Cryogenic Matrix Experiment

A. Coupeaud; R. Kotos}* I. Couturier-Tamburelli, T J. P. Aycard,” and N. Pigri* -t

UMR CNRS 6633, Physique des Interactions loniques etddtdees, Equipe de Spectrdinies et Dynamique
Moléculaires, Unversitede Pravence, Case 252, Centre de Stélae, 13397 Marseille Cedex 20, France, and
Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44, 01-224 Warsaw, Poland

Receied: September 30, 2005; In Final Form: December 8, 2005

The reactivity of intermolecular complexes cyanoacetylene:acetylene and dicyanoacetylene:acetylene, trapped
in solid argon matrixes at 10 K and irradiated with vacuum UV, has been studied. FTIR measurements,
together with?H, 5N, 13C labeling experiments and with density functional theory (DFT) calculations (B3LYP/
aug-cc-pVTZ), pointed to the formation of cyanodiacetylengN@yanobutadiyne). This synthetic route is
potentially important for chemical models of the Titan’s atmosphere.

Introduction et all”in a crossed molecular beam experiment, which consisted

) L . . of the cyanoacetylene production out of acetylene and ground-
Ever since its first detectidr8 decades ago in the molecular Y Y P y d

o . state cyano radicals CN
cloud Sagittarius B2, cyanodiacetylene #Chas become

i i 18 19
increasingly interesting as an astrochemical object. To date, the Highly unszgturated "”eaf mo_IeCI'JIes BIC(1),™ CaNa (2)‘
presence of this compound has been reported in about 20‘3‘”0I GHa (3)*" were found in Titan's atmosphere. This moon

interstellar sources. Likewise, the isotopomefid-(and 13C- is submitted to UV photons, solar wind, and cosmic rays, which
bearing) speci@é have been életected in space give rise to the rich photochemistry and radiation chemistry.

: . o . i i Lare repor
The interest in cyanopolyynes stems primarily from their Numerous experiments on the photolysis oHg are reported

current status of the heaviest unambiguously identified gaseous'n the literature. Lauter et 8l°studied the dissociation dynamics

components of the interstellar medium. Such very long rod- of acetylene irradiated at 193.3 nm and at 121.6 nm (Lyman-

P ; : - y long o) under collision-free conditions; both wavelengths led to the
shaped species are alsq very Interesting from the.purelyformation of H atoms along with 481* radicals. For HGN and
spectroscopic point of view. With regard to the Titan's CuNo, literature data suggest gas-phase reactionshHE
atmosphere, the possible importance of cyanodiacetylene waﬁ_i‘,1 —if’C N* and GN> — CN* + CoN* as major UV photolysis

H H H 3 2 3

suggested _by Cc_)II et él.folloyvmg the _detec_tlon of this channelg? UV irradiations of HGN in Ar matrixes yielded
compound in irradiated C#N, mixtures. Winnewisser et at.’ :

) , three isomerg®24*HC,NC, HNG;, C,NCH. Similar experiments
produced HEN, treating the mixture of &4, and HCN (or GH> . 22,25 L e ; . .
and acrylonitrile, CHCHN) with radiofrequency discharges. with CaN,**resulted in the formation of isomeric speciesNC

Alexander et af.and Bizzocchi et al.found laboratory routes NC’fCNnghC and %NCTH In matgxl%%penmtenés |nvol\;]|n|g
to macroscopic samples of HIE. Very recently, Guillemin et Wﬁ touE € :/Ivav%ent_g {ﬁ;ﬁi 120 rr]l,?n; 0 e_r?uct _?ES
al.1% reported on the elegant, reproducible and highly efficient Fheo rcé(; ?er:tliiae {J\e/ gtC)sI;(ra tion s ectrfﬁ;n Fo(fcégf;lslegngvz'
preparative organic synthesis of cyanodiacetylene, which led the maiﬁ rocess at> 180pnm aspinferred from the refererlltial
to large quantities of the pure compound, and opened up theformationloof isonitriles, was ’the breaking of a—(?N bond
way to missing spectroscopic investigations. Following this - N ! . ng of
synthesis, Beilan et al'! measured frequencies and absolute _(Ie_adlng to isonitriles). In addition to the isonitrile I#C, the
intensities of both IR and vaccum-UV absorption bands in broad imine HNG; was abundantly produced froinat/ > 120 r_‘m'
frequency ranges. Prior to the latter work, microwave rotational  Our recent study demonstrated that the cryogenic co-
spectra of HGN were analyzed in detail, and high-resolution deposition of3 with 1 or with 2 induced the formation of
measurements @b andy- vibrational bands were reportéd213 respective gomplexe$:3 or 2:3. The measured vibrational
More recently, Degli Esposti et & extended the study of frequency_dlfferences between separated and complexed mol-
millimeter range HEN spectra to 15 excited vibrational states. €cules pointed, when compared with the results of theoretical
Apart from the experimental Work’ advanced theory was Ca|Cu|atI0nS, to linear structures of bdtf8 and2:3. In addition
indispensabRe!315to predict the HGN geometry together with  t0 theseCo, species, characterized by a hydrogen bond between
spectroscopic parameters such as rotational constants andhe cyano group nitrogen and one of the hydrogens,ch
anharmonic vibrational frequencies_ T-Shaped123 CompleX was predicted, in which the hydrogen
The dominant mechanism for the cyanopolyynes formation of cyanoacetylent_e interacted _With theelectronic system of
in space most probably involves the collisions of electrically 2C€tylene. Energies of the linear compl@3 and of the
neutral radicals with closed-shell molecules. This was shown 1-Shaped one were (at the applied B3LYP/6-31G** theory level)
in recent kinetic modet§ and was demonstrated by Balucani identical within 0.1 kJ/mol. Indeed, matrix-isolation measure-
ments showed the coexistence of both structures.
T Universifede Provence. Here we report on a new way of cyanodiacetylene synthesis,
* Polish Academy of Sciences. which consists of the UV irradiation of molecular complexes
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1:3and2:3. The goal was to show a chemical route of potential SCHEME 1: Proposed Routes for the Photolysis of Ar
importance for the formation of cyanopolyynes in the atmo- Matrix-Isolated Complexes 1:3 and 2:3

sphere of Titan, the extensively studied Saturn’s moon. 1 3 2 3
13C-, 15N-, and?H-isotopic versions of reactants were used H§ C=C-C=N--H-C=C§{H N=C§C=C-C=N-H-C=C{H

along with those of natural isotopic contents, and the assignment

of products was possible via vibrational spectroscopy. Although ‘ A >120 nm \ A>180 nm

the results of state-of-the-art quantum chemical calcul&iéris

are available for HEN, we were obliged to obtain a uniform He+CoN + G + H NG+ CN + CoH + H-

set of predictions for all isotopomers under study; this has been

carried out at the density functional theory (DFT) level. /\ /R

Experimental Details

HCsN + Hy HC3N + CoHj HCsN + HCN 2HC;N
Pure cyanoacetylerfeand dicyanoacetylen2were synthe-
sized using slightly modified procedures of Moureu and c c
Bongrand?®2° starting from methyl propiolate and dimethyl
acetylenedicarboxylate, respectively. TH&I-cyanoacetylene
HC3N + C, + Hy HC3N + C, + HCN

115N was prepared by the introduction'8N-enriched ammonia
(Cambridge Isotope laboratories, 98%) at the appropriate stage(see for example the work of Scott and Rad®mf Palflox 3’
of the synthesis. All cyanoacetylene compounds were distilled or the extensive comparative studies by Halls et®alThe
in vacuo prior to each experiment. adequacy of this scaling factor was also verified (e.g., by Kolos
Pure acetylene3d], acetylened; (3D), and acetylené3C; and SobolewskfY) for unsaturated carbemitrogen chains.
(3'3C) were supplied by Air Liquide (purity= 99.6%), CDN
Isotop (purity 99.6%), and Sigma-Aldrich Chimie (99%), Results
respectively, and were used without further purification. Our IR spectra of co-depositel{15N)/3(3D) or 2/3(3D)-
Matrix Isolation Experiments. The details of apparatus and (313C)’ measured in Ar matrixes at 10 K, show the presence of
experimental techniques used to obtain argon matrixes in ourisplated molecules,3® 240 and3% (or their isotopomers) along
laboratory have already been descriBé@as mixtures were  wjth corresponding molecular complexes. All these species
prepared using standard manometric techniques at the followingcould undergo the photolysis when subjected to VUV irradia-
ratios: 1/3/Ar (2/1/750),1/3D/Ar (2/1/750),1"N/3/Ar (2/1/750), tions. The knowledge of photoprodu&=# arising from de-
2/3/Ar (2/1/500),2/3D/Ar (2/1/500),2/313C/Ar (2/1/500). Such  compositions ofL, 2, and3 suggested the recombination of€
concentrations guaranteed a sizable formation of molecular and GN- radicals (previously created within complexes) as the
complexes. most probable channel for the formation of ¥NC(4). Both
Gas mixtures were sprayed onto a highly polished gold-platted wavelength ranges, > 120 nm andl > 180 nm, could be
copper surface cooled to 20 K within a closed-cycle helium ysed to produce £* from 3. However, as pointed out in the
cryostat (CTI-Cryophysics). A Fourier transform IR spectrom- |ntroduction, the yield of gN* production from1 is expected
eter (Nicolet series Il Magna system 750) was used to recordto be higher witht. > 120 nm. Generally} > 120 nm radiation
the spectra in the range 400650 cntl, with a resolution of proved more effective thad > 180 nm in the photolysis of
0.125 cntl, both 1 and 2. On the other hand, recent experiments on the
Irradiation Techniques. All cryogenic samples were irradi-  photoreactivity of comple2:32 gave evidence for yet another
ated using a microwave discharggleimp (Opthos Instruments),  process afl > 120 nm, competitive to the creation of K,
which simulated the interstellar radiation field and was adapted namely the recombination ofs8" radicals into dicyanodiacety-
directly onto the sample chamber. The spectral flux of the lamp |ene NGN (followed by an isomerization of the latter com-
(operated with a steady flow of hydrogen, at 0.9 mbar) was pound). For that reason, photolysis experiments presented here
confined in the range-310 eV, being dominated by two bands  were accomplished at wavelength ranges 120 nm andl >
centered on 120 and 160 nm, approximaft@ly. 180 nm, for complexe4:3 and 2:3, respectively (Scheme 1).
Two types of VUV broad-band irradiations were employed, Irradiation of 1:3 at 4 > 120 nm.During the irradiation of
depending on photolyzed compounds. The flux of the lamp was 1/3/Ar matrixes atA > 120 nm, IR bands due tb, 3 and1:3
transmitted either through an MgWwindow (@ > 120 nm) or complexes decreased in intensity. This was accompanied by the
through the quartz windowt (> 180 nm), for samples involving  build-up of new spectral features, most of which resulted from
cyanoacetylene and dicyanoacetylene, respectively. the photolysis of separated moleculksand 3. Specifically,
Details of Calculations.Quantum chemical calculations were cyanoacetylene yielded its three higher energy isomers @INC
carried out with Gaussian 03 Rev. C.02 suite of progrédns. HC,NC, HCNG),2324 together with species CN\343 CN+,44
The equilibrium structure of HEN and the corresponding and possibly GN~.28 Acetylene decomposition led to the
harmonic frequencies of molecular vibrations (as given by formation of GHy,*> C4H*,*6 C4*7 and GH*.45a¢48
analytical second derivatives of the total energy, with respect Difference spectra (after before photolysis; Figure 1) depict
to nuclear positions) were predicted using the density functional the photolysis effects found in sampl&#r, 1/3/Ar, and 3/Ar.
theory (DFT¥? with the B3LYP hybrid exchange-correlation Only two bands appeared during the irradiations1(8/Ar,
functional3* the correlation-consistent polarized valence triple- which were present neither in photolyzétAr nor in 3/Ar.
basis set augmented by s, p, d, and f functions (aug-cc-p¥TZ), These bands, originating most likely from the photolyZe8
and standard convergence criteria. Vibrational frequencies werecomplex, appeared at frequencies 2248.5 and 21863 anmd
scaled down with a uniform factor of 0.96 to partly account for displayed the same evolution during irradiations. We attributed
the anharmonicity, incomplete inclusion of electron correlation them, correspondingly, te, andvs modes of HGN 4, on the
effects or deficiencies in the applied basis set. Published valuesbasis of the study by Haas et #.,who measured the
of B3LYP scaling factors for stretching modes are close to 0.96 wavenumbers 2256.1 and 2188 ¢hin the gas phase.
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Figure 1. FTIR difference spectra (after-before photolysis) showing Wavenumbers (cm’)
the creation of photoproducts At> 120 nm: (a)L/Ar matrix, 17 h of Figure 2. FTIR difference spectra (after-before photolysis) showing
irradiation; (b) 1/3/Ar, 21 h; (c) 3/Ar, 35 h. GO originates from the product bands arising in Ar matrixes following the photodecom-
dioxygen, present in the matrix as an impurity. position of1:3 complexes (and of their isotopic modifications\at
120 nm: (a)1:3 complexes, 21 h of irradiation; (H):3D, 26 h; (c)
15N:3, 27 h. Asterisked bands, resulting from the photolysis of

Further studies were done to confirm the identificatio of -
uncomplexed molecules, are not attributed.

First, we replaced cyanoacetylene with dicyanoacetylene (see

below). Second, we carried out the isotopic substitution experi- being not (unlike the corresponding EiCband) masked by a

ments, starting with deuterated acetylengCP(3D). A 1/3D/ very strongv; feature of the parentl. Furthermore, the

Ar matrix was irradiated afl > 120 nm. Spectral features appearance of the fourth mode4id (not detected id) matched

recognized as due to BN (4D) indeed appeared (in addition  the CCSD(T) result, according to which the IR intensityvgf

to those resulting from the photolysis of separatednd 3D should be ca. 100 times higher 4D than it was in4 (at our

molecules), but we could also see the emergence of yet anotheDFT level, this intensity increase was 50-fold). The H-to-D

product, DGN (1D), with bands at 2600.8, 2246.1 and 1964.6 isotopic shifts ofv, and v3 cyanodiacetylene bands, supplied

cm~1 (representing €D, C=N, and G=C stretching mode¥, by 1/3/Ar and1/3D/Ar experiments, are in reasonable agreement

respectively). This important reaction route, indicated by the with CCSD(T) prediction®® involving the harmonic approxima-

presence oiD, was too difficult to detect ii/3/Ar experiments, tion, and with our DFT results.

where the corresponding produtf,was identical with one of The second isotopic experiment engadgéN-labeled cy-

the reactants. anoacetylene. Irradiations of tH&°N/3/Ar sample produced,
Available CCSD(T) predictiori8 (and DFT results listed in  in addition to the usual evidence for the photolysis of separated

Table 1) permitted us to identify as many as 4 fundamental monomers, only one absorption band, at 2239.0c(Rigure

bands due ta4D: 2588.8, 2247.0, 2159.0 and 1950.5¢m  2). On the basis of thE#N-to-1>N frequency shift, which agreed

(Figure 2). Thev; (C—D stretch) of DGN was easily identified, with the theoretical value (Table 2), the band was easily assigned

TABLE 1: Vibrational Frequencies (cm~1) for HCsN and DCsN, As Measured Following the Photolysis of 1:3(3D) and 2:3(3D)
Complexes in Ar Matrixes, and Compared to DFT Values (Harmonic, Downscaled by 0.98)

experiment theory B3LYP aug-cc-pVY¥Z
HCN DCN HCsN DCsN
modes vy (cm™) vp (cm™2) Yy — ¥p vu (cm) I vp (cm™) I Yy — vp
V1 3317.3 2588.8/2589.3 728.0 3320.9 120 2581.6 52 739.3
v 2248.8/2249.F 2247.0/2248.3 1.9/1.4 2255.2 98 2254.9 100 0.3
V3 2186.%/2186.5 2159.0/2159.06 27.8/27.5 2191.9 2 2169.3 5 22.6
1950.%/1956.F 2061.3 <1 1950.6 10 110.7

V4
2 See Table 3 for experimental IR intensiti@grom cyanoacetylene-containing complex&srom dicyanoacetylene-containing complexei
intensitiesl in km/mol.
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TABLE 2: Vibrational Frequencies (cm~1) for HC s!®N and H3C,C3N, As Measured Following the Photolysis of #N:3 and
2:313C Complexes in Ar Matrixes, and Compared to DFT Values (Harmonic, Downscaled by 0.98)

experimerit theory, B3LYP aug-cc-pVTZ
HCs!5N¢ H13CsNe HCs!5N H13CsN
modes v (cm?) | Av v (cm™) I Av v (cm?) | Av v (cm?) I Av
V1 3288.9 35 28.4 3320.9 120 0 3303.5 120 17.4
V2 2239.0 100 95 2248.1 100 1.6 2246.2 98 9 2254.6 96 0.6
V3 - - 2181.5 39 5 2179.4 <1 125 2173.9 2 18
Vs 2056.3 <1 5 2004.7 1 56.6

2 Av values are isotopic frequency differences related to the normal isotopbtReintensitiesl of most intense bands arbitrarily taken as 100.
¢IR intensitiesl in km/mol. ¢ From 1*N/3/Ar mixture irradiation.® From 2/3°C/Ar mixture irradiation.

spectrum was reduced to just one band found the explanation
in DFT results. Indeed, spectral features duestandv, modes
of 415N are expected to be very weak. Moreover, theband
was unavoidably concealed by the intenseHC stretching (c)
fundamental of the parerfN.

Irradiation of 2:3 at 4 > 180 nm.Photolysis of the2/3/Ar
mixture at4 > 180 nm resulted in the decrease of bands assigned
to 2, 3, and to the complex speciea3. Apart from the
irradiation products coming from separated molec@lesd3, @)
the characteristic bands of H€ 1 appeared at 3313.6, 2268.4
and 2076.6 cm!. We observed also the appearance of a band
at 3305.8 cmt in the acetylene €H stretch range, recognized
asv; of HCN.5? In addition to these, product bands at 3317.3,
2249.7 and 2186.5 cm (Figure 3) developed, assigned by us

to cyanodiacetylend. Noteworthy, this experiment presented
no obstacles to the detection of the-B stretching bandsf) WWWWW\MWW (c)
of 4. The knowledge of its frequency, and of the value 4

previously measured fofD in the 1/3D/Ar experiment, gave nnuz[

us the corresponding H-to-D isotopic shift, which agreed well '

with the CCSD(T) theoretical predictidfi,and with the value
given by DFT, listed in Table 1.

Next, the 2/3/Ar study was extended with experiments
engaging isotopically labelled acetylene, eithelCP(3D) or

H,13C, (3'°C). Photolysis of2:3D led to the development of

DCsN bands at 2600.8, 2245.5 and 1964.4 énDCN®! bands WW (@)
at 2622.7 and 1946.7 crhy and the features centered at 2589.3,

2248.3, 2159.0 and 1956.1 ci(Figure 4), which we assigned 2256 2254 2252 2250 2248
to 4D. In Table 3, cyanodiacetylene fundamentals observed Wavenumbers (cm™)

following the photolysis of dicyanoacetylene-bage8 (2:3D)
complexes are compared to those resulting from cyanoacetylene-
bearing specie&:3 (1:3D). Generally, vibrational frequencies (c)
of 4 (4D) were slightly, yet measurably, sensitive to the identity
of the *C3N moiety donor (either mono- or dicyanoacetylene),
which can be explained by the inequality of matrix sites in both
cases.

The photolysis oR:3'3C (Figure 4) resulted in the develop-
ment of three absorption bands, situated at 3288.9, 2248.1 and
2181.5 cm!, which we assigned to the 1FC,CsN (413C)

isotopomer of cyanodiacetylene. Moreover, we observed the
growth of an additional band in the CN stretching region, at %WW\WWM (@)
2264.5 cmil. This feature, shifted by 4.5 cmh toward lower

frequencies with regard to the, band of HGN, can be 2195 2150 5185 2180

tentatively identified as coming from the isotopomerE,CN Wavenumbers (cm™)

(13C). Although the agreement with DFT predictions is rather Figure 3. FTIR difference spectra (after before photolysis) showing
poor in this case, the proposed assignment is strongly supportedhe creation of photoproducts.at- 180 nm: (a)2/Ar matrix, 26 h of

by the fact that we did not detect any spectral traces of normal irradiation; (b)2/3/Ar, 22 h; (c) 3/Ar, 13 h.

isotopomeresl and 4 when photolyzing2:3'3C complexes; . )

instead, the red-shifted bands (presumablyl'8€ and 413C) Discussion

were observed, with intensities similar to those in previous The compounds responsible for the synthesis of cyanodi-
experiments involvin@:3. acetylene in irradiated matrixes are most likely the neighboring

to the v, mode of 415N. The fact that the detectabi>N |: CiH
0.01

4 5 HCN
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TABLE 3: Cyanodiacetylene (4, 4D) Vibrational Frequencies (Ar Matrixes) Measured Following the Photolysis of Complexes
1:3(3D), Compared to Those Coming from the Photolysis of 2:3(3B)

HCsN DCsN
1/3/Ar 2/3/Ar 1/3D/Ar 2/3D/Ar
modes VH1 (cm*l) | VH2 (cm*l) | VH2 — VH1 Vp1 (Cmfl) | VD2 (cm*l) | Vp2 — Vp1
21 3317.3 30 2588.8 19 2589.3 21 0.5
vy 2248.5 100 2249.7 100 1.2 2247.0 100 2248.3 100 1.3
V3 2186.5 22 2186.5 32 0 2159.0 22 2159.0 27 0
1950.5 35 1956.1 55 5.6

Va

aFrequency differences in rightmost columns for each isotopomer reflect inequality of matrix sites originating from cyano- and dicyanoacetylene-
containing molecular complexes. IR intensitiesf most intense bands arbitrarily taken as 100.
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Figure 4. FTIR difference spectra (after before photolysis) showing
the product bands arising in Ar matrixes following the photodecom-
position of2:3 complexes (and of their isotopic modificationsylat

180 nm: (a)2:3 complex, 26 h of irradiation; (4:3D, 24 h; (c)2:31°C,

molecules1 (or 2) and 3, loosely bound in bimolecular
complexesl:3 and2:3. Absorptions of energetic vacuum-UVv
photons by either of the two chromophores present within a
complex destruct or modify the original intermolecular bonding.
Furthermore, the creation of transient molecular fragments, like
H*, C,H*, CN* and CN takes place. The matrix cage effect,
together with the close vicinity of potential reactants, stimulates
recombination reactions between the radicals, or the reactions
between radicals and closed-shell molecules.

At 1 > 120 nm, C-H bonds can cleave it and in3. At
A > 180 nm, the opening of one-&H bond is expected i,
and the major process f& consists of the breaking of one
C—CN bond. During the irradiation of complexé&s3 and2:3
(and of their isotopic modifications) at, respectively> 120
nm andA > 180 nm, we observed the formation of the same
product: cyanodiacetylene. It is presently not possible to
elucidate the sequence of particular intra- and intermolecular
geometry changes leading to disparate processes within our
matrix-isolated molecular complexes. However, it is reasonable
to envisage the cyanodiacetylene molecule as created via the
recombination of @H* and GN* (Scheme 1, path A). The
transient presence of this pair of radicals implies also the
emergence of a complementary pairthat of two H atoms
for 1:3, or of H and CN for 2:3, with corresponding
recombination reactions. We had no technical means to detect
small quantities of matrix-isolated,;HHowever, we did observe
the creation of HCN from photolyze®:3. This is consistent
with path A.

Still, the evidence acquired from isotopic studies excludes
the simplest picture, in which stable products would correspond
to all possible “exchanges of radicals” between the components
of a given bimolecular complex. Deuterated cyanoacetyléhe
appeared in the photolysis of boih3D and2:3D complexes.
Formally, this compound could be formed following the
recombination of the acetylene Btom with GN* (Scheme 1,
path B). On the other hand, for tHe3D photolysis, such a
path would involve the existence of a complementary paid°C
and H, probably combining into €4D. Monodeuterated
acetylene was not observed, which makes route B unlikely.
Further arguments against it come from the photolyzed complex
2:313C. Path B implies two alternative recombination reactions
leading to cyanoacetylene: eithesNC + H* or 13C,H* + CNr,
and thus the production of H8 along with H3C,CN. Only
one isotopomer, HC,CN, was in fact detected.

Given these pieces of evidence, it is rational to propose the
photolysis of HGN (Scheme 1, path C), as the most likely route
toward cyanoacetylene in our experiments. This would require
the feasibility of photoreaction Hl — HC3N + C; at both
wavelength ranges used ¢ 120 nm andl > 180 nm).

It is of interest to compare our IR measurements4of

24 h. Asterisked bands, resulting from the photolysis of uncomplexed Photochemically generated in solid Ar, to the gas-phase

molecules, are not attributed.

vibrational spectrum of cyanodiacetylene, thus far the most
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TABLE 4: Major IR Absorption Features of Gaseous
Cyanodiacetylene, Compared to Those Detected in
UV-Irradiated Ar Matrixes Containing C 4sN,/C,H>»

formation of cyanodiacetylene in UV-induced reactions within
Ar matrix-isolated bimolecular complexes: cyanoacetylene:
acetylene and dicyanoacetylene:acetylene. The similarity of

Complexes processes observed for both complexes pointed (together with
HCsN the results ofH, 15N, and3C isotope substitution studies) to
gas phase Ar matrix® the recombination of short-living £1* and GN* radicals as the
mode v (em ) |d v (cm ) le most likely route toward HEN. Additionally, the photodecom-
1 C—H stretch 3333 R 100 33173 20 posmo_n of H_Q,N, W|th_ HC3_N being a product,_wa_s_ observed.
3322 P Reactions disclosed in this study may be significant for the
2vs overtone 2339 R 11 not found chemistry of Titan’s atmosphere, where acetylene and cy-
2330P anoacetylene are important constituents.
v, C=N stretch 2257 R 52 2249.7 100
B 2248 P Acknowledgment. The work was supported by the Polish
vs C=C stretch 221%%2555 11 2186.5 32 Committee of Scientific Research, grant No. 3 TO9A 077 27.
2y, overtone 1276 R 30 not found Authors wish to thank Prof. Marie-Claire Gazeau and Dr. Yves
1267 P Bénilan (Laboratoire Inter-Universitaire des Sysies Atmo-
v7 bend 642.2 75 out of range spheiques, Cféeil, France) for the access to unpublished IR

aReference 11° Values obtained fror:3 photolysis. In resonance
with v3 + vs. 9 Intensities, relative te; (the strongest band in the gas
phase; ca. 280 atrhcm™2) arbitrarily taken as 10C: Intensities, relative
to v, (the strongest band in the matrix) arbitrarily taken as 100.

TABLE 5: IR Frequencies and Intensities of Cyanoacetylene
Absorption Bands (Ar-1 = Gas Phase Molecules Trapped in
Solid Argon; Ar-2 = Molecules Photochemically Produced
within C4N,/C,H, Complexes in Solid Argon)

HCsN
gas phase Ar-1° Ar-2
mode viecm™He 19 pyem?dH 19 y(em?) |

v, C—H stretch 3336 R 100 3315 100 3314 50
3318 P

v, C=Nstretch 2279R 14 2269 12 2268 100
2263 P

v3 C=C stretch 2085 R 3 2076 6 2076 6
2068 P

2vs overtone 1322R 25 1318 15 not found
1305 P

vs CCH bend 663 73 665 59 not found

aReference 52° Reference 23 Maxima of rotational branches.

d Relative intensities in comparison to the strongest band arbitrarily

taken as 100.

complete one, obtained at @ed at Laboratoire Inter-Univer-
sitaire des Systaes Atmospheques?! (Table 4). Though the
weak feature 25, missing from present matrix spectra4fis

most likely hidden in noise due to the absorption by atmospheric

CO,, reasons for the absence of;2band have to be more

complex. A possible explanation is suggested by the IR spectrum

of HC;3N, resultant from the photodecomposition of H\C

(Scheme 1, path C). Table 5 lists major IR features of molecule

1; an intense bending bang, normally observed in HEN gas,

and in1/Ar matrixes (at 667 cm), was missing (together with
its first overtone) from the spectrum of HE newly created
from 4. We may speculate that molecdleonce formed out of
recombining transients 8°* and GN*, occupies a tight matrix

site, i.e., the one not allowing for much bending movement.
This site is expected to be strongly influenced by the vicinity

of another reaction product,tér HCN (Scheme 1, path A, cf.
Table 3). Thus the microenvironment of any given molecule
(or, onced is photolyzed, of its daughter speciBsis probably

spectra of cyanodiacetylene.
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