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The rotational spectra of the three carbon chain molecules vinyldiacetffienrel-ene-3,5-diyne,

CgHy), vinyltriacetylene(oct-1-ene-3,5,7-triyne, §£,), and its cyano analog vinylcyanodiacetylene
(1-cyanohex-5-ene-1,3-diyne ;i8;N) have been observed for the first time by Fourier transform
microwave spectroscopy of a supersonic molecular beam. The molecules were observed as products
of an electrical discharge through selected precursor mixtures: ethylene/diacetylene and
vinylacetylene/diacetylene for the pure hydrocarbon molecules and vinylacetylene/cyanoacetylene
for vinylcyanodiacetylene. The measurements yield precise sets of rotational constants that compare
very well with theoretical constants obtained by quantum chemical calculations at the B3LYP/
cc-pVTZ level of theory. Since these three carbon chains are similar in structure and composition to
known astronomical molecules and because of their significant polarity, all three are candidates for
radio astronomical detection. @005 American Institute of PhysidDOI: 10.1063/1.1893920

I. INTRODUCTION (see Fig. 1—all of which have fairly large dipole moments
and are of significant astronomical interest—are sparse.
Carbon chain molecules constitute the majority of Shorter members such as vinylacetylé€Bg and vinyl cya-
the more than 130 molecules detected in interstellar cloudside (2)—dihydrogenated forms of diacetylerié) and cy-
and circumstellar shelfs. Of these, the cyanopolyynes anoacetylene(1)—are well studied molecules in the
H—(C=C),,—C=N are especially prominent with those up Iaborator)f:,"9 vinylcyanide(2) also being very prominent in
to n=5 detected in the rich dark cloud source TMGAs a  space'’ A dihydrogenated form of triacetylene, hex-3-ene-
result, cyanopolyynes have attracted much attention id.5-diyne has been studied in the laboratory by microwave
the laboratory and chains up to=8 have been detected spectroscopy: Moreover, three dihydrogenated forms of cy-
by means of Fourier transform microwavéFTM) anodiacetylene_, H{MN, have been studied by means of mi-
spectroscopy. Their pure hydrocarbon analogs, the poly- crowave techniques: 1-cyano-but-3-ene_-1_-%/4ne as well as the
acetylenes HEC=C),—H, lack a permanent electric dipole cis-/transisomers of pent—2—en—4—ynen|tr|fé. As far as we

moment and therefore cannot be investigated by rotationdi" tell, no spectroscopic data on other partially hydrogen-

spectroscopic techniques in the laboratory or observed wit tlia?hpolyarl;:eltyler:es a:nd clyan%piolyyrr]]z? dh?\/e(fzfj?r)] reported.
large radio telescopes in space. Despite this limitation, difronor?]?(?al doe?eccl:JtiEf\ ai\?eﬁ ?hues rsrrfiienc:c?fs‘lthe ur?s;[irate d

acetylene, HEH, was detected for the first time in the infra- 9 P

- . arent species in space. Astronomical detections of those
red in Titan's atmosphere with a spectrometer aboard th P P

4 . olecules could provide important constraints on astro-
Voyager spacecraltSince then, diacetylene and longer poly- chemical models and improve our understanding of the for-

acetylenes have eluded further astronomical detection untjl,ii;\, of complex organic molecules in interstellar clouds
recently Cernicharet al? reported on the detection of vibra- and circumstellar shells. In the present investigation, com-
tional bands from diacetylene and triacetylene,sHON the  ,4nds derived from formal dihydrogenation of the terminal
protoplanetary nebula CRL 618 employing the Infraredethynyl group in selected polyacetylenes or cyanopolyynes
Space Observatory, ISO. In the laboratory, polyacetylenefave been investigated in a molecular beam by means of
have been subjects of spectroscopic investigation for mangourier transform microwave spectroscopy: vinyldiacetylene
years, mainly due to their importance as constituents of planc10), vinyltriacetylene(12) (derived from triacetylene and
etary atmosphereﬁsRecently, Pincet al. reported the labora- tetraacetylene, respectivelyand vinylcyanodiacetylenés)
tory detection of polyacetylenes as heavy as,#fby ultra-  1-cyanohex-5-ene-1,3-diyne, derived from MG see
violet spectroscopy. Fig. 1).

In contrast, spectroscopic data on partially hydrogen-

ated forms of longer cyanopolyynes or polyacetylenes, expeRIMENTAL AND QUANTUM CHEMICAL
CALCULATIONS

dElectronic mail: sthorwirth@cfa.harvard.edu . . . .
bpresent address: Department of Chemistry, University of New Hampshire, 1€ FTM spectrometer used in the present mvestlg_atlon_
Parsons Hall, Durham, NH 03824. operates between 5 and 42 GHz and has been described in
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experimental setup, each observed transition is split into two

H . i
[PEE— +2H . N =N Doppler components since the molecular beam is parallel to
1 H—(/ 2 the two traveling waves that compose the confocal mode of
the Fabry—Perot cavity of the spectrometer.
H The precursor gases in the present investigateihyl-
A—=——=—=N ———> /= =N ene, GH, diacetylene, HGH; vinylacetylene,
3 H 4 H,C—=CH-C=C-H; and cyanoacetylene, H&) were
H subjected to the discharge in the presence of a large excess of
Hee e =— =N ——» = — -\ Ne (~99%). The stagnation pressure behind the pulsed valve
5 n— 6 was typically 3.5 atm and the discharge potential was 1-1.3
H kV.
_ ooH The quantum chemical calculations of rotational con-
HT7"—"_H " H_(/ —8— H stants and dipole moments reported here were done with the
H standard program packageussiANo3 (Ref. 16 using the
H density functional theoryDFT) version B3LYP (Ref. 17
H——=——=—H > =N and Dunning’s correlation consistent polarized valence basis
9 = 1o set cc-pvTZe
_ H . RESULTS
H—e——====H — e — |
11 H i' 12 A. Vinyldiacetylene, H ,C—=CH—(C=C),~H

Vinyldiacetylene (hex-l-ene-3,5-diyne,10) has been

FIG. 1. Molecular structures of cyanoacetylenes and polyacetylenes andnown to chemists for some 50 yeé?§,0 but surprisingly
th_eir vinyl derivatives obtained through formal dihydrogenation of the ter- jittle is known about its spectral properties in the gas phase.
minal ethynyl group. .

Only a UV absorption spectrifthand a resonant two-photon

ionization spectrur’ﬁ have been reported to date. Very re-
detail elsewheré® Briefly, transient molecules are produced cently, a high-resolution electronic spectrum of the structur-
in a small electric discharge in the throat of a pulsed nozzlally similar GH, radical cation has been obtain®d.
through a stream of organic precursor gases heavily diluted In the present investigation, the pure rotational spectrum
in a buffer gas(typically Ne). Free expansion from the of vinyldiacetylene has been recorded for the first time by
pulsed nozzle into a large vacuum chamber forms a supemeans of high-resolution FTM spectroscopy in a discharge
sonic beam traveling at approximately Mach 2. Rotationathrough ethylene, §&H,, and diacetylene, H{E. The spec-
transitions of molecules present in the beam are excited by @oscopic search was guided by thk initio rotational con-
short pulse of resonant microwave radiation. The line emisstants given in Table I. To tighten the frequency predictions,
sion from the coherently radiating molecules is then detectethe theoretical constanss, B, andC, were subjected to an
by a sensitive microwave receiver, and Fourier transformaempirical vibrational correction done as follows: scaling fac-
tion of this free induction decay yields the power spectrum intors were obtained from a comparison of the experimentally
the frequency domain, i.e., the line profile. In the presentderived rotational parameters of the structurally very closely

TABLE I. Molecular constantgin megaherty of vinylcyanodiacetylené4) and vinyldiacetyleng10).

H,C—CH-C=C-C=N (4) H,C—CH~C=C),~H (10
Parameter Experimenfal  Ab initio” sf° Ab initio” s¢ Experimenta
A 39 922(5) 41 404.2 0.964 42 005.8 40 493.6 40 49).
B 1376.633 509) 1381.3 0.997 1369.4 1365.3 1 365.081)3
C 1329.746 98) 1336.7 0.995 1326.1 1319.5 1319.54P3
D,x 10° 0.106 32) 0.101a2)
Dy X 10° —29.5179) ~30.032)
dy X 10P ~15.32) ~14.62)
rms 0.0012
wrmg 0.58
1 0.76
,U,bg 004

*Reference 12.
PB3LYP/cc-pVTZ.

Scaling factors, see text.
Scaled constants.

®This work.

‘Weighted rms(dimensionless
9In debye(B3LYP/cc-pVT2.
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Relative Intensity
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FIG. 2. Microwave spectrum of vinyldiacetylene showing the lowg~1 component, thé&,=0 component, and th&,=2 asymmetry doublet of the

J=5-4 rotational transition at 13.4 GHz. The spectrum is a composite of single spectra recorded with a step size of 400 kHz. 250 cycles were awtraged at ea
setting of the Fabry—Perot cavity. The repetition rate was 6 Hz and the length and polarization power of the microwave pulses appliexianere 1L m\W,
respectively.

related compound vinylcyanoacetylefiecyanobut-3-ene-1- In total, 50a-type transitions were measured in the fre-
yne, 4) (Ref. 12 and the corresponding theoretically calcu- quency range 8-40 GHz covering the rotational quantum
lated molecular paramete(Fable ). Scaled rotational con- numbers 2J<15 and 0<K,<2. The data are summarized
stants for vinyldiacetylene were obtained by multiplying in Table II. Line fitting was done with Pickett’'s program
these correction factors with the equilibrium parameters obSPFIT (Ref. 249 employing a Watson Hamiltonian in th&
tained from theory. Based on these empirically derivedeductioﬁsyielding the set of molecular parameters given in
ground state rotational constants, vinyldiacetylene wadable I. As can be seen, the empirical vibrational correction
readily identified in a search at 13.4 GHz for tie5-4  worked out very well: The calculatgequilibrium) rotational
transition, which yielded the spectra shown in Fig. 2. constants for the isovalent vinylcyanoacetyléhematch the

TABLE Il. Experimental rotational transition frequencies of vinyldiacetyldire megahertg and residuals
o-c (in kilohertz).

JK;,KC"JK;’,K’C’ Frequency o-c JK;’KC,—JK;K,C, Frequency o-C
31521, 7 985.7076 -0.7 87726 21 478.2207 2.2
30520, 8 053.7004 -0.6 86725 21 481.5537 -0.8
317211 8122.3223 0.1 Br716 21 658.5908 -0.8
4, 4315 10 647.5552 0.1 981g 23 955.8320 -15
4 4305 10 738.0698 -15 %5805 24 156.5527 0.0
4,53, 10 739.4004 1.8 958, 24 162.7656 0.4
4,735, 10 739.7949 -1.0 % 78,6 24 167.5293 -11
4,43, 10 829.7041 0.5 9817 24 365.5898 0.1
5, 5414 13 309.3540 0.0 10596 26 617.2173 1.4
505404 13 422.2730 0.0 Wir % 26 839.2813 0.4
5,445 3 13 424.1816 1.1 10,9, 4 26 847.2324 1.7
5,545 13 424.9717 -3.3 10,49 4 27 072.4729 0.5
5, 4413 13 537.0347 0.7 1110 10 29 278.4795 -0.6
6,651 15 971.0942 1.1 Thr10 10 29 521.5879 -0.8
60,6505 16 106.2647 0.7 1,510, 29779.2271 0.8
6,557.4 16 108.9180 0.9 12711 1 31 939.6162 15
6,.452.3 16 110.3057 -1.7 121719011 32 203.4356 1.0
6,551 4 16 244.3018 1.1 1211, 10 32 485.8369 -15
717616 18 632.7598 -0.7 13 15712, 4, 34 600.6074 -13
707606 18 790.0020 -0.3 13151215 34 884.7754 -1.6
726625 18 793.5987 -0.7 13 1712 1 35192.2949 -0.2
705654 18 795.8223 ~1.4 14 1413 15 37 261.4532 2.4
To661s 18 951.4903 ~0.6 1410131 37 565.5743 -0.5
815717 21 294.3448 0.3 1513, 1, 37 898.5840 1.0
805707 21 473.4473 1.4 15514 14 39922.1289 -1.3

*Estimated experimental uncertaintigsr) are 2 kHz.
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TABLE Ill. Molecular constantgin megahertz of vinylcyanodiacetylené€6) and vinyltriacetyleng12).

H,C—CH~C=C),~C=N H,C—CH—AC=C)s—H
Parameter Experimental  Ab initio® st Ab initio® s¢ Experimental
A 36 061(41) 37 280.4 0.967 37736.5 36491.2 36 35D)

B 569.198 745) 572.2 0.995 573.4 570.5 570.6@39
C 560.089 145) 563.5 0.994 564.9 561.5 561.532D
D;x 10° 11.656) 11.32)

Dy X 10° —14.574) —14.627)

d, X 10° —~1.324) —1.4(1)

Xaa —4.21)

Xob 212

rms 0.0012 0.0008
wrmg’ 0.58 0.40

s 6.12 1.05

s 0.15 0.08

*B3LYP/cc-pVTZ.

bS(:aling factors, see text.
‘Scaled constants.
dWeighted rmgdimensionless
In debye(B3LYP/cc-pVT2.

ground vibrational state constants obtained by FTMbeen previously reported. In a search guided byathénitio
spectroscop to within 1%. Employing the empirical vibra- rotational constants in Table Iil, the molecule was detected in
tional correction on vinyldiacetylen@0) yields a value for g discharge through a mixture of vinylacetylene and cy-
the scaled rotational constaf®+C)/2 of 1342.4 MHz dif-  anoacetylene. A sample survey spectrum showing the initial
fering by only 100 kHz or 0.01% from the experimental getection of vinylcyanodiacetylene via ifs=7, 760 rota-
value of 1342.3 MHz. The weighted rms of 0.5 shows thatjqon4) transition is shown in Fig. 3 where the nitrogen hyper-

the data are reproduced to within the estimated experimentgl s sy,cture is clearly resolved. Table IV summarizes the
errors of 2 kHz. The quartic centrifugal distortion constants

D;, Dk andd; also agree very well for both molecules,
owing to the close structural similarity of the two.

ata for the 42 measured rotational transitions and Table llI
gives the fitted spectroscopic constants. The derived
(B+C)/2 of 564.6 MHz agrees with the theoretical equilib-
rium value of 567.9 MHz to better than 1%. Most of the lines
of vinycyanodiacetylene show distinct nitrogen hyperfine
structure yielding the nuclear quadrupole coupling constants
Vinylcyanodiactylene  (1-cyanohex-5-ene-1,3-diyne, xaa @ndxy, in Table lll. These values are very close to those
hept-6-ene-2,4-diynenitrileg) has to our knowledge not of the shorter chain vinylcyanoacetyletfeThe difference of

B. Vinylcyanodiacetylene, H ,C=CH-(C=C),-C=N,
and vinyltriacetylene, H ,C=CH-(C=C);-H

. : ' | | | | | ' l ' I I I
j n__1b
H————F+———=N— w # §: _ :
a \( & a
| H
s T 1T
c
o
£
2
s
o)
1
A..---“""7s§5_8 78960 7896.2 79048 79050 J
S— T | W T
1 . I I I I I I ‘ | I
7895 7900 L
Frequency / MHz

FIG. 3. First laboratory detection of vinylcyanodiacetylene showinglth&, -6, ¢ rotational transition at 7905 MHz. This transition is closely accompanied
by the corresponding transitialx7-6 of cyanotriacetylene, HB®l, at 7896 MHz, a molecule also being produced in the discharge. The figure also shows the
molecular structures and their orientations in #fiemain inertial plane. Despite the greater mass of the vinyl compound, the small rotation aboubaire
inertial axis(which stands perpendicular on the plang is sufficient to lower the moment of inertia about theaxis compared to H@N, and leads to a
slightly larger effectiveB=(B+C)/2 in vinylcyanodiacetylenésee text In addition to Doppler doubling, nitrogen hyperfine structure is clearly present. The
experimental conditions to obtain this spectrum were the same as those in Fig. 2 except that the polarization pevi€r Vs
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TABLE IV. Experimental rotational transition frequencies of vinylcyanodiacetyl@gmenegahertg and residual®-c (kilohertz).

Ji;;,K;'J;;;’,K’r’ F'-F" Frequency o-c J}L;,K;"]&g,@ F'-F" Frequenc§ o-c
60,6505 5-4 6775.6248 0.7 12111 30 11-10 13 606.2446 -05
60,6505 65 6 775.6545 -1.3 12 11114 10 12-11 13 606.2446 -05
60,6505 7-6 6 775.6724 0.4 12111, 50 13-12 13 606.2569 1.7
717616 7-6 7873.2786 -1.0 13 1512 5, 12-11 14 621.6573 -1.0
717616 65 7 873.2898 0.6 13512 1, 13-12 14 621.6573 -1.0
717606 8-7 7873.3165 -11 13 15712, 1, 14-13 14 621.6685 1.6
707606 6-5 7.904.8794 0.4 13512 1 12-11 14 679.9947 -1.9
707606 7-6 7 904.8997 -1.3 13,1512 1, 13-12 14 680.0020 0.0
o760, 8-7 7904.9121 -1.2 13,1512 1, 14-13 14 680.0074 1.3
716615 7-6 7 937.0425 -0.6 13 1712 12-11 14 740.0581 -11
716615 65 7 937.0545 1.4 13712, 1, 13-12 14 740.0581 -11
716615 8-7 7 937.0794 -15 13 1,12, 1, 14-13 14 740.0708 3.1
815717 8-7 8 998.0283 —0.7 14171315 13-12 15 809.0987 ~16
815717 7-6 8 998.0347 1.1 Wrl3 s 14-13 15 809.1084 1.6
815717 9-8 8 998.0552 -0.9 14, 1,13 15 15-14 15 809.1084 1.6
805707 7-6 9034.1162 0.4 14513, 1, 13-12 15 873.8624 -0.9
805707 8-7 9034.1304 -15 14 713, 1, 14-13 15 873.8624 -0.9
805707 9-8 9034.1421 0.5 14513, 1, 15-14 15 873.8711 0.6
817716 8-7 9070.8999 ~0.4 1815140 14 14-13 16 938.1758 0.3
87716 7-6 9070.9058 0.7 P51 14 15-14 16 938.1826 15
8. 716 9-8 9070.9277 0.5 15514 14 16-15 16 938.1826 15
9, 4814 9-8 10 122.7725 1.1 15414 1 14-13 17 007.6563 -05
96815 8-7 10 122.7725 1.1 15414 1 15-14 17 007.6563 -05
9, ¢85 10-9 10 122.7901 -05 15 1,14, 1 16-15 17 007.6651 2.1
%5808 8-7 10 163.3350 0.8 16615, 15 15-14 17 995.7305 -0.1
%580 9-8 10 163.3448 -1.8 16 1615, 15 16-15 17 995.7305 -0.1
%580 10-9 10 163.3545 0.1 16615, 15 17-16 17 995.7373 1.2
9,48, 9-8 10 204.7490 ~1.0 161615015 15-14 18 067.2237 0.2
9, ¢817 8-7 10 204.7490 -1.0 16,1615 15 16-15 18 067.2237 0.2
9,481 7 10-9 10 204.7666 —24 161615015 17-16 18 067.2237 0.2
10,169 ¢ 10-9 11 247.5049 0.2 17716, 16 16-15 19 120.3994 -0.9
10,169 ¢ 9-8 11 247.5049 0.2 17716, 16 17-16 19 120.3994 -0.9
10,1091 0 11-10 11 247.5186 -1.3 17,1716, 16 18-17 19 120.4053 0.2
105,109 9-8 11 292.5352 2.0 127160 16 16-15 19 196.2354 0.3
105,109 10-9 11 292.5415 ~1.4 1%,17160.16 17-16 19 196.2354 0.3
10y.169%.0 11-10 11 292.5503 0.9 37716016 18-17 19 196.2354 0.3
10,49; 5 10-9 11 338.5899 -0.0 1716164 15 16-15 19 275.2080 -0.9
10,49 ¢ 9-8 11 338.5899 -0.0 17,1616, 15 17-16 19 275.2080 -0.9
10,59 ¢ 11-10 11 338.6036 ~14 17,1516, 15 18-17 19 275.2149 12

11,1710, 10 11-10 12 372.2305 -0.1 18 1517 17 b 20 245.0586 -1.3

11,1710, 50 10-9 12 372.2305 -0.1 181517017 b 20 325.2129 0.6

11,1710, 50 12-11 12 372.2437 0.8 18:17 16 b 20 408.9668 -0.8

11917100, 10 10-9 12 421.7090 -21 19,1518 15 b 21 454.1543 1.4

11517100, 10 11-10 12 421.7183 -0.7 20 501%,19 b 22 583.0557 0.6

1191110y, 10 12-11 12 421.7266 2.1 23120, 50 b 23 618.9590 15

11, 1510, 10-9 12 472.4219 0.1 23205 20 b 23 711.9160 -08
11 1510, 11-10 12 472.4219 0.1 23520, 16 b 23810.1524 ~1.4
11, 1510, o 12-11 12 472.4346 0.6 22-21, 5 b 247435616 -0.9

12y 1711, 1, 11-10 13 496.9478 -0.9 2227210 21 b 24 840.7344 -15

12,1711, 1, 12-11 13 496.9478 -0.9 22 51211 20 b 24 943.8526 0.8

12,1711, 1, 13-12 13 496.9605 1.6

12517119 1, 11-10 13 550.8647 -15

12517119 1, 12-11 13550.8726 -0.1

1251711 1, 13-12 13 550.8784 1.0

*Estimated experimental uncertaintigisr) are 2 kHz.

PHyperfine structure not resolved.
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TABLE V. Experimental rotational transition frequencies of vinyltriacetyldite megahertg and residuals
o-c (kilohert2).

J»;;.KC"J;;Q.K;' Frequenc§y o-c J’;Ach’_J;!Ké’ Frequency? o-c
6,651 5 6 765.8169 0.7 181512, 1, 14 659.0767 0.9
60,6505 6792.7876 -0.2 131512, 14 717.1319 -06
6,514 6 820.2029 -0.3 13 1712 1 14 776.8941 -0.5
717616 7.893.4419 -0.2 14 1413, 15 15 786.6548 -0.2
707605 7.924.8899 1.0 dhe13,13 15 849.0942 0.1
To660s 7 956.8928 0.2 1713, 1, 15913.5318 ~0.6
815717 9 021.0630 -0.3 15 1514, 14 16 914.2246 -0.3
805707 9 056.9761 0.1 151514014 16 981.0283 0.5
8, 7716 9 093.5767 -0.1 15 1514 15 17 050.1611 1.3
9,481 10 148.6807 1.6 16,515, 15 18 041.7862 1.4
%.580.5 10 189.0479 0.8 161515 15 18112.9317 0.0
9,48, 10 230.2559 0.8 16515, 14 18 186.7754 -0.7

10,1691 0 11 276.2859 -31 17,1716, 16 19 169.3330 -11
1051690 11 321.0996 -038 1% 17160 16 19 244.8037 0.0
10,49, ¢ 11 366.9268 0.0 17516, 15 19 323.3809 0.3

11, 1110, 5 12 403.8921 -0.1 18,1517 17 20 376.6416 -03

1191110y 10 12 453.1338 0.1 19518 16 21508.4434 -0.9

11, 15104 o 12 503.5909 -0.2 20 201% 10 22 640.2100 1.1

12,1711 1 13 531.4888 0.8 1205 20 23771.9336 -0.2

12917119 11 13 585.1446 -0.5

12, 1111, 10 13 640.2471 -0.2

*Estimated experimental uncertaintigisr) are 2 KHz.

(B+C)/2 of vinylcyanodiacetylene anél of linear HGN is  the b-type dipole moment components, are calculated to
only 600 kHz(564.6 vs 564.0 MHgwhich explains why the be very small for all three molecules, of order 0.15 D for
J=75 7606 and J=7-6 transitions can be found together in vinylcyanodiacetylene ane0.1 D for the two pure hydro-
the narrow survey scan shown in Fig. 3. carbons. The magnitudes of thetype dipole moment com-
The hydrocarbon vinyltriacetylene has apparently notponents calculated here are substantial in all three dases
been previously studied. Recently, a cavity ring-down opticalrables | and Il). The values obtained for the vinylacetylenes
detection of the related radical cationtf; was reported,  are,=0.76 D and 1.05 D for vinyldiacetylene and vinyltri-
but rotational structure was not resolved. Once the eXperiacetylene, respectively. As expected, the corresponding value
mental set of molecular parameters of vinylcyanodiacetylengy, vinylcyanodiacetylene is significantly larger,=6.12 D.
were in hand, the same empirical scaling technique as for thg (gcent study of somewhat smaller related carbon chain
vinylcyanoacetylene/vinyldiacetylene pair was applied to thenjecyles suggests that these values should be accurate to of
calculated rotational constants of vinyltriacetylefigable order 10%.2 A comparison between a DFT calculation for
IlI). On the basjs Qf the;e scaled pre_dictions, the molecu_l‘a_‘|C7N performed at the B3LYP/cc-pVTZ level and a more
was found readily in a discharge of vinylacetylene and dl'sophisticated and accurate coupled-cluster calculation by

acetylene. Forty lines coveringbJ=21 andK,=0, 1 were : :
recorded which are collected in Table V. The derived mO_Botschwma and co worke2r§(5.24 vs 4.89D suggests that

) . : the values obtained in the present investigation may be

lecular constants are shown in Table Ill in comparison to the . . e .
. . . Fllghtly overestimated but are still fairly reliable.

cyano analog vinylcyanodiacetylene. Owing to the structura Manv other molecules. some similar to those investi-

relationship of both molecules their rotational constants are ted hy babl . t ; lecular b In th

very similar. Within the experimental uncertainties, the val-9at€d Nere, probably exist in our molecular beam. In the

ues obtained for the quartic centrifugal distortion coefficientsPr,esent investigation, discharging a vinylcyanide/acetylene-
are practically identical mixture was found to be a source @§- (13) andtrans-pent-

2-ene-4-ynenitrilg14, Fig. 4). Accordingly, the branched ni-
trile 15 (2-cyano-but-l-ene-3-yneshould also be accessible
via the same route, a molecule apparently not yet described
IV. DISCUSSION in the chemical literature.
Following the gas-phase investigations ofbenzyne
All three vinyl carbon chain molecules presented here(Ref. 28 and references thergiand hex-3-ene-1,5-diyne
have been observed by theirtype pure rotational spectra (Ref. 11) by FTM spectroscopy, the present study of vinyl-
exclusively. Owing to the largé rotational constants of at diacetylene marks the third characterization of gdgiso-
least 36 GHz, the frequencias=A+C of the fundamental mer by high-resolution spectroscopic techniques. In analogy
b-type transitions 1,-0y fall in a frequency range of our to the route proposed for nitrilé5, by replacing vinyl cya-
FTM spectrometer which has poor sensitivity. In addition,nide with vinylacetylene, the branched ¢k, isomer
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FIG. 4. Molecular structures afis-pent-2-ene-4-ynenitril€l3), trans-pent-
2-ene-4-ynenitrilé14), 2-cyano-but-1-ene-3-yrn@5) and its pure hydrocar-
bon analog 3-methylenepent-1,4-diy{ie).

3-methylenepent-1,4-diyn€l6) may be accessible, a mol-
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