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The origin band of the AT,—X?[1, electronic transition of the linear pentaacetelyne cation;oHG and

isotopic derivatives, HGD* and DGD*, has been recorded in the gas phase. The absorption spectrum was
observed by cavity ring down spectroscopy through a supersonic planar plasma expansion. The spectrum
comprises both spinorbit components with resolved P- and R-branches. Contour fits allow the determination

of ground and excited state spectroscopic constants.

Introduction cavity of lengthL consisting of two mirrors with a reflec-
tivity close to unity. The light leaking out of the cavity has

an envelope, which is simply a first-order exponential decay,
exp(—t/t). The ring down timeg, reflects the rate of absorption
rather than its magnitude, and as such the method is independent
of power fluctuations. In addition, very long absorption path
r\engths are obtained by confining light tens of microseconds to

The polyacetylene cations, HEB", are open-shell species
with a 2IT ground state. The strong electronic transitions have
2[1,—X2I1g symmetry and shift to the red with increasing
number of carbon atoms. Rotationally resolved electronic spectra
have been recorded previously in the gas phase for the eve

members withn = 2 at 255.7 nni, n = 4 at 507.0 nn#3 - - : ;
! L ’ the cavity. A spectrum is recorded by measurirgs function
= v5 =
n = 6 at 600.4 nnt,>andn = 8 at 707.1 nn¥.Little is known of the laser frequency.

on the next ”?ember .in the series, the pgntaacetylene cation In the present experiment, a standard pulsed CRD spectrom-
HCyoH". Density f.unctlor)al theory calculatiohand ion chro- eter with a resolution of 0.15 cm is used to sample a pulsed
matograph? pred|ct_ a I|ngar structure. |t was show_n that supersonic plasma, generated by discharging a mixture of 0.3%
HCyoH™ is formed in an ion trap upon collision activated HCCH (or DCCD or both) in He£600 V, 100 mA) in the
processes on polycyclic aromatic hydrocarbdfsirthermore, throat of a 300 mmx 300 xm multich:';mnel slit nozzle

th's C?:'En mbay be of |n(tje:ﬁs'; frlomt an'as;trophtysmal ?omtbof geometry3 This system combines high molecular densities and
View. as been argued that electronic transitions of carbon relatively large absorption path lengths with an effective

chains rr_1ay'be among the carriers of_unidentified abso_rption adiabatic cooling. The best S/N ratios are found when the CRD
features in diffuse interstellar clou#fsParticularly longer chains beam intersects the expansion 3 mm downstream from the
are of |n_terest as t_hese are expectgd to be ph(z)to statz)le. nozzle orifice. The light exiting the optical cavity is focused
The first experimental +°bseryat'°n of the*IA—X"Ilg via a narrow band-pass filter onto a broad band Si photodiode
electronic spectrum of H{gH™ was in a neon matrix using mass 4,4 js monitored by a fast oscilloscope. Typical ring down times
selective depositiof the transition was found to comprise @  5mount tor = 50 us. For a cavity of length. = 52 cm, this is
strong origin band around 823.3 nm and a series of weaker bands,qivalent to approximately 29 000 passes through the plasma
corresponding to vibrational excitation in the upper electronic . on effective absorption path length of 865 m. The present
state. In the case of the smaller polyacetylene cations, the g, set is calibrated via the internal reference system of the

transitions in the gas phase are typically blue-shifted-1T8D dye laser, yielding an absolute accuracy on the order of
cm~* with respect to the matrix value, that is, the unperturbed §’s 11 around 815 nm.

origin band of HGH™ is expected between 814.5 and

816.5 nm. Results and Discussion
For an AI1,— X214 electronic transition of a linear molecule,
Experiment one expects to observe two separate bands (each consisting of

. a P-, Q-, and R-branch) of the two spiarbit transitions
The wavelength range around 815.5 nm was scanned USINGA 217, “X2[T,, and ATy, X211, The intensity ratio of the

cavity ring down (CRD) spectroscopy. CRD has become a two bands is determined by the spiarbit temperatureTs,)

powerftgl to?l forl theI s“.Jd}[/hOf the s;;ggural ??r? dynamical and the spir-orbit splitting in the ground state (A. The latter
Properties of molecules in the gas p ne ofine reasons - q expected to be close to the value found for the tri- and

for this success is the conceptual simplicity of a CRD experi- tetraacetylene cations;31 cntt. The minus sign indicates that

ment. A small fraction of laser light is coupled into an optical the ground state is invertechs was observed for the smaller
polyacetylene chaifg—i.e., theQ = 3, component is below
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Figure 1. A smoothed laboratory spectrum of théIA,—X?I1g electronic origin band transition of HGH™ (left side) and DGD™ (right side)
recorded in absorption using cavity ring down spectroscopy with 0.13 msolution. Both spirorbit components are visible, as can be concluded
from the stick diagram. The latter shows the simulation for a rotational temperatiirg f 45 K and molecular parameters as listed in Table 1.
The dashed line shows the simulation for the unresolved spectrum.

of both spin-orbit components is visible, even though there is TABLE 1. Comparison of the Spectroscopic Constants of
some overlap with the absorption lines of another species, Linear Chains HC,H*, DC,D", and HC,D#

presumably @ The band is not rotationally resolved be- HC.H*

cause the rotational constant of E* is on the order of n— s - n= 10
0.01 cnt! and the best laser resolution obtained with an internal

etalon was 0.035 cﬁ. In addition, lifetime broadenipg might E‘?, (1)_91471%28'.%?2% (1)_60461245'82(733)(3) 3_4(')%3367188(195;(5) &%gg%&g)
occur as result of intramolecular processes. It is possible, g 0.140083(22) 0.043792(3) 0.018867(9)  0.009 82(3)

however, to interpret the band contours in terms of unresolved B"/B' 1.049 1.018 1.011 1.007
P-, Q- and R-branch contours of thelAg»,—X21s, and A" —33.5(1.9)  —31.40(28) €31) (=31)
A2[Ty,— X1y, electronic transitions. This is demonstrated in A —811(20) —2841(28)  (28) (-28)
" . . . AA 3 3
the figure with stick diagrams.
The observed rotational profiles were simulated to determine HC.D*
the band origin position and to estimate the spectroscopic n=49 n=6° n=8gv n=10

ponstants, using PGoph’érThe ground state spirorbit splitt@ng T 19731.725(2) 16670.6168(3) 14156.3(3) 12 270.6(5)
is assumed to be similar to that found for the tri- and g 0.136 599(30) 0.042 573(8)

tetraacetylene cations;31 cnTl. The intensity ratio of the two B 0.130 469(30) 0.041 815(8)

spin—orbit bands yieldss, = 45(5) K, which will be close to B'/B" 1.047 1.018

the rotational temperaturd@;e. This value is higher than that ﬁ, E:gf% :gg'%ggg

in previous experiments (e.g., ref 15) and a direct consequencexa 25 '

of measuring closer to the slit nozzle orifice; further down-

stream the shoulder at lower energy disappears and only the DC.D*

A[13,—X2I13, band is observed. The ground-state rotational n=4° n=6° n=gd n=10
constantB” = 0.009 88 cm? is calculated from a recent ab T, 19 740.683(2) 16 686.5100(3) 14 169.5243(3) 12 280.8(5)
initio density functional theory geometry optimization that B” 0.127 403(24) 0.040701(9) 0.017648(6)  0.009 23(5)

gives H-C1 = 1.068 A, CEC2 = 1.219 A, C2-C3 = B:' ’ 0.121 831(25) 0.039 980(9) 0.017 452(6) 0.009 17(5)
1.330 A, C3-C4= 1240 A, C4-C5=1.311A, andC5C6 5,/ i'ggGB(Z 0 _1-301121( 49) é-??ll)l (_13-3‘))7

= 1.246 A7 reflecting a single-triple bond alternatioA® A A —31.1(2.0) —28.40(49) £28) (—28)

good simulation is obtained for an origin band valueTgf= AA 3 3

12 260.4(5) cmt, blue-shifted 117 cm' with respect to the aAll values are in cmt. ® Reference 2¢ Reference 3¢ Reference

matrix value and with excited-state valuf¥s= —28 cmi! (i.e., 4. ¢ Reference 6' This work. ¢ Reference 19.

AA = 3 cnmrl) andB' = 0.009 82 cm?. The latter value is

expected to be accurate to within a few percent. The ratio For largern, the rotational constantB decrease, the ratio
B"/B' = 1.007 is close to unity; for a chain as long as ", B"/B' decreases as well, and there is a monotonic shift of the
only a minor change in molecular geometry is expected upon origin band to the red. The oscillator strength increases with
electronic excitation. For smaller chains, the effect is more which holds promise for the extension of the experimental
pronounced. This can be seen from Table 1 in which the param-approach to measure the electronic spectrum of even longer
eters of a number of polyacetylene cations;HCare compared.  species.
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A confirmation of the assignment of the observed 815.5 nm (3) Lecoultre, J.; Maier, J. P.;'Relein, M.J. Chem. Phys1988 89,
band to the pentaacetylene cation is provided by the detection®981-

- P : + (4) Sinclair, W. E.; Pfluger, D.; Linnartz, H.; Maier, J. P. Chem.
of this transition in the partially (HED™) and fully deuterated Phys.1999 110, 296.

(I_DC10D+) SpeCies- The latter is Showr_‘ in thg right part of (5) Pfluger, D.; Motylewski, T.; Linnartz, H.; Sinclair, W. E.; Maier,
Figure 1, approximately 20 cm blue-shifted with respect to  J. P.Chem. Phys. Let200Q 329, 29.

the HGH™ band. A good simulation of the observed spectrum (6) Pfluger, D.; Sinclair, W. E.; Linnartz, H.; Maier, J. €hem. Phys.
is obtained foB” = 0.009 23(5) cm?, B' = 0.009 17(5) cm?, Lett. 1999 313 171. o

andT, = 12 280.8(5) cm? (Figure 1). The corresponding stick Mas(g)sggé?r"(‘)’zg*ggg'i;é’vz'g”'k' W.; Marcus, A. B.; Pyle, S. Mat. J.
diagram is shown as well. The spectrum of the monodeuterated gy | ce s - Gotts, N.; von Helden, G.; Bowers, M.JT Phys. Chem.
chain, HG¢D™, has been observed at 12 270.6(5) érout is A 1997 101, 2096.

rather weak, and a contour simulation is not possible. Table 1 ~ (9) Pyle, S. M.; Betowski, L. D.; Marcus, A. B.; Winnik, W.; Brittain,
summarizes the determined spectroscopic constants for chain®: D- J. Am. Soc. Mass. Spectro®97, 8, 183.

HC,D* and DGD*, with n = 4, 6, 8, and 10. (10) Tielens, A. G. G. M., Snow, T. P., Eds. Laboratory studies of

. ! proposed carrier§.he diffuse interstellar bangd&luwer Academic Publish-
This work presents the electronic spectrum of the largest grs: pordrecht, Netherlands, 1995; pp +Z8.

polyacetylene cation measured in the gas phase so far. Never- (11) Freivogel, P.; Fulara, J.; Lessen, D.; Forney, D.; Maier, Chem.
theless, a comparison with the hitherto reported diffuse interstel- Phys.1994 189, 335.
lar bands in the near infrar&d® shows that there is no (12) O'Keefe, A.; Deacon, D. A. GRev. Sci. Instrum1988§ 59, 2544.

absorption apparent at the position of the origin band in the 2—[‘31; \"/’\'IOty'eWS'g Tn};PL(i;nonliﬁzéF};gerj{ SICi-f'”CS:]fum_-1999U79' 130s. f
H + estern, C. chool O emistry, University o
electronic spectrum of HgH™. Bristol: Bristol, U.K., 1994 and 1998.
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