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Electronic Absorption Spectra of Carbon Chain AnionsC, ., (h = 2—5) in Neon Matrices
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Absorption spectra showing transitions to several excited electronic stateg,f(@= 2—5) chains were
observed. The spectra were recorded after codeposition of mass-selected anions with neon to form a matrix
at 5 K. The assignment follows from mass-selection, the monotonic dependence of the wavelength of the
electronic origin band on the number of carbon atoms, photobleaching changes, and spectroscopic
considerations. The absorption band systems can be attributid to X 21 transitions. For € two
transitions are observed, for,Ghree, and for ¢ and G; four.

Introduction 220-1000 nm. In order to distinguish absorption bands of
charged and neutral species, the neon matrix is exposed to the

The spectroscopy of neutral and charged carbon molecules nfiltered light of a medium-pressure mercury lamp. The UV

contributes to the understanding of combustion processes, soo adiation with a maximum energy of5.4 eV liberates electrons

formation, and extraterrestrial environmeh#s Whereas most from the anions. The electrons migr.ate in the neon lattice and
anions do not possess bound excited electronic states, those o eutralize catioﬁs This photobleaching process leads to an
carbon species are unusual because they have sufficiently hlgi]ntensity decrease of bands due to ions, while those of the neutral

electron detachment thresholds (2389 eV for G, species remain unchanged or grow somewhat.
(n = 2—-5)375) so that several excited electronic states can be

bound.
However, only recently information on electronic spectros-
copy of carbon anions C(n > 3) has been obtained. The A Size and Charge of the SpeciesMass-selected £, ,

even-num_bere_d;;(n = 2—1Q) chair_13 were spectroscopically anions (i = 2-5) are trapped in a neon matrix at 5 K. A
characterized in neon matrices using mass-selected codeposinumber of new electronic absorption systems appear that are

Results and Discussion

tion® This led to the identification of their CIT — X 2I1 specific to the mass-selected species (Figure 1). The strongest
transitions. On the basis of these data, it proved possible toof the new bands are marked wish ¢, a, andl in the Figure
observe the same transitions in the gas phase joiGg, and and can be attributed to the origins of the electronic transitions

Cg by means of a one- or two-photon detachment apprééch. of the indicated anionsvide infra). These origin bands show
Prior to this the first gas phase electronic spectrum of a a regular shift to longer wavelengths with size of the carbon
polyatomic carbon anion, C was reported using such a species. This trend is seen clearly in Figure 2, where the
techniqué®. The present results show a rather unique situation: wavelengths of the marked bands are plotted against the number
transitions to several bound excited electronic states of the of carbon atoms. The almost linear dependence suggests the

Coniq (N = 2—5) anions. attribution of the new bands to electronic transitions within a
homologous series, consistent with the mass-selection.
Experiment Apart from the new bands, known transitions of,C,, Cs,

16 - it
The technique used combines mass-selection and matrixCS’ and G were also apparent afte_rsca_nd G depositions. .
These are present due to neutralization and fragmentation

isolation1® Anions are produced in a cesium sputter source and I . "
extracted by electrostatic lenses to form a continuous ion processes that accompany deposition with large quantities of

beamili2 A quadrupole mass-selects the ions, which are then |on§. Some of the additional absorption ;ystems_ (_)bscgre the
codeposited on a cryogenic surface with excess of neon over a ©9!0"n near 300 nm. Thys the bands atributed joirCthis
period of 2 h. The substrate is a rhodium-coated sapphire plate™9ion were only discernible in a spectrum that was recorded
held @5 K by aclosed cycle helium cryostat. The metal surface after deposition with a lower Lion current (inset of Figure
is grounded via an ammeter. The attainable ion currents 1).
decrease with size from 40 {Eto 0.8 nA (Gy). Deposition The intensities of the previously identifiett; — X '=;
energies are nominally 50 eV. However, this impact energy is electronic transitions of &1 (n = 2—5)!¢ increase while the
compensated by space charge effects, as no absorption banfiew bands diminish on UV irradiation. Wavelength cutoff
broadening is observed when the spectrum of, for example, filters were used to determine the electron detachment threshold
mass-selected EIC=C—CI* is compared with the one obtained of the trapped species. No change in band intensitiesgof C
after a traditional depositiol. Although some fragment species was observed after irradiation by a medium-pressure mercury
(e.g. G, C,) can be observed, the assignment of new spectral lamp using a cutoff filter with 10% transmission at 295 nm
features is not preventéd. (4.2 eV) (Figure 3, upper trace). Bands due tpdppeared,
The absorption spectra of the translucent neon matrices arewhile those of G diminished after additional irradiation with
recorded with a standard set of light sources, monochromatorthe unfiltered light of this source (Figure 3, lower). Therefore,
and detectors in a waveguide man#HerThe range covered is  the electron detachment threshold of the trappgdi€s in the
range 4.25.4 eV. This is larger than in the gas phase
€ Abstract published ilAdvance ACS Abstractsune 1, 1997. (3.68 eV¥S by ~1 eV because ionic states are stabilized in neon.
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Figure 1. Electronic absorption spectra o, ¢, (n = 2—>5) recorded after mass-selected anions were codeposited with excess neon on a substrate
to form a matrix at 5 K. The origin bands of the transitions from th&to the A2[1, B 21, C 2I1, and D21 states are marked @, ¢, a, and

M respectively. The location of the electron detachment thresholds in the gagplaseshown by the arrows. The inset is a€pectrum recorded

under conditions such that absorption bands pivére less intense. (The bands in thg €pectrum marked witk are not real.)

chains HGpHT, 118 HC N, and NGn—1N* 14 are isoelec-

tronic with the G, ,, species. The cations were isolated in

[ neon matrices and show absorption band systems that were

attributed to?IT — X 2I1 transitions on the basis of spectroscopic

considerations. The origin bands of these isoelectronic series

lie close to those of the long wavelength transitions of the

! C,41 anions, but have a slightly smaller slope in the plot of
the wavelengthversus size. This similarity leads to the

400 1 conclusion that the spectra observed for the carbon anions with
// an odd number of atoms also arise fréfh<— X 2I1 transitions.
%01 /'/ On the basis of calculatiotfsand molecular orbital consid-

i erations a .wyr, X I, ground electronic state can be
deduced for ¢ and G and ..z, X g for C; and G;. The
observed transitions then probably correspond-tar electron
excitation in line with the plots shown in Figure 2. In addition,
the electronic transitions observed for each of thg,C
species have comparable intensities. This excludes that some

| C’
9
A} of the new bands are due ¥« II transitions, which would
— MJ‘WN\ have smaller intensities. On the basis of these considerations
CQ
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Figure 2. Plot of the wavelength of theJband of the observed
electronic transitions of the fZ; seriesversussize. Linear least
square fits indicate the trends.

all the observed electronic transitions are attributefifo— X
2[1 transitions of the ., anions.
C. Electronic Transitions. Each spectrum shows the
J\MM«M presence of several electronic band systems. This is evident
L : s from the Franck-Condon intensity distribution of the bands and
250 300 350 nm the spacing between them. The differences between two
Figure 3. Absorption spectra recorded after mass-selectgdc@ neighboring bands marked in Figure 1 are on the average 5000
deposition with neon on a cryogenic surface. The electronic transitions cm~1 and at least 2800 cm, which is too large even for the
observed before (upper trace) and after (lower) medlum-pressurestrongest CC bonds. Therefore the peaks marked in Figure
mercury |Tlmp iradiation are almost purely due tg @nd G, 1 with ®, ®, A, andl can be assigned td @ands of different
respectively. °[1 — X ?[] electronic transitions of the £, anions, which

The new band systems in Figure 1 are attributed to electronic we label as A— X, B — X, C — X, and D— X.
transitions of the G, , species it = 2—5) because of the (a) G. C; shows two electronic band systems, one with an
photobleaching behavior and the fact that they are relatively origin at 495.1 nm and the other at 359.1 nm (Figure 4). The
strong after deposition of anions with low kinetic energies. This former, the A— X band system, has already been detected in
excludes that the carriers of these new absorption bands ardhe gas phase at 495 nm and tentatively assigned to a
neutral or cationic species. g < X [y transition? A vibrational frequency, 718 cn,

B. Electronic States. The acetylene and cyanoacetylene was derived and associated with thanode in the electronically

Absorbance
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TABLE 2: Observed Bands (Maxima £0.2 nm) of the
1, — X 24 Electronic Transitions of C; in 5 K Neon

Matrices
A (nm) v (cm™Y) Av (cm™2) assignment
626.8 15954 0 A 2T, — X 2, 03
605.5 16 516 562 3k
574.4 17 410 1457 23
560.8 17831 1877 13
544.4 18 369 2416 13
519.0 19 267 3314 12
‘ 508.9 19 651 3697 13
300 350 450 500 nm 495.3 20 190 4236 lg 3(1)
Figure 4. A 2[1; — X 2I1, and B1I,; < X 21, band systems of
C; observed af?er mass-selected cc?deposition with neon to form a 492.3 20314 0 B 2T, = X Ty g
matrix at 5 K. The vertical lines mark the bands listed in Table 5. 478.7 20890 575 33
472.3 21172 858
B 201, « X I, A 2M1, « X 21, 469.2 21312 997
464.5 21527 1212
15 ol 460.2 21728 1413
| , 457.0 21883 1569 2
C. % 4535 22051 1736
7 3 | 447.0 22372 2058 1
2 4 | 441.5 22 652 2338
To gl 436.3 22918 2603 133
g 1=l 433.2 23083 2769
(! 427.5 23392 3078
‘ | 421.2 23745 3430 4 CNy)
M ‘ WV 411.0 24331 4016 12
N S A SN W w015 oeer0 a8 pa
. 153
400 450 500 550 600 nm 380.1 26 308 5994 1g 0
Figure 5. A 2[1, <— X 21y and B2I1, — X 2[4 transitions of G, 0
recorded after these anions were mass-selected and subsequently trapped 283.8 35231 0 C AT, — X 2[4 09
in neon at 5 K. The vertical lines mark the bands listed in Table 5. 282.3 35428 197 8§
) . 279.9 35722 491 33
;I'ABLE 1: Observed Bands (MaX|ma igz nm) of the 278.4 35921 690 g2
T, — X 2, Electronic Transitions of C; in 5 K Neon 0o
Matrices TABLE 3: Observed Bands (Maxima +0.2 nm) of the
A (nm) v (cm™) Av (cm™) assignment 1, — X 21, Electronic Transitions of Cy in 5 K Neon
495.1 20 200 0 A 2T, — X 21,00 Matrices _
477.6 20936 737 2(+C) A (nm) v (cm™) Av (cm™) assignment
461.9 21 652 1452 2§ 764.4 13082 A an — X 71, Og
457.1 21878 1679 1 607.3 16 468 0 B 2T, — XTI, 08
359.1 27 847 0 B 2Ty — X 2IT, 09 599.1 16 693 225 122
350.0 28 571 724 23 586.3 17 057 589
337.8 29 603 1756 13 580.5 17 226 759
330.2 30 285 2437 565.4 17 686 1219
319.1 31338 3491 541.5 18 469 2001 13
316.0 31 646 3798 528.5 18 922 2455
311.1 32144 4297 3396 20 446 0 C 2, — X211, 08
excited state. Whereas the bands in the gas phase spectrum 336.9 29 680 233
are broad £7 nm), these are well-defined-0.2 nm) in the 334.7 29 881 435 4
neon matrix spectrum at 5 K. The latter shows the excitation = 332.3 30 091 644
of the vy andv, symmetric stretching modes with frequencies ~ 326.7 30609 1163
of 1679(9) and 737(8) crt in the A 2[4 state (Table 1). 324.3 30839 1393 )
The second band system is assumed also to be of 3214 31112 1666 2%
2[4 X [, Symmetry on the basis of its intensity. The origin 3162 31624 2177 1
and the 2 and j transitions can be assigned; however, the 8118 82073 2626
pattern of ot.her bano!s in the 36830 nm region cannot be gg;'g gg gg; gggg
simply explained. This band system lies at energies above the 298.9 33 456 4010

gas phase electron detachment threshold (at 434 nm). The ,g5 4 33888 4442
threshold is expected to bel eV larger in solid neon, at326

0

nm, near the region where the vibrational pattern becomes 2896 34536 0 D 201+ X *IL 0§
anomalous. 285.6 35010 474 4‘3
(b) C,. The absorption spectrum of,dn a neon matrix 281.5 35519 983 3%

reveals three electronic transitions (Figure 1). The first two, the vibrational assignments. Whereas the pattern is simple for
A — X and B~ X, are shown in more detail in Figure 5, with  the A?[], — X ?[]q transition, the B[], < X ?[]g one shows
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C_ of the v3 mode is discernible. All the observed bands are
9 . compiled in Table 2.
C 21‘[g « X211, 521'[g « X211, °|° () G. In case of G four ?[1g — X ?[]y electronic
o0 transitions are detected. For the?lg — X 2[], system only

the origin band at 764.4 nm is seen (the peaks nearby marked
with x are an experimental artifact). The first three systems
are below the gas phase electron detachment threshold, whereas
the last, the B[] <— X ?[1u System (origin 289.6 nm), is within
the 1 eV stabilization due to solvation in the neon environment.

In Figure 6 the B?[1qg — X ?[1u and C?[1g < X [, band
systems are shown. The %]y — X ?[]y structure is simple,
whereas the C[q < X ?[y pattern is again too complex both
from frequency spacings and intensities, and an interpretation
will require a theoretical treatment. All observed bands are
listed in Table 3 together with proposed vibrational assignments.

(d) C;;. Four electronic band systems are observed, which
all lie below the gas phase detachment threshold (Figure 1).
The vibrational structure apparent is limited, and the suggested
assignments are summarized in Table 4.

D. Conclusion. Transitions from the ground to several

T T 1 [ T T T | T T T ’ T T T

300 350 500 550 600 nm
Figure 6. B 21y — X 21, and C2[1y — X 2I1, transitions of G in a
5 K neon matrix. The bands around 300 nm are partially overlapped
by the'S; — X ', band system of £'° The vertical lines mark the
bands listed in Table 5.
TABLE 4: Observed Bands (Maxima £0.2 nm) of the

21, — X g Electronic Transitions of C; in 5 K Neon

Matrices . _ -
— — - bound electronic states of the, G, (n = 2—5) carbon chain
A (nm) v (em™) Av (cm™) assignment anions have been observed. With this spectroscopic information
905.6 11042 A 2T, — X 21,00 in hand studies in the gas phase should follow. A summary of
719.1 13 906 0 B 2[T. — X 21 O° the inferred vibrational fundamentals is given in Table 5. As
633'4 15 788 1882 . 9o no calculated values are available, a comparison with their
627.5 15 938 2032 22 neutral counterparts is given for these anions. For a more
’ L detailed assignment of the transitions and the vibrational
397.6 25151 0 C 2[T,— X 414 0 structure quantum chemical calculations are desirable.
1
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