
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/pccp

PCCP

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


1 

 

Spectroscopic Characterization of C7H3
+

 and C7H3
• 
: Electronic 1 

Absorption and Fluorescence in 6 K Neon Matrices 2 

Arghya Chakraborty, Jan Fulara, Rainer Dietsche, John P. Maier* 3 

Department of Chemistry, University of Basel, Klingelbergstarasse 80, CH-4056, Basel, Switzerland 4 

 5 

 6 

 7 

Abstract 8 

Mass selective deposition of C7H3
+ (m/z=87) into solid neon reveals the 1 1A1 ← X 1A1 9 

electronic absorption system of hepta-1,2,3,4,5,6-heptahexaenylium cation B
+
 10 

[H2CCCCCCCH]+ with origin band at 441.3 nm, 1 
1A'← X 1A' transition of 2,4-11 

 pentadiynylium,1-ethynyl cation C
+ [HCCCHCCCCH]+ starting at 414.6 nm and  the 12 

1 1A1 ← X 1A1 one of cyclopropenylium,1,3-butadiynyl cation A
+ [HCCCCC<(CH=CH)]+ 13 

with onset 322.2 nm. Vibrationally resolved fluorescence was observed for isomer B+ upon 14 

laser excitation of the absorption bands in the 1 1A1 ← X 1A1 transition.  After neutralization 15 

of the cations in the matrix five absorption systems of the C7H3 neutral radicals starting at 16 

530.3, 479.4, 482.3, 325.0 and 302.5 nm were detected. These were identified as the 17 

1 
2A' 

← X 
2A' and 2 

2A' 
← X 

2A' electronic transitions of 2-(buta-1,3-diynyl)cycloprop-2yl-1-18 

1ylidene E
• [HCCCCC<(C=CH2)]

•, 1 2B1 ← X 2B1 of 1,2,3,4,5,6-heptahexaenyl B
• 19 

[H2CCCCCCCH]•, 3
2B1 ← X 

2B1 of  3-buta-1,3-diynyl-cyclopropenyl A• 20 

[HCCCCC<(CH=CH)]• and 2 
2B1 ← X 2A2 transition of 1,2-divinylidene-cyclopropanyl 21 

radical F
• [HCC-cyc-(CCHC)-CCH]•, respectively. The assignment is based on calculated 22 

vertical excitation energies using the CASPT2 method. Comparison of the calculated 23 

harmonic vibrational frequencies with those inferred from the spectra support the assignment. 24 

 25 
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2 

 

1. Introduction 26 

A variety of unsaturated species including polycyclic aromatic systems are produced during 27 

combustion of hydrocarbons in an oxygen deficient environment, as has been established by 28 

gas chromatography and molecular beam mass spectrometry (MBMS).1-5 The production of 29 

larger aromatic systems in soot starting from small hydrocarbons is not entirely understood. 30 

Theoretical kinetics and MBMS suggest that C2n+1H3 systems have a vital role.5-9 The 31 

recombination mechanism of propargyl radical, C3H3
•, is considered as one of the key 32 

processes for larger aromatics formation.10-12 Thus the C2n+1H3
• class of molecules presents an 33 

intriguing subject for a spectroscopic exploration and the identification of the electronic 34 

absorptions of the various isomers will enable their in situ monitoring in soot formation.  35 

The propargyl radical has been studied by microwave,13 infrared,14,15 photoelectron16 36 

and electronic17,18 spectroscopies. Propargyl cation also has been characterized by electronic 
37 

and infrared spectroscopy.19,20 The next member of this series, the C5H3
• radical, has been 38 

proposed as a reactive intermediate during the photodissociation of benzene.21 It can be 39 

formed in fuel rich flames and play a role in polycyclic aromatic hydrocarbon formation.8,21,22 
40 

In fact, the m/z=63 peak C5H3
+ is often found in the mass spectra of hydrocarbons. There is 41 

only circumstantial experimental and computational understanding on C7H3
+ and C7H3

• 42 

isomers except for one electronic spectrum recorded in the gas phase by a resonant two-color-43 

two-photon-ionization (R2C2PI) technique.23 44 

Interstellar clouds contain a rich collection of exotic molecular systems because of 45 

very low density and temperature. In the laboratory, unstable organic systems like carbon 46 

chains, combined with cyclic rings and with heteroatoms have been studied by microwave 47 

spectroscopy.24,25,26 The C7H3
+ and C7H3

• species may also be relevant in the planetary 48 

atmosphere of Titan.27 49 
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3 

 

The present study focuses on the characterization of C7H3
+ and C7H3

• species isolated 50 

in neon matrices at 6 K by electronic spectroscopy. C7H3
+ or C7H3

− are produced in ion 51 

sources, then mass selected and subsequently neutralized. On the basis of the electronic 52 

excitation energies obtained by CASPT2 calculations after ground state optimization of the 53 

possible isomers, the assignments of the observed absorptions have been made.  54 

2. Experimental 55 

The approach used combines mass spectrometry with matrix isolation technique.28 56 

Ions are generated in a hot-cathode discharge source from diverse organic vapors and 57 

extracted through electrostatic lenses. The ion beam is then led into a quadrupole filter for 58 

mass selection. Subsequently, the ions are co-deposited with excess of neon, including traces 59 

(1:20000) of chloromethane (CH3Cl), on a rhodium coated sapphire substrate held at 6 K. 60 

CH3Cl is added to diminish the space charge during growth of matrix and to suppress 61 

neutralization of the cations. It captures electrons released from metal surface near the matrix 62 

by the impinging of cations with ~50 eV energy. The Cl- anions, formed by dissociative 63 

electron attachment to CH3Cl, balance the charge.30,31 The matrix is grown to 100-150 µm 64 

thickness. 65 

The spectra are recorded in the 200−1100 nm range in a “wave-guide” manner.29 The 66 

detection system consists of a 0.3 m spectrograph equipped with three rotatable gratings and 67 

two wavelength specific CCD cameras. Light after passing through the 20 mm length of the 68 

matrix, parallel to the substrate surface, is collected by a lens onto a bundle of quartz fibers 69 

and into the spectrograph, wavelength dispersed, and recorded by a CCD camera. Halogen 70 

and a high pressure xenon arc lamp are the two light sources used. 71 

The species trapped in neon were excited at an incident angle ~45˚ to the cold 72 

substrate surface with a pulsed, tunable laser of bandwidth ~3 cm-1 and energy 2-30 mJ. The 73 
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emission was collected perpendicular to the matrix surface and 45˚ to the laser beam. The 74 

light collected by the optical fibers was transferred to the spectrograph, dispersed, and 75 

recorded by a CCD camera, as for the absorption measurements. The measurements were 76 

started at ~2 nm longer wavelength than the excitation one to avoid saturation of the camera 77 

by the scattered laser light.   78 

The cations and anions with m/z=87 were produced using different ion sources.28 79 

Toluene was used as a precursor of C7H3, while C7H3
+ was generated from a 1:1 mixture of 80 

diacetylene and propyne. Indene is a rich source for C7Hn
+ ions and m/z=89, C7H5

+, is the 81 

strongest peak after the parent ion in the mass spectrum of C9H8. 82 

3. Results and Discussion 83 

3.1 Absorption 84 

Strong absorptions are found in the 300−450 nm range (Figure 1) along with some 85 

weaker ones between 470 and 540 nm after deposition of mass selected C7H3
+ in a neon 86 

matrix containing CH3Cl. The strongest narrow band is seen at 441.3 nm, and that of a 87 

broader peak at 414.6 nm (Figure 1, black trace). In addition, a system with onset at 322.2 nm 88 

is apparent. To distinguish absorptions of the cations from neutrals the matrix was exposed to 89 

λ > 260 nm photons from a medium pressure mercury lamp. The Cl anions generated from 90 

CH3Cl release electrons which recombine with C7H3
+ producing neutral species. The intensity 91 

of the absorption systems commencing at 441.3, 414.6 and 322.2 nm decreased whereas the 92 

325 nm bands and weaker ones around 530.3, 482.3 nm gained in intensity after irradiation 93 

(green traces, Figure 1). A moderately intense band with doublet structure is present in the 94 

spectrum around 305 nm. One component of this decreases and other increases upon 95 

irradiation due to the superposition of a cationic and neutral absorption. The absorptions 96 

which diminish are attributed to C7H3
+ while one which gain in intensity to the corresponding 97 

neutrals. The two weak bands at 448 and 407 nm (Figure 1, black trace) that diminish after 98 
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5 

 

irradiation are due to l-HC7H
+, a polyacetylene cation,30 formed by collisionally-induced 99 

fragmentation of C7H3
+ during growth of the matrix. 100 

To distinguish absorptions of the primary isomers from the collision-induced ones, 101 

C7H3
+ ions with 90 eV kinetic energy were deposited. The spectrum obtained (blue trace, 102 

Figure 1) is compared with the one recorded with 50 eV kinetic energy. The spectra were 103 

normalized to the intensity of the strongest band of C7H3
+ at 441.3 nm. As expected the 104 

absorptions of the fragment ions, l-HC7H
+, are much stronger with 90 eV deposition energy. 105 

The bands of neutral species, which gained intensity upon UV irradiation, are stronger in this 106 

spectrum. Additionally, a moderately intense system at 505 nm appeared. It is identical with 107 

the electronic spectrum of l-HC7H
• obtained previously31 as shown in the light blue trace of 108 

Figure 1.  109 

Figure 2 is a close up of the region where the differences in the spectra recorded with 110 

kinetic energies of 50 and 90 eV are pronounced. Apart from the absorptions of l-HC7H
+, two 111 

systems of neutral C7H3 with onsets at 530.3 and 482.3 nm are apparent. The intensity of 112 

these absorptions are much stronger in the spectrum obtained by mass selected deposition of 113 

C7H3
 anions followed by irradiation (pink trace, Figure 2). The relative intensities of the 114 

530.3 and 482.3 nm systems vary with deposition energy and also upon irradiation, which 115 

suggests that the systems belong to two C7H3
• isomers. The origin of the 530.3 nm system lies 116 

close to the onset of the 2-(buta-1,3-diynyl)cycloprop-2yl-1-1ylidene radical (isomer E
• in 117 

Chart 1) absorption, identified at 528.3 nm in the gas-phase23 and the pattern of the vibrational 118 

progression is similar. 119 

The enhancement of isomer E
• absorption with higher kinetic energy deposition, as 120 

well as in C7H3
 anion deposition at even higher kinetic energy ~150 eV, reveals that E• is 121 

produced as a secondary product during matrix growth. The primary ions should have a 122 

similar structure as E
• - a cyclic three-membered carbon ring with a butynyl group C4H 123 

attached. The E• isomer and the corresponding primary cation differ only in the position of 124 
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6 

 

hydrogen atoms. Stronger absorption of l-HC7H
+ seen in the spectra obtained with higher than 125 

50 eV deposition energy suggests that the other primary C7H3
+ cations have an open chain 126 

structure, for which the removal of a hydrogen atom is facile and leads to the enhancement of 127 

the l-HC7H
+ absorptions. Though the identification of the secondary products of C7H3

+ 128 

produced under higher kinetic energy conditions provide a hint about the structure of the 129 

primary cations, the information derived from the spectra is not sufficient to assign the 130 

observed absorptions to specific species. Theoretical studies on the stability of different 131 

isomers of C7H3
+ and the corresponding neutrals as well as excitation energies of these 132 

species are needed and have been carried out (vide infra).  133 

3.2 Fluorescence 134 

All the intense absorption bands seen in Figure 1 were excited with a laser for 135 

fluorescence detection after depositing C7H3
+ with neon. The concentration of the CH3Cl 136 

scavenger was kept lower (1: 50000) to have enough cations as well as neutrals in the matrix. 137 

The neutral systems at 530.3 and 482.3 nm do not fluoresce. However, a structured emission 138 

was detected, commencing at 442.7 nm and extending to 514 nm, after laser excitation of the 139 

sharp band at 441.3 nm (Figure 3). The same fluorescence spectrum, though less intense, was 140 

obtained when the laser photons matched the wavelengths of weak absorption peaks lying 141 

558, 809 and 1087 cm-1 above the 441.3 nm origin. This confirms that these absorption bands 142 

belong to the same electronic system. Origin of the fluorescence and absorption overlap at 143 

442.4 nm which is the zero-phonon line (ZPL) of the two spectra. The wavelengths of the 144 

fluorescence bands are collected in Table 2. No fluorescence was detected upon excitation of 145 

the 414.6 nm and 322.2 nm systems of C7H3
+ and 325 and 303 nm of neutrals. 146 

3.3 Computations: comparison with experiment 147 

Geometry optimization of plausible twelve cations and their neutral isomers (Table 148 

S1) was carried out by density functional theory (DFT) with the B3LYP functional and the cc-149 

pVDZ basis set using the Gaussian 09 program suite.32 Harmonic vibrational frequencies in 150 
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7 

 

the ground state were calculated to check whether the structures are real minima on the 151 

potential energy surface (PES). The geometries of all species were next refined with Moller–152 

Plesset perturbation33 (MP2) method using the cc-pVDZ basis set and used as a starting point 153 

for excitation energies calculations. 154 

The vertical excitation energies were calculated using a second order 155 

multiconfigurational perturbation theory (CASPT2) implemented in the Molcas program 156 

package.34,35. 13 electrons partitioned in 13 orbitals formed the active space and six roots were 157 

calculated for the irreducible representation of each species. The vertical excitation energies 158 

obtained are given in Table S2 and compared with the origin band positions in the spectra of 159 

C7H3
+ and C7H3

• in neon matrices. The results for the five lowest energy structures; A+, B+, 160 

C
+, F

+
, J

+ and for isomer E
• for which the electronic transition starting at 530.3 nm was 161 

already identified in a gas – phase study,23 are discussed in the next paragraphs. The structure 162 

of the A, B, C, F, J and E molecules is presented in Chart 1 together with the ground state 163 

energies calculated for the cationic, anionic and neutral forms. The bond lengths for the 164 

cations, calculated with the MP2 method, are shown. The global minimum on the C7H3
+ PES, 165 

predicted by both theoretical methods, is isomer A+, a three - membered carbon ring fused 166 

with the linear C4H chain. The second lowest energy structure F+ has the same three - member 167 

carbon ring motif but with two ethynyl groups attached. The next in energy isomer J+
 - fused 168 

three and six carbon rings – is located 40 kJ/mol above A+
 according to MP2 calculations. 169 

Isomers B+ and C+
 are almost isoenergetic  and lie 61 and 69 kJ/mol above A+. At the DFT 170 

level B+ is more stable than J+. Cation E+ lies 452 kJ/mol above the most stable A+. However 171 

E
+ is also focused on because the electronic transition of E• is observed in the present studies. 172 

The most stable structure of neutral C7H3 is isomer J. The relative stability and the energy 173 

order of the C7H3
+ isomers obtained from the previous DFT calculations23 with the smaller 174 

basis set differs from the present results. The energies obtained from the MP2 calculations are 175 
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the more reliable. However both DFT and MP2 methods fail to describe properly the 176 

electronic systems in the case of near degeneracy. More advanced methods are needed for this 177 

purpose.  178 

 179 

Isomers A
+
, A

•
 and F

• 
180 

The ground state of the two lowest energy C7H3
+ cations, A

+ and F
+, has X 1A1 181 

symmetry. The MS CASPT2 calculations predict two dipole - allowed electronic transitions to 182 

the 1 1A1 and 21A1 states below 6.5 eV (Table 3). The first 1 1A1 electronic state of A+ and F+ 
183 

lies at 4.13 and 5.46 eV above the X 1A1 state, with oscillator strengths of the transitions 0.40 184 

and 0.13, respectively. The second 2 1A1← X 1A1 around 6 eV is two orders of magnitude 185 

weaker in intensity. These results are consistent with earlier CASSCF and MRCI calculations 186 

on cyclic C3H3
+ which predict a dipole allowed electronic transition around 8 eV.19 187 

Substitution of two hydrogen atoms in c-C3H3
+ with two ethynyl groups (isomer F

+) shifts 188 

this transition to 5.46 eV. A much lower energy 4.13 eV was predicted for A
+ where one 189 

hydrogen atom of c-C3H3
+ is replaced with a butynyl group, because the electrons are 190 

delocalized over a larger distance. 191 

 c-C3H3
+, produced from cyclic and acyclic precursors, has been studied in neon 192 

matrices.19 Though its electronic transition was not observed due to the wavelength being out 193 

of the detection range of the setup, the presence of c-C3H3
+ was proven by infrared 194 

measurements.19 One can expect that A+ and F+ are also formed in the present experiments 195 

and trapped in the neon matrix, as the conditions were similar to those for c-C3H3
+. However 196 

isomer F
+, with electronic transition around 5.46 eV, could not be observed for technical 197 

reasons: the scattering of light from the matrix. The calculations for the neutral F
• predict 198 

three electronic transitions from the X 2A2 ground state to the 1 
2B1, 2 

2B1 and 3 
2B1 states at 199 
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1.15, 4.44 and 5.64 eV and oscillator strengths 0.03, 0.04 and 0.19, respectively. These at 1.15 200 

and 5.64 eV are outside the range of detection system.  201 

Cation A+, contrary to F+, has the strong (f= 0.40) 1 1A1← X 1A1 transition at lower 202 

energy (4.13 eV; 300 nm), close to the 322.3 nm absorption system of C7H3
+. In this region, 203 

MS-CASPT2 calculations predict also a moderately intense (f=0.064) 1 1B2←X 1A1 transition 204 

for isomer J+ (E = 4.30 eV) and a strong one 1 1A1← X 1A1 ( f= 0.54 ) for isomer K+ with 205 

energy 4.36 eV (Table S2). Because the oscillator strength of the electronic transition of 206 

isomer J+ is an order of magnitude smaller than for the 1 1A1← X 1A1 transition of A+ and 207 

isomer  K+ has an exotic structure and lies much higher in energy on the PES than A+, we 208 

therefore assign the 322.3 nm absorption system of C7H3
+ to the 1 1A1← X 1A1 transition of 209 

A+. The calculations overestimate the energy by 0.3 eV. This may be partly because the 210 

experimental data are compared with the vertical excitation energy instead with the adiabatic 211 

value.  212 

 Isomer A+ is likely a progenitor of neutral E• in the higher kinetic energy deposition 213 

experiments, because these two species have the same carbon skeleton (three membered 214 

carbon ring with C4H attached) and differ only in the position of two hydrogen atoms. Cations 215 

A
+, during hard landing on the matrix surface, possesses enough internal energy to rearrange 216 

the two hydrogen atoms. 217 

The section of the electronic spectrum, where the absorptions of A
+ are present, is 218 

shown in Figure 4. Three vibrational bands located 529, 1945 and 2464 cm-1 above the origin 219 

belong to this system and correspond to the excitation of the ν9, ν4 modes and their 220 

combinations. Harmonic vibrational frequencies in the ground state of A
+ calculated at the 221 

MP2 level are 538 and 2098 cm-1. The wavelengths of the band maxima of A
+ and the 222 

assignment are given in Table 1. 223 

Two absorption bands of neutral species at 325 and 303 nm are present and likely 224 

belong to two different isomers of C7H3
•. The calculations predict a moderately intense 225 
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(f = 0.04) 2 
2B1 ← X 2A2 transition for F• at 4.44 eV and a stronger (f = 0.13) 3 2B1 ← X 

2B1 226 

one at 4.76 eV of A•. Other higher energy structures of C7H3 are excluded from consideration 227 

because much weaker electronic transitions for these species are predicted in this region 228 

(Table S2). The 325 nm system is tentatively assigned to the 2 2B1 ← X 2A2 transition of F• 229 

and the 303 nm absorption to 3 
2B1 ← X 

2B1 of A
•. The calculations overestimate the 230 

excitation energy of these transitions by ~ 0.6 eV for both isomers.  231 

Isomers B
+
, B

•
 and C

+
 232 

The 390 – 460 nm section of the electronic spectrum measured after deposition of 233 

m/z = 87 cations (Figure 5) shows two absorption systems commencing at 441.3 nm (2.81 eV) 234 

and 414.6 nm (2.99 eV) belonging to two C7H3
+ isomers. Only four isomers, among all 235 

considered structures for which excitation energies were calculated, possess stronger 236 

electronic transitions in this region. These are B+, C+, G+ and H+. The two latter higher energy 237 

structures can be excluded because they also have even stronger transitions around 300 nm 238 

(Table S2), in conflict with observations. Isomers B
+ and C

+ are open chain structures 239 

(Chart 1) and are good candidates for the absorptions observed. Both cations, after removal of 240 

one hydrogen atom, can readily produce the l-HC7H
+ fragment ion as observed in the higher 241 

kinetic energy studies. 242 

The calculations predict a strong 11A1 ← X1A1 transition (f = 0.33) at 2.99 eV and a 243 

two orders of magnitude weaker one at 3.95 eV for B+; the first excited 11A' state for C+ is 244 

3.13 eV above the X 1A' ground state with oscillator strength 0.64. Three other excited 245 

electronic states of C+ lie 4.2 – 5.2 eV above X 1A', however the oscillator strengths are two 246 

orders of magnitude smaller than to the 11A' state. The energy of the 11A1 ← X1A1 transition 247 

of B+ matches with the onset at 441.3 nm (2.81 eV) of the strongest absorption system. Also 248 

the origin of the second system at 414.6 nm (2.99 eV) correlates well with the energy of the 249 

1 1A'
 ← X 1A' transition of C+

. Therefore, the absorptions in the spectrum shown in Figure 5 250 

are assigned to the 1
1A1 ← X

1A1 of B
+ and 1

1A'← X 1A' transitions of C
+, respectively. 251 
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Isomer B+ is a protonated form of l-HC7H
•
. In the case of triacetylene cation, addition of one 252 

hydrogen atom produces HC6H2
+, which has a similar structure as B

+. Addition of one  253 

hydrogen atom shifts the origin band from 604.2 nm for HC6H
+ to 378.6 nm for HC6H2

+.36,37 254 

Similarly the absorption of B+ (at 441.3 nm) is shifted ~160 nm to the blue in comparison to 255 

HC7H
+ (599.8 nm ).30 256 

The vibrational bands present in the absorption and fluorescence spectra of B
+ are 257 

assigned to specific normal modes using the MP2 calculated, harmonic vibrational 258 

frequencies in the ground state of the cation (Table 2). Four totally symmetric a1 modes: ν9, 259 

ν8, ν5 and ν2 are active in the fluorescence spectrum of B+ and only the two former vibrations 260 

in the absorption. There is an absorption peak between the ν9 and ν8 bands, 809 cm-1 above 261 

the origin, which belongs to B+ because the fluorescence starting at ~442 nm was detected. 262 

This band arises from the excitation of two quanta of the ν21 (b2) mode. In the spectrum of C+ 263 

two absorption peaks located 462 and 725 cm-1 above the origin at 414.6 nm are apparent. 264 

The first one is hidden under the l-HC7H
+ band. They are attributed to ν14 and ν10 mode 265 

excitations by comparison with the 472 and 776 cm-1 calculated ground state vibrational 266 

frequencies of C+. 267 

As the electronic transitions of B+ and C+ are detected one can expect that B• and C• 
268 

should also be present. A good candidate for these species is the absorption system starting at 269 

482.3 nm (2.57 eV) which gains in intensity upon UV irradiation (Figure 6). The calculations 270 

predict a weak (f = 0.002) 1 2B1 ← X 2B1 transition for B
• at 2.46 eV, the 1 2A'' ← X 2A'' 

271 

transition of C
• at 3.21 eV with oscillator strength 0.03. Due to a better match of the 272 

calculated excitation energy of B• with the observations, 482.3 nm system is assigned to its 273 

1 2B1 ← X 2B1 transition. Table 1 lists the absorption band maxima and the assignment for the 274 

systems of B+
,  B• and C+. 275 
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Isomer E
•
 276 

The absorption at 530.3 nm shown in Figure 6 belongs to isomer E• identified in the 277 

gas phase studies at 528.8 nm and assigned to the origin band of the 1 2A' ← X 
2A' 278 

transition.23 Some unassigned bands around 481 and 474 nm were also reported. The 479.4 279 

nm absorption system in the neon matrix behaves in a similar fashion to that of 530.3 nm 280 

upon irradiation. The calculations predict two transitions 1 
2A' 

← X 
2A' and 2 

2A' 
← X 

2A’ at 281 

2.28 and 2.56 eV,  with oscillator strength 0.01 and 0.002. The computed energies and the 282 

intensities agree well with the matrix spectrum with onsets at 530.3 nm (2.34 eV) and 479.5 283 

nm (2.58 eV). Three absorption bands located 493, 542 and 953 cm-1 above the origin of the 284 

first electronic system are assigned to the excitation of the ν14, ν13 and ν9 modes (a′) on the 285 

basis of their proximity to the MP2 calculated ground state vibrational frequencies 508, 587 286 

and 952 cm-1. Table 1 lists the wavelengths of the absorption band maxima and the 287 

assignment for isomer E•. 288 

 289 

4. Concluding Remarks  290 

The open chain isomers B+ and C+ and A
+ with a three membered carbon ring were 291 

identified in the neon matrix after trapping of C7H3
+ produced from indene and acyclic 292 

precursors. Cation B+ exhibits vibrationally structured fluorescence following excitation into 293 

the absorption bands of the 1 1A1 ← X 1A1 system. No fluorescence was detected for the 294 

isomers A+ and C+. Weak absorptions of neutral C7H3 isomers are also present which gain in 295 

intensity upon photobleaching of the cations. Increase in intensity of the absorptions of the 296 

neutrals and l-HC7H
+ is observed after deposition of C7H3

+ at ~90 eV, a higher kinetic energy. 297 

This indicates that fragmentation of C7H3
+ with ~90 eV deposition energy is mild and only 298 

one hydrogen atom is removed. Enhancement of the absorptions of E• in higher kinetic energy 299 
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experiments suggest that besides the fragmentation, rearrangement of hydrogen atoms takes 300 

place upon collisional impact of C7H3
+ with the neon surface. Isomer E

• is a secondary 301 

product as the E+ lies 450 kJ/mol above of the lowest energy isomer A+, and is unlikely to be 302 

formed in the source. 303 

 Assignment of the absorption systems of the C7H3
+ and C7H3

• isomers is based on 304 

CASPT2 calculations of the vertical excitation energies. The assignment is supported by 305 

comparison of the calculated harmonic vibrational frequencies with the ones derived from the 306 

spectra.  307 

 The first observation and identification of the electronic absorptions of the C7H3
+ and 308 

C7H3
• isomers in a neon matrix is a starting point for gas phase studies. The knowledge of 309 

electronic transitions of the C7H3
+ and C7H3

• isomers provides the means for their in situ 310 

monitoring in flames and combustion processes and could lead to a better understanding of 311 

polycyclic hydrocarbon formation.  312 

Acknowledgement: This work is supported by the Swiss National Science Foundation 313 
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 389 

Figures:  390 

 391 

Figure 1. Overview of the absorption spectra of C7H3
+ recorded in neon matrices: after 392 

deposition of C7H3
+ (black), after 30 min irradiation by a medium pressure mercury lamp λ 393 

>260 nm (green) and after deposition of high kinetic energy (~90 eV) cations (blue). The 394 

transitions of l -HC7H
+ (red) and l -HC7H

• (light blue) were identified in the earlier 395 

studies.30,31 396 

 397 

 398 
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 399 

 400 

Figure 2. Section of the absorption spectra recorded: after deposition of C7H3
+  with ~50 eV 401 

deposition energy (black), after 30 min irradiation by a medium pressure mercury lamp λ 402 

>260 nm (green), after deposition of C7H3
+ cations with kinetic energy ~90 eV (blue) and 403 

after depositing C7H3
 followed by irradiation (pink).  404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 
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 412 

 413 

Figure 3. Electronic absorption (blue trace) and fluorescence (red trace) spectra of isomer B+ 
414 

recorded in a neon matrix at 6 K. The fluorescence was recoded after exciting the ν9 415 

absorption band of the 1 1A1 ← X 
1A1 transition. The assignments are made on the basis of 416 

calculated totally symmetric ground state frequencies. 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 
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 426 

 427 

 428 

Figure 4. The UV part of the absorption spectrum of C7H3
+ recorded in a neon matrix 429 

followed a mass selective deposition of m/z = 87 cations. The absorptions of A+ (blue), A• 430 

(pink) and F• (black) are indicated. 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 
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 440 

 441 

 442 

Figure 5. Visible portion of the absorption spectrum showing two electronic systems of the 443 

B
+
 (red) and C+ (black) isomers of  C7H3

+ obtained after mass selected deposition of m/z = 87 444 

cations in a neon matrix.   445 

 446 

 447 

 448 

 449 

 450 
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 451 

 452 

Figure 6. Visible section of the absorption spectrum showing the electronic systems of the B•
 453 

(black) and E• (pink) isomers of C7H3
•.  The spectrum was measured after a mass – selective 454 

deposition of C7H3
− (m/z = 87) anion.   455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 
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Chart1. Structure and relative ground state energy (kJ mol-1) of the five isomers of C7H3
+ and C7H3

• 464 

calculated with DFT (bold) and MP2 level of theory (italic) using cc-pVDZ basis set. The 465 

corresponding C7H3
− anions have been optimized in DFT using aug-cc-pVDZ basis set. Bond lengths 466 

(Å) given correspond to the cations optimized with the MP2 method. 467 

 468 

 469 

 470 

      A
+
 (0,0)                        471 

               A
•
 (86, 160) 472 

      A
− 

(210) 473 

 474 

 475 

  476 

        B
+
  (15,61)                  C

+
 (46,69) 477 

                          B•    (0,52)         C• (28,29) 478 

          B
−
   (35)          C

−
 (0) 479 

 480 

      481 

       482 

 483 

 484 

                                F
+ 

(14, 25)                                             E
+
 (381,452) 485 

                                F• (104,134)                                           E•   (34 ,281) 486 

                                F
−
 (235)                                                 E

− 
(124) 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

                                                                     J
+
 (73,40) 495 

                                                       J•   ( - ,0) 496 

                                                        497 
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Table 1. Absorption band maxima (�0.1 nm) in the electronic transitions of C7H3
+ and C7H3

• 
498 

isomers in neon matrices at 6 K. The assignment is based on the calculated harmonic 499 

frequencies of the totally symmetric vibrations given in the footnote and Table S3. 500 

  501 

λ (nm)  ν (cm-1) ∆ν (cm-1) Assignment 502 

A
+ 503 

322.2  31037  0                0
00    1 

1A1 ← X 
1A1 504 

316.8  31566  529   ν9 505 

303.2  32982  1945   ν4 506 

298.5  33501  2464   ν9+ ν4 507 

B
+ 508 

441.3  22660  0                      0
00    1 

1A1 ← X1A1 509 

430.9  23218  558    ν9 510 

426.1  23469  809   2ν21
 

511 

421.2  23747  1087    ν8 512 

 513 

B
• 

514 

482.3  20734       0  0
00    1 

2B1 ← X 
2B1 515 

474.6  21070     337    2ν15 516 

 517 

C
+
 518 

414.6  24120       0  0
00    1 

1A' ← X 
1A' 519 

406.6  24592      462   ν14 520 

402.5  24845      725   ν10 521 

 522 

 523 

E
• 

524 

530.3  18857       0  0
00    1 

2A'
←X 

2A' 525 

516.8  19350      493   ν14 526 
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515.5  19399      542   ν13 527 

504.8  19810      953   ν9 528 

479.4  20859      0  0
00    2 

2A'
←X 

2A' 529 

472.2  21177      318  ν15     530 

 531 

Totally-symmetric vibrations (all in cm-1) of the identified species calculated at the MP2 /cc-532 

pVDZ level: 533 

A
+ (a1): ν1− ν9: 3451, 3314, 2378, 2098, 1739, 1425, 1114, 929, 538; 534 

B
+ (a1): ν1− ν9: 3442, 3157, 2543, 2245, 2088, 1532, 1431, 1049, 545; 535 

B
• (a1): ν1 − ν9: 3669, 3239, 3021, 2711, 2247, 1472, 1083, 1008, 537; 536 

C
+ (a'): ν1 − ν17: 3440, 3435, 3164, 2495, 2199, 2115, 1471, 1260, 1068, 776, 710, 685, 507, 537 

472, 267, 179, 65; 538 

E
• (a'): ν1− ν16: 3647, 3045, 2955, 2553, 1621, 1353, 1217, 1098, 952, 947, 801, 744, 587, 539 

508, 269, 109.  540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 
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Table 2. Fluorescence band maxima (�0.1 nm) of the 1 
1A1 → X1A1 electronic transition of 555 

isomer B
+ trapped in a neon matrix at 6 K. The assignment is based on the calculated 556 

harmonic vibrational frequencies given in the footnote of Table 1. 557 

λ (nm)  ν (cm-1) ∆ν (cm-1) Assignment 558 

442.7  22589  0                     0
00    1 

1A1 →X
1A1 559 

452.9  22080  509  ν9 560 

463.6  21570  1019  ν8 561 

487.0  20534  2055  ν5 562 

500.0  20000  2589               ν9+ ν5    563 

513.5  19474  3115  ν2 564 

 565 

 566 

 567 

 568 

 569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 
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Table 3. Electronic excitation energies Ecal (eV) and oscillator strength (f) of the dipole 581 

allowed electronic transitions for C7H3
+ and C7H3 isomers calculated by the MS CASPT2 582 

method and comparison to the experiment Eexp.  583 

 584 

  Transitions  Ecal  f  Eexp   585 

 586 

A
+  X

1A1→1
1A1  4.13  0.40  3.85  587 

           →2
1A1  5.99  0.0050 588 

A
•  

X
2B1→1

2A2  1.72  0.0020    589 

           →3
2B1  4.76  0.13  3.82 590 

  591 

B
+  X

1A1→1
1A1  2.99  0.33  2.81    592 

           →2
1A1  3.95  0.016     593 

           →3
1A1  4.21  0.0030     594 

                                 →4
1A1  5.53  0.0050      595 

 596 

 597 

B
•    

  X
2B1→1

2B1  2.46  0.0020  2.57    598 

           →2
2B1  5.73  0.0007     599 

     600 

C
+  

X
1A'→1

 1A'  3.13  0.64  2.99    601 

          →2
1A'  4.17  0.030     602 

                     →3
1A'  4.73  0.0008     603 

                                →4
1A'  5.19  0.040     604 

  605 

C
•  X

2A''→1
 2A''  3.21  0.030   not observed  (n.o.) 606 

                      →2
 2A''  4.42  0.010     607 

                      →3
 2A''  5.08  0.0080     608 

                      →4
 2A''  5.57  0.020     609 

  610 

 611 

 612 

 613 

 614 

 615 

 616 

 617 
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E
•     

X 
2A'→1

 2A'  2.28  0.010  2.34    618 

           →2
 2A'  2.56  0.0020  2.58   619 

           →3 
2A'  3.43  0.0009     620 

         →4
 2A'  3.86  0.0050     621 

         →5
 2A'   5.30  0.020     622 

 623 

 E
+  X 

1A'→1
 1A'  0.68  0.0002  n.o.   624 

         →2
1A'  2.94  0.030     625 

           →3
1A'  3.1  0.17     626 

         →4
1A'  3.26  0.030  627 

F
+  X

1A1→1
1A1  5.46  0.13  n.o.  628 

           →2
1A1  6.15  0.0090 629 

 F
•  

X
2A2→1

2B1  1.15  0.031    630 

           →2
2B1  4.44  0.042            4.1 631 

           →3
2B1  5.67  0.19 632 

J
+  X

1A1→1
1B2  4.30  0.064  n.o.  633 

           →1
1B2  5.80  0.003 634 

           →1
1A1  5.29  0.013 635 

                                →2
1A1  5.89  0.11 636 

 637 

J
•  

X
2B1→1

2B1  3.36  0.055  n.o.  638 

           →2
2B1  4.84  0.074             639 

           →3
2B1  6.42  0.19 640 

           →3
2A2  3.30  0.021 641 

           →4
2B1  5.25  0.063 642 

 643 

 644 

 645 

 646 

 647 

 648 
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Electronic absorption spectra of mass-selected C7H3+ and C7H3• isomers in a neon matrix have been 

identified for the first time.  
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Electronic absorption spectra of mass-selected C7H3
+
 and C7H3

•
 isomers in a neon matrix have 

been identified for the first time. 
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