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Mass-Analyzed Threshold lonization Spectra of GHg" and CsDg™ Obtained via the By
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The first mass-analyzed threshold ionization (MATI) spectra from molecular excited triplet states have been
collected for benzene and perdeuteriobenzene frorfRhelowest triplet state. From these spectra, thEL

3By, State energy is found to be 29 62712 cnit and the @GDs 3By, State energy is found to be 29 828

12 cmt. The MATI spectrum for each species was collected from 1000 dralow the ionization threshold

to ~2000 cm? above the threshold. Hot band structure allowed for the first higher-resolution gas phase
vibrational measurement of the, vg, andvs frequencies in théB,, state. They were found at 927, 229, and

575 cnt? for the protonated molecule and at 832, 200, and 528 dan the deuterated molecule, respectively.
New vibrational structure has also been observed in the cation ground state of both molecules.

Introduction resolved spectra is the ground state of the cation, and MATI
spectroscopy provides a means of examining this transition. An
adequate population of vibrationally warm triplet states is
obtained by means of an electric discharge in a supersonic beam.
The 3By, state is predicted to be highly distorted along the
vg ring stretching modé,and has two configurations in which
it may be confined in a crystal matrix. These geometries are
. described as quinoidal and antiquinoidal, where the carbon
ﬁ]x?gmtﬂ%lg:aﬁngﬁ% T(l;ﬂsﬁit: vn\:gﬁ: ll)ne ét;efill?r%e?;(een\ﬁ{)?gnsiéate skeleton possesses two short.and four long bonds gnd.two Ipng
: and four short bonds, respectively. The cause of this distortion

coupling mechanism through which tPgy, state gains intensity is a pseudo-JahfTeller interaction with the nearti, statel0

e 1 e b he Vs gibralonsl s (ods 0
P Py Wilson’s notation). By obtaining the vibrational frequencies of

;hlzcﬁzpsiré Weopt?gt?] i?,:%?,f,rézl:ttﬁ tl?a ttztea%ngfe gsetr?;]:g;gazgt{]heethe triplet state in the gas phase, one can obtain a more accurate
P Py ; P . understanding of the unconstrained potential energy surface of
ground state of the cation through the analysis of the mass- . o riplet state

lyzed threshold ionization (MATI tra of b d . .
analyzed threshold ionization ( ) spectra of benzene an MATI spectroscopy and its complementary technique, zero-

erdeuteriobenzene, originating from g, state. S
P While the benzen trigl ¢ t% serv ; model for stat electron kinetic energy (ZEKE) spectroscopy, have often been
. € the benzene tnplet state €S as a model for Stales, gq 1o investigate the vibrational and rotational structure of
with strong vibronic coupling and weak sptorbit coupling,

i 23
because of the latter it has been very difficult to study the ground (I state of the benzene cafich® The reason

. . . . for this work has been, at least in part, its role as a prototypical
experimentally. Direct absorption from the ground singlet staté j.hn-Teller (JT) active system. The understanding of this
has never been observgd for the pure gas. Phosphorescence IVEEmarkable type of vibronic coupling relies on a thorough
!nfor_matl_o n about the vibronic coupling in the state bu_t not about analysis of the complicated vibrational structure that arises from
its vibrational structuré@ Phosphorescence excitation in crystals the JT effect. In particular, as much information as possible
has provided triplet state vibrational structure, but at the expense,_ o+ the fou.r & JT active ,modes is desirable. To date, only
of crystal field effects. Electron energy loss spectra (both in one of these modes (6) has been adequately characteriéed. One
the gas phase and frof“ crystals) give some vibrational SUUCHUre, . 1o reasons for the sole characterization of mode 6 is that all
but only at low resolutiori~6 Oxygen-perturbed gas and crystal

. of these experiments have used a purpmbe excitation
phase absorptions are both perturbed and low-resolfitfon. scheme where the ionization threshold is reached by two photons

Since attempts at triplet state spectroscopy from a lower ;5 5 vibrational level (usually’ of the lowest excited singlet
electronic state have not proven to be definitive, an alternative gt4te S.

approach would be to collect spectra from the triplet state to a
higher electronic state. Triplet state information could be gleaned
from the hot bands in the spectrum. As it turns out, the most
conveniently used higher electronic state for obtaining highly

The triplet manifold of benzene has been the subject of
numerous investigations aimed at determining the ordering of
the electronic states, the distortion in the geometries relative to
the singlet state, and the intensities observed in spin-forbidden
and orbitally forbidden transitions. A. C. Albrecht was the first
to definitively identify the ordering of electronic states by

The JT effect is a form of vibronic coupling that can take
place in any nonlinear molecule with degenerate electronic
states. In the case of the benzene catiorﬁE]i@electronic states
may couple with the degeneratg;@ormal modes to produce
a multitude of vibronic states and thoroughly mix the vibrational
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surface. The reader desiring a more in-depth understanding of Discharge Schematic
the JT effect is referred to one of the many review articles
written on the subjec®2> or two recent papers focused View Ports
exclusively on the JT effect in the benzene cafid?. i
It has been evident in several previous stuifie of benzene Pllsed g Skimiiers
and substituted benzene cations, using photoinduced Rydberg Laser |
ionization (PIRI) spectroscopd; 33 that it is rarely possible to — F Omr-ms beam I
unambiguously understand the vibrational structure of a state LI Nefloctor
using only a spectrum from a single lower state. There is not between
enough information in a single spectrum to resolve the multitude | | skimmers
of possible assignments available in the dense vibrational HVpulse Constant Voltage
manifolds of these states. In PIRI spectroscopy, the multireso-
nant nature of the process allows the recording of spectra from Source Region  lonization Region Beam Dump

many lower states with different symmetries. However, this has Figure 1. Discharge schematic employed in these experiments in which
not been possible for MATI or ZEKE spectroscopy of benzene a high-voltage pulse is used and a continuous dc voltage on the ring is
through the g state because of the dominant nature ofithe  used to generate the triplet species.

vibrations in that state.

Because of the different electronic symmetry, MATI spectra ~ The N, carrier gas, at a stagnation pressure of 2 bar, was
from the lowest excited triplet state®;,, of benzene and  passed over the room-temperature sample of benzene, causing
perdeuteriobenzene have the potential for allowing additional the benzene vapor to become entrained in theedrier gas.
vibrational structure to be seen in the cation. The fact that two The sample was then supersonically expanded through a General
of the JT active modes in the benzene cation, modes 8 and 9,Valve pulsed nozzle operating at 10 Hz.
appear very strongly in the phosphorescence spectrum indicates The triplet state benzene was generated via electric discharge
a good possibility of seeing these modes in the MATI spectra in the expanding gas. Figure 1 shows the diagram of the electric

from the triplet state. discharge configuration in the chamber. The discharge was
) maintained between the nozzle and a tungsten ring, held at a
Experiment constant voltage of 460750 V (dc), located approximately 25

The experimental apparatus used for these studies has beef’M downstream from the nozzle face. A high-voltage 40 kv
previously described and is only discussed here for clarity as Pulse from a sharpened tungsten rod, located 5 mm from the
well as to mention several new additions to the discharge and nozzle face, was used to initiate the discharge on each gas pulse.
ionization desigri*3> The experiment is carried out by com- Several unwanted side effects occur in an electric discharge,
bining the techniques used in prior MATI studigs'! and the and care must be taken to minimize or eliminate these side
discharge techniques used in several multiphoton ionization effects. First, the discharge terminates on the nozzle, and the
experiments performed in this laboratGf#® iron in the stainless steel there is ablated, resulting in a large

Because of the modest energy difference between the tripletnumber of Fe atomic lines appearing in the spectra. While this
state and the ionization threshold, the laser system needed foiprovides a very good source for wavelength calibration, it is
this set of experiments is greatly reduced from other benzeneotherwise a nuisance. The mass 56 Fe lies close enough to the
studies that required the use of either two or three independentlybenzene MATI signal that it can overwhelm the MATI peak if
pumped tunable dye lasers. In the experiments described herea strong atomic line lies at the same wavelength as one of the
only one Nd:YAG pump laser and one dye laser are needed.vibrations of the benzene cation.

Additionally, there is no longer the added problem of having  1¢ reduce the amount of Fe generated by the discharge, a
to overlap laser beams both temporally and spatially. However, tungsten disk was inserted into the nozzle fdcé mmdiameter
the minimal _sample density prevented the use of high-resolution 1,56 in the disk allowed the molecular beam to pass through
MATI techniques. _ _ but reduced the amount of Fe appearing in the spectra by
A pulsed Quantel Nd:YAG laser operating at 10 Hz is used ,rqyiding an alternate ground for the discharge (some iron still
to pump a Quantel PDL-50 dye laser operating with either 5nneared from further inside the nozzle). There is less ablation
Coumarin 440 (430 nm- 450 nm), Coumarin 450 (440 nm from tungsten than from iron, and what is ablated does not
480 nm), or Stilbene 420 (430 nm 415 nm) dye. The dye  pinger the detection of the benzene MATI signal due to
laser output is doubled in a BBO crystal housed in an Inrad tungsten’s significantly higher mass.
Autotracker 11l to generate the desired doubled photon wave- h ianal . h .
length. Scanning the dye laser and using the Autotracker Il to Aqot er source of signa degradation was t.e crea}tlon of
continuously tune the doubling crystal then allows the complete Spurious |ons_from the discharge that made their way into the
ionization region, and subsequently to the detector. To remove

MATI spectrum of the cation to be collected. X X ) )
To generate an adequate number density of the long-lived S°M€ of these spurious ions, two skimmers were placed in front
f the sample entering the ionization region, and a deflector

triplet states needed for these experiments, a high-voltage electri® ;
discharge was used in conjunction with a pulsed supersonicPlate [450 V (dc)] was placed between them (see Figure 1).

expansion. This technique went through several iterations in | NiS helped to greatly reduce the background of ions that found

an effort to obtain an experimental setup with the best stability teir way to the detector when either no deflector voltage was
and longevity. The choice of carrier gas turned out to be rather aPplied or the two skimmers were not used.

important for these experiments, and by experimenting with He,  In these experiments, the laser beam was introduced directly
Ar, and N, carrier gases, we found that ldroduces the best  down the molecular beam instead of perpendicular to it (as in
triplet state beam. The Ar carrier produced an adequate most of our previous wofK4Y). This was possible due to the
discharge, but a weaker signal. The discharge produced in thefact that only a single laser was being used, and had the
He carrier gas was very unstable, which negated its use. advantage of producing a much longer interaction region in
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which the higha Rydberg molecules could be generated. This
resulted in a 4-fold increase in the magnitude of the MATI ] origin
signal.

To further reduce spurious signals caused by ions produced
by the electric discharge, a modified extraction scheme was used. |
This was accomplished by holding the repeller at a high voltage, | }
725 Vicm, until just prior to the intersection of the laser beam
with the molecular beam, when it was changed to 0 V/cm to | [
allow the Rydberg molecules to be formed in zero field. After i | \ 1’

the laser beam intersected the molecular beam, a separation | § !

voltage of 2-4 V/cm was applied for approximately /3 to | } ‘ 2 |

move the directly produced ions away from the higRydberg | . s llsun

molecules. Following this separation, the repeller was returned | L&y Sl

to its initial voltage of 725 V/cm field, ionizing the high- 115 8 ,[ FA) Y IV

Rydberg molecules and sending them and the directly produced |/~ \,J ! W A‘«w"\,ﬁw/j“‘\m»/’“”"“\
ions up the flight tube as in a standard MATI experiment. N
Holding the high voltage on the plates until just before the laser -1000 -500 0 500 1000 1500 200¢

fired provided fringe fields that helped prevent the ions
generated in the discharge from entering the ionization region
along the path of the molecular beam. F_igurf_s 2. MA'I_'I spectrum of (;;Hefr from the triplet state with the
After the ions traveled up the flight tube, the ion signal was Vibrational assignments given in Table 1.
collected by a set of 40 mm multichannel plates (MCP)
interfaced with a transient digitizer and personal computer. The origin
mass spectrum was then collected at every laser shot and N
averaged for typically 100 or 120 shots before the instrument
stepped to the next wavelength.

lon Internal Energy (cm™)

Discharge Mechanism }‘

The mechanism for the creation of triplet states in a seeded ‘
discharge is undoubtedly complex. Different possibilities for | ‘
benzene excitation include direct electron impact promotion into |
either the singlet or triplet manifolds, electreion recombina-
tion, and energy transfer from excited electronic states of the 7 8!
carrier gas. The fact that the nitrogen carrier is superior in | | IR ACEC N
producing the benzene triplet lends credence to the latter 1; k (A
mechanism being important. It is well-known that a discharge g
in N2 produces a variety of fairly low-lying metastable excited B R A B e R R
states, both singlet and triplet. The lowest triplet of the A -1000 -750 -500 250 0 250 500 750 1000 1250 1500 1750 2000
33, state, has a lifetime of seconds and an energy of oy lon Internal Energy (cm™)
eV, for example. The B, a, andlavels also have long lifetimes
and could participate in energy transfer without depositing undue
amounts of energy into the benzene. Alternatively, the C to B
transition energy (the second positive system, activeiladers)

\ e \,,._f\

A
LAWY
g W s

Figure 3. MATI spectrum of GDs" from the triplet state with the
vibrational assignments listed in Table 1.

The lowest triplet state energ$Bi., can be obtained from the

is nearly isoenergetic to benzene’s triplet state and could provideMATI spectrum by subtracting the ionization photon wavelength
a means of resonance energy transfer. On the other hand, th(?rom the known ionization potential. The ionization potentials

lowest excited state of argon is at 11.5 eV and energy transfer . 5 . .
from that atom may produce more fragmentation and ionization Obt?"“?d by Neghauser et dlirom h|gh-_reso|ut|on Rydberg
excitation experiments were used for this purpose. TgésC

than parent excitation.
P ionization potential lies at 74 556 crhand is reached from

If excess energy is deposited into the molecule, an electronic " ) ”
and vibrational cascade process must then follow. This has tothe triplet using a 222.54 nm, or 44 935 ctphoton. This

take place in the collisional region at the exit of the nozzle, Provides a value for the triplet state energy of 29 G27.2
before the supersonic expansion has taken away the relativeM " This energy has been corrected for the depression in the
kinetic energy of the gas. Any states that enter into the Rydberg manifoldD = 4/F) caused by the MATI separation
collisionless beam must live for several hundred microseconds élementF, of 2.5 V/iem??

to reach the ionization region of the apparatus. This puts a lower The triplet energy presented here is in good agreement with

limit of 375 us on the lifetimes of vibrational levels in the triplet  the most recent previous experimental gas phase triplet state

state up to the energy of the vibration at 927 cm®. Transitions energy of 29 639 crmt (3.674 eV), obtained by Sharpe and
from higher-energy vibrational levels are not seen in the MATI johnson in 1984 by measuring the total ion thresRbithe

spectra, because either the state lifetimes are too short or theota| jon thresholds are so abrupt for these transitions that little

oscillator strengths are too small.

Spectral Analysis

The MATI spectra of GHgt and GDg" are shown in Figures

error was introduced in using the less precise technique. The
triplet energy also agrees with three recent theoretical papers
that calculated the energy levels for the triplet states of benzene
using high-levehb initio CASSCF or coupled cluster response

2 and 3, respectively, with the line positions listed in Table 1. theory method434°In theab initio calculations, the triplet state
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TABLE 1: Vibrational Assignments from the Single-Photon perturbed gas phase value-e250 cnt?, while Burland et al.
MATI Spectrum Obtained via the T, Triplet State of both observe two peaks in a crystal matrix at 239 and 252 dmat
CeHe and CeDs they attribute to splitting due to the pseudo-JT effect. No
vibrational vibrational splitting is observed in our spectrum, nor has it been reported
assignment  @Hs"  CiDs"  assignment  €Hs"  CeDs” in any of the other gas phase spectra. Furthermore, Buma et
19 —927 —-832 %3/2) 822 al*” indicate that there should be no splitting due to the pseudo-
—274 9 1071 863 JT activity but that it can be induced by crystal field effects.

8% —229 —200 i 972 916 . . .

16}, 111 63R2) 1247 Immedlatel_y above_the origin, at 107 C_ﬁn there is a hot
164 -63  8(3/2) 1224 band of considerable intensity. The most likely assignment for
origin 0 0 832 1373 1263 a transition that would possess this much intensity is the 6
6% 120 101 1320 transition fromws in the triplet state to the 6(1/2) JT component
igll ggg gég ﬁgg 1354 of ve in the cation. This observation yields a gas phase
16t 330 1542 1408 frequer_my in the triplet state of 575 cy a change of
64(3/2) 353 1577 approximately 50 cmt relative to the frequency in the crystal.

4t 423 345 1629 A deviation in frequency from the value obtained in the crystal
1 496 1661 1550 is plausible due to the effects the matrix has on the molecule,
é?(23/2)161 622 560 1782 11671191 and is a change proportionally similar tg.

61(1/2) 675 629 1821 1733 The next set of peaks at 285, 303, and 330 tare those
6%(5/2) 682 1797 making up thevs vibration, split by the quadratic JT coupling.
?:535/2) 646 722 1861 1839 A small peak at 353 cnt is identified as one of thel@3/2)

peaks, while the Ynormal mode is found at 423 crh The

energy was found to be 3.962 #\(31 955 cn1l), 4.349 eV next strong pgak appearing in the spectrum is #{&/B) peak

(35074 cnl), and 3.83 e¥F (31 052 cnml). fat 675 c_ml, Wlth_ a small shoulder to the Ipw-gnergy S|de_that
The MATI spectrum of GHg" covers a range from 1000 IS tentatively as_3|gned as th§®2)16' combination band. Wlth

cm1 below the IP to 1900 crit above the IP. Two significant @ Move to a higher energy, another group of peaks is found

hot band peaks appear below the IP. They are $hé@ band ~ centered at 845 cnd, assigned as the 1@vertone.

at—229 cntland P; hot band at-927 cntl. These transitions The most intense peak found in the spectrum appears at 972

provide accurate vibrational frequencies for both of these modescm™, and is the totally symmetric ring breathing mode, A

in the 3By, gas phase, and they can also be used to identify very interesting feature appears in the spectrum at 107%,cm

additional vibrational structure that may contain either of them. and is assigned as thé(9/2) normal mode, with the@3/2)

No significant ion signal is present below th& transition, component appearing as a weak shoulder on the high-energy

due to either the lifetime of the triplet state or the lack of side ofv,. The appearance of this JT active mode is fortuitous,

oscillator strength, as previously mentioned. and will be useful in the determination of the cation JT fitting
The appearance of thé;ghot band in the gas phase MATI  parameters in future work.

spectrum is of interest since thegfrequency in the triplet state The remainder of the glg" MATI spectrum cannot be

(229 cn1?) is significantly lower than in §and § (~1500and  assigned without full JT calculations and reference to MATI
~1600 cnt?, respectively) and has been the subject of many spectra from other states. This analysis is in progress, and the

papers over the past 40 yeafs!*4¢5 The interest invg in complete analysis of the JT effect will be presented in a future
the 3By, state lies in the fact that th#,, state is pseudo-JT  paper.

active, and must vibronically couple to tRE;, state to gain
any oscillator strength in phosphorescence. This coupling can,
only occur through the four.g modes, and it has been shown
that thevg stretching mode is the most likely vibration to induce
this coupling?®4” The strong appearance of in the triplet
MATI hot band spectrum emphasizes the strong vibronic
interaction of that mode in the cation ground state. The Jahn
Teller effect mixesg strongly into the zero vibrational level in
the 2E;4 state, producing good vibrational overlap with the

vibration of the triplet. It does not appear as strongly in the -~ o - o
cation vibrational structure because the Jafaller mixing spectra may indicate transitions that have identifiable character,

dilutes its oscillator strength and it is not as strongly mixed and_thu_§ enable_JT calcul_ations to proceed With_ more _cor?f.idence.

into the origin in the triplet state. Slgn|f|§antly, it is possible that two peaks with a significant
In the 3By, state, the potential energy minimum of the contribution fromvs appear (at 1373 and 1661 cHweakly

molecule is displaced considerably from the ground state N this spectrum. The intensity in these bands may be lacking

configuration due to the fact that an electron has been promotedP€cause the extensive JT mixing in the cation has diluted the

to an antibonding orbital, and the aromatic structure of the ring OScillator strength obg. It is also possible that the Franek

has been lost. Buma et 4l.calculated the potential energy ~Condon overlap forg in the transition from the triplet state to

surface along theg coordinate and showed that it is a very flat the cation is poor because of the enormous change in the

and wide potential from the pseudo-JT interaction. The signifi- character of the mode.

cantly lower frequency of theg normal mode in théB,, state The GDs™ MATI spectrum, shown in Figure 3, has an

is thus attributed to the shape of the potential energy surface.ionization potential of 74 583 cnt reached using a 223.41 nm,
The MATI value forvg in the triplet state is somewhat lower  or 44 760 cn1!, photon. This results in the triplet state being

than the previously reported experimental values of Burland et located at 29 828 12 cnt?, again accounting for the MATI

al? and King and Pinningtoh.The latter report an oxygen-  separation element(= 2 V/cm). This value is also in good

A theoretical analysis of the JT effect in benzene ca&fion

as led to the conclusion that the JT modes in the benzene cation
are very well mixed in all the lower degenerate states.
Experiment has shown this prediction to be born out for the B
state of the benzene catiéhand it is expected to be the case
for the ground state also. In particular, modes 6, 8, and 9 have
such large JT couplings that by the time the energygis
reached, it is almost misleading to speak of “assignments”.
However, the comparison of relative intensities in different
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agreement with the previous total ion threshold measurementMATI spectra, the signal has been sufficiently strong to accept
that lists the triplet state energy as 29 837 ¢if this loss in exchange for the higher resolution. However, such

The normal mode assignment of theDg" MATI spectrum was not the case for the experiments carried out here, and the
follows very closely that of the &1t MATI spectrum. The  high-resolution techniques could not be used.

hot band structures corresponding to tRednd &, peaks are The second cause of the line broadening can be the use of
found at—832 and—200 cn1?, respectively, with the % hot the high-voltage electric discharge used to generate the triplet
band at 103 cm. This ve hot band again provides ti81, ve states. The electric discharge creates a rotationally and vibra-
frequency of 528 cm! in the gas phase. tionally warm beam that leads to broader line shapes. Addition-

In this spectrum, ther;s normal mode is seen as a single ally, the use of Nas the carrier gas does not rotationally cool
broad peak at 255 cm with a small unassigned peak found at  the benzene as well as the use of inert gases.
310 cntl. The 4 peak at 345 cm! falls directly over the )
location of the &(3/2) peaks, and therefore, they do not appear Conclusion

in this spectrum. Two peaks found in the deuterated spectrum This paper has presented the first MATI spectrum of the
but not the protonated one appear at 496 and 560t@md are  penzene cation originating from the lowest excited triplet state,
assigned as the 1lnd 16 normal modes, respectively. The 3, Several new features have been found in both3Bg
6%(1/2) peak appears significantly stronger than in the protonated g q 2E, 4 states of benzene and perdeuteriobenzene 3Bhge
SpeCtrUm and lies at 629 Cﬁ'] with two small peaks tentatively energy level has been more precise|y measured for b@ﬂa*c
assigned as?b/2) found slightly higher in energy at 682 and  and GDg* using the threshold ionization technique in conjunc-
722 cn. It should be noted that all the assignments of the tjon with the known values of the ionization potentials of these
small features in the spectra benefit from comparison of these molecules. Additionally, high-quality gas phase experimental
spectra to other MATI spectra of the cation ground state from frequencies were obtained for the vs, andvs normal modes
the neutral ground state and from. S in the triplet state.

This again leads to an interesting region of the spectrum. The  Significant progress has been made in obtaining experimental
ve JT active mode is present in the deuterated spectrum with values for the JT active modes in the ground state of the cation.
considerably more intensity than in the protonated spectrum. It Vibrations with substantial’s and v9 character have been
is possible to make out both thé(8/2) and 9(1/2) angular tentatively identified in the triplet MATI spectra presented here,
momentum components at 822 and 863 ¢mespectively. With and the experimental line positions will be used for comparison
this information, it will be possible to calculate the linear with the MATI spectra collected using other excitation schemes.
coupling term forvg along with the effect it may have when Finally, since the HV electric discharge created a very warm
mixed with other JT active modes. The reason for the increasedmolecular beam, and the resolution obtained in these spectra is
intensity of vg in the deuterated spectrum compared to the not as good as that obtained using the high-resolution MATI
protonated spectrum rests in the effect the mass of the deuteriumechnique, future work with the triplet state may involve
has on thevg normal mode relative to the mass of hydrogen. generating théBy, state using laser excitation. By exciting

This “deuterium effect” has been discussed by Johnson andsingle rotational lines, one can form a much colder rotational
ZiegleP? in their phosphorescence study oftg and GDs. In distribution. Additionally, the high-resolution MATI technique
CeHe, thevg normal mode is made up of an in plane hydrogen may then be applicable, and the line positions obtained here
wag, where there is little or no oscillation of the carbaarbon can be refined. The other advantage of using laser excitation
bond lengths in the protonated molecule. However, upon lies in reducing the background of Fand Nt found in these
deuterium substitution, the carbenarbon bond lengths are  spectra, which again aided in the identification of some of the
perturbed by the motion of the deuterium atoms, the effective weaker benzene normal modes.
increase in mass having affected the motion of the carbon atoms. In summation, several high-resolution vibrational assignments
It was concluded that the difference in the intensitygin the in both the®B,, and ?E;4 state have been made. These data
phosphorescence of the isotopomers is related to the fact thashould aid the theoretical efforts that have been put forth to
the oscillator strength, induced by the vibronic coupling, is further the understanding of the structure of both the cation and
increased in the deuterated molecule relative to that in the the triplet state.
protonated molecule.

Returning to the identification of the remainder of thedg" Acknowledgment. This work was supported by the U.S.
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