Optical spectroscopy of jet-cooled FeC between 12 000 and 18 100 cm -1
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Iron monocarbide has been investigated between 12 000 and 18 I80rcansupersonic expansion

by resonant two-photon ionization spectroscopy. Six new electronic states have been identified for
which origins relative to the ground state have been determined. Three of these fb'ss@ne
possesse§)’ =4, and two possesQ@’=2. The()' =3 state with an origin near 13 168 cthis

likely a A, state and has been assigned as the analog qfith€]?s *—X23* charge transfer
transition in CoC. Th&)' =4 state is most likely &, state. Additionally, seven bands wifl =2

have been observed that have proven impossible to systematically group by electronic state. Because
every transition rotationally resolved in this study possesses a lower staté)wity the ground

state has been confirmed as arising from(sn 3 state that is most likely th€ =3 spin orbit
component of &A; term derived from a 894 configuration. The ionization enerdyE) of FeC

has been determined as 7:7@.09 eV by varying the wavelength of the ionization photon. When
combined with the known IE of Fe and the bond energy of Fethe bond energy of FeC is
calculated to be 3:90.3 eV. Presentation of the results is accompanied by an analysis of the
bonding in FeC from a molecular orbital standpoint. 1®97 American Institute of Physics.
[S0021-960607)02746-3

I. INTRODUCTION that future work on transition metal carbides would be inter-
] o N esting because YC did not have the ground state that would

Progress in characterizing the transition metal—_carborbe predicted based upon the orbital energy ordering of the
bond in the simplest of systems, the metal monocarbides, byarly oxides In part, this was expected because of the better
high resolution spectroscopic methods can be dividegnaich between the energies of the @d 2 orbitals of C
roughly into two time periods. First was the work done by yjth those of the metal than in the case of the oxides, but
Scullmanet al.on PtC, RhCIrC, and RuC prior 0 1980.  eyen the calculations by Shim, Pelino, and Gingdriafied
These detailed investigations provided the only understandy, provide conclusive evidence of what the ground state of
ing of the bonding in such molecules for a number of yearsy = \would be. For YC, the ground state is now known to be
but these studies had their problems. Because the metal cafy deriving from a 162110120*5 73 configuration. One
bide was produced at high temperature in a furace, neceg;estigation, however, does not impart an immediate under-
sitated by the refractory nature of both the metal and carboryi,qing of the subtleties of the bonding across the transition
it was sometimes not possible, as in the case of RUC, Qgries. Following the work of Simard, of course, the number
observe the first lines in the rotationally resolved spectrunyt ¢qrhiges investigated for the first time in the gas phase or
and thereby identify the electronic states involved. The electgjn estigated has increased dramatically, and the possibility

tronic and geometric structure of these species, however, g, 5 systematic investigation of transition metal carbides
crucial to understanding such molecules and in building g5, exists.

base for understanding larger systems that include metal— i is ot the purpose of this article to review all the

carbon bonds. Such systems appear quite often in industey,rrent work on transition metal carbides. The focus here is
and in systems of biological importance. The central role ofy ¢ 3y metal carbides and FeC in particular. Iron mono-
iron in our own species’ biology is just one example. In ¢4 hige was the first of theddcarbides to be investigated in
addition, more exotic environments such as stellar atmog, gas phase by electronic spectroscdBoon thereafter
spheres cannot be fully understood until all the chemical;,o spectrum of CoC was reported by Barnes, Merer ,and
participants and their abundance can be identified, but Work/lethag which was later supplemented by the wc;rk of Aéam
in identifying potentially important constituents, such as,ng peerd on an additional band system. These constitute
some metal carbides, is hampered by the lack of laboratony,e on1y published gas phase electronic spectroscopic studies

data. of the 3 transition metal monocarbides, although unpub-

The development and maturation of laser vaporizationfisheqd studies of TiC. VC. CrC. and NiC exitin a con-

supersonic expansion techniques for the ready production gf,ing effort to better understand the bonding in all the car-

refractory species in the gas phase ushered in a new era gfyes " we have investigated the spectrum of FeC further to

study of the metall—j’carbon bond that was begun by Simarde req of the original study by Balfour. The work presented
Hackett, and Balfourwith a report in 1994 of the spectrum perq is an incremental improvement in the understanding of

of YC. With the completion of this investigation, it was clear \ho nature of the iron to carbon bond in FeC. Several new
electronic states have been identified, but complexities that
dElectronic mail: morse@chemistry.chem.utah.edu are common to many transition metal carbide optical spectra
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are also present here. For example, a number of the rotationia two cards built in the University of Utah Chemistry De-
ally resolved bands in this study cannot be grouped accordsartment Electronics ShopPeaceable | Multifunction
ing to electronic states, and perturbations are evidenCardg. A better timing resolution of 1 ns can be achieved
throughout the spectrum. This article is also the first of fivewith a different delay generatdiEvans Electronics, model
articles from this group covering work on the transition 4141 when the delay between two lasers must be controlled
metal monocarbides. The remaining four articles will discusgo within the jitter of the laser& ng. Ancillary data such as

results for RuC, PdC, NiC, and MoC. relative laser fluence talon transmission fringes, and iodine
absorption or fluorescence is averaged, displayed, and stored
Il. EXPERIMENT by the same computer by first integrating the corresponding

photodiode or photomultiplier signal with a home built inte-

grator and then digitizing that signal with a set of analog to
The apparatus used in the present study of FeC is a tw@igital convertorgAnalog Devices, AD578Jlocated on the

stage differentially pumped vacuum system consisting of dnultifunction cards attached to the PC bus.

source chamber and a time-of-flight mass spectrometer

(TOFMS). It is essentially the same as that used to interroB. Molecular sources

gate numerous other _molecules_m this group. A scalg draw- In this study, the most efficient production of FeC was
ing can be found with our original work on aluminum

tri 12| L th lecul £ int ¢ t ﬁccomplished by the pulsed laser ablation of a carbon steel
rimer.- In general, the molecules of interest are generate arget disk with 1 to 2 mJ of the second harmonic output

|nblth§ thrc;at of a Isupersog}cke)rjpan&t())n hby the gulszd laSqFom a Nd:YAG laser in the throat of a supersonic expansion
ablation of a metal target disk that is both rotated an trans(-)f 3% methane in helium that was allowed to expand

; 4
lated to evenly remove metal from the disk surfat& The through a 2 mmorifice after traveling througa 3 cmchan-

Eupersqn|ca5lly coo(ljgd mc;lgfqlar.dbeam IIS zklnl}n(B@daT nel. The gas plenum was maintained at a pressure of between
ytnaT;]CS, tmT’ lam, |th| eﬂan? an Tg:&’ﬂvg ﬁ 60 and 80 psig for all work. This has become a common
enter the extraclion region ot a retiectron w eretechnique for generating carbon-containing molecules from

spectroscopy is performed.

refractory metal&:*®> A number of other molecular produc-
The most common method used to carry out a spectro

o faati f feul ies in th lecul tion methods were tried, but all were less successful. The
scopic investigation of a particuiar species n the moleculak, iy tion of ethylene for methane in the helium carrier gas
beam that has entered the TOFMS is to expose the beam

. " isulted in no observable FeC ion enhancement while the
the output of a tunable laser directed along the propagatio

. . : Bubstitution of acetylene resulted in a two-thirds drop in the
axis of the expansion and to crc.)ss.that with the putput of arﬂ)roduction efficiency of iron carbide. The mole percent of
excimer laser about 20 ns later in time. The dominant photo- arbon in the carbon steel sample disk was too low to allow

ionization processes in the TOFMS under this experiment he production of an observable number of FeC molecules in

setup are direct one-photon lonization, most commonly m-a pure helium expansion. The substitution of a powder

SUCEd by_ the extilmer Iaserl; n_ogresoga:)nt ttvr\]/o-pho_ton pmz nressed sample disk consisting of iron and carbon powders in
lon, ‘again, most commonly Induced by e EXCIMEr, anGy,q yqe ratio 3:1 was found to be about half as efficient at

rﬁsonant two-pgoton _|on|zaf1t|o(rR2PrI2, Wh'cr} |sh|nducet()j| b)ll ‘{)roducing FeC as the helium/methane/carbon steel produc-
the resonant absorption of one photon of the tunable 1asqf,, 1o e |t was this last technique which afforded us our

followed .by one of the excimer laser output. To conduct Sirst observation of resonant enhancement in FeC, but it was
systematic study of a particular species in the molecula

. L ot subsequently employed. For vaporization of the metal
peam, the direct qng-photon lonization of the molecule 0 arget, the second harmonic outg&82 nm of one of three
interest must be eliminated, the nonresonant two-photon SIKd'YAG lasers (Quantel model 580-10; Quantel model
h§331-C, Continuum Powerlite 80P@vas focused to a spot

ize of 0.5 mm on the sample disk. The choice of vaporiza-
tion laser was purely a matter of convenience and resulted in
10 essential difference in the observed signal. All data pre-
€nted here were collected under the most efficient produc-
tion conditions for FeC.

A. Overview

scanned to produce ions of the neutral species of interest
R2PI.

The ions produced in each experimental cycle are sep
rated by mass and detected by a microchannel plate assem
(Galileo, model 3025-Bcoupled to a 5d) anode assembly.
The signal is amplifiedPacific Instruments, model 2A50
and digitized by a 100 MHz transient digitizéTransiac,
model 200}. The digital signal representing the mass spec-C' Spectroscopy sources
trum of the ions is signal averaged, displayed, and stored in  The excitation photon for the R2PI process was supplied
real time by a 40 MHz 386-SX PC clone based computeby either of two possible sources. The first source was the
system at a repetition rate of 10 Hz. The timing of all pulsedoutput of a refurbished Molectron dye lagdfiolectron DL-
devices(nozzle, threeQ-switched Nd:YAG lasers, and one 222 pumped by the frequency doubled output of a Nd:YAG
excimep and all triggerable devicagligitizers and gated in- laser(Quantel model 581-C This laser provided low reso-
tegrators is achieved with a temporal resolution of 200 ns by lution laser radiation (0.6 cit) at high pulse energfl0—50
the use of three delay generating chi@gsdvanced Micro mJ), tunable over a wide spectral region
Devices, model Am9513pinterfaced directly to the PC bus (12 000—18 200 cm'), using a variety of dyes for use in
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survey scans of FeC. To conduct low resolution scans fronRaman shifter(Corning 7940-UVY eliminated any anti-

12 000 cm* down to the limit of this study at 10 400 crh Stokes radiation that may have been generated. Less than 1
we placed a steel tube filled with,tat 500 psig in the path  mJ of the first Stokes ligh5.90 eV, 210 nmremained for

of the focused dye light. This allowed us to generate the firstonization. It was, however, sufficient to conduct experi-
Stokes radiation via stimulated Raman scattering off thements.

Q(1) line of H,. As described by Clouthier and Karolczk, Lifetimes of excited electronic states were determined
this provided laser radiation of comparable linewidth to theby the time delay technique in which the Fe6ignal inten-
input radiation but shifted 4155.162 ¢hto the red. sity is collected as a function of the delay between the exci-

This laser source also produced higher resolution radiatation and ionization photons when the excitation laser is
tion (0.04 cml) at lower energy(1-5 mJ over a much tuned to a resonant transition. At near temporal coincidence
narrower spectral window~ 15 cni ) for use in resolving of the two photons, the ion signal is the greatest. It decays
the rotational structure of many of the bands observed in thexponentially as the delay is increased. This decay is then fit
low resolution spectrum. Achieving the higher resolutionto one of six different exponential decay models using a
was accomplished by the insertion of an air spacedor  nonlinear least squares fitting routitfeFour of the six mod-
(Lambda Physikinto the oscillator cavity of the dye laser. els available for fitting these decays include a convolution of
The cavity was then evacuated and pressuridddiectron  the excitation and ionization laser profiles into the exponen-
DL-224) back to 650 Torr with Freon 12CCLF,, DuPonj  tial decay to better describe curves obtained for electronic
at a rate of about 8 Torr/min. All but one of the 22 rotation- states with short lifetimes<(200 ns).
ally resolved bands in this study were resolved with this
source in high resolution mode. o _

The second source in this study was the output of & Calibration techniques

Continuum Mirage 500 optical parametric oscillat@PO/ Absolute frequency calibration of the rotationally re-
optical parametric amplifiefOPA) combination. In this splved bands of FeC was accomplished by simultaneously
package, the OPO was pumped by approximately 20 mJ cfollecting the spectrum of,| the spectrum of the molecule
the nearly gaussian second harmonic light of an injectiorpf interest, and thétalon transmission fringes with the same
seeded Nd:YAG lasefContinuum Powerlite 8000 The  high resolution dye laser radiation. The iodine spectrum was
parametric conversion process in the oscillator's KTP crystathen compared to either the atlas of Gerstenkorn and®larc
generated two photons of lower frequency, one of which washe atlas of Gerstenkorn, Verges, and Cheviflatd find an
selected to seed the amplifier's two BBO crystals. At theexact match. By plotting the absolute frequencies from the
same time that the seed photon from the oscillator enteregdine atlas as a function of fringe number and fitting this to
the BBO crystals, approximately 150 mJ of the third har-a straight line, it was possible to determine the free spectral
monic radiation from the same YAG laser was directedrange of our'mk)n, necessary for proper|y determining the
through the amplifier. The seed photon was amplified tarelative position of the lines in the molecular spectrum, and
yield about 10 mJ of high resolution laser radiationthe shift to apply to our spectrum, necessary to obtain abso-
(0.02cm). As a consequence of the conservation of enqute wavenumber positions for each line. The spectrum of
ergy, a second photon was also produced in the amplifier gbdine was collected by fluorescence (15 300
frequency wpymp— wsees Both had the same linewidth. The _20 000 cm?), direct absorption of , at 25°C
two wavelengths were separated by a set of dichroics thati5 000—15 300 cm), direct absorption of ,l at 250 °C
were supplemented with prisms and filters to insure that only14 000—15 000 cm'), or direct absorption of,lat 500 °C
the desired wavelength was transmitted. This package wag2 900-14 000 cmt). The iodine cell was heated by
used to rotationally resolve one band in this study. means of a quad-elliptical radiant heater supplied by R. I.
Controls(Model E4-10. Following a correction for the Dop-
pler shift due to the motion of the molecules toward the
excitation radiation and a correction for the error in the first
The second photon, the ionization photon, was suppliedtlas mentioned abov,the reported line positions are be-
by the output of an excimer lasérambda Physik, Compex lieved to have an accuracy af0.005 cm't.
200 operating on an ArF gas fill at 193 n(6.42 eV, 50—80 In the case of the one band at 12 000 ¢nthat was
mJ/pulse. This ionization source was used for all survey androtationally resolved with the Mirage 500, it was not possible
high resolution work. To determine the ionization energy ofto calibrate with the same laser radiation used to excite the
the molecule, the excimer laser was fitted with unstable resanolecule because we lacked the ability to heat the iodine to
nator optics to decrease the divergence of the output bear@90 °C. Instead, we were able to use to our advantage the
and the beam(200 mJ was then focused through a high fact mentioned in Sec. Il C that the Mirage 500 simulta-
pressure cell of KH(310 psig to generate Raman-shifted ra- neously outputs two tunable laser beams of different fre-
diation. The cell construction has been described in detaifjuency and of comparable quality. The sum of the frequen-
previously!” The output beam of the Raman shifter wascies of the two output photons must always equal the
heavily filtered with salt platesNaCl) and a 193 nm 45° frequency of the third harmonic lighBw) of the Nd:YAG
reflector(Acton Researchto eliminate any trace of the origi- laser used to pump the OPA. By collecting the molecular
nal ArF pump light. The fused silica windows used in the spectrum of FeC with one output of the Mirage 5Q0:£0

D. lonization sources and lifetime collection
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near 12 000 cm* and the iodine fluorescence spectrum ofA. General fitting procedure

the other output @ieqing Near 16 000 cm' simultaneously, The initial study of every rotationally resolved band in

it was only necessary to know the value @ & absolutely e proceeded by first fitting the observed rotational struc-
calibrate the molecular spectrum by the differencey, e to the standard formula

WFec™ Wpump— Wiodine W€ Were able to find a spectral region
in which one output of the Mirage 500 could be calibrated by =+ B/J'(J'+1)—B/J"(J"+1). (3.2
fluorescence in one atlas while the other output could be
simultaneously calibrated in the other by absorption afThis allowed lower and upper state rotational constants to be
500 °C. Using this technique, we were able to determine thextracted, which aided in the assignment of vibrational pro-
sum of the frequencies of the two Mirage 500 output pho-gressions and in the choice of new bands for rotational
tons, and thus the,y, of the pump YAG was determined analysis. No account was taken of centrifugal distortion be-
to be 28 183.41820.0002 cm®. It was then possible to cause, initially, it was assumed to be small at the ldw
collect a molecular spectrum of FeC with the lower energyobserved. No evidence was found for lambda doubling; con-
output of the OPO/OPA near 12 000 chwhile simulta-  sequently, this effect was ignored. As expected, Bfeval-
neously collecting the iodine fluorescence due to the highenes determined in this way were not identical because the
energy output near 16 000 crh and absolutely determine quality of the data for each band was not identical. The
the line positions of FeC. We call this calibration techniqueweighted average of all the values, however, was found to be
OPO/OPA differential calibration. Clearly, the calibration of 0.669 567(21) cm'. Late in 1996, Allen and co-workéers
the pump YAG & must be performed routinely if OPO/ reported the observation of six pure rotational transitions
OPA differential calibration is to be used to reliably deter-within the Q=3 ground state of FeC. This allowed the de-
mine absolute line positions. termination of the ground state rotational constant for FeC
with, by optical standards, extreme precision. Their value for
Bj was determined to be 0.669 643 18(7) Cmwhere the
1o error limit is in parentheses. Though very close to the
This spectroscopic study of iron monocarbide was conweighted average value @; determined in this study, it
ducted from 10400 to 18 100 chh Below 12 000 cri?, was decided that the value from Allen al. was simply more
however, it was not possible to probe and detect resonariccurate and should be accepted as correct. Every band in
excitation because the photons provided by the ionizatiomhis study was then refit holding the value®ff fixed to this
laser were not sufficiently energetic to ionize states thavalue. This is why no lower state rotational constants are
might be present in that region. This is discussed in moreeported in this study. The value 8f was always fixed to
detail in Sec. Ill H. Between 12 000 and 18 100cmat  0.669 643 18 cm'® for 56Fe!2C and 0.674 144 02 cit for
least 44 bands have been observed, making this spectrutfFe'2C.
nearly as dense as that observed by Baffbetween 20 000 The study by Allenet al. also determined that the cen-
and 23256 cm'. Of the 44 bands, 22 were selected for trifugal distortion constant in the groun@=3 state is a
study at higher resolution to reveal the rotational structure ofnere 1.614% 10 6 cm !, a value that would not lead to
each. The analysis of these bands has yielded a general pigeticeable effects even at the highektobserved in our
ture of the excited electronic state manifold in this region. Itbands. Even in the refit of all bands in this study to hBld
is clear that FeC possess three excited statestt8 sym-  fixed the effects of centrifugal distortion were not consid-
metry, two of which have their band origins near ered.
13 200 cm®. The remaining)=3 state has an origin near
15 450 cm L. These three states account for 8 of the 22 re-
solved bands. Also near 13 100 chis the origin of a state
with Q=4 symmetry that displays a three band progression.B' The FeC [13.17]2 =3 X *A, system
Diatomic FeC also possess at least three stat€s0f sym- This band system consists of six observed bands ranging
metry. One of these has an origin at 12 000 ¢mand an-  from 14 600 cm* to the limit of this study at 18 100 cnt.
other has an origin near 16 000 chwith a three band pro- The bands are weak and have long lifetimes that average 5.8
gression. The 1-0 band of the state with an origin neaus. It was possible to rotationally resolve the major isotope,
12 000 cm! may also be observed, but it was not rotation-¢Fe'?C, for each of these bands, but the same could not be
ally resolved. The remaining seven bands all pos§es®,  done for the minor isotop&Fe'?C. This precluded the de-
but it is not clear which of these belong together as membertermination of precise isotope shifts. It was possible, how-
of a progression. All of the bands poss€38=3. In the ever, to determine the isotope shift for each of these bands by
sections that follow, each of these band systems will be definding the separation between tiieband heads for each
scribed, and the determination of the ionization energy ofsotope. This allowed the shifts to be determined with about
FeC will be discussed. If more detailed information abouta one half wavenumber uncertainty. The appearance of the
any of the rotationally resolved bands is desired, a completeotational structure of each of these bands is illustrated by
list of line positions can be obtained from the Physics Aux-that of the highest member of this progression shown in Fig.
iliary Publication ServicPAPS of the American Institute 1. The immediate band head in tRebranch is a clear indi-
of Physics or from the authdM.D.M.).?? cation that the bond length increases dramatically upon ex-

Ill. RESULTS
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ferent vibrational numbering schemes were tried. The band
origins were fit with each scheme to the formula

vo=To+v w,—(v'?+v")wlX, (3.2

to extract values folly, w,., andw/X, . These values were
then used to predict the isotope shift betwéfre!*C and
S4Fel?C for each band. The calculation of an isotope shift
required an estimate fas, that we took to be 805 cnit, the
value estimated by Balfowet al® from the observed isotope
shift of a 0-0 band that was assumed to be unperturbed. The
anharmonicity in the ground state was set equal to zero be-
cause no reliable estimate exists and because its contribution
to the isotope shift is negligible even for a comparatively
large value such as 20 crh These predicted isotope shifts
ﬁ/ere then compared to the observed shifts to decide which
numbering scheme was most appropriate. The results of this
analysis are represented in Fig. 2. In this figure, the open
circles represent the actual isotope shift as a function of
citation. The relevant data for this band system and for alP’Fe'“C transition frequency, and the lines represent the cal-
other bands rotationally resolved in this study is summarizedulated isotope shift for three different vibrational numbering
in Table I. assignments in which the first band was assigned as 1-0, 2-0,
As can be seen in this table, the observed isotope shifind 3-0. As the figure clearly indicates, the actual isotope
for the first band in this progression at 14 608¢m shifts fall close to the line of predicted shifts for the assign-
(+4.45 cm'ly is much too large for an origin band. Each ment that makes the first band a 2-0 band. It was this assign-
band does appear, however, to originate fromubked level  ment that was accepted as the true vibrational numbering of
of the ground state based upon the valudbfobtained for  this system.
each band prior to holdinB” fixed. In order to determine an The fit of the observed bands to E§.2) with the vibra-
absolute vibrational numbering for this system, several diftional numbering given in Table | yield§,=13 167.9

] 1 1 1 I
18052 18056 18060 18064 18068
Wavenumber

FIG. 1. Rotationally resolved spectrum of the 7-0 band of [th&.17]Q)

=3 system. The immediate band head in fRebranch, due to a large
increase in bond length upon excitation, causes all branches to fan out
lower energy. The first line in each branch is clearly distinguishable, and th
assignment of the first lines identifies the transitior{es 3 =3.

TABLE |. Spectroscopic constaritdetermined for the rotationally resolved bands%¥e'?C.

State v’ =v" vo (cm™) B, (cm™h) 7 (us) Avg (cm P
[12.000=2 0-0 12 045.86867) 0.651 78862 0.760@90) —0.1789(63)
[13.1%®, 00 13063.555(5  0.64896194)  0.714G60) +0.5133(54)
1-0 13 944.616473) 0.656 9911) 0.560@60) +2.748(11)
20 14795.95467  0.646 9016) 0.45240) +5.90(50}
[l3.1ﬂ3A3 2-0 14 608.525@15) 0.543 7012) 7.3020) +4.45(50%
3-0 15314.155(65  0.537 3321) 5.0060) +6.63(50)
4-0 16 015.85366) 0.537 4414) 6.20(10) +9.16(50f
5-0 16707.713%6)  0.531 3517 5.7020) +10.89(50§
6-0 17 389.550%9) 0.527 2621) 6.20120) +12.92(50§
7-0 18 065.53480) 0.521 18%96) 4.1010) +15.23(50§
[13.180=3 0-0 13175.101®1) 0.675 27070 0.79119) +0.1108(75)
[15.510=3 0-0 15 454.202@2) 0.654 15637) 0.786d60) —0.0083(63)
[16.0/Q=2 0-0 15980.989@8)  0.605 2913) 2.1020) +1.396(11)
1-0 16 892.767@10) 0.597 4313 1.2010 +6.0456(95)
2-0 17790.524666)  0.585 8415) 1.1310) +5.353(12)
0=2 ?-0 13 395.78317) 0.534 14233 6.7310) +2.3284(40)
0=2 ?-0 13 741.311%5) 0.616 0915 1.1510) +5.2657(64)
0=2 ?-0 14 009.680B4) 0.569 7719 5.91(13) 4.7502(58)
0=2 ?-0 14 393.80781) 0.541 60388) 3.80(10 +5.80(50f
Q=2 2-0 1462471739  0.574 9319 2.1410) +7.30(50)
0=2 ?-0 14 972.01624) 0.522 74173 7.4315) +7.30(50§f
0=2 ?-0 16 002.73024) 0.542 75953) 3.26040) +8.00(50f

aThe 1o error limits in the last two decimal places for each constant are listed in parentheses following the
constant. The constants, and B’ were determined by fixing the lower state rotational constant to
0.669 643 18 cm! in a fit to Eq.(3.1).

bUnless otherwise noted, the isotope shift is the position of the band origin REEC species relative to that

of the *Fe*?C species.

This isotope shift was determined by the position of Rdand head, or other prominent feature, of the
54Fe'’C species relative to th&Fe'?C species as measured from low resolution scans.
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Wavenumber .
FIG. 3. Rotationally resolved spectrum of the 0-0 band of{th& 5|2 =3

state. The close spacing of tlgg-branch lines indicates only a slight in-
FIG. 2. Determination of the absolute vibrational numbering of the FeCcrease in bond length upon excitation.
[13.17Q2=3 state. The open circles represent the measured isotope shift
(cm™Y) for each observed band in this system as a function®eé&'*C

transition energy. Using 805 cth as an estimate fow, the predicted . . .
isotope shifts for three different vibrational assignments of the bands ar®€ Seen, the lines fan out symmetrically in both EhandR
plotted as continuous lines. The line markéet 1 corresponds to assigning branches with no band head. TQebranch lines are closely

the first band as 1-0f=2 corresponds to 2-0; and=3 corresponds to 3-0.  spaced and fan out to lower energy. These items indicate that
The measurgd values fall on tMe=2_I?ne, confirming that the first band in the bond length increases only slightly upon excitation. The
this progression represents a transition todtle2 level of the upper state. Iarge gap between th® and R branches, and Subsequent
assignment of the first rotational lines, proves that this is an
+36cml ' =732.2¢20cmt and o'x =407 ' =3<Q"=3 transition. When the spectrum is fit to Eq.
+3. , . . . , Xe=4. - P _
+0.19 cm L. This assignment places the origin of this elec-(3-1 B’ is found to be 0.654 156(37) crh It was possible
tronic state so near anoth€r=3 state that the traditional 1© rotationally resolve the minor isotopére“C in this case,
three digit numbering scheme for electronic stafs.x]Q leading to an accurate determination of the isotope shift of
9 L 71 .
must be extended by one digit to uniquely identify the state~ 0-0083=0.0063 cm*, very nearly zero. Such a small iso-
This state is therefore designated as[th@.17]Q) =3 state of tope s.hlft'lndlcgtes that this must be an origin band. This, in
FeC. The values foB’ can be extrapolated using the simple combination with the small change of bond length upon ex-
equationB,=B,— « (”U+1/2) to determine the value & citation, explains why only one vibrational level of this elec-
to be 0 5U55 I&OBOO 16 cm® and that of a. to bfa tronic state has been observed. Unlike the previously dis-
. . e ) o
0.004 489 0.000 029 cm. Finally, it is interesting to point  cuss€d 13.17Q=3 state, which had a lifetime on the order
out that theB’ values listed in Table | decrease almost©f Mmany microseconds, the lifetime of this state is about 790
v

smoothly fromv’'=2 to v’'=7 except forBj, which is " _
nearly the same a8} . It is also the 4-0 band whose isotope The[13.18() =3 state possesses a rotationally resolved

shift lies furthest from the =2 line in Fig. 1. This indicates StUcture very similar to that in Fig. 3 except that the

a perturbation in th¢13.170=3, v =4 level. Q-branch fans out to higher energy with the lines even more
Six bands have been positively identified as belonging td'2"oWly spaced. This makes the3.18() =3 state the only

this progression, but the first of these is a 2-0 band. W&n€ in which the bond length is less than that in the ground

believe that we have located the 0-0 and 1-0 bands of thi§tate of FeC. The difference is only 0.0067 A. This explains

system, but their unfortunate location in the spectrum pre;he lack of any other members in the progression. Again, the

cludes any definite analysis. The 1-0 band may share its pd§(_)t°pe shift is quite small, just O'_1,108(75) C?’nind?cating_
sition in the spectrum with afl’ =2 ("=3 transition at this must be @’ =0«—v"=0 transition. The analysis of this
about 13 890 cm?, just where it is predicted to be. The ro- band posed difficulties because in the middle offhleranch
tationally resolved spectrum of this region is quite COmp"_appears an gdditional feature that could not be rotationally
cated, and it was only possible to identify a few lines thatresolved. This feature clearly must belong to another elec-
might belong to the 1-0 band, so few that a good fit could no{ronic state because its measured lifetime is 7.5 times longer
be obtained. As discussed in the next section, the 0-0 band §an the lifetime as measured in tReandQ branches where
this system most probably lies embedded in Bhbranch of there is no evidence of anything unusual. It turns out that the

yet another band, again confusing the spectrum and makirﬁosmon of this unresolved feature is very nearly where one
analysis unclear would expect to find the 0-0 band for a transition to the

[13.17]Q) =3 state based upon the fit discussed in Sec. Il B.
In addition, this feature’s lifetime closely matches that of the
other vibrational levels of th§l3.17] state. Because it was
The remaining transitions with afl =3 upper state are not possible to rotationally resolve the feature, its identity
found at 13 175 and 15 450 crh Figure 3 shows the only cannot be proven. It is also possible that what we have as-
rotationally resolved band of tHel5.5]()=3 state. As can signed as the[13.18§Q=3 v=0 level is really the

C. The [13.18]Q2=3 and [15.5]Q2 =3 states
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FIG. 4. Rotationally resolved spectrum of the 0-0 band of[th& 1](0=4

state. The large gap between the branches and the relatively weak intensi'I:
of the P branch indicate af) =4 =3 transition that is confirmed by the

fit. The entire spectrum was collected at a single excitation laser irradiance
(Watts/nf), causing the more intens@-branch lines to become power
broadened. branch leaves no doubt about the assignment of the elec-

tronic symmetry of the upper and lower statedHs=4 and
"=3. Three bands have been identified as belonging to this
[13.17Q2=3 v=0 level, perturbed from below in such a system based upon the trend in isotope shifts and the de-
way to give it an apparent rotational constant that is larger. Itreasing intensity of successive bands. The shift for the first
such were the case, however, it would not be expected th@and in the system, however, is not what would be expected
the lifetime as measured in the three branches would be S@r an origin band:; it is too large unless the vibrational fre-
radically different as has been found. It would also not genquency increases by about 300 chupon excitation. This
erally be expected that the perturbation would be so perfegieems unreasonable and is not consistent with the values of
as to give the fit of each line position in this band a residual, and w/x, determined from the position of the band ori-
less than 0.009 ciit. Because of the evidence contrary to gins of each band in the progression. These values are 910.8
this explanation, we feel confident that there are two differ-and 14.9 cm?, respectively. These values do properly pre-
ent )=3 states whose origins are near 13 175 &niThis  dict the isotope shift of the second band in the progression
means that the 0-0 band of th£3.17/()=3 is observed but but not the third. In addition, thB’ values for each of these
not rotationally resolved. bands do not follow the expected pattern. There is an ob-
Approximately 803 cm' to the red of the[13.18Q)  served increase between the first and second bands, and the
=3, 0-0 band is a very weak feature that shares its distinctivg’ value for the third band is nearly the same as the first. An
rotational contoutat 0.6 cm resolution. In low resolution, attempt to extract values fd, and a, is not very meaning-
the appearance of dd' =3« ()" =3 transition that is nearly  ful because of this problem. Despite the problems with the
vertical with rotational constants in both states as large agotational constants and the absolute value of the isotope
0.67 cm " is unmistakable. Th® branch is sharp and well shifts, these three bands must belong to the same system, and
separated from th® and P branches which fan out sym- we assign them as the 0-0, 1-0, and 2-0 bands. The lifetime

metrically on either side. The feature at 12 372¢may be  of each of these upper states is less than a microsecond.
the [13.18Q =3, 0-1 band because of its similarity to the

contour of the 0-0 band and because it is approximately the [12.0]Q =2 electronic state
800 cmi ! to the red of the origin, a fact that is consistent _
with the value forAGj, estimated by Balfouet al. based ~ There are a number dd’=2.-Q"=3 bands in the re-
upon isotope shifts. The lack of a rotationally resolved scargion of the current spectroscopic study, but the number of
precludes any definitive conclusion, but the observation iglectronic states from which they derive is uncertain. There
consistent with previous work and will have to suffice until Must be at least three electronic states involved to explain the
dispersed fluorescence studies are carried out on FeC. ~ observed bands. The first of these has its origin band at
12 045 cm®. The rotationally resolved spectrum of this
band, the only one rotationally resolved with the OPO/OPA,
is shown in Fig. 5. The assignment of the first rotational lines
Only one electronic state with =4 was found in this confirms that the lower state is agdin=3 and that() de-
study. The origin of this system is located at creases by one unitin the transition. The isotope shift for this
13 063.5551 cm?, slightly more than 100 citt to the red of ~ band is approximately- 0.1 cmi L. The fact that the value is
the origin of two of theQ)=3 states. The rotationally re- negative indicates that the vibrational frequency in the upper
solved scan over this band, displayed in Fig. 4, shows thetate must be less than that in the ground state, which has
large gap between the branches and the wedkanch that been estimated to be 805 cfn Approximately 762 cr? to
are characteristic of &a(=+1 transition in whichQ is  the blue of this band is another whose isotope shift is 2.2
large. The assignment of the first rotational lines in eacht 0.5 cnil. This band has not been rotationally resolved

G. 5. Rotationally resolved spectrum of the 0-0 band of[tt20]Q) =2
ate.

D. The [13.1]Q =4« X 3A, system
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because of an unfortunate spectral location, but it seemand that they belong to an unknown number of electronic
quite likely that this is the 1-0 band of this same system. Thestates whose origins are also unknown. All these bands do
isotope shift is approximately correct, ignoring anharmonic-seem to originate from the ground state0 level of FeC
ity, and it does appear from the low resolution contour to bebecause prior to fixing the ground state rotational constant,
anotherQ) =20 =3 band. This provides a tentative value B” for each band was close to 0.6696 ¢mDespite the fact

for AG,, of 762 cm L, that we have been unsuccessful in grouping these bands by
electronic state, they do share properties in common. First,
F. The [16.0]Q2=2+X3A; system they all possess long lifetimes, all greater than a microsecond

and some considerably longer than that. Each also has an
isotope shift greater than 2 ¢rh a number too large to

.._make any of these bands likely candidates for an origin band.
these bands fOII_OW the trend explected for three :[ransmonlgor the most part, their upper state rotational constants indi-
that can be aSS|gne_d as’) -0, (U +1)=0, and ¢’ +2) cate that upon excitation the bond length increases signifi-
—0. The isotope shifts for the first two bands are not very antly, in much the same manner as that observed in the

meaningful, @?wever. The first band has an isotope.shift. OF13.17_|Q=3 electronic state. Other than these general fea-
1.396(11) cm", a number too large for a 0-0 band in this tures, very little can be said about these bands.

molecule. The second band has a shift of 6.0456(95)cm
a number too large for the second member of this progres-
sion even if the shift of the first member were reasonable. IH. |onization energy of FeC
the three bands were assigned as 0-0, 1-0, and 2-0, the iso- -
g To the red of the origin band of tHd2.0]Q =2 system

tope shift for the third band is about what would be expected, 1 . . " .
5.353(12) cm?’. There is some evidence that the first of hear 1.2 040 e, the mtens@{ of transmons. ;teadlly falls
these bands is being perturbed in such a way as to give it alf'lm'l’ fmally, below 11700 ¢t no new transitions are ob-

anomalously large isotope shift. The shift for the secondsewed' Given th_a_t the rest of the observed specirum has_ a
band is without explanation. Despite these difficulties, anumber of transitions every f?W hundred wav_e_numbers, It
likely assignment of these bands is as 0-0, 1-0, and 2-0. Th as reaﬁtineq that lobserw.ng new transitions below
assignment is based largely upon the intensity pattern of th 2000cm * might be impossible because there was no

bands and the trend in rotational constants as well as thlgnger sufficient energy to ionize FeC in a two photon pro-

evidence that the first band has an isotope shift that is t0§eSS: It. Is also poss[ble, however, that no spectro_s copically
large because it is perturbed. If valuescaf and w.x. are accessible states exist below 12 000 ¢émTo test this no-
" ete

extracted, the results are 925.8 and 7.0 Emespectively. tion, the output of the excimer used for photoionization was
The e;vidence that the first band in this progression ié?aman shifted to provide the first Stokes radiation at an en-

=1
perturbed deserves some explanation. First, the lifetimes or 9y 4155 crm” lower than the ArF laser output. An at_tempt
thev=1 andv=2 levels are approximately Ls. Thev was made to scan the spectrum of FeC again with this lower

— 0 level, however, has a lifetime of2s. About 10 cmi’ to energy photon for ionization to look for an ionization thresh-
the blue of this band is another transition with — 2 thatis  °!d in & region that did have known electronic transitions.

among the ungrouped’ =2+« ()" =3 transitions. This elec- Ihet S|g(;1al to |’:j0|s%|ra;[¢|o \t/vas tct)o tl)ow,bhowevderl, fotr agy.tdls—
tronic state has a lifetime of slightly over@s. In addition, Inct and reproductble teatures 1o be observed. Instead, 1t was

the location of this second band fFE€C is approximately possible to compare the signal obtained from attempting to
8 cmi ! further to the blue than that of t¥Fe'2C isotope. If ionize a single vibronic transition with the ArF excimer laser

these two states are interacting, the interaction would pguiputto that obtair_1ed with the Ra_\man shifted excimt_ar laser
greater for the’®Fet?C isotope. Since the perturbing state is output after summing 100 experimental cycles. This pro-

higher in energy, the origin band of tfi&6.0Q =2 system vided a much better signal to noise ratio and allowed an
idb h d | : Candt X tent f ipnization threshold fco be dgtermined. o _
wou'd be pusned fower in energy, and fo a greater &xtent 10 The results of this experiment are shown in Fig. 6. This

the major isotope, giving that band a larger than expecte i S
J be, giving 9 P ?gure consists of four mass spectra showing iron atom to the

isotope shift. The interaction of these two states also explains® " . .

the change in the lifetime: the lifetime of the=0 level of eft in each pane and iron carbu;ie atmass 68 amu. Each mass

the[16.0]Q) =2 state is being lengthened by interaction with spe'ctrl.Jm was collected .at a different total energy .avallable

the state whose lifetime is longer. Presumably, the 1-0 ban{:Dr lonization, and each is .plo'tted on the same vertical scale

is being perturbed in a similar way by an unobserved state O comparison. Paita) of this figure |I_Iustrates that resonant

enhancement at the mass ¥Fe'?C is clearly seen when

attempting to ionize the =1 level of the()=4 state near

13 950 cm* with the ArF excimer laser output. Patb)
There remain seven bands with= 2 in the upper state shows that the enhancement disappears when ionization of

cannot be assigned to any definite progressions. The baride same state is attempted with Raman shifted ArF excimer

origins, rotational constants, and lifetimes determined foradiation. Clearly, the energy available(ln is not sufficient

this set of bands are also listed in Table | under the headingp ionize the molecule. Partc) shows the enhancement

of ) =27-0 toimply that the listed bands posseQs=2 in  found when ionizing the =0 level of the()=3 state near

the upper state, that their vibrational numbering is uncertain]5 450 cm* with ArF excimer radiation. Changing to Ra-

Beginning at about 15 981 crhis a progression includ-
ing three bands witi)’=2. The rotational constants for

G. The remaining Q'=2«X3A; transitions
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Assuming that the transitions excited in Figgb)6and

6(d) originate from the ground state of the molecule and that
(@) © there are no Frank—Condon difficulties in the ionization step,
the ionization threshold for FeC can be narrowed to the re-
= gion between the 13950 and 15 450 ¢mbands when
,(;E)o 5.905+0.004 eV radiation is used for ionization. To deter-
E mine the ionization energylE) of the molecule, the known
- ®) d band origins of these two transitions were averaged, added to
the energy of the Stokes-shifted ArF radiation, and this value
/\./\_/\_/\/\J\/\/ was then corrected for the effect of field ionization due to the
1 L | il b | L L static electric field present in the extraction region of the
* ® * M7:ss(znu) ® ® B TOFMS. The correction amounted to 0.013 94 eV in the

337.5 V/cm electric field used. The error associated with this
- o IE is simply half the difference between the origins of the
FIG. 6. Determination of the ionization energy of FeC. Four mass spectr L .
are displayed, each taken at a different total energy available for ionizatioriWO bands used to bracket the IE, giving a final value of
Atomic iron is the largest signal in each spectrum at the left,*4Rd"°C is IE(FeQ=7.74+0.09 eV.
at mass 68 amu. The total energy available is just the sum of the energies of
the excitation photon and the ionization photon. In the four panes, these
energies are(a) 14394 cm+6.42 eV, (b) 14394 cnmi+5.90 eV, () IV. DISCUSSION
15 454 cm*+6.42 eV, (d) 15 454 cm*+5.90 eV. When going fronta) to . .
(b) the transition being probed is no longer observed as the ionization pho- The electronic state manifold of FeC

ton energy is decreased. This does not happen on going ftprto (d); . . . .
therefore, the total energy available (W and (d) brackets the IE as 7.74 Every rOtatlona”y resolved band in this StUdy of iron

+0.09 eV. monocarbide originates from ai =3 state. This confirms

that the ground state possessedlaof 3, probably originat-

ing from an invertedA term. The previous study by Balfour
man shifted ArF radiation for ionization in paid) does de- et al. provided the first spectroscopic identification of FeC in
crease the intensity of the enhancement, but it does not elimthe gas phase and identified two excited electronic states,
nate it, indicating that there is sufficient energy available forboth of =3 symmetry, the positions of which could be
ionization. A number of other bands between the two illus-determined relative to the ground state. Other electronic
trated in Fig. 6 were probed in a similar fashion, and nonestates were observed in that study, but placing them on the
showed any enhancement when ionization was attempteshme energy scale is impossible because no spectroscopic
with a Raman shifted ArF excimer. When ionized with thetransitions connected them to the ground state. The current
pure ArF excimer, however, these bands showed less iostudy adds six new electronic states to this picture that can be
enhancement than that observed in Fif) 6making a de- located relative to the ground state. Three of these states
finitive determination of when ion enhancement disappearetiave (=3, one has(}=4, and two posses€=2. There
upon switching to Raman shifted ArF radiation for ionization must be at least one mofg=2 state(most likely more than
quite difficult and somewhat subjective. The choice of theone, but we are uncertain of its origin because of extensive
bands at 15 450 and 13 950 chto bracket the IE of FeC perturbations. A summary of the known information about
then represents a conservative range in which we are confihe electronic states that can be located relative to the ground
dent the ionization energy of FeC truly falls. state is listed in Table II.

TABLE II. Spectroscopic constaritor the known electronic states 8fFe'C.

State To (cm™Y) we (cm™Y) weXe (MY B, (cm™) ae (cm™ re (A)
[20.30=3° 20 273.605)° we~T730 B,=0.5813(5% ro=1.7132(7%
[20.21Q=3° ~20,199° AGs,=671.80(7% B,=0.5321(5% r,=1.7907(8%
[16.0Q=2 15 980.989&8) 925.¢ 7.0 Bo=0.605 29(13) ro=1.678 92(17)
[15.50=3 15 454.20262) Bo=0.654 156(37) ro=1.614 998(46)
[13.180=3 13 175.101€81) Bo=0.675 270(70) ro=1.589 549(82)
[13.17%A, 13 1684) 7322) 4.1(2) 0.555 4516) 0.004 48929) 1.752 6426)
[13.1%D, 13 063.555145) 910.¢8 14.9 Bo=0.648 961(94) ro=1.62145(12)
[12.0Q0=2 12 045.86867) AG,=762(1) Bo=0.651 788(62) ro=1.617 929(77)

X3A, 0.00 AGy,~80% B,=0.669 643 18(7) ro=1.596 213 4(1)

&Constants are reported with @ Error estimate in parentheses. Except where specifically indicated, all data is from the current work.

PThis data was taken from the laser induced fluorescence work by Balfcalron FeC. See Ref. 8.

‘Estimated assumingyx,=0 for this state and assuming that the two observed vibrational levels are not perturbed.

9Because only three band origins were used to determinediptindw/x,, , the values reported here are unique and have no meaningful error bar associated
with them from the fit.

This value is based on an estimate by Balfetal. from isotope shifts and a tentative assignment of a hot band in this study. See Ref. 8.

Pl ; - :

This value was determined by the millimeter wave study of the ground state by Allen and co-workers in Ref. 23.
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Making sense of the electronic states observed in FeC ithan the ground state’s by about 159aThere it was argued
facilitated by a rudimentary molecular orbital analysis. Thethat this must correspond to a charge transfer transition in
best point of reference for such a discussion is €aQnol-  which an electron mainly localized on the carbon atom is
ecule for which a great deal is known about the character dbeing moved to a molecular orbital that is mainly localized
the molecular orbitals involved in the bonding because ofon the metal center. Such a conclusion was justified by the
extensive hyperfine analyses of the observed bands. In comesults of the hyperfine analysis. Based on this analysis, the
parison to the @ transition metal oxides, it is generally true only reasonable configuration for t§&4.01°S " state was
that there will be a better energy match between the atomi8o'37*15*942. In the case of FeC, tHel3.17/Q1=3 elec-
orbitals of carbon and those of the metal because of théronic state has its origin only about 800 chto the red of
lower ionization energy of atomic carbon as compared tghis transition in CoC. In addition, the bond length change in
atomic oxygen. The resultant increase in the interaction bethis transition is considerable. It increases by about 11%
tween these atomic orbitals in the formation of molecularwhen comparing the, values for the two states. Such an
orbitals is at least one of the reasons CoC, a molecule that igcrease is consistent with what would be expected for a
isovalent to MnO, does not posses§%* ground state as charge transfer transition. Based on the similarities between
does MnC® In the carbides, the bondingséand 3r orbitals ~ the [14.0/°Y* state of CoC and thg13.17/Q=3 state of
are pushed lower in energy by this interaction and the correFeC, we assign thgl3.17/Q =3 state of FeC as ¥\ ; state
sponding antibonding orbitals are pushed higher, making théeriving from the &'37*15°90* molecular configuration.
loss of exchange energy upon pairing electrons in $harid ~ Both the [14.0°27—X?3" system of CoC and the
90 orbitals less unfavorable and allowing e * term aris-  [13.17°A3—X3A; system of FeC then correspond to a
ing from a 8&237*16%90 configuration to emerge as the 90« 8a electronic excitation.
ground state of CoC. If, at this point, a molecular orbital Definite molecular orbital assignments for the remainder
diagram would be useful in understanding these configura®f the observed electronic states are more troublesome to
tions, the reader is referred to one of the several MO diamake. If it is assumed that the selection rules DA
grams that have been published that can be considered rek£1,0 and AX=0 are in force in this molecule, the
evant to FeC 10 Perhaps the most useful is that presented 13.1])=4 state observed in this study must certainly be
by Adam and Peers in their work on Cd€. the Q=4 component of &® state. Several configurations

In the case of CoC, it was shown that the character of th€an generate this term. The lowest of these in energy
90 orbital was largely metal & (89%) with the remainder are  80?37%15%°90%x?,  80°37'16°90'47',  and
most likely made up of metal &,. From analysis of an 80°3w%15°902. It is impossible to say exactly which is
excited2A state deriving from a %92 configuration, it  responsible for thé® state. The last of these might be con-
was possible to determine the character of therbital. As  sidered the least likely because it, like that of the configura-
expected, it is primarily metal @ in character(86%). As tion identified as giving rise to thg13.17°A state, repre-
such, both of these orbitals are mainly nonbonding. Thesents a charge transfer transition from the ground state. The
more important observation, however, was that the states dé13.1]{2 =4 state is not accompanied by such a large change
rived, from these two electron configurations are only sepaln bond length upon excitation, however, and therefore is not
rated by a few hundred wavenumbers. Fie,, component ~consistent with a charge transfer transition. Under the same
lies just 221 cm?* above the ground state. To the extent thatSelection rules, this last configuration may be able to account
the molecular orbital picture can be believed, the two elecfor the observation of at least ofie=2 state because some
tron configurations considered here are very nearly degene@f the observed)=2 states that could not be grouped by
ate. Stretching the point even further, the two molecular or€lectronic state possess bond lengths that are considerably

bitals 15 and @ can be considered to lie very close in energylonger than that of the ground state.
with the 15 slightly lower. The other two configurations listed above,

On moving from CoC to FeC, one would not expect805°37*15°9¢% ! and 8-*37*16°904 7" can also gen-
dramatic changes to take place in the nature of the bondingrate’Il states that can give rise to oth@r=2 states, and
The ionization energies of Fe and Co are similar enough thdhey undoubtedly play a role in some of the transitions ob-
the degree of interaction of the atomic orbitals on the metaserved here. It is difficult to find enought terms from
and carbon atoms can be considered to be about the sanf@mple one electron excitations to account for all fhe-3
The metald orbitals will certainly be raised slightly in en- states observed in this study and in Balfour’s study. Some of
ergy, possibly bringing the dorbital even closer to the®  the observed) =3 states may derive from two electron tran-
The electron that is removed on going from CoC to FeC issitions, indicating that the single configuration approxima-
one of the Belectrons. Because theé and 9 orbitals are so  tion is invalid. In any case, the simple molecular orbital pic-
nearly degenerate, not enough energy can be gained by forrfiire does not suffice to entirely explain the complete
ing a 15% configuration to recoup the loss of exchange en-electronic state manifold of FeC, but it does explain some of
ergy. Such an argument at least serves to rationalize why thts important features.
ground state of FeC should b&A; deriving from a
80237*15%°90! configuration.

In the work on CoC by Adam and Peers, the observed The ionization energy determined for FeC is less than
excited state was &, with a bond length that was greater that of atomic iron(7.9024 eV?* by 1310+ 726 cm . This

B. Bond strength of FeC
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indicates that the ground state of FeC is very nearly agnergy of FeC has been determined to be Z.049 eV,
strongly bound as the ground state of the cationic species. lleading to a calculation db,(FeC) as 3.20.3 eV.

the case of FeC, it is possible to make this comparison more

quantitative because the bond strength of Fd@s been
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