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The high resolution vacuum ultraviolet photoabsorption spectrum of ethyl bromide has been
recorded between 5 and 10.15 éX48-122 nm using synchrotron radiation. It exhibits a broad
structureless valence band centred at 6.1 eV of low cross section followed by a region dominated by
excitation of Rydberg states. A high resolution photoelectron spedtfif§ of the lowest energy
ionization band has been obtained and provides ionization energies necessary for identification of
related Rydberg-excited states. Also, analysis of the vibrational fine structure in the PES has allowed
identification of the normal vibrational modes excited and their wave numbers in the ion. These
data, in turn, have been used in the assignment of the lowest energy photoabsorption bands arising
from electron excitation into thesbRydberg orbital. The electron energy loss spectrum, recorded
from 6.5 to 14.1 eV, under electric-dipole conditions, confirms the magnitude of the
photoabsorption cross-section values obtained using the synchrotron radiation and extends the
differential and optical oscillator strength values up to 14.004 eV.2@0 American Institute of
Physics[S0021-960680)01814-§

I. INTRODUCTION ozone depletion processes when photolyzed in the

atmospherg* and they find applications in surfaces etchant
During the last two decades, the electronically excitedplasmas:®

states of the alkyl bromides have attracted increasing inter- Electronic  excitation spectfa® and theoretical

est. A vacuum ultravioletVUV) photoabsorption spectrum predictions? for the alkyl bromides were first reported in the

of such a molecule shows a weak broadband at low excital 930s. Subsequently, the photoabsorption spectra and extinc-

tion energy, labeled tha band, due to a transition of the tion coefficients of ethyl bromide have been measured in the

type 4p(Br)—o*(C—Br). The resulting electronic state is region of the valencé band and of the lowest energy Ryd-

dissociative along the C—Br bond. At higher energy, oneP€rd features, for both gas and condensed pHasesund
ébe ionization threshold$10-10.65 eV, the value of the

absorption cross section is modulated by electron promotion
into Rydberg orbitals with large quantum numbers. Between
f0.65 and 10.8 eV, the cross section is nearly conggt
Mb) before increasing steeply up to at least 11.8'8Vhe

finds much more intense and narrow absorption features, tr
ditionally labeledB, C, D,... and attributed to transitions to
Rydberg states. Background absorptions underlying som
Rydberg bands have been repoftadd related to excitation

of higher valence gxmted states of character. Consg- oscillator strength of theéd band measured in different or-
quently, alkyl bromides are model systems for photod|ssogamC solvents and computed by linear combination of

ciation dynamic studies.They may be implicated in some atomic orbitals calculationdis low. A review of the spectra
and assignations has been made and the term values Bf the
aDjrecteur de recherche F.N.R.S. Electronic mail: mjfranskin@uig.ac.oe C, andD bands calculatetThe photoabsorption spectrum in
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the 6.59-7.7 eV region has been reexamined and interpreteds well as the sample pressure and the electron beam current
by comparison with that of methyl bromide, in terms of elec-of the storage ring. The cell was then emptied &pdthe
tronic origins of the band8 and C, and accompanying vi- radiation intensity through the empty cell, was recorded in
brational excitationd? Recently, doubling present in i@  the same conditiond, and |, were normalized to unitary
band has been explained by invoking a vibronic couplingbeam current.
between Rydberg statés. The absolute photoabsorption cross sectigpwas ob-

We report in this paper new data on the electronic spectained by using the Beer—Lambert law:
troscopy and excitation cross sections of ethyl bromide at
5-14.1 eV. We have made use of VUV photoabsorption with
a synchrotron radiation source to provide absolute excitatiowhereN is the target gas number density ands the path
cross sections and of electron energy loss spectroscoggngth.
(EELS) in dipolar excitation conditions to obtain relative
cross sections at higher excitation energies. Hel photoelec. Electron energy loss spectroscopy  (EELS)

tron spectroscopyPES of the highest occupied molecular The instrument usedVG-SEELS 400 has been de-

orbital (HOMO) region, reported at high resolution for the o0 i detail elsewhef&2An electrostatic electron en-

first time, provides the first two ionization energies and theergy monochromator fitted with a three-element lens pro-

frequencies of normal vibration modes of the molecular 0N ces a collimated electron beam, defines a narrow energy

;I_'hesle f_data thav;a be?” tL;]sec: n thte aSS|ganF12er(1jtbof ths V'(;)rgbread about the mean energy, and focuses the electrons into
lonal fine structure n the lowest energy Rydberg bandSy,e oo jisjon region. The electron beam intersects the gas

Opt.ical oscillator.strength values de_rived from the two ex- eam which flows through an hypodermic needle at 90°. The
per!mental techniques are reported in the 5.056-14.004 e nalyzer system is of the same type as the monochromator.
region. Both electron energy selectors work in the constant pass-

energy mode. The signal is detected by an electron multiplier
ll. EXPERIMENTAL METHODS of the continuous dynode type. The electron energy loss
A. Photoelectron spectroscopy spectrum was recorded between 6.5 and 14.1 eV with steps

The photoelectron spectrometer used in these measurgt 8 meV and a resolution of about 36 meV. The operating

75 .
ments is described in detail elsewhéfe’ Briefly, it is fitted P cooore Was 110" mbar. The apparatus was used with
) N ) . ) . high incident energy electro400 e\) and at a small scat-

with a 180° hemispherical electrostatic analyzer, working in

the constant pass-energy mode. The Hel photeBst nm tering angle(#~0°), such that dl_polee(,e) conditions apply
: . . and the energy loss spectrum is comparable to the photoab-
are produced through a dc discharge in helium in a two-stage

li= 1o exp(—opdNX),

In| 1+

. : sorption spectrum. The inelastic scattered intensity was con-
differentially pumped lamp. The spectrum was recorded b)(/ . . ) . S
. . erted to a relative differential oscillator strength distribu-
sweeping the retarding voltage between the chamber and the . 26.

. . tion, df/dE, using the method of Huebnet al~>;
entrance slit of the analyzer in 2 meV steps and was cor- A
rected for the transmission of the analyzing system. The df E. 2t
resolution was about 25 meV and the ionization energy scale gg* R ? I(E),
was calibrated using the xenon peakB4,: 12.123 eV and 5 o o
2P,,: 13.436 V). The raw spectrum was deconvoluted in Where y=(E/2T)*(1—-E/T)~, Tis the incident energy
order to resolve more clearly some features appearing d§ the electron energy loss(E) is the scattered intensity,
shoulders and to provide them with more precise energy vals the spectrometer angular acceptaft@5°+0.25 in this
ues. The deconvolution procedure was the Van Cittervork), andRis one Rydberg.
method® and Allen and Grimm'’s algorithrf The Xe" 2Py, To obtain absolute values, the EELS data were normal-
peak was assumed to mimic the instrumental profile. ized to the cross section measured at 6.8 eV in the optical

experiment. Then, the cross section is calculated from

B. Optical absorption

df
The VUV photoabsorption spectrum was recorded at the Tpa— 109'75(1_E’

synchrotron radiation source of Da_resbt(tyK) using the whereop, is in Mbarn anddf/dE is in electron voltt.
Daresbury Laboratory Molecular Science Absorption Appa- . ) .
The comparison of the electron impact cross-section val-

rgtus coupled to beam Ime' ¥ Synchrotron radiation, ues with those of the UV photoabsorption spectrum provides
dispersed by a Seya—Namioka monochromator, enters the

absorption cell through a LiF window. The absorption cell isarcfrisirfgrIiigysz):ﬁiz?oar?cefigc?re{r? dthseegg)r:gi)lr(\jlzlruﬁ;h??rsolrrf
composed (.)f a six-way cross system upon which are fitte he light source and beam line. These effects were found to
the sample inlet, an outlet coupled to a turbomolecular pumg, negligible in this work

a Baratron pressure gauge, and the entrance and exit win- ’
dows for the synchrotron light. The radiation leaves the cell
through a LiF window. The spectral range extended from éj
eV (248 nm to 10.15 eV (122 nm and was covered by The sample provided by Aldrich Chemical Ltd. has a
series of 25 nm sections each scanned with 0.05 nm steps. furity of 99%. No further purification was undertaken, ex-

each wavelength, the transmitted radiatiqn,was recorded, cept for repeated pump—thaw cycles.

. The sample
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TABLE |. Symmetry, wave number, energy, and description of the normal t } }

vibrational modes of ethyl bromine in its electronic ground stdefs. B,
27,28. N. O. means nonobserved. a)
Assignation Wave numbdcmY)  Energy(eV) Description G
vi(a’) 2990.9 0.371 CHlantisymmetric =
stretch K]
vy(a') 2936.7 0.364 Chkl symmetric ey
stretch &
vs(a’) 2880.0 0.357 Cklsymmetric z
stretch = B B
va(a’) 1456 0.181 CH antisymmetric ° 4 c
deformation :
vs(a’) 1450.7 0.180 Chliscissors B,
ve(a’) 1385.2 0.172 Ckl symmetric Cs
deformation . ) , .
v7(a’) 1257.9 0.156 Chiwag 102 104 106 108 110
vg(a') 1061 0.132 CHl in-plane rock Ionisation energy (eV)
vg(a’) 964.3 0.120 C-C stretch } - " } } }
vio@’) 574.9 0.071 C-Br stretch " l
vyy(a’) 294 0.036 C-Br bend
v1(@") 3023.7 0.375 CH antisymmetric
stretch
vy3(a") 2990.9 0.371 Cklantisymmetric -
stretch =
va") 1446 0.179 CH antisymmetric N
deformation %‘
vis(a”) 1240 0.154 CH twist §
vi6(a”) 1009 0.125 CH out-of-plane k-
rock =
viAa”") 769.7 0.095 CH rock
vig(@”) N.O. CH; torsion
BU
102 10.4 10.6 10.8 11.0

Ionisation Energy

I1l. RESULTS AND DISCUSSION
FIG. 1. High resolution Hel photoelectron spectrum of bromoethane corre-

Ethyl bromide belongs to th€, point group and has 18 sponding to the HOMO regiorta) Raw photoelectron spectrurtb) De-
normal vibrational modes all active in IR and in Raman convoluted spectrum with peak label and enlargements in dotted line.
spectroscopy; wave numbers, energies, symmetries, and de-

. . . . 2 '28 . . _
ch.pt'ons ?re given mATabIe f._ It I|s zstrongﬂcw s;fmrlll f the methyl group, namely modes, vs, vs, ve, Ve, V1s,
orbit coupling case. As previously done successfully OI’V . V16, and vig (see Tab|e2|7,223'

. . 29 . . N 14
ethyl iodide;” we discuss the results using the approximate The 0—0 transitions to théE,, andE,, states are at-

Ca, symmetry, which is that of the precursor . Thatis,  yinted to the most intense pealg, andC, at 10.294 eV
fche influence of the methyl group on the spectroscopy of the, 495 eV and 10.602 ev0.005 eV, respectively, giving a
ion and of the Rydberg states is neglected. splitting of 0.308 e\*0.010 eV. These values are in excel-
A. The Hel photoelectron spectrum lent agreement with the literature dafa®-3234

The region of the photoelectron spectrum investigated ) S )
here extends from 10.20 to 11 dWig. 1(a)]. It corresponds  1- The “Es, state and its vibrational progression
to ionization of the bromine lone pai?3! In the C;, ap- A very weak featurd,, only partly resolvedFig. 1(b)],
proximate symmetry, this photoejection leaves the cation in @& located at 0.068 eV below the electronic origiB,)
’E state split into ?Ey, and 2E,, by the spin—orbit (Table ). Itis attributed to a hotband with excitation of %,
coupling®® The spectrum shows two intense bands due to théC—Br stretch; this assignment follows from its low inten-
0-0 transitions to the twéE states, in agreement with pre- sity and its energy value which is close to that ef,din the
vious work>? In addition it exhibits less intense bands, someneutral molecular ground stat6.071 eV, see Table?128.
of them partly resolve@Fig. 1(b)], observed for the first time FeatureB,, appearing as a shoulder in the raw spectrum
and assigned to the vibrational excitation of the ion. [Fig. 1(a)] but well resolved after deconvolutidifrig. 1(b)],

This spectrum is similar to that of methyl bromitfe, is assigned to excitation ofi}, this being also observed in
with respect to the energy, the nature, and the relative interthe PES of the HOMO of gH-Br.** The most intense vibra-
sity distribution of the normal vibrational modes excited, tional peak accompanying the transition’®, is Bs. It is
showing the assumption &3, symmetry to be reasonable. attributed to excitation of i;, its energy valug0.151 e\
From these considerations, the vibrational analysis has bedeing very close to that of; in the electronic ground state of
carried out excluding those normal modes involving mostlythe neutral moleculdsee Table 3?8. In support of this



6288 J. Chem. Phys., Vol. 112, No. 14, 8 April 2000

Giuliani et al.

TABLE Il. Energy valuegelectron voltg and assignments of the vibrational By, located at 0.090, 0.199, 0.426, and 0.526 eV, respec-
structure of the Hel photoelectron bands corresponding to the ionization o{ive|y from the electronic origin cannot. from these frequen-

the HOMO. The energy is given relative to the electronic origisand
C;.

Assignment
Band Energy  State’Ey, State’E,, Description
B, —0.068 vy C—Br stretch
B, 0
B, 0.048 Wy, C—Br stretch
B 0.090 219
B, 0.116 Tvg C—C stretch
Bs 0.151 vy CH, wag
Bs 0.199 W+ 1wy,
Cy, —0.065 vy C-Br stretch
C, 0 ce.
C, 0.055 vy C—Br stretch
B, 0.379 Wy, CH, antisymmetric stretch
Bg 0.426/0.118 Ly,+1vqg 1y, -++/C—C stretch
Cs 0.153 v, CH, wag
C, 0.192 W+ 1wy
Bo 0.526 W, +1vy,
Cs 0.273 W+ 1vg
Cs 0.302 .
C, 0.368 v, CH, symmetric stretch

cies, be reasonably assigned to fundamental vibrational
modes. AccordinglyB; is taken as the harmonicv,, and

Bg, Bg, and By as the combinations i+ 1v., 1v,
+1vqg, and v, + 1v,,, respectively.

2. The ?E,,, state and its vibrational progression

The vibrational structure accompanying the transition to
2E,, is similar to that of théE ), state. Featur€,, appear-
ing as a weak shoulder on the low energy sideCaf but
better resolved in the deconvoluted spectiifig. 1(b)], is
located 0.065 eV below the originC{) and is assigned to
the 1y, hot band. Featur€,, appearing as a shoulder on
B- in the deconvoluted spectruffig. 1(b)], is attributed to
excitation of 1, (0.055 eV). The most intense vibrational
peak,Cs;, is due to excitation of &, (0.153 e\j. The very
weak bandC; located at 0.368 eVsee Tables Il and 1%
from the electronic origin is assigned taJ, this value be-
ing close to that of 1, in the neutral molecular ground state.
Consistent with this assignment, the relative intensity is simi-
lar to that of the corresponding band of methyl bromitizm
the 2E ), state of GHgBr™, excitation of I, is responsible
for a band located at 0.379 eV from the electronic origin and

assignation, the same vibrational mode has been observed f¢ith a relatively large intensity. The low intensity feature

bromobutane(energy 0.149 ey by both photoionizatiottf
and PES* The shoulder on the low energy side B [Fig.
1(a)] is partly resolved into two feature8; andB,, after
deconvolution Fig. 1(b)]. The more intense of ther®,, is
assigned to excitation ofi4 (energy 0.116 eY PeakB-,
partly resolved fromC, in the raw spectrum and more vis-
ible in the deconvoluted one, lies at 0.379 eV fr&n. We
assign it to excitation of #;,, the energy value being con-
sistent with that ofv, in the electronic ground stat@ables
Il and 1127?89, The low intensity featureB;, Bg, Bg, and

TABLE Ill. Vibrational energiegin electron volt$ of C,HsBr. The energies

Bg, already assigned to the combination;1+ 1v,, associ-
ated with thé’E ), state is located at 0.118 eV fro8y, and
thus may also hold a contribution from excitation of the nor-
mal vibrational mode 4 in ?E,, this being weakly excited

in the 2E,, state. Feature€,, Cs, and Cg are located at
0.192, 0.273, and 0.301 eV, respectively, from the electronic
origin; as none of the fundamental frequencies of the neutral
molecule approach these valu€s, andCs are taken as the
combinations ¥;+1v,o and lv,+ 1wy, respectively, and
Cs the harmonic 2, (Tables Il and 17729,

B. The electronic excitation spectrum

values of the electronic ground state of the neutral molecule are taken from  The total photoabsorption spectrum is presented in Fig.

Refs. 27 and 28.

Species GHsBr C,HsBr C,HsBr*

Electronié

configuration (2)* (2e)3(6say)* (2e)®

Final staté X 1A, E(1) E(3) 2Ey, 2Eqp,
v e e e 0.068 0.065
V1o 0.071 0.071 e 0.048 0.055
Vg 0.120 0.114 0.116 0.118
vy 0.156 0.145 0.142 0.151 0.153
v, 0.364 0.368
V1o 0.375 0.379
2vy 0.303 0.302
v+ v1g 0.199  0.192
V7t vg 0.273
Vit Vo 0.426
vyt vy 0.503
viyt vy 0.526

#The configuration and the final states are in the notation o€theapproxi-
mation.
PEnergy value foryq in hot bands.

2. It consists of a broadband of low cross section between 5
and 6.7 eV and of sharp peaks of much larger cross section
from 6.7 to 10.1 eV. These sharp features are superimposed
on continuous absorptions with maxima in intensity around
7.4 and 8.3 eV. The form of the VUV spectrum is confirmed
by the electron energy loss spectrufig. 3). However, the
latter extends up to 14.1 eV and shows at least one additional
broadband with maximum intensity at 11.8 eV. In the 10.0—
11.8 eV region, the EEL spectrum is similar to a photoab-
sorption spectrum published previousfyfor spectral fea-
tures, overall shape, and absolute cross sections. The
intensity of the photoabsorption features between 8.83 and
10.1 eV (Figs. 2 and B is affected by degradation in the
transmission of the LiF windows. Figure 4 gives enlarge-
ments of two regiong(a) from 6.8 to 8.6 eV andb) from 8.6

to 10.1 eV.

1. The 5.0-6.7 eV region

The lowest energy electronic transition is responsible for
the broad, weak absorption centered at 6.1 eV, and labeled
the A band. It involves the promotion of an electron from the
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1o e e e B L L e s s
50 - -

45 — 1

30 - -1

FIG. 2. High resolution photoabsorption spectrum of

B ] C,HsBr from 5.0 to 10.1 eV.

20 - -

Cross section (Mbarn)

o T T b e b e e by e b v L L
5.0 55 8.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

Photon energy (eV)

bromine 4 lone pair to theo™ orbital which is antibonding PES data, Sec. Il A Ris the Rydberg constant, ardds the
along the C—Br bond!®*In the alkyl halides, the transition quantum defect. For a bromine-containing molecule, dhe
n—o* is expected to lead to three excited stat€¥;, Q,,  values rangeds®®® are: 2.8<5<3.1 for ns(\), 2.5<5<2.7
and 'Q;.1° These states have been observed in ethyl angr np(\), and 1.6<6<1.2 for nd(\). The Rydberg series
methyl iOdide§5_37|n the methyl bromide molecule, Only the will be Separated intal, eande, Corresponding tor, , and

excitation to’Q; has been reportédwith a significant in-  5in the pseudoatomic mod& respectively. The energy val-

tensity, that of*Qo being strongly reduced. The spin—orbit ;65 of the photoabsorption features, the excitation energies
coupling being weaker in bromine than in iodine, a red“Ct'onreported previously

of the intensity of the singlet—triplet transition is expectedIII and IV
compared to that of the singlet—singlet transitfon. '

and the assignment are given in Tables

a. The nsa Rydberg series. The region between 6.8

2. The 6.7-10.1 eV region and 7.87 e\[Fig. 4a)] shows two intense absorption bands,
This region, displayed in Figs.(@ and 4b) with peak  traditionally calledB and C, accompanied by less intense

labels, consists of several relatively intense absorption fed€atures. It has been interpreted as arising from the transition

tures, most of which are interpreted as members of Rydber§P(€) —5s(a;)****which leads to state(2) andE(1) for

series converging to the two ionization limikEs, and  the?Es, ionic limit and to state#\; andE(3) for the’E,,

2E,;,. Their classification in terms of Rydberg series is maddimit.

using the formula:E,=E;—R/(n— )2, where E, is the The 0-0 transitions to the optically allowed stakgd)

peak energy positionE; is the ionization energysee the and E(3) are attributed to peaks 2 and 7, respectively, as

T T T T T TTT T T T T T
110 |- il
ARSI
R
100 - - EELS e 3 ‘
—— photoabsorption FURE N
%0 - f il 7
I Fi kv |
¥
80 |- =
g
g 70+ i 4
g 680 A ;v e th T FIG. 3. Comparison of the £;Br photoabsorption
'§ fa | spectrum with the EEL spectrum. For this, the EELS
@ s g data were normalized to the photoabsorption cross-
g ob W1 i section value at 6.8 eV.
o ) H
L i K 4
30 \ j '
\ % J
of | i 7 |
4 ¥
10 ' -
oM™l b 1 L | byt e b e b b 1
7 8 9 10 11 12 13 14

Energy (eV)
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B A A 2v,, in agreement with the PES spectrisee Table 14729

17 and previous work® The weak feature 10, partly resolved
sk 4 from band 11 and located at 7.84 eV, is assigned tg 1
18 + 1V2 .

Absorption bands 22 and 26, located at 8.918 and 9.226
eV [see Fig. 4b)], are separated by 0.308 eV, which is close
20 - 14 A to the molecular spin—orbit coupling. They are assigned to
the n=6 members of thensa, (3, and nsa(;,) Rydberg
series. Thed values of 2.86 and 2.87 are consistent with
] those reported previously. The weak band 23 located at
1 § 0.067 eV from peak 22 may be due to the excitation ofyl
Features 27 and 28 separated from peak 26 by 0.069 and
0.144 eV are suggested to be due tggland 1v;, respec-

o e e L e, tively. At higher energy, features 30 and 34, located at 9.475
68 7o 72 74 76 78 8O &2 B4 86 and 9.797 eV, are assigned to theay members of the series
Energy (eV) converging to the two ionic limits, given the quantum defect
85 2 . 7 of 2.94 and energy separation, 0.311 eV, which is close to
the spin—orbit splitting of the ion. Feature 34 may also hold
2o 33 a contribution from the 8a, Rydberg state of théE,, se-

sE ” La " 7 ries, with a quantum defect of 2.§Table 1V). The member
wl 28 6 8sa,(1/2) falls outside the spectral range of this work.

32 " 3738 b. The np{) Rydberg series. The region between 7.9
a5 2 and 8.6 eV[see Figs. &) and 4b)] has been attributed to
excitation of the (\) series. The photoabsorption peaks 11
30 - 7 and 16 as well as 12 and 17 are separated by energy values
close to the spin—orbit splitting of the ion. Therefore, it is
proposed that features 11 at 7.902 eV and 16 at 8.24 eV are
20 ke b st s b s os due to excitation of pa,(3/2) and Ppa,(1/2), respectively,
(b) B89 9'2Ener 9‘4(ev) 58 58 100 the quantum defect of 2.58 and 2.57 being consistent with
8y promotion to a p(\) Rydberg orbital. Features 12 at 7.970
FIG. 4. High resolution photoabsorption spectra of the Rydberg states ,—e@V and 17 ,at 8.302 eV are assigned tp.@(3/2.) and
gion of bromoethane@) 6.8-8.6 eV,(b) 8.6-10.1 eV. 5pe (1/2), with 6 of 2.62 and 2.60, respectively, in agree-
ment with literaturé®> Peak 13 and the weak feature 18,
partly resolved from photoabsorption band 17 are located at
they are the most intense bands in the spectral region and a@el42 and 0.140 eV from thep®,(3/2) and Pa,(1/2)
separated by 0.32 eV, a value close to the spin—orbit splittingtates, respectively, consistent with excitation of one quan-
of the ion. The less intense feature 1, appearing as a should&tm of the vibrational mode ;. For the two e members,
on the low energy side of peak 2 and located at 6.964 eV, i¢xcitation of 1v7 is found at 0.142 e\(peak 14 and 0.143
assigned to transition t&(2). Excitation of the staté\, is €V (19), respectively, from the origins.
suggested as being responsible for the weak band 6, located Then=6 terms of the twanpa, series are assigned to
at 7.251 eV, its low intensity being compatible with the for- the features 25 and 29 which are located at 9.101 and 9.42
biddeness of the transition. The electronic origin assignmentsV, respectively, as their separation is close to the spin—orbit
are in agreement with the literature datd® splitting of the molecular ion and thé values are 2.63 and
The vibrational structure built on stafg(1) (peak 2 is  2.62. Features 25 and 29, both broad, may be composites and
interpreted by comparison with the PES spectrum. Accordeontain contributions from thed(\) series(see the follow-
ingly, the weak features 3 and 4, partly resolved from peak 8ng and Table 1V. Transitions to pa;(3/2) and pa;(1/2)
[Fig. 4(@)], and located at 0.071 and 0.114 eV from the originare assumed to be responsible for the spectral features 32 and
are taken as excitation ofi}, and lvg, respectively. Band 36, given the quantum defects 2.45 and 2.47 and by their
5, 0.145 eV from the electronic origin, is assigned to theenergy separation of 0.304 eV, close to the molecular spin—
excitation of v, (Table Ill). For E(3), the presence of a orbit splitting.
doubling of the absorption bands 7 anfR8g. 3(a)] has been c. The nd{) Rydberg series.In agreement with previ-
ascribed to vibronic coupling between Rydberg states of theus work® peaks 20 and 2fFig. 4b)], separated by 0.308
same configuration, i.eE(1) andE(3), mediated by totally eV, are due to the dla; members of the two series, their
symmetric vibrational modes such ag, v,, and v3.}®  energy separation being close to the molecular ion spin—orbit
Then, the vibrational progressions are determined from theplitting. The quantum defect is 1.05, which is consistent
barycenter of the split absorption peak 7 of the 0—0 transiwith 4d(\) excitation. Features 21 and 25, which are sepa-
tion, as has been done previouShFeature 8 is due to ex- rated by 0.306 eV, are ascribed to excitation of the4
citation of 1v; with an energy of 0.142 eV. The broadband 9terms of annde series withd=1.00. Peaks 29 and 33 are
(7.64 eV is supposed to contain excitation of the harmonicassigned to transitions tod%,(3/2) and %la,(1/2), respec-

25 - 1, 13 19
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Cross section (Mbarn)
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TABLE IV. Energy valuegelectron volt$ of the absorption bands and assignments for the Rydberg states.

Components 3/2 Components 1/2
Previous Previous
Peak This work work S Peak This work work ) Attributions
2 7.008 7.008P 2.97 7 7.32 7.228 2.97 Sal
7.007 7.352%
7.350
22 8.918 8.202 2.86 26 9.226 9.208 2.87 Gsal
30 9.475 2.94 34 9.797 2.94 Tsal
11 7.902 2.62 16 8.24 8.228  2.60 5pal
7.896'
7.894
12 7.970 2.58 17 8.302 S 2.57 e
25 9.101 2.63 29 9.420 2.62 Gpal
32 9.643 2.45 36 9.947 2.47 Tpal
20 8.736 8.719 1.05 24 9.044 9.028 1.05 4dal
21 8.795 1.00 25 9.101 1.00 4de
29 9.420 1.07 33 9.727 1.08 Hdal
33 9.743 e 1.06 38 10.046 e 1.09 6dal

®Reference 1.
PReference 14.
‘Reference 15.

tively. Again, their spacing of 0.307 eV is close to the mo-ration effects, and are believed to be accurate up to 8.83 eV.
lecular ion spin—orbit splitting and the quantum defects ofFrom 8.83 to 10.1 e\(the limit of the present optical spec-
1.07 and 1.08, respectively, are close to those=o# of the  trum), the two values diverge but we know this to be due to
nda, series(Table IV). Peak 33, being intense and rather degradation in the transmission of the LiF windows. The
broad, probably holds a contribution from excitation of EEL data are therefore preferred from 8.83 to 14.004 eV as
6da;(3/2), labeled 33 with a quantum defect of 1.06. The absolute cross-section measurements. They match well with
member @la; of the series converging to the other ionic the photoabsorption cross-section values reported previously
limit is found at 10.046 e\[feature 38, Fig. ®)]. The en- in the 10—to 11.8 eV rand@(limit of the cited experiment
ergy spacing0.303 eV} and theé value support this assign- enhancing confidence in the present EELS measurements.
ment. The weak feature 37, on the low energy side of 38,
located at 9.915 eV, could be responsible for the transition t
n=7 of thenda(3/2) series(6=1.00. Excitation of the V. concLusions
7da;(1/2) state falls outside the energy range of the present The electronic spectroscopy of ethyl bromide has been
work. studied in the 5.056—14.004 eV range by both high resolu-
tion photoabsorption and electron impact. Tentative assign-
ments in the spectral region corresponding to electronically
The electronic excitation spectra of ethyl bromide mea-excited states involving electron transitions from the highest
sured by photoabsorption and by EELS are displayed in Figoccupied molecular orbital into thes/Rydberg orbital have
3 for the 6.5-14.004 eV region. Comparison of the opticalbeen made by comparison with a new high resolution pho-
absorption cross-sections values with those of the EELS dataelectron spectrum related to the HOMO. Our attribution of
shows the optical measurements to be free of line saturatiothe S5sa; and Spa; members of the two series is in agree-
effects. The EEL spectrum gives access to the oscillator
strength values up to 14.004 eV, that is into a region which is

C. Differential and optical oscillator strengths

inaccessible in our photoabsorption experiment. TABLE V. Optical oscillator strength for ethyl bromide.

For the lowest energy valence absorption band, the Energy region
cross-section value reported in Fig. 1 agrees with that de- eV) Photoabsorption EELS
duced from the extinction coefficierts?!

For the Rydberg state region, as shown in Fig. 3, the 2'2282'763272 %‘%g% 0,084
photoabsorption spectrum is similar to the normalized EEL 7 7495_g 1337 0.054 0053
spectrum. Differences arise only from different energy reso- g.1337-8.5624 0.088 0.092
lution between the two experiments. Table V gives the opti- 8.5624-8.8341 0.069 0.078
cal oscillator strength values obtained from EELS and opti- 8-8341-10.127 0.446 0.630
cal UV photoabsorption. The electron impact data and the ig'gg:ig'géz - g'g;;
photoabsorption data match until 8.83 eV. This confirms that ;5 0>_14 goa 1.74

the photoabsorption cross-section values are free of line satu
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