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Negative ion photoelectron spectroscopy of the AsO ~ anion
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The negative ion photoelectron spectrum of Aslias been measured, assigned, and analyzed. The
adiabatic electron affinity, EA was determined directly from the photoelectron spectrum. The
dissociation energy of AsQ Dy(AsO™), was computed via an energetic cycle using our measured
value of EA, and existing literature values for other necessary quantities. Franck—Condon analysis
provided values for the bond length of the As@nion, r(AsQ"), its vibrational frequency,
we(AsO7), and its anharmonicity constant.y.(AsO"). The values of the molecular constants
which were determined in this work are: EfAsO)=1.286+0.008 eV, Dy(AsO )=4.74+0.08

eV, ro(AsO7)=1.696+ 0.010 A, w,(AsO)=827+40 cm !, and wexe(ASO )=5.54cm ™. In
addition, we determined th¥ 33~ —a®A, ground-to-first excited state splitting in ASQo be

~0.54 eV. © 1998 American Institute of Physids50021-960808)01945-X]

I. INTRODUCTION AsO~ was calibrated against the well-known photoelectron
spectra®!of O~ and of NO and was recorded with a pho-
'ton energy of 2.497 eV.

Arsenic oxide anions were generated in a hot, supersonic

The molecular constants of the diatomic radical, AsO
have been determined by Fourier transform infrafi€@liR)

absorptl_on spe_ctr(_)scoﬁynfrared d|9de Iaser_spe_ctroscoi)y, expansion ion source by heating elemental arsenic to 650—
electronic emission spectroscopy, chemiluminescence

o7 . i 700 K in the argon-filled~3 atm) stagnation chamber of
studies’ and mass spectrometric equilibrium measurem@nts, . . .
. . . the source. The resulting arsenic vapor was coexpanded with
The electronic spectra of AsO and related diatomic mol-

ecules have also been the subject of a review afidte. argon through a 12lum nozzle orifice. This expansion was

addition, theoretical studi®&™2 on the low-lying states of intercepted just outside the nozzle orifice by an effusive flow

AsO have provided potential energy curves, dipole momentsOf NZO from a nearby *pickup” line. In this same region,

o . .~anions were form injection of electrons from
and transition probabilities. While the neutral molecule |sa ons were formed by injection of electrons from a

. ; horiated-iridium filament directly into the expanding jet in
relatively well studied, apparently no work has been reporte he presence of an axial maanetic field. Tvpically. the fila-
on the molecular anion, AsQ the closest pertinent investi- P 9 - ypicaly,

. : . . .ment was biased at 75 V relative to the stagnation cham-
gations being negative ion photoelectron spectroscomger giving an emission current 810 mA. The stagnation

studies>*of the |soglec.tron|c species, NGnd PO . Here, chamber itself was floated at500 V, i.e., the beam energy.

we report the negative ion photoelectr@rhotodetachmept Under these conditions, this ion source provideid pA of

spectrum of ASO. AsO™ ion current at the ion/photon interaction region of the
spectrometer.

Il. EXPERIMENT

Negative ion photoelectron spectroscopy is conducted b)UI' RESULTS AND DISCUSSION

crossing a mass-selected negative ion beam with a fixed- e photoelectron (photodetachmept spectrum  of
frequency photon beam and energy-analyzing the resultapso-, recorded with 2.497 eV photons, is presented in Fig.
photodetached electrons. The mass selector used in these §x-n photodetachment “transitions”, the initial state is that
periments was a WeifEXB) filter. The photon source was  of the anion, while the final states are those of its correspond-
an argon ion laser operated intracavity. The electron energing neutral. In analogy with PO™, the low-lying electronic
analyzer was a single channel, hemispherical instrument. OWiates of AsO, are33 ", A, and!S*, where the energy
apparatus has been described in detail previotisly. ordering isX 33, a 1A, andb 3. The ground state of
~ The negative ion photoelectron spectroscopic techniqugieytral AsO isI1, , with a 1026 cmi* spin-orbit splitting!”
is a direct approach for determining electron binding energince the vibrational frequency,, for the ground state is
gies (EBE), relying on the relationship, 967 cm %, there is a near coincidence of vibrational levels
hy=EBE+KE,. (1)  from the two spin-orbit components, beginningwat 1 in
. _ _ 211,, andv=0 in 2II5,. The first excited state of neutral
in which hv is the photon energy, and KEs the measured a5 js over 3 eV higher in energy and is beyond the photon
photoelectron kinetic energy. The photoelectron spectrum Oénergy used in this work. Thus, we attribute the observed
vibronic profile in Fig. 1 primarily to AsO ?(H3,2’1,2,v')
dAuthor to whom correspondence should be addressed. «—AsO (X 33 ,v") transitions.
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FIG. 1. The assigned photoelectron spectrum of As€corded with 2.497  FIG. 2. A comparison of the experimental and the modeled photoelectron
eV photons. spectrum of AsO.

The vibrational spacings observed toward the high EBEEY: We computed the value @,(AsO") to be 4.74-0.08
side of this spectral profile compare reasonably well with thefV+ This is consistent with the expectation that As@ould
119.9 meV literature valdéfor the vibrational frequency of ave a weaker bond than AsO. -
neutral AsO, while the vibrational spacings at the low EBE Franck—Condon analysis of the AsOphotoelectron

side of the profile are somewhat smaller. Given that the viSPECtrum corroborated our assignment of the spectrum and

brational frequency of AsOis expected to be smaller than provided values for several molecular constants. This analy-

that of AsO(based on bonding arguments and analogy witt!S Was cor;ducted using a program developed by Ervin and
PO"), and the fact that hot bands appear most prominent| ineberger'® It models both anion and neutral electronic po-

on the low EBE side of vibronic profiles, the assignment of ential curves as Morse_ oscillatqr_s. The final fitted spectrum
the spectrum was straightforward in most regions and is inwas th_e result of modeling transitions to two s_epara_te neutral
dicated in Fig. 1. The origin transition, i.e., the Potential energy curve®ne for each of the spin-orbit com-
ASO(TT .0 =0)—AsO (X 33~ ,v"=0) transition, was ponent$ and compmmg Fhelr intensities. The additive effect
assigned based on the observations that the spacing betwe%fnthege two tr:f\nsmons és Ehe re”ason that tzhe peak !abeled as
it and the next highest EBE peak is 119.6 meV, while thebc’th3 111/2’,, v’ =1X 2, , v"=0 and Map, v'=0
spacing between it and the next lowest EBE peak is 102.6"X = » v"=0inFig. 1, is the strongest intensity peak in
meV. The EBE of this transition is equal to the value of thetN® SPectrum. The input parameters for neutral AsO

adiabatic electron affinity, EA and for AsO, we have thus [re(ASO):l'GZ:%?A' we(ASO)=967.08 cm,, and wexe
determined EA to be 1.286-0.008 eV. (AsO)=4.85 cm -] were taken from the literature. Optimi-

The peaks immediately to the low EBE side of the Originzation of the fit gave the following molecular constants for
@_e AsO anion: r (AsO™)=1.696+ 0.010A, w(AsO")

peak are assigned and labeled as vibrational hot bands ari 1 a 1 3
ing from thev”=1,2,3... levels of th& 33~ state of AsO.  —827=40CM 7, wexo(ASO)=5.54 cm ™ (see Fig. 2 and

The two weaker features at even lower EBE do not followabPle ). These values are intuitively consistent with expec-

the vibrational hot band progression in energy spacing.

These are probably electronic hot bands from ahtA ex- o )

cited state of AsO. Since the spacing between these fea-~oLE |- Periodic trends in molecular constants for the Group(14
. . . - . . diatomic oxides and their anions.

tures is comparable with the vibrational spacing in the

ground state of AsO, we assign the lower EBE featia® Molecule EA (eV) re (A) we (cm™h) D, (eV)
indicated In- Fig. 1 to be the AsOfllyv’=0) NO 0.026 1.151 1904 6.50
«—AsO (a "A,0"=0) transition. The difference between 5 1,099 1476 1233 6.15
the EBE of this transition and EAis Ty(X 3%, —a 1A), AsO 1.286 1.624 967 4.92
which we find to be~0.54 eV.(The X 3%~ —a A splitting Sbo 1.825 816 <439
in PO is ~0.55 eV)* BiO 1.934 692 3.47
The relationship between EfASO), EAO), Dy(AsO), NO~ 1.97P 1284 5.06
andDy(AsO™), whereDy(AsO™) pertains to AsO dissoci- PO 154 1000 5.78
ating into the atomic ground states of As and @ AsO™ 1.69 827 4.7%
®Reference 13.
EA,(AsO)—EA(O)=Dy(AsO ) —Dy(AsO). 2 bRef. 14; w, was not explicitly reported. This value is actually
vou(X 33 7PO).
“This work.

Having determined EXAsO) and knowing the literature dgeference 109.
value$® of EA(O) to be 1.465 eV an@y(AsO) to be 4.92  “Reference 8.
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tations. AsO is expected to have a weaker bond than AsOadiabatic electron affinities of the other Group VB diatomic
and thus, a longer bond length and a smaller vibrational freoxides. Inequalities, analogous to those discussed above, are
quency. The optimized fit also gave a temperature of 1050 Kalso expected foDo(ShO) andDy(BiO™).
While this temperature is higher than one might have ex-
pected, it may reflect the fact that the anion temperature i§CKNOWLEDGMENTS
governed not only by the source temperature, but also by the This work was supported by the Division of Materials
exothermicity of the chemical reaction which formed it in the Science, Office of Basic Energy Sciences, U.S. Department
pickup region. of Energy under Grant No. DE-FG02-95ER45538. Acknowl-
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some of these values. Adiabatic electron affinities increase a&C6).
one descends the periodic column, with a particularly steep
increase seen in going from EENO) to EA,(PO). While  'F. lto, T. Nakanaga, H. Takeo, K. Essig, and H. Jones, J. Mol. Spectrosc.
there appear to be no values available for the electron affini, %4 417 (1999.
. [ .. . K. Essig, H. Jones, F. Ito, and H. Takeo, J. Mol. Spectrds@ 152
ties of SbO and BiO, it can be anticipated that J£3bO) is (1995.
larger than 1.286 eV, and that E@IO) is greater than 2J. H. Callomon and J. E. Morgan, Proc. Phys. Soc. Lon86n1091
EA,(SbO). The addition of an electron to each of the neu—4(8193?c-)zovski and C. Santaram, J. Opt. Soc. /66, 1174(1966
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anions to increase relative to the bond lengths of their corre<g r. Reddy and T. V. R. Rao, J. Quant. Spectrosc. Radiat. TB#)9f15
sponding neutrals. Again, there is essentially no information (1985.
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Presumably, however(SbO") is greater than 1.825 A, and 5'27"'('1;?]’)’ R. D. Brittain, and D. L. Hildenbrand, Chem. Phys. L&,
re(BiO™) is greater than 1.934 A. Weaker bonds in the an-°s. . Rai and D. K. Rai, Chem. Reg4, 73 (1984.
ions as compared to their corresponding neutrals also lead%A. B. Alekseyev, A. B. Sannigrahi, H.-P. Liebermann, R. J. Buenker, and
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cprrespondlng_ neutrals, it follows that the d|ssouat|on.eneri4pl Ff Zmzl- and W. C. Lineberger, J. Chem. PHgs, 1236(1976.
gies of the anions should be smaller than those of their neus; 'y coe, 3. T. Snodgrass, C. B. Freidhoff, K. M. McHugh, and K. H.
trals, and this is what is seen. Upon descending the periodicBowen, J. Chem. Phy&4, 618(1986.
column, however, one notices that the values of the tabulatejltgi- ";/I-HDebhmEf gnGd w AbChUDIka, IJ Cshemt- Pi@ﬁd- '4\1”52'5(1'9)75;t t
anion dissociation energies do not decrease monotonically. ;- Noctand Rei'nh(e;lré‘ f\lrg"m?sgt‘k‘?’lg)?g‘;orl"f‘:” olecuiar structure
This is becausd((NO") is anomalously small, which in  18,csc Fortran program, written by K. M. Ervin and W. C. Lineberger.

turn is related to EA(NO) being so much smaller than the °c. Amoit, R. Bacis, and G. Guelachvilli, Can. J. Phgs, 251 (1978.

Downloaded 08 May 2009 to 128.220.23.26. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



