
Chemical Physics 88 (1984) 289-298 
North-Holland. Amsterdam 

289 

A STUDY OF ALUMlNlUM MONOFLUORIDE AND ALUMINIUM TRIFLUORIDE 
BY HIGH-TEMPERATURE PHOTOELECTRON SPECTROSCOPY 

J.M. DYKE ‘. C. KIRBY. A MORRIS, B.W J GRAVENOR 

Deparmenr of Chenrrsm. The Unwersrrr. Sorrrhanrprorr SO9 SNH. UK 

and 

R KLEIN and P. ROSMUS 

Fuchbererth Chemrr der Unrt ersrrijr D -6000 Frunhfwr li’esr Gemlow 

Recelvrd 6 Mxch 1984 

The He1 phoroelectron spectrum of gaseous AIF(X ‘2’ ) has been recorded and the first three c.moruc state5 hJ\r: been 

asblgned ullh rhe and of PNO/CEPA ~.dcul&ons The firsr band shows vlbrarmnal alruclure and .malvsls of the componcnl 

srp.x.mons and relatne mIrnsltlrrs ledds to values of rj, = 1040+40 cm-’ and rc = I 59COOl A m the AIF+(X Ix+ ) sme 
the correspondmg theorerlral values are 960 cm-’ and 1 60 A resparlbely The first adlaballr lonlwllon potenclal 9 73&O 01 

eV .~llows a derermmahon of rhr qu.mtum dcfcct S m a number ol prr\~ously obsensd Rydbcrg states of AIF The Hel 
phoioelecrron specuum of gaseous AIF, has also been obmmed II IS asslgnrd on the babls of ab mmo molecular orbltJ 

c&ulJtlons .md comparlbon with the correspondmg BF, sprrlrum 

1. Introduction 

As part of our Interest In the electromc struc- 

ture of small molecules produced m rhe vapour 
phase by high-temperature pyrolysis [l-5]. we have 
recorded the photoeleciron spectra of AlF and 
AIF,. 

Alumn-uum fluonde has been the SubJecf of a 

number of previous spectroscopic studies [6-l I]. 
probably because It can be produced fairly readily 
In the vapour phase at only moderately htgh tem- 
peratures ( = 1000 K) [ 12.131. However, although a 

number of Rydberg stales of AIF have been ob- 
served [7]. no Rydberg senes has yet been Identl- 
fled and hence It has not been possible to de- 

termme an accurate first ionization potential (IP) 
of this molecule from optical spectroscopic studies. 
The only expenmental estimates of the first adla- 

batic IP of AIF come from electron impact mass 
spectrometry and are consistent with a value of 

I TO whom correspondence should be addressed 

9 70 +. 0 50 eV [14-161. In the present work, the 
photoelectron spectrum of gaseous AIF has been 
tnvcsttgated with the aim of provldmg an im- 

proved adiabatic first lomzatlon potential of this 

molecule. It was also hoped to asslgn the observed 
bands with the aid of ab mmo quantum mechani- 
cal PNO/CEPA calculations. and to determine 

specrroscoplc constants (TV, sj,. 0,) of the corre- 

sponding states of AIF+ As AIF was produced In 
the vapour phase by heatmg a stolchiometnc mix- 
ture of alunumum and alumimum tnfluonde, the 
photoelectron spectrum of AIF> has also been re- 

corded dunng the course of this work. It has been 

assigned by comparison with the well estabhshed 
photoelectron spectrum of BF, [17-201 and on the 

basis of ab mmo calculations performed for BF, 

and AIF,. 

2. Experimental 

AIF was produced m the vapour phase by heat- 
ing a stoichlometnc mixture of alummlum powder 
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and alumimum trifluonde which had prewously 
been lnttmately mixed and pressed mto pellets 
The pellets were loaded into a graphite furnace 
which was heated inductively. as has been de- 

scribed earlier [1.21]. The mixture was then slo~~ly 

warmed to = 500 K to remove any traces of \\ater 

Once this WJS achre\ed. the temperature wds slowly 

raised to 1050 +_ 20 K (as measured with a chro- 
mel-alumel thermocouple in contact \\ith the fur- 

nace) whereupon a photoelectron spectrum \tas 

recorded This was attnbutcd to AIF as studies of 

the vapour cornposItIon above Ai/AlF: mi\turrs 

suggest that AlF IS the prrdomlnant vapour phase 

specter In this temperature range kbhereas AIF: IS a 

nilnor component [ 12.131 

The He1 photoelectron spectrum of AIF: L\J~ 

recorded by heating soled AIF, m a graphite fur- 

nace at ,d50 f 20 K. Of the ~lunuruum tnhJldes. 

the fluonde appears to be exceptional In that at 
any given temperature Its vapour pressure 1s several 
orders of magrutude lower than that of the other 

halides [22.23] Also. for AIF, the dlmer concentra- 

tlon I> much lo\\er than that of the monomer for 

alI temperatures up to the normal wbhmatlon 

point In the cases of the other .Ilummlum trl- 
halldrs. the vapour IS predommantly dlmrnc clt 

the suhhmatlon point [Z-24]. 

The photoelectron spectrometer and mductl\ely 

heated furnace used m this study ha\e both been 
described pre\lously [25.26] For the condrtlons 

under \\hlch AIF and AIF, spectra \\ere observed. 
the usual rrsolutlon \\a.\ 30-35 meV (fwhm). ..IS 

measured for argon lomzed by He1 radiation 

Spectra were recorded by sweepmg the voltage on 

the hemispheres and calibrated using methyl 
iodide. carbon monoxide. nitrogen and argon. 

3. Computational details 

The electromc ground state confIguratIon of 

AlF(X’S+) mav be written as la’20’3a’4a’- 
‘~‘50’60’2s’ 76’. and rlt least bands associated 

wth the (6~)~‘. (2~)~’ and (70)~’ lomzatlons are 

expected In the He1 rcglon. 

In the present work the potentId energy func- 

tlons of the X ‘S’. A’II and B ‘r’ states of 

AIF- and the X ‘Z+ state of AIF have been 

calculated from highly correlated PNO/CEPA 

elcctromc wdvrfunctions in all cdlculations on 

AIF d CT0 basis set with 12s. 9p. 2d functions for 
Al ,md 10s. 6p. 2d functions for F was employed 

[27] Only the mnermost 5s and 4p tunctlons for 
Al and 4s and 3p functions for F were contracted 
? he electronic wavefunctIons have been calculated 

by the pseudonatural orbital Ci (PNO Cl) method 

[28] In this method sln_gly and doubly substituted 

conflguratlons with respect to the H..wtree-Fock 

determmJnt are considered The effect of higher 

order substitutions IS approulmately taken Into 

account by the coupled electron p.ur appro\lma- 

tlon (CEPA) [25]. In these calculat;ons all valence 
electrons have been correlated Prewous experl- 

tnce with atomic orbital basis sets of similar SIX 
3s used m the present work. suggests that = 75% 

of the valence correlation energies have been 
accounted for in the elcctromc states consldercd 

The vertical lomzatlon potentials and spectro- 

OrblrJl low ~4.a ASCF \alue .I PNO CEPA E~p~rlmLmJ 
I xiwsd \erIkal IP \erwxl IP xerw_al IP 

70 \; 2p+ S 53 9 43 973iOOl 
‘- -\‘I( l36-150h’ 136-15 1” 
60 B:\‘- I469 1467 136-15 2” 

(CJ\“) I5 33 SV J’ 

” From the COIJI cnergw of the p.wwxkr SIACS dt the theorencal ncuiral R, (CT tahk 7) 
h’ Obtnmed for Ihe clas~~al turmn_e pants of L,” = 0 m X ‘X + AIF rls rl \ertuxl cut on the repulswc 4’n potentA energy functions 

(ct fig 5) 

&’ Expenmsnral r.mse of the xcond PE band of AIF 

” See ICII for tcmxl\e .s.slgnment of thlh bmd 
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Table 2 
Throrelwal spectroscopic constants ‘) of AIF and AIF’ 

States Method E h’ (au) R,(A) B, (cm- ‘) a, (cm-‘) oe (cm-‘) q-tr (cm -1 ) 
AiF(X’\“) RHF -34147193 1 641 0 561 0004 838 5 

PNO/CEPA -341 72686 1663 0546 0004 804 43 
exp. c’ 1 6543 0 5524 0 00498 802 26 4 77 

AIF+(X ‘X+ ) RHF -WI 15888 1 576 0 609 0004 1019 42 
PNO/CEPA -341 38047 1601 0590 0004 960 37 
e\p this uork (159kOOl) - (104Oi40) - 

AIF’(B’\‘+) RHF -34093153 1 983 0 385 0002 440 1 
PNO/CEPA - 341.18709 2071 0 352 0005 467 1 

” Calculated from pol)nomlal fits 
” Total energies at calculated equlhbnum distances 
L’ Refs [S-Ill 

scop~c constants obtamed from the PNO CI calcu- 
latlons are summarlsed m tables 1 and 2 

For the AIF+(X ‘Z+) + AIF(X ‘Z+) lomzatlon. 

Table 3 
Computed .md expenmental vertical lonlzatlon potem!als (VIP) 
(cV) of BF, and AIF, 

BF, a’ 

OrbItal Compured VIP 
VIJ Koopmans’ 
theorem 

3.1; 4496 
7r’ 43 82 
4&l; a2 88 
3c’ 21 76 
1 a’; 20 43 
4s’ 1866 
le” 18 32 
1 a’, 17 59 

AIF, a’ 

E?cperlmental VIP 

refs [17.18] 

21 50*OOj” 

2009_c002 
19 13*002 
17 14+001 
16 67+_001 
1595+002 

OrbItal Computed VIP Expenmental Band 
vld Koopmans’ VIP _+002 eV number m 
theorem fig 2 

4a’, 42 00 - - 
3e’ 41 64 - - 
5a; 19 55 20 09 D 

4e’ 
?a’$ 

18 38 
17 73 > 

1707 C 

5e’ 1749 16 10 B 

le” 1721 
1 a’l. 1672 > 

1545 A 

‘) The erpenmental geometnes used for these calcuiatIons are 
taken from refs. 130-321 

Franck-Condon factors have been calculated from 
vlbratlonal wavefunctlons obtamed as solutions of 
the radial Schrodmger equation of nuclear motion 
using the PNO CEPA potential energy functions 
as Input. 

Ab mitio SCF calculations have also been per- 
formed for AIF, and the expenmental photoelec- 
tron spectrum has been asslgned on the basis of 
Koopmans’ theorem apphed to the orbital energes 
obtained for the neutral molecule_ The basis set 
used m these calculations was a double-zeta ST0 
basis set taken from those of Clement1 and Roetti 
[29] with added polanzatlon funcuons [the expo- 
nents used were Al 4s(1.00), 4p(1.00), 3d(l 35) and 
F 3d(2 Ol)]. Slmllar calculations were also per- 
formed for BF> usmg the basis set of ref. [l] For 
both molecules, geometries denved from gas-phase 
electron diffractIon studies were used [30-321 The 
results of these calculations are summansed in 
table 3. 

4. Results and discussion 

The He1 photoelectron spectrum obtamed on 
evaporating a stolchlometnc nuxture of alunumum 
and alumimum trifluoride IS shown m fig. 1. It 
shows three bands which were m the same inten- 
sity ratlo on varymg the hehum carrier gas pres- 
sure and furnace temperature as well as a broad 
weak feature centred at 16.10 & 0.05 eV. This spec- 
trum has also been reproduced on heating Al/AlF, 
mixtures contammg excess alumimum, except that 



ALF, 
I 

lo I E IeV) 

Fig I Thr Hrl phouxltxtron spectrum of AIF(X ‘x + ) ohramed on hcarlng ;L stolchiomrtnc AllAIF, mlxturr Ahsclssdr ionlznnon 

potrnt:al (sV) Ordmatr count\ S-’ 

the band posrtloned at 16.10 eV \xas much weaker fig. 2). By comparison of the spectra obtamed and 

m mtenslty under these condltlons The photoclec- knowledge of the mam species present in each case 

tron spectrum of A-IF, has also been recorded (see from vapour pressure measurements. tt was con- 

B Al F3 

Fig 2 Thr Hrl photo&cctron spectrum of AIF, Absassx tonlzatlon potsntml (ev) Ordlnnrr: counts s-’ 
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cIude& that the spectrum shown in fig. 2 arises 
solely from AIF,, the first three bands in_flg. 1 are 
due to‘ ionititlon of AIF and the weak feature 
centred at 16.10 * 0.05 eV in fig. -1 arises from 
AIF,. 

The first band of AlF IS the only one which 
shows resolvable vibrational structure (see fig. 3). 
The adiabatic and verttcal ionization potentials of 
this band coincide at 9.73 f 0.01 eV. 

This band IS assigned on the basis of the calcu- 
lated ionization energies (see table 1) to the 
AIF+(X ‘x+) c AIF(X’Z+) ionization. The dif- 
ference between the BSCF and the experimental 
vertical IP shown m table 1 gives the correlatton 
correction to the ionization energy. As expected. 
as the correlatton energy m the X ‘Z+ state IS 

lower than that In the X’S+ state, the Li\SCF value 
IS lower than the expenmental vertical IP and the 

w--I--: 

3.0 2.0 1,o 0.0 0.1 

I I 

10.2 10.0 9.8 9.6 9.4 

I.E.(eV) 

Fig 3. The band assgned 10 the lonmtlon process 
AIF’(X IS+ ) * AIF(X ‘2+ ) Absassae fomzatlon potsnl!al 

(eV) Ordmare counts s -I 

PNO CEPA value is&o lower-than_tIus value (by 
= 0.3 ev) as_ only _&:75%_of the valenck co&elatlqn 
energy has beti accounted for in the PNO CEPA 
calculationsbn the-X 2x+ and X’Z’, states. 

As well as the adiabatic MbrationaI component 
at least three othe? vibrational peaks were ob- 
served t(, higher tontzatlon energy and measure- 
ment of their seiarations gave a value of 0, = 1040 
+ 40 cm-’ m the Ionic state, a value which com- 
pares with 802 cm-’ tn the ground state of the 
neutral molecule [8-111. A sunilar increase in 
vibrational frequency on ionization occurs m the 
BF case [l]. This Increase m bond strength has 
been rationalised previously m terms of an ionic 
bonding scheme, whch has been found more ap- 
propnate than a covalent approach In descnbtng 
the bondmg in the group III monohahdes and 
their ions [1,33-361. Our ab inlho SCF caIcuIa- 
tions Indicate that the first ionization process m 
AIF corresponds essentially to removal of an AI 3s 
electron with a net strengthening of the IOIUC bond 
In the cation. The relative intensities of the three 
m;Lln vIbratIona components shown m fig. 3, cor- 
responding to the iomzattons U’ = 0, 1 and 2, 
AIF+(X ?Z+) + u” = 0, AIF(X ‘Z+), were mea- 
sured as 1.00 : 0.82 + 0.03 : 0 35 f 0.05. Using the 
method outlined previously [l] and assunung no 
vIbratIona excitation of the neutral molecule, these 
vlbratlonal relative Intensities have been used mth 
a series of Franck-Condon calcdatlons to esti- 
mate the equilibrium bond Icngth in the 
AIF+(X ‘Z+) state as 1.58 f 0.01 A. However, tn 
all experimental spectra one vlbratlonal compo- 
nent was observed on the low lomzation energy 
side of the U’ = 0 + U” = 0 component (see fig 3) 
and its posttlon was consistent with that expected 
for the “hot band” due to the Ionization process 
u’ = 0, AIF+(X ‘Z+) c 0” = 1, AlF(X ‘Et). The 
presence of contnbutions from vlbratlonally ex- 
cited AIF in the band makes analysis of the expen- 
mental vIbrational mtensittes somewhat difficult 
because, within the resolution of the experiment, 
overlap will occur between the foIIowmg pars of 
u’ + U” transitions; 0 + 0 and 1 + 1, 1 + 0 and 
2 6 1, and 2 + 0 and 3 + 1. This obviously means 
that the intensities of the three main vibratidnal 
components m fig. 3 cannot be used tiectly to 
estunate the equihbrium bond length m the ion. 



Nevertheless. as the contnbutlon from the LB” = 1 

and u” = Z AIF(X ‘22’) levels In fig. 3 was small. 

the followlng approximate procedure was adopted. 

Use of the computed Franck-Condon factors for 

the u’ = 0 c 1~" = 0 and LI’ = 0 + u” = 1 transitions D 
(calculated with W, = 1040 cm-’ and re = 1.58 A In 

the Ion) with the correspondmg experimental com- 
ponent lntensltles (1 : 0.25 f 0.05) leads to an 
estimated AIF(X ‘x- ) vibrational temperature of 
950 f 50 K. a value which IS slightly lower than 

the furnace temperature of 1050 -f 20 K probably 

because of colllslonal deactivation of the AIF 

molecules before Iontzation Tlus effective vlbra- 

tional temperature together with the computed 

Franck-Condon factors for the ionlzatlons ~1” = 0 
and 1~" = 1 to (1’ = 0. 1. 2 and 3 allows a small 

correction to be made to the experimental band 

intensltles to yield a more accurate estimate of the 

e\penmental intensity rano of the processes 1,’ = 0. 

I a- l 

(a) ;I 
I 

09- II 
I 

0 8’ 

0 I- 

/d 
i 0 0 -- _e’_ _ __ __ -_-__ 

IO : 10 I 98 95 

1. 2 c 1,” = 0. These modified intensities then led. 

via a series of Franck-Condon calculations [l], to 

a new estimate of the equilibrium bond length m 

the AIF’(X ‘Z+ ) state which was slightly iv- 

creased from the original value to 1.59 + 0.01 A. 

The vlbratlonal temperature of AIF(X ‘EC) was 

also redetermmed using Franck-Condon factors 
recalculated at this lomc bond length together with 
the experimental vIbrational intensity ratios and 
found to be essentially unchanged from the mitral 

value of 950 + 50 K. 

In order to check the values of 0, and r, derived 

for AIF+(X ‘Et) from the expenmental spectra. 

theoretical vibrational envelopes of the first photo- 
electron band have been calculated from the PNO 

CEPA potential energy curves for the L” c u” = 0 

and 1~' + ii' = 1 progresslons and both envelopes 
are shown schematlcally In fig 4 In constructmg 

these envelopes the calculated Franck-Condon 
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lonlzation Potential (eV) 
FIN 3 (~)V~brar~onalen~clopef0rrhrX’~~(~’=O,1.:! ~)AIF’+X’T’(I” = 0)AIF lomzanon calculated from the PNO CEPA 
porentlals The adtabarlc iP ws tahen from erpenmenl (b) PNO CEPA computed vlbratlonsl emelope for rhe AIF’(X ‘5+ )(u’= 
0 1.7.3)+-AIF(X’~f)(~“=I)10nwal~on The~r’=O+u”= 1 poswon was taken from expenmenl (c) Simulated first band of AIF 
obkuned by addmg (a) and(b) m the rauo of 1 0 25 (a) and (b) have not been plotted n~h the same scaimg factors, I e the mtensltuzs 
m (a) and (b) are not directly comparable 
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factors have been used with gausslan line shapes 
u?th a width at half height of 80 meV determined 
by the experimental resolution. It is immediately 
seen from the figure that the u’ + u” = 1 pro- 
gression exhibits a rather irregular envelope largely 
because of the small overlap between the u” = 1 
and u’ = 1 vibratlonal wavefunctions. However, If 
both envelopes are added together wth a welght- 
ing factor of 1: 0.25 the resulting theoretlcal spec- 
trum (fig. 4) IS in very good agreement with the 
experimental envelope (fig. 3). 

The quality of the PNO CEPA potential energy 
functions for both states can also be Judged from 
the computed spectroscopic constants (rs and Z..) 
for the AIF(X ‘EC) state for which very accurate 
expenmental values are avalabie [8-111 (see table 
2). The theoretlcal equihbnum bond length, re, is 
too large by 0.009 A and the correspondmg vlbra- 
tional frequency, sj,, IS overestimated by 2 cm-‘. 
For the AIF’(X ‘Z+) state, the computed r, IS 
expected to be accurate to within &-0.01 A and rj, 
is expected to be withm 50 cm-’ of the experimen- 
tal value. Companson with the corresponding ex- 
perimentally denved parameters shows that values 
of r, obtamed by both methods are in good agree- 
ment. However, the computed value of S, of 960 
+50 cm-’ compares with 2040 f40 cm-’ de- 
termined from the experimental vtbratlonal sep- 
arations Thus difference may anse from uncertam- 
ties in measurement of vibratlonat separations in 
an envelope which contains contnbutlons from 
lomzation of vlbratlonally excited AIF. As a result, 
we consider that an average of theoretIcal and 
expertmental values IS the most rehable estimate 
for 0, of AlF+(X ‘IZ+) 1.e. z3, = 1000 + 40 cm-‘. 

Another parameter which can be determined 
from the first band of AIF 1s the dissociation 
energy in the ground state of the ton. Assuming, as 
seems hkely, that AlF(X Ix+) dissociates to Al( ‘P) 
and F( *P) and AIF+(X ‘Z+) dissociates to Al+( ‘S) 
and F(*P) then the first alabatic ionization en- 
ergy of AlF, 9.73 f 0.01 eV, can be used with the 
known lssocrahon energy, D,,, of AlF(X’Z+), 
6.89 + 0.13 eV [15], and the first loruzation poten- 
tial of alunmuum, 5.98 eV [37]. to estimate the 
lssociatlon energy, D,,, in AlF+(X *Z+) as 3.14 + 
0.14 eV. 

The second band of AiF, shown in fig. 1, is 

broad and no vibrational structure was resolved_ 
The band onset and maxima were measured as 
13.65 + 0.02 eV and 14.75 _+ 0.02 eV respectively. 
As can be seen from fig. 5 two more cationic 
states, the A*II and B *X’ states are expected in 
the HeI region. In nine-valence electron cauons 
such as N.j+, CO+, SiO+, and CS+, the A’II 
states exhlb:t well resolved vibrational fine struc- 
ture whereas for BF+ [38] or AM+ [33) it IS 
known that the A*II states are repulsive, the 
potential energy functions extibitmg only shallow 
polanzation minuna at large internuclear dls- 
tances. 

The second band of AIF can, however, be un- 
ambiguously assigned on the basis of the PNO 
CEPA calculations performed m this work. In fig. 
5 the parts of the potential energy functions needed 
for tbs assignment are shown. The B ‘Z+ state of 

Al12P) t F’t2P) 

2 

X5+ 

-I 70 x-/ 
I 

1 

24 28 32 36 40 44 40 

Internuclear Distance (bohr) 

Rg 5 The PNO CEPA calculated potential energy f;xuons 
for the X’Z’ state of AIF and the X 2Z+. A2n and B2Z+ 
states of AlF+ tn the mtemuclear &stance range 24-3 8 au 



AIF- dissociates to Al-( ‘P) + F(‘P) and the 

X ‘I- state dtssoctates to Al T ( ‘S) i F( ‘P). Close 
to the equthbrium mtemuclear dtstance of the 

Y ‘S- state. the 7u orbttal exhtbtts the approxr- 
mate occupant> (Al) 3s3pa whereas at longer dts- 
tances tt becomes (Al) 3s’ The reverse occupancy 
change occurs for the 60 molecular orbital There- 

fore. there 1s an avotded crossing of the ?i and B 

states of AIF- at larger mtcmuclear distances due 
to the changes of the 70 and 6a molecular orbital 

characters For this reason the B ‘S + potenttal 
cumc IS rather shallo\\ and Its equthbnum tnter- 
nuclear distance IS larger than that of the X ‘1’ 1 
state b\ 0 47 A (see table 3) The 4’fI state IS 
calculated to be repulsne ;Ind to IK belo\\ the 
BJS- state (see ftg 5). From rnternuclear dts- 
tances defined by the classtcal turnmg pomts of 
the L’ = 0 level m AIF(X ‘2’) It IS posstble to 
calculate: an energ range for the AIF-(A’fI) + 
4lF(X IS-) bltnd as 136-150 et The 
Franch-Condon factors for tomzatton to the 
polanzatton mtntmum of the A2fI state are Let-y 
small as are the Franch-Condon factors for tent- 

zrltton to the B ‘S - state The adtnbattc tomzatton 
energ) to the B-‘E- state IS calculated to be 14.67 
eV (see table l)- Accordtng to these theorettcal 

results. the second bro.td band In the photoclrc- 

tron spectrum of AIF corresponds to tontzatton to 

both thz A’n and B ‘\‘- states of AIF-. It should 
also be noted that In \ie\\ of thrs asstgnment the 
sharp band observed at 15.33 eV \erttcal tontza- 

tton cnerg must be due to tontzcltton to cl htphrr 
state of AIF’ As no further formall> allo\\ed 
bands are expected rn the He1 nylon. this sharp 
band must be due to a shake-up state ot AIF’ 

These states have not been evplicttly treated tn the 

present calculattons but by analogy wtth the hno\in 
photoelectron spectrum of CS [39-411 this band IS 
tentattvely assigned to a ‘S- state ansmg from the 
configuratton (2~)~’ (70)~‘(3a)” 

It IS reassurmg that the general features of the 
AIF spectrum observed in this work are in good 

agreement wtth that known for the He1 photoelec- 
tron spectra of the thalhum and mdtum mono- 
hahdes [33-363 For these molecules. as tn the AIF 

case, three bands were observed wtth the fust and 

third bands bemg sharp and the second band 

being very broad In vtew of the asstgnment of the 

second band In AIF. it seems hkely that the second 

band in the spectra of the thalhum and mdtum 
monohalides also arises from lomutton to both 

the A’II and B’E- states 
The assignment of the photoelectron spectrum 

of AIFi (summansed in table 3) has been achieved 
with the aid of SCF calculattons performed for 

both BF, and AIF: and by comparrson with the 

hnown photoelectron spectrum of BF,. In neutral 
BF,. the three outermost filled molecular orbttals 
are of la’:. le” and 4e’ symmetry. The la’? and 
le” orbltals are composed of linear comblnatlons 
of F(2p) orbttals vvhhcreas the 4e’ molecular orbital 

IS composed matnly of F(2p) symmetry combtna- 

ttons utth small contnbuttons from B(2p) atomtc 

orbttals The next tvxo molecular orbttals. the Id’; 
and 3d’ levels. are also mamly F(2p) m character 

A stmtlar sttuatton also arises m AIF: where the 
outermost fl\e occupied molecular orbltals are also 

mdrnlh F(2p) tn character In the He1 photoelec- 
tron spectrum of BF,. the ftrst three bands arose 
from iomzation of the la’:. le” and 4e’ levels (at 
e\perinientJl verttcal lonizatlon potentials of 15.95. 

1667 and 17 14 eV respecttvely [17.1S]) \\tth the 

(4~‘)~’ band being the most Intense and the 
(le”)- ’ band betng the weakest. On this basis and 
from the computed iomzation energies in table 3. 

the photoelectron spectrum of AIF, IS assigned tn 

the followtng way Band B tn ftg 2 IS attributed to 

the (Lie’)-’ tomzatton whereas band A IS attrtb- 
uted to tvto unresolved bands ansmg from the 
(12”) - ’ and (la, )-I iomzattons The other ob- 

served bands m the AlF, spectrum. bands C and 
D. are asstgncd as shown m table 3. 

Perhaps one of the more stgnificant measure- 
ments to be forthcommg from this present study IS 

an Improved esttmate of the ftrst adtabattc IP of 

AIF The value obtained. 9 73 + 0.01 eV, IS m 

agreement with the value expected from electron 
Impact mass spectrometry. 9 70 + 0 50 eV [14-161. 

but the error hrmts have been conslderably re- 
duced Although a number of Rydberg states of 

AIF have prevtously been observed by Barrow and 

co-workers [7]. detatled analysts of these states was 
not posstbie because an accurate value of the ftrst 

ioruzatron potential of AIF was not available A 

prehmmary analysis was nevertheless presented [7] 

based on a value of the AlF IP (9 92 eV) estimated 
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Table 4 

Redetsrmmatlon of the quantum defects of a number of smglet Rjdberg states of AIF Ai 

StJte Character of the % n-s h) ,I s h’ 

e-x~tcd electron from ref [7] 

from ref [7] (eV) 

HI\‘- 
4PO 8405 3 204(2.998) 4 079(100) 

F’n 4PT S 216 2 997(2 827) 4 100(1 17) 
G Iv+ 3do s 282 3 065(2 584) 3 -006(0 12) 

E’fl 3dn 7.953 2 767(2 631) 3 0 23(0 37) 
D ‘A 3dS 7647 2 555(2 447) 3 0 45(0 55) 
Cl\“ 4so 7 210 2 323(2 241) 4 1 67( 1 76) 

a’ The To ~nlues listed m this table are taken from table 6 of ref [7] The parameters 01 - 6) and S are dcnved assummg 

IP(AIF) = 9 73 eV. as detcrmmed m tins work 

h’ The (n - 6) and S values shown tn parentheses are dented on the assumption that IP(AlF) = 9 92 eV (see ref [7]) 

by analogy with known Rydberg senes In BF 
However. the more rehable loruzatlon potentId of 
AIF determined m thts work allows d redetermtna- 
tlon of the quantum defects of the Rydberg states 
observed by Barrow and co-workers [7] assummg 
that the atomic character of the observed evclted 
states (C ‘S’. D ‘A. E ‘n. G ‘S’. F ‘II and 
H ‘CT) IS unchanged from that given m ref. [7]. 
This latter assumption IS supported for the D ‘A 
stste by recent ab mltlo molecular orbital calcula- 
tlons [42]. The results of the reanalysis are pre- 
sented m table 4 with the ongmal values of Bar- 
row et al. [7] given m parentheses. Clearly ldenllfl- 
catlon of other Rydberg states of AIF would be 
extremely useful and would lead to a further im- 
provement m the flrsl IP of AlF. It IS therefore 
hoped that this present work w11l stimulate further 
Interest m this problem and lead to further spec- 
troscoplc studies on AIF. 
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