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The vacuum UV spectrum of SnH, has been recorded up to 110 nm (12 26 eV) Thus spectrum has been interpreted by ab 

mlho calculations (SCF + CI), using a relatwrsttc pseudopotentlal to describe the core electrons of the tm atom The spectrum 

consists of a broad band composed of three maxima (at 8 73, 9 53 and 11 33 eV) The transmons below 9 50 eV have been 

attnbuted to transItIons to diffuse Rydberg states (6s and 6p) The other bands are due essentially to valence transltlons 

1. Introduction 

There 1s an obvious mterest m stannanes both 
as hydrocarbon analogues and because of their 
umque organometalhc chermstry Organostannane 
compounds have recently been lmphcated m cer- 
tam envnonmental problems [l] In particular, the 
blolo@cal methylatlon of morgamc tm m sea water 
and the subsequent reaction of the first formed 
organostanmc compounds are not well under- 
stood Certain photochermcal reactlons have been 
proposed as a mode of reaction of these stannanes 
These hypotheses are difficult to Justify, however, 
whle the UV spectra of these compounds are 
unknown 

In fact, there 1s little expenmental or theoretical 
data on tm denvatlves, particularly on their elec- 
tronic structure or excited states Onfy the photo- 
electron spectra of stannane [2] and some of its 
derivatives have been recorded [3], on/$ the elec- 
tronic spectrum of SnCl, (recorded m 1972 by 
Iverson and Russel [4]) and those of certam stan- 
nane polymers (recorded up to 170 nm) are known 

151 
Theoretical aspects have been covered m a 

number of papers, the fundamental states of stan- 
nanes [6], radical ions [7,8] and most recently the 
chermcal reactivity of organostanmc compounds 

191 
An expenmental and theoretical study of the 

electronic spectrum of SnH, 1s described m ths 
paper The vacuum UV spectrum of ths com- 
pound has been recorded to a wavelength of 110 
nm The ab mltlo calculation of this spectrum has 
been carned out using a relatlvlstlc pseudopoten- 
teal to descnbe the tm core electrons 

2. Experiment 

2 I VW spectrometer 

The spectrum of SnH, was recorded using a 
laboratory-made vacuum UV spectrometer of 
moderate resolution [lo] The radlatlon source 1s a 
wmdowless spark (BRV source [ll]) which has the 
advantage of producmg htgh-energy flashes con- 
taming wavelengths down to 5: 50 nm The mam 
drawback with ths type of source, the non-repro- 
duclblhty of flashes, has been overcome m two 
ways A beam sphtter wbch separates the sample 
and the reference 1s used and as the machme 1s 
entirely run by computer, we are able to use 
recording algonthms comblmng flltratlon and ac- 
cumulation in real time 

The monochromator 1s equipped with a holo- 
graphtc grating on a tone support 

The 10 cm path-length cell 1s equipped with 
hthmm fluonde windows Radlatlon flux 1s mea- 
sured by a combmatlon of two photomultlphers 
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(reference and sample) associated with two sodmm 
sahcylate coated wmdows 

The tm hydnde was obtained by reduction of 
SnCl, by LfilH, The reaction was carned out 
under vacuum m ether using the method described 
by Fmholt et al [12] After several vacuum dlstllla- 
tlons, the punty of the SnH, was checked by IR 
analysis [ 131 

The vacuum UV spectrum was recorded at am- 
blent temperature and an average pressure of 10 
mTorr 

2 2 The spectrum 

ble absorption until = 7 75 eV (160 nm) The first 
band, centered at 8 86 eV (140 nm) 1s relatively 
mtense (c = 17 2 X 103) 

TUB band 1s comparable to the 125 nm band m 
the spectrum of methane [14] which has an mten- 
slty of the same order of magnitude (f= 0 36) 
However, it 1s far more intense than the first band 
m the spectrum of sllane, at 7 95 eV (158 nm), 
recorded by Alexander et al [15] which has been 
attributed to a forbidden transition 

The last part of the spectrum shows an intense 
band with a peak at 9 64 eV (129 nm) This band 
1s asymmetnc towards longer wavelengths The 
final broad band shows a maxlmum at = 10 04 eV 

The spectrum obtamed (fig 1) shows no nota- (124 nm) 

ev 
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Rg 1 VUV spectrum of SnH, (- ) expenmental spectrum, ( ) deconvolutlon of the spectrum 
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3. Theoretical calculations 

3 1 Methods 

All calculations were undertaken using a relatlv- 
lstlc pseudopotentml to descnbe the tm core elec- 
trons [16] This type of pseudopotentml gave us 
good results m the study of the SnHi ion [8] and 
m the interpretation of the photoelectron spectrum 
of SnH, Ab mltlo calculations on valence elec- 
trons were carned out, usmg a 4s,4p basis set 
contracted to double { (2s,2p) [16] This basis was 
completed by adding d orbltals on the tm atom 
(5 = 0 2) and two p-orbltals on each hydrogen 
atom (3 = 0 7, 0 2) 

In order to take mto account the diffuse states 
obtained m the vacuum UV spectrum, we have 
included a senes of Rydberg s and p orbltals on 
the central atom The exponent of these atonuc 
orbltals was optmuzed using the energy of the first 
Rydberg state of SnH,, which was calculated, to 

Energy (a.u.) 

\ Fust excited state / 

- 5.65 . 
qomd state 

- 5.66 1 
123 45 6 5 x1ti2 

Fig 2 Vanatlon of second-order Msller-Plesset energy of 
ground state and first excited state of SnH, v&h the c of the 
Rydberg orbltal 

the second order, by Moller-Plesset perturbation 
The results, presented m fig 2, show that the value 
of the transition between the ground and first 
excited state 1s relatively sensitive to the gausslan 
coefficients used The optimum value S = 0 021 
thus obtained has been used m the remammg 
calculations 

The ground state energy and that of the first 
four excited states have been evaluated by conflg- 
uratlon interaction, combmmg vmatlon and per- 
turbation 

Imtlally, a multlconflguratlonal reference sub- 

space (S,) was constructed on the SCF wavefunc- 
tlon of the ground state Thts subspace compnsmg 
150 mono-, dl- and tn-exated determmants of the 
ground state, was constructed using the CIPSI 
algorithm [17] This allows mcorporatlon of all 
quasi-degenerate determmants m S, wth the ex- 
cited states studied 

In a second stage, the correlation energy of S, 
was evaluated to the second order by the 
MBller-Plesset perturbation method In the course 
of this calculation, the 5000 most important de- 
termmants m the wavefunctlon were selected (sub- 
space M) In order to evaluate the correlation 
energy as accurately as possible, we have used a 
method of successive dlagonahsatlons of more and 
more important parts of the subspace M An ex- 
trapolation, sun&r to that proposed by Buenker et 
al [18], allows the most accurate evaluation posa- 
ble (combmmg vanatlonal and perturbational re- 
sults) of the second-order correlation energy To 
estimate the total correlation energy and the m- 
fluence of tetra-excited determmants of &,, we 
have evaluated the influence of the unhnked clus- 
ters, as proposed by Davidson [19] 

3 2 Results 

The prmclpal results on the first four excited 
states of SnH, are shown m table 1 It can be 
noted that the transltlon energes are not notlcea- 

bly dependent on the degree of approxlmatlon 
used to evaluate the correlation energy We can 
simply note that takmg the correlation energy of 
the unlinked clusters mto account brings the first 
two transitions considerably closer together 

Transition moments were calculated from mul- 
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i* 

Table 1 

Calculated transltlons of SnH, 

State Nature ‘) AE b, AE ‘I AE d, tie’ f 0 

WI (W W 

Sl T,AA’: 8 45 8 56 838 0897 0495 

s2 T2 -+ TzR 9 85 9 39 917 0406 0111 

s3 T2 -+ A; 10 56 1055 1027 1458 1604 

S‘l T2 -f T; 1182 1201 118 1239 1335 

a) Most Important deternunant m the multuzonflguratlonal de- 

velopment 

b, TransItion calculated by Meller-Plesset \perturbatlon 

(491000 deternunants) 
‘) TransItIon calculated by partial dlagonahsatlon of the prevl- 

ous space and extrapolation 

d, Same as c) with the contnbutlon due to the unhnked cluster 

taken mto account 

e, Transition moments 

D Oscdlator strength 

tlconflguratlonal density matrices obtained irom 
S, perturbed m the first order by the Mraller-Ples- 
set method Mulhken population analysis was un- 
dertaken on density matrices 

The results obtamed on the four first excited 
states and on the ground state are presented m 
table 2 Populations have been regrouped m order 
to dlstmgmsh valence orbltals from d orbltals and 
diffuse Rydberg orbltals 

4. Discussion 

Stannane of Td symmetry has eight valence 
electrons occupymg an a, orbital and a tnply 
degenerate t 2 orbital Only transltlons from the 
ground state to the excited T2 states will be active 
m the absorption spectrum This means that all 

Table 2 

Mulhken population analysis of the five first singlet states of 
SnH, 

State Population on Sn Total 

total R, % d 
population on H 

ground 3145 0022 0029 0076 1214 

Sl 3 656 0 807 0 118 0062 1086 

s2 3783 0120 1000 0065 1054 

s3 3196 0199 0000 0079 1213 

s4 3301 0108 0028 0094 1174 

tnply degenerate excited states are susceptible to a 
Jahn-Teller dlstortlon Only orbital transitions of 
the followmg type are possible a, + t 2, t 2 + t *, 
t 2 + a, or t 2 + e, this latter transition involves 
excitation to d orbltals The expenmentally mea- 
sured spectrum 1s a series of at least three bands 
with maxima at 8 86, 9 64 and 10 04 eV 

In order to facilitate the analysis of the spec- 

trum and its comparison with theoretical results, 
we have cmed out a deconvolutlon which apart 

from a certain arhtrary character, given the poor 
separation of the bands, allows us to evaluate, 
approximately, the oscillator strength The results 
thus obtained are presented m table 3 

4 I Fwst region of the spectrum 

The first broad absorption observed IS, m fact, 
a nuxture of several bands superimposed on each 
other, an intense band centered at 8 74 eV urlth an 
oscillator strength of 0 221 and probably two 
weaker bands at lower energy This absorption 
causes the strong asymmetry of the first band 
towards hgher wavelengths 

Theoretical calculations show that, m this re- 
@on, the only transition, calculated at 8 38 eV 
wth an oscillator strength of 0 495, 1s of type 
t, - a, We have also been able to show that no 
forbidden transitions would occur at longer wave- 
length It 1s worth noting that a very weak band 1s 
observed towards longer wavelength m the optical 
spectrum of methane (at 8 80 eV) [14] and of SlH, 
(at 7 95 eV) [15] No satisfactory interpretation has 
been put forward to explain the presence of these 
bands (singlet-triplet transition, forbidden valence 
transition, [20]) In the electronic impact spec- 
trum of CH, this band 1s no longer vlslble [21] 

In the case of SnH, we can gve a simple 
explanation for the strong low-energy deformation 
of this first band In fact, it corresponds to a 
transition to a T, state with a strong Rydberg s 
component This 1s indicated by exammatlon of 
the Mulhken populations of the state concerned 
(table 2) A charge of 0 807 electron can be taken 
from the 6s orbital, ths 1s accompanied by a 
strong reduction m the hydnde character of SnH,, 
the charge on each hydrogen atom drops to 0 128 
electron 
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Table 3 
Expenmental VUV spectrum of SnH, 

c max 
(lo3 emol-’ cm-‘) 

Deconvolutlon 

%nax =) 
(lo3 cm-‘) 

oscdlator 
strength 

first band 71 50 (8 86) 17 2 64 05 (7 94) 0 168 
67 30 (8 34) 0 112 

70 49 (8 74) 0 221 

second band 77 80 (9 64) 20 9 76 10 (9 43) 0 687 
78 09 (9 68) 0 074 

thnd band 82 10 (10 04) 17 8 81 84 (10 14) 0 081 
85 25 (10 56) 0443 

89 00 (1103) 134 89 95 (11 15) 0 132 

‘) The values m parentheses are gwen m units of eV 

This assignment 1s consistent wth that pro- 
posed by Robm [20] for interpretation of the first 
intense bands of the methane (at 9 69 eV) and 
sllane (at 8 99 eV) spectra The strong intensity 
(for a Rydberg transition) of this band can also be 
noted m the spectrum of methane urlth an oscllla- 
tor strength from 0 26 to 0 36 [14] 

The practically pure Rydberg character of the 
first excited state of SnH, must cause a certam 
smulmty to the ion radical SnH: Exammatlon of 
the first observed band m the photoelectron spec- 
trum shows a strong sphttmg caused by the 
Jahn-Teller effect (and spm-orbit coupling) mto 
three portions separated by 0 4 eV This sphttmg, 
which 1s less vlslble m the vacuum UV spectrum, 
explams the deformation of the spectrum towards 
longer wavelength A deformation of the spectrum 
(fig 1) can, m fact, be seen There are three 
distinct regons separated by = 0 40 eV 

The assignment of ths band to a Rydberg s 
transition 1s confirmed by evaluation of the corre- 
sponding term value wkch 1s = 3 07 eV This 1s a 
reasonable value for the tm atom, the t 2 -+ R, 
transition of methane has a value of 3 92 eV and 
of SlH, 3 41 eV 

4 2 The second band 

The second band was calculated at 9 17 eV mth 
an oscillator strength four times weaker than the 
previous tranatlon It corresponds to a t 2 + t 2 

transition Exammatlon of the population analysis 
of the excited state shows its character to be 
essentially Rydberg p The weak mtenslty of this 
band compared to the t, + a, transition (R,) 1s 
understandable as m a model atom It corresponds 
to a forbidden transition (Al = 0) In the expen- 
mental spectrum this band 1s hdden by the con- 
siderably more intense bands which precede and 
follow 1t 

4 3 Last part of the spectrum 

The followmg spectral bands involve valence 
transltlons The third band, calculated at 10 27 eV 
with an oscillator strength of 160 1s the most 
intense band m the expenmental spectrum, situated 
at 9 43 eV (f = 0 687) This band 1s prlmanly due 
to a valence transition t, + a,, however nnxed 
with ths 1s a slgmflcant contnbutlon from transl- 
tlons to diffuse states (0 199 electron m R,) The 
polanzatlon of the Sn-H bond 1s slrmlar to that 
found m the ground state 

The fourth tranatlon, calculated at 11 8 eV, can 
be attributed to the fourth spectral band It corre- 
sponds to an essentially valence transltlon t 2 -+ t 2 
It 1s worth noting, as for the Rydberg transltlons, 
the low intensity of the t 2 + t 2 transitions com- 
pared to the correspondmg t, + a, 

It 1s noteworthy that all the transitions calcu- 
lated here correspond to an expenmental spectrum 
hnuted to 11 26 eV (110 nm) There 1s no ngmfl- 
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cant d-orbltal mteractlon The total charge on 
these orbltals remams essentmlly the same as m 
the ground state 

It 1s necessary to comment on the proxnmty of 
calculated and expenmental values While the 
calculated states correspond to transltlons to dlf- 
fuse orbltals (Rydberg states or radical ions [8]), 
the calculated results obtamed are m excellent 
agreement wth expenmental values, both for the 
posltlon and mtenslty of the bands However, as 
soon as the virtual valence orbltals are involved m 
excltatlon, the quality of the theoretlcal results IS 
reduced (with an error of = 1 eV) This can be 
partly explamed by the fact that we have used a 
pseudopotentlal to describe the tm core electrons 
The interaction of diffuse orbltals with the core of 
the atom IS weak (these orbltals are not very 
penetrutlng), however, when an electron IS m a 
much more penetrutrng virtual valence orbital, 
then the core-valence mteractlon becomes more 
slgmficant and causes the observed shift m the 
correspondmg transitions 

5. Conclusion 

The vacuum UV spectrum of SnH, shows a 
number of bands between 150 and 110 nm These 
have been assigned with the aid of an ab mltlo 
calculation The first transitions, observed below 
9 5 eV, correspond to transitions to Rydberg levels 
These bands are followed (above 9 5 eV) by essen- 
tially valence transitions (t z 4 a2 and t 2 + t 2) 

The first band of the spectrum, which mvolves 
an excited 6s Rydberg state, shows a strong defor- 
mation towards long wavelength Tls IS compara- 
ble to a smular effect observed m the photoelec- 
tron spectrum of SnH, The net red shift of the 
whole spectrum as compared to the spectra of 
SIH, and CH4 IS also noteworthy 
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