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GENERATION, DETECTION AND ELECTRONIC STRUCTURE 
O F  DIMETHYL GERMANONE BY PHOTOELECTRON SPECTROSCOPY 

A N D  QUANTUM CALCULATIONS’ 

Germanone ,  UV photoe lec t ron  spec t roscopy,  pyrolysis, a b  in i t io  ca l cu la t ions  

C. Guimon and  G. Pfister-Guillouzo 
Labora to i re  d e  Physico-Chimie MolCculaire, UA 474 
I.U.R.S., Avenue d e  I’UniversitC, 64000 PAU, F rance  

G. Rima, hl. E l  Amine  and  J. Bar rau  
Labora to i r e  d e  Ch imie  des OrganominCraux, ERA 829 

UniversitC Pau l  Saba t i e r  
118, R o u t e  d e  Narbonne, 31062 TOULOUSE Cedex,  F rance  

Chemis ts  have  long been  in t e re s t ed  in spec ies  conta in ing  

mul t ip le  Pn-PT: bonds be tween  a group IVB e l e m e n t ,  e.g. silicon a n d  ger -  

manium, a n d  a he te roa tom (N, 0, P, S ,  etc ... ). I t  is  never the less  only 

during t h e  p a s t  severa l  years2  t h a t  t h e s e  en t i t i e s  could  b e  cha rac t e r i zed  

by chemica l  trapping. The  very  high r eac t iv i ty  o f  t hese  compounds a n d  
thus  the i r  s h o r t  l i f e t ime  have  long been  a. major  obs t ac l e  to the i r  cha rac -  
te r iza t ion .  C e r t a i n  of t h e m  (Me2M=S, M=Si, G e )  have  r ecen t ly  been 
demons t r a t ed  using mass  s p e ~ t r o m e t r y ~ ’ ~  a n d  photoe lec t ron  spec t ro-  

s c ~ p y ~ ’ ~ .  T h e  monomer  Me2M=S has  thus  been  cha rac t e r i zed  by subjec- 
t ing  t h e  t r i m e r  (hle2MS) to f lash  thermolys is  under  reduced pressure  

(- 300°C a n d  5.10-’mbar) d i rec t ly  in t h e  ion iza t ion  chamber  of a photo- 
e l ec t ron  spec t romete r .  

3 

We wished to ex tend  th i s  s tudy  to R 2 C e = 0 .  It was  found 

t h a t  t h e  corresponding t r i m e r s  w e r e  much  m o r e  s t a b l e  than  the i r  sulfur 
conta in ing  homologues and  so w e  were  unable to decompose  t h e m  ther- 
mally. For  th i s  reason, w e  chose  two  o t h e r  precursors  with apparent ly  
higher po ten t i a l i t y  : 
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8 GUIMON ET AL. 

/ O \  
MezGe = O  + CC13 CHO Tlz 

(11 [ S I  

Nc, ! x \ e  in f x t  Lbir r ted  that  t he  c:yclic cor:,;ci:?d ! 2 ]  

could not be  distilled since it decomposes immediately in a primary 

vacuum t o  yield the chloral [ 5 ]  and the trirner [3], the la t ter  arising 
6 from the  recombination of the  monomer [ I ]  . 

Thermolysis of the te t ramer [4] similarly furnishes the  

trimer [3] and the monomer, which could be characterized by chemical 
6 trapping . 

The present report is the  a t t e m p t  t o  carry out these 

thermolysis in order t o  character ize  the  monomer [ I ]  by photoelectron 

spectrometry. In parallel t o  this experimental study, we performed 
a theoretical study of dimethylgerrnanone [ I ]  and in particular calculated 

the first ionization potentials. 

EXPERIhlENTAL AND CALCULATION CONDITIONS 

Photoelectron spectra were recorded on an Perkin Elmer 
PS 18 instrument equiped with a Helectros HeI-Hell source. Compounds 

[2] and [4] were decomposed under reduced pressure (<  10-1 mbar) in a va- 
riable temperature  probe5" where the  evaporation chamber is separated 

from the  ionization chamber by a metallic tube about  30 cm long which 

is independently heated. The vapors can thus reach about 400°C before 
2 being ionized. 411 spectra were calibrated with the 'PIh and Ps,2 

lines of xenon (12.13 and 13.43 eV) and of argon (15.76 and 15.93 eV). 
variant 

of . the  HONDO program, in which pseudo potentials a r e  also included. 

The basis s e t  is of the 4-31C type with polarization orbitals (d) on 
germanium. Corrections of polarization and of correlation of ionization 

10 potential calculations were estimated with the  method of perturbations . 

8 Calculations were performed with t h e  PSHONDO 
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DMETHYL G E R M N O N E  9 

R E S U L T S  A N D  DISCUSSION 
T h e  photoelectron spec t r a  (Hell  of t h e  t r imer  [3] an  d t h e  

t e t r a m e r  [41 at minimal t e m p e r a t u r e  (90°C for [3] and  ambient  tempera-  

t u r e  for [4])are  shown in Figs  1 and  2a. The  pr imary difference be tween  
these  s p e c t r a  i s  t h e  respect ive intensi t ies  of the i r  f i rs t  two  bands, with 

ionization potent ia ls  being comparable  ( table  I). The  f i rs t  band of 
[4] is  in fact m o r e  intense than  t h e  second (Fig. 2a), in con t r a s t  to t h e  

spec t rum of [31 (Fig. I ) ,  whose intensi ty  cha rac t e r i s t i c s  a r e  the  s a m e  as 
i t s  sulfur homologue [hle2CeS]35. In t h e  case of both compounds, t hese  
init ial  bands a r e  r e l a t ed  t o  t h e  combinat ions of t h e  non-bonding 

orbi ta ls  of oxygen atoms.  

The spectrum of [41 remains pract ical ly  unchanged up t o  
28rJ.C. I t  subsequently changes rapidly above this  t empera tu re ,  yielding 

t h e  spectrum shown in Fig. 2b, which is a n  evident  correspondence to the  
t r imer  [3]. Thus t h e  t e t r a m e r  thermally decomposes (- 300OC) to furnish 

t r imer  and t h e  monomer [ I ]  by difference,  a l though the  l a t t e r  could 

not be  demons t r a t ed  in t h e  result ing spectrum. 
The  spec t r a  of compound [2] were  recorded a t  different  

t empera tu res  (Figs 3a and 3b). Here again,  t h e  decomposition of this 

compound is obvious, since some  of t h e  spec t r a  include t h e  character is t ics  

of the  chloral  [511', whose spec t rum is shown in Fig. 4 and t h e  ionization 
potent ia ls  in t ab le  1. 

When vapor t e m p e r a t u r e  i s  increased,  t h e  shape of t h e  

spec t rum changes  relat ively rapidly (s tar t ing at ISOOC). Thus, t h e  320°C 
spectrum (Fig. 3b) r e t a ins  t h e  cha rac t e r i s t i c  bands of chloral  (with 
sl ightly d i f f e ren t  intensi t ies  due  to t h e  superimposit ion of o the r  bands) 

and also furnishes t h e  f i r s t  bands (9.3, 9.8 a n d  10.5 eV) of the  t r i m e r  

[3] spectrum.This  is  not t h e  case for t h e  s p e c t r u m  recorded at 95°C 
(Fig. 3a), which exhibits only t h e  f i rs t  t w o  bands at 9.7 and 10.2 e V .  In 

the latter case, i t  would thus  appea r  t h a t  compound [2] indeed decomposes 

according to t h e  react ion descr ibed above. In t h e  l ight of t h e  intensi t ies  
of these spec t r a l  bands (Fig. 3a) compared  to t h e  chloral  (Fig. 4) spec- 
t rum, t h e  following potent ia ls  c a n  be  a t t r i b u t e d  to t h e  monomer 111 : 

Y.7, 15.2, 11.0 and 12.1 eV. At  t e m p e r a t u r e s  higher than 15OoC, t h e  
rrlurlorrlt'r apparent ly  recombines as a resul t  of t he rma l  agi ta t ion,  yiel- 
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10 GUIMON ET AL. 
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Table I - Ionization potentials (eV) of trirner [31, tetrarner 141 
and chloral [51 

(31 [Me2CeO]3 9.3 9.8 10.5 11.5 
[4][Me2Ge0]4 9.3 10. 10.7 11.75 
[5]CCI3CHO 10.9 11. 11.65 12.1 12.7 13.05 14.5 15.6 16.6 17.3 
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DIMETHYL GERMANONE 11 
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Figue 3 

T-bD3K 

Figure 0 

ding t h e  s table  trimer. This explains why only t h e  t r imer  is visible wHen 
the  te t ramer is  decomposed at 350°C. 

W e  wished t o  confirm these experimental results by 

estimating the  ionization potentials of dimethylgermanone wilh the 
PSHONDO" method. The calculated values a r e  listed in table 2, where 
we remark ' t h e  excellent correlation between experimental and theore- 

tical values when we consider the  effects of polarization (pol.) and 

the  loss of interpair correlation (corr.) of the  ion. In general, the  former 
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12 GUIIION ET AL. 

Table 2 - Calculated (IPcalc) and experimental (IP ionization 
exP 

potentials of dimethylgermanone 

E~ - eigen values of SCF calculation (= -1P within the  Kooprnans’ 

Pol - ion polarization correction 

Corr - correction for the  loss of interpair correlation of the  ion 

lPcalc : - E .  t Pol.+ Corr. 

approximation) 

1 

hle, 

’ Me’ 
Ce=O 

Pol. Corr. P.I. Calc. P.I. Exp. €i  
-10.72 (no) -1.32 t0.20 9.59 9.7 

-10.97 ( I I ~ ~ = ~ )  -1.66 t0.50 9.8 I 10.2 
-12.13 (uCeO) -1.54 t0.27 10.86 11. 
-13.12 (CCeC) -0.43 +O. 13 12.83 12.1 

a r e  higher for non-bonding orbitals than for  II t y p e  bonding orbitals, in 

contrast  to t h e  latter. This is indeed \;hat was observed for dirnethyl- 

germathione (pol. = -0.73 eV for ns and -0.55 e V  for rce=s). In the  case of 
dimethylgermanone, on the  other  hand, t h e  polarization Correction 
is higher for t h e  G~,O orbital (-1.66 eV) than for no (-1.32 eV). 

This result is explained by t h e  intense polarization of 
the  IIQ=O orbital which thus exhibits a high non-bonding character  

(the localization of this orbital on oxygen is even slightly greater  than 
tha t  of t h e  no HOMO). This lone pair character  for the IT o r b  i t a l  h a d  

been suggested by Trinquier’’ in the theoretical study of H 2 G e = 0  and 
is in agreement with the very similar values of ionization potentials 

associated with n and nGezO (in contrast to acetone which shows 
a difference of 2.9 e V  and even dimethylgerrnathione where the diffe- 
rence is 0.95 eV). The same is t rue for t h e  following orbital of the  
other  lone pair of oxygen which interacts  with the  uce-O orbital, also 
highly localized on oxygen. 

0 

This polarization of the  last three occupied orbitals 
is shown at the  level of ne t  charges (table 3) of dimethylgermanone, 
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DINETHYL GERMANONE 13 

Table 3 - Net atomic charges and dipolemoment p (Debye) of 
dimethylgermanone [ I ]  and dimethylgermathione 

H : hydrogen in the  molecular plane (CZv symmetry) 
H' : hydrogen out of molecular plane 

M e  C e  = X 2 

X C e  X C H H' dD.1 
0 0.438 -0.552 -0.422 0.185 0.147 6.01 
S 0.159 -0.290 -0.414 0.184 0.148 5.26 

which a r e  differentiated to a much greater  ex ten t  than in the  sulfur 
homologue and in acetone. 

CONCLUSION 
The present work has enabled us to character ize  dimethyl- 

germanone [ I ]  in reduced pressure (< 10-1 mbar) vapor phase spectrosco- 

py. Until the  present, the  existence of this compound has been shown 
only indirectly by chemical trapping. I t  was nevertheless necessary 
to record i t s  photoelectron spectrum a t  a relatively low temperature 
(less than 100°C) since at higher temperatures, intermolecular collisions 
resulting from thermal agitation cause t h e  monomer t o  recombine 
into the  highly stable trimer. This explains why only the trimer can 
be  detected when the te t ramer is decomposed a t  around 300°C. 

In addition t o  confirming our attribution of the ionization 
potentials of this molecule, the a b  initio calculations performed show 
that  the Ce=O bond is highly polarized, reflected by t h e  proximity of the 
first two ionization potentials associate with the  u type n lone pair of 
oxygen and t h e  rce=o orbital, which has a strong character  of a si type 
n lone pair. This polarization and the relatively low values of the 
first ionization potentials also explain the very high reactivity of dimethyl- 
germanone and thus i t s  short lifetime. 

0 

0 
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