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1. INTRODUCTION 

The L iqu id  Metal Ion Source Technique (LMIS) has a l ready been used f o r  

studying noble metal aggregates x!* (X = AU (1 )  ; Cu, Ag ( 2 ) ) .  For p = 1, 

one observes t h a t  X: aggregates w i  t h  odd n values are more abundant. Th is  

proper ty  i s  a lso  observed by using t h e  Secondary Ion Mass Spectrometry 

Technique (SMIS) ( 3 ) .  The explanat ion o f  the preceding odd-even e f f e c t  i s  

t h a t  X i  aggregates w i  t h  odd n values have la rger  s t a b i  l i t i e s  because they 

have an even number o f  valence e lec t rons  (n - 1 )  and, therefore,  a complete 

level  s t ruc tu re .  This  simple model a l s o  appl i es  t o  x:' noble metal aggregates 

where the  number o f  valence e lec t rons  ( n  - 2)  leads t o  the  p r e d i c t i o n  o f  

l a rger  s t a b i l i t i e s  f o r  even n values. Indeed, t h l s  phenomenon has been observed 
2+ 

f o r  Cun ions ( 2 ) .  

I n  t h i s  paper we present the LMlS study of 6 i P *  aggregates. The aggregates 

o f  t h i s  element are i n t e r e s t i n g  s lnce they have a l ready been studied by two 

o ther  approaches. On the one hand, they have been produced i n  seeded supersonic 

beams (4,5,6) and mass spectra o r  v e l o c i t y  d i s t r i b u t i o n s  o f  ~ii c l u s t e r s  have 

been recorded. On the  o ther  hand, some ~i:* ca t ions  have been chemical l y  prepa- 

red (7 ,8 )  f o r  example by t h e  react fon between bismuth metal and d i l u t e  so lu t ions  

o f  bismuth t r i c h l o r i d e  i n  l i q u i d  AICI3-NaCI mixture ( 9 ) .  We w i l l  t u r n  back 

t o  the  r e s u l t s  i n  t h e  forthcoming discusslon, 

II. EXPERIMENTAL RESULTS AND DISCUSSION. 

The mass spectrum and Our peak identification are  gtven F ig.  1. I t  can be 

not iced t h a t  t h e  mass spectrum e x h l b i t s  a general c h a r a c t e r l s t i c  which can be 

establ ished from the  examinatlon of the  peaks f o r  which t h e  value o f  t h e  charge 
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p i s  c e r t a i n  : t h e  peaks a r e  narrow f o r  p = 1 and 2 and a r e  wider  f o r  p = 3 

and 4. L e t  us f i r s t  d iscuss t h e  f i r s t  k l n d  o f  peaks. 

1 1 .l SLnslr-a!b-bo:bLr-char~ed-ag9ce9a1f s~~O!<:~~EE-:L~ZCE:~L~~~ - 
I n  most o f  t h e  t h e o r e t i c a l  rnodels (10,11,12) if i s  adrni t ted t h a t  t h e  chernical 

bonding i s  ma in l y  due t o  t h e  5p va lence e l e c t r o n s  ( f h r e e  e l e c t r o n s  pe r  atom). 

By a p p i y i n g  aga in  t h e  s imple  model g i ven  before  it can be p r e d l c t e d  t h a t  an odd- 

even a l t e r n a t i o n  shou ld  appear, w i t h  odd-n Bi: ions (which bave an even number 

o f  e l e c t r o n  (3n-1)) more abundant. 

T h i s  a l t e r n a t i o n  e f f e c t  i s  observed when aggregates a r e  produced by t h e  

seeded superson ic  beam techn ique ( 6 ) .  We observe i n  Our spectrum a s i r n i l a r  

behaviour, except  f o r  n/p = 4. One may e x p l a i n  t h i s  d i f f e r e n c e  by i d e n t i f y i n g  

t h e  n/p = 4 Peak as be ing B ig*  and n o t  Bi:. Two arguments tend  t o  r e i n f o r s e  t h i s  
2+ 

i n t e r p r e t a t i o n .  F i r s t l y ,  t h e  B i8  aggregate i s  t h e  o n l y  doubly  charged bismuth 

c l u s t e r  which has been chemica l l y  prepared (7,9) ; secondly, i t  i s  n o t  s u r p r i s i n g  

t h a t  t h e  same e f f e c t  does n o t  occur  i n  seeded supersonic bearn experiments where 

t h e  doubiy charged i ons  a r e  h a r d l y  produced. 

2+ Then, i f  we admi t  t h a t  t h e  n/p = 4 peak i s  rnainly due t o  B ig  aggregates and 

i f  we suppose t h a t  f o r  t h e  o t h e r  peaks w i t h  i n t e g e r  n/p va lues o n l y  ~ i i  c l u s t e r s  

a re  pr,esent one say t h a t  Our mass spectrum, as superson ic  seeded beam spectra,  

e x h i b i t s  an odd-even a l t e r n a t i o n  behaviour o f  t h e  B i f  i n t e n s i t i e s .  

11.2 Bi:* and ~i:*, m d u l o - 8  p e r i o d i c i t y .  ................................... 
One o f  t h e  advantages o f  t h e  LMIS techn ique i s  t h a t  aggregates i n  h i g h l y  charged 

s t a t e s  a r e  produced. We w i l l  d i s t i n g u i s h  two n/p ranges. For  n/p 2 5, t h e  ex i s tence  

o f  t h e  p = 4 charge i s  v e r y  u n l i k e l y  because o f  t h e  coulombic r e p u l s i o n  (13).  

We w i I 1 t h u s  i d e n t i  f y  t h e  "wide" peaks as B i  :+ aggregates and we t h u s  o b t a i  n : 
3+ 3+ 3+ 3+ 3+ 

B i 4  , B i s  , B i o  , B i 8  , Bilg. For  n/p S 5 t h e  ex i s tence  o f  p = 4 a g g r q a t e s  i s  no 

longer forb idden and we g i v e  two p o s s i b l e  i d e n t i f i c a t i o n s  f o r  each peak. As we 

w i l l  see i n  t h e  f c r thcoming  d i scuss ion  one o f  ?hem (which i s  under l i ned )  i s  more 
3. 4+ 3+ 4+ 3+ 4 + 3+ 

l i k e l y  B i l g  o r  B i27 ; B i z 7  o r  B i36 ; Biz3 o r  B i31  (smal l  i n t e n s i t y )  ; Bi35 o r  - - - 
4 + 3 + 4 + 3 + 4+ 3+ 4 + 

B i47  ; Bi36 o r  Bi48 ; B i42  o r  B i56  ; Bi43 o r  B i57  (sometimes the  two i d e n t i f i c a -  - 
t ions correspond two d i  f f e r e n t n / p x u e s  compati b 1 e w i t h  t h e  peak w i d t h )  . 

I f  one o n l y  cons ide rs  t h e  u n d e r l i n e d  va lues it appears a modulo-8 p e r i o d i c i t y  

f o r  t h e  B T .  The main argument which supports t h e  cho ice o f  t h e  underl  ined va lues 

i s  t h a t  such p e r i o d i c a l  phenomena have a i ready  been observed f o r  SA (14), 0; (15) 



and Sb: ( 4 )  (an element o f  t h e  same fami l y  as bismuth) w i th ,  respec t i ve l y ,  

modulo 8, 3 and 4  p e r i o d i c i t i e s .  

I n  these l a s t  s t u d i e s  t h e  p e r i o d i c i t i e s  are  due t o  successive a d d i t i o n s  o f  

neu t ra l  b u i l d i n g  b locks  w i t h  r e s p e c t i v e l y  8, 3  and 4  atoms i n  t h e  f i e l d  o f  a  

c e n t r a i  p o s i t i v e  charge. l n  o u r  case, t h e  r e p e t i t i v e  b u i l d i n g  b l o c k  would be 
3 + 

B i 8  and t h e  observed p e r i o d i c i t y  o n l y  s t a r t s  f rom Bilg. 

L e t  US now compare Our resu l  t s  on sma l l B i  :+ t o  t h e  chemica l resu 1 t s .  The 
3 + 

o n l y  t r i p l y  charged bismuth aggregate which have been prepared i s  B i 5  whose 

s t r u c t u r e  (10)  i s  a  t r i a n g u l a r  b ipyramid (D3h symmetry). T h i s  aggregate i s  

i s o e l e c ~ r o n i c  t o  t h e  B  H'- borane an ion and has t h e  same s t r u c t u r e .  
5  5  

I n  Our measurements we do n o t  observe a  remarkably l a rge  i n t e n s i t y  f o r  B i  3+ 
5  

which i s  s imi  l a r  t o  t h e  i n t e n s i t y  o f  Bi:+, Bi:+ o r  si:*. The d i t  fe rence between 

chemical and LMIS r e s u l t s  can be exp la ined  by t h e  d i f f e r e n c e  between t h e  two 

p roduc t i on  modes. I n  p a r t i c u l a r ,  ~ h e  an ions which a r e  p resen t  i n  t h e  chemical  

process seem t o  p r e f e r e n t i a i  l y  s t a b i l  i r e  some Bi:+ as ~i:* o r  Bi:* (which i s  

n o t  observed i n  LMIS exper iments) .  

L e t  us a i s o  g i v e  t h e  c r i t i c a l  s i z e s  n ( ~ ) ( B i )  above which Bi:+ ions beg in  t o  
c r i  

be observed : 

n  ( " ( B i )  = 3 , nL;i(Bi) = 4. 
c r i  

We note  t h a t  t h e  f i r s t  va lue  i s  i n  agreement w i t h  t h e  va lue measured by Jentsch 

e t  a l .  ( 16 ) .  

F ig .  1 - Mass spectrum o f  bismuth 
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