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SUMMARY

The  wo rk  desc r i bed  i n  t h i s  t hes i s  dea l s  f i r s t l y  w i t h  t he  t heo -
re t i ca l  and  expe r imen ta l  d i scove ry  o f  t he  poss ib i l i t y  t o  ana l yse
a tom ic  su r face  s t ruc tu res  w i t h  mu l t i p l e  i on  re f l ec t i on  ( chap te rs
I I ,  I I I ) .

Second l y ,  t he  resu l t s  a ï ' e  p resen ted  o f  t he  app l i ca t i on  o f  t h i s
mul t ip le  ion re f lec t ion technique to  the s tudy of  nuc leat i .on and
g row th  o f  evapo ra ted  f i lms  ( chap te r  IV ) .

F ina l l y  a  desc r i p t i on  i s  g i ven  o f  a  one -appa ra tus  nob le  gas
ion probe technique,  that  g ives in format ion about  the s t ructure
and  compos i t i on  (e l emen ts  and  compounds )  o f  t he  ou te rmos t
su r face  l aye r  ( chap te r  V ) .

The  concep t  o f  mu l t i p l e  i on  re f l ec t i on  f r om su r face  s t ruc tu res
i s  deve loped  s tep  by  s tep ,  s ta r t i ng  f r om an  i dea l ,  f La t  su r f ace .
Ca l cu la t i ons  have  been  pe r fo rmed  on  cha in - t ype  mode l s  o f  su r f ace
s t r u c t u r e s  b e l i e v e d  t o  b e  p r e s e n t  o n  a  c l e a n  ( 1 0 0 ) - C u  s i n g l e
crysta l  sur face.  By carefu l ly  s tudy ing the mul t ip le  re fLect ion
energy spect ra  when the angle  o f  inc idence , l r  is  var ied a t  a
cons tan t  sca t t e r i ng  ang le  e ,  many  d i f f e ren t  mu l t i p l e  re f l ec t i on
peaks  can  be  reso l ved  and  i den t i f i ed .  Good  ag reemen t  has  been
found between the ca lcu la ted E-P re la t ionsh ips for  sur face s teps
and  the  expe r imen ta l l y  obse rved  E - t t )  dependence  o f  t h ree  mu l -
t i p l e  re f l ec t i on  peaks  (D ,  E  and  F ) .  I t  i s  shown  tha t  more  com-
p l i ca ted  su r face  s t ruc tu res ,  t ha t  g i ve  r i se  t o  d i f f e ren t  E<y '  cu rves ,
can  be  ana l yzed  p rov ided  t ha t  a  t heo ry  o f  z i g - zag  co l l i s i ons  i s
deve loped ,  wh i ch  enab les  t he  i den t i f i ca t i on  o f  t hese  co l l i s i ons .

A s impl i f ied charge exchange model  for  mul t ip le  re f lec t ion
f rom a  su r face  s tep  i s  p roposed .  Th i s  mode l  t akes  i n to  accoun t
both the neut ra l izat ion and ion izat ion probabi l i t ies  in  a  mul t ip le
co l l is ion sequence conta in ing one "  v io lent "  co l l is ion among a
s e r i e s  o f  w e a k  c o l l i s i o n s .

Mu l t i p l e  i on  re f l ec t i on  and  mass  ana l ys i s  o f  seconda ry  i ons
h a v e  b e e n  u s e d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  a  ( 1 0 0 ) - N a C l  s u r f a c e
be fo re  and  a f t e r  vapou r  depos i t i on  o f  Cu .  Impu r i t i es  be l i eved
to or ig inate f rom the react ion wi th  water  and carbon d i .ox ide
f  rom the atmosphere d is turb the per iod ic  sur face s t ructure
which resu l ts  in  a  h igh background in  the mul t ip le  re f lec t ion
spect ra .  Th is  imposes l imi ta t ions on the ident i f ica t ion o f  sur face
st ructures.  Despi te  these l imi ta t ions some conc lus ions can be
d rawnbea r i ng  s i gn i f i cance  w i t h  respec t  t o  t he  i n f l uence  o f  su r f ace
condi t ions on nuc leat ion and growth o f  a  Cu depos i t  on a  c leavage
plane of  NaCl ,
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Comb ina t i on  o f  mass  ana l ys i s  o f  seconda ry  i ons ,  s i ng le  i on
ref lec t ion and mul t ip le  ion re f lec t ion in  one re la t ive ly  s imple
UI iV-  apparatus is  in t roduced as a  ne\M technique for  sur face
analys is .  I t  is  shown that  espec ia l ly  for  sur face composi t ion
analys is ,  th is  ion probe technique has impor tant  advantages wi th
respect  to  Auger-LEED, h i . ther to  the on ly  known technique capable
of  character iz ing both the composi t ion and atomic  s t ructure o f
p rac t i ca l  su r f aces  i n  one  UHV-appa ra tus .  The  u l t ima te  sens i t i v i t y
for  sur face composi t ion analys is  wi th  an ion probe appears  to
be  be t t e r  t han  f o r  Auge r  by  seve ra l  o rde rs  o f  magn i t ude ,  wh i l e
the poss ib i l i ty  to  analyse sur face compounds is  s t i l l  a  un ique
fea tu re  o f  t h i s  i on  p robe  t echn ique .
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