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C3H6	
  and	
  C3H7-­‐loss	
  
Fig.	
   S1	
   shows	
   potential	
   energy	
   surface	
   for	
   the	
   C3H6	
   and	
   C3H7-­‐loss	
   of	
   the	
   adamantane	
  
cation	
  derived	
  from	
  quantum	
  chemical	
  calculations.	
  The	
  steps	
  up	
  to	
  int2	
  are	
  described	
  
in	
   the	
  main	
  paper.	
  For	
  both	
  decomposition	
   reactions,	
  we	
   could	
   identify	
   two	
  pathways	
  
yielding	
  either	
  C7H10+	
  or	
  C7H9+	
  as	
  presented	
  in	
  Fig.	
  S3	
  and	
  S4,	
  respectively.	
  
	
  	
   In	
  the	
  first	
  pathway	
  resulting	
  in	
  the	
  loss	
  of	
  C3H6,	
  H21	
  is	
  shifted	
  from	
  C4	
  to	
  C3	
  (ts3	
  
-­‐>	
   int3)	
   causing	
   the	
  C1-­‐C2	
  bond	
   to	
  break.	
  The	
  resulting	
   int3	
   can	
  be	
  described	
  as	
  a	
  6-­‐
membered	
  ring	
  substituted	
  with	
  both	
  a	
  methyl	
  and	
  allyl	
  group.	
  The	
  following	
  steps	
  are	
  
the	
   concerted	
   breaking	
   of	
   the	
   C8-­‐C7	
   bond	
   and	
   elongation	
   of	
   the	
   C12-­‐H14	
   bond	
   (ts4)	
  
toward	
   C7,	
   with	
   the	
   production	
   of	
   propene	
   (C3H6)	
   and	
   3-­‐methyl-­‐1,4-­‐cyclohexadiene	
  
cation	
   C7H10+	
   (P1-­‐1).	
   Along	
   the	
   second	
   C3H6-­‐loss	
   path,	
   C1-­‐C2	
   bond	
   cleavage	
   (int5)	
   is	
  
caused	
   by	
   shifting	
   of	
   H21	
   from	
   C3	
   to	
   C2	
   (ts5)	
   and	
   to	
   C1	
   creating	
   a	
   terminal	
   methyl	
  
group	
  (ts6-­‐>	
   int6).	
  Eventually,	
  moving	
  H13	
  from	
  C12	
  to	
  C4	
  causes	
  the	
  breaking	
  of	
  the	
  
C7-­‐C8	
  bond	
  and	
  the	
  release	
  of	
  propene	
  (P1-­‐2).	
  

The	
   C3H7	
   loss	
   of	
   follows	
   the	
   same	
   initial	
   steps	
   as	
   the	
   C3H6	
   loss,	
   up	
   to	
   int5.	
  
However	
   a	
   branching	
   occurs	
   leading	
   to	
   a	
   hydrogen	
   transfer	
   (H14)	
   from	
   C12	
   to	
   C6	
  
creating	
   a	
   lose	
   chain,	
  with	
   a	
   radical	
   site	
   at	
  C1,	
  which	
   establishes	
   a	
  bond	
  with	
   another	
  
radical	
  site	
  at	
  C3	
  (int8),	
  leading	
  to	
  a	
  bridged	
  6-­‐membered	
  ring.	
  	
  After	
  another	
  hydrogen	
  
transfer	
   of	
   H10	
   towards	
   C7	
   the	
   C7-­‐C8	
   bond	
   breaks	
   and	
   a	
   methyl,	
   propyl-­‐substituted	
  
cyclohexenyl	
  is	
  formed	
  (int	
  9).	
  Two	
  consecutive	
  H	
  scrambling	
  –H21	
  from	
  C2	
  to	
  C9	
  (ts10	
  
and	
  int10)	
  and	
  H18	
  from	
  C16	
  to	
  C1	
  (ts11)	
  –	
  allow	
  the	
  release	
  of	
  an	
  isopropyl	
  unit	
  and	
  
the	
  formation	
  of	
  P2-­‐2.	
  The	
  second	
  route	
  branches	
  at	
  the	
  quite	
  stable	
  intermediate	
  int9	
  
(0.49	
  eV	
   lower	
   in	
  energy	
   than	
   the	
  adamantane	
  cation)	
  and	
   through	
  a	
   single	
   transition	
  
state,	
   where	
   H21	
   is	
   shifting	
   from	
   C2	
   to	
   C3	
   (ts12),	
   permitting	
   the	
   release	
   of	
   propyl	
  
radical	
  and	
  formation	
  of	
  1-­‐methyl	
  cyclohexa-­‐1,3-­‐diene	
  cation	
  (P2-­‐1,	
  Fig.	
  S4).	
  The	
  barrier	
  
for	
  ts12	
  is	
  0.35	
  eV	
  higher	
  than	
  the	
  limiting	
  barrier	
  at	
  ts2,	
  thus	
  the	
  other	
  pathway	
  likely	
  
dominates.	
  
	
  
C4H8-­‐loss	
  
Three	
  possible	
   routes	
  were	
   identified	
   for	
   the	
   release	
  of	
   the	
  C4H8	
  fragments,	
  which	
  are	
  
depicted	
   in	
   Fig.	
   S2.	
   Intermediate	
   and	
   transitions	
   state	
   structure	
   can	
   be	
   found	
   in	
   Fig.5	
  
and	
  Fig.6.	
  All	
  routes	
  share	
  the	
  same	
  steps	
  up	
  to	
  int14:	
  H25	
  migrates	
  from	
  C1	
  to	
  C6	
  (ts13	
  
-­‐>	
   int13)	
   and	
   the	
   C3-­‐C2	
   bond	
   is	
   broken,	
   creating	
   a	
   C4H7	
   group	
   attached	
   to	
   a	
   6-­‐
membered	
   carbon	
   ring	
   (int14,	
   Fig.	
   S5).	
   The	
   first	
   route	
   proceeds	
   through	
   int15	
   were	
  
H11	
  moves	
  from	
  C9	
  in	
  the	
  ring	
  to	
  C3	
  and	
  eventually	
  a	
  C4H8	
  group	
  is	
  release	
  (P3-­‐1,	
  Fig.	
  
S5).	
  

The	
   second	
  route	
   is	
  more	
  complex,	
   requiring	
   several	
  hydrogen	
  shifts	
   (Fig.	
   S2).	
  
Starting	
  from	
  int15,	
   it	
  undergoes	
  a	
  two-­‐step	
  hydrogen-­‐alkyl	
  exchange	
  between	
  C4	
  and	
  
C12	
  (ts17	
  -­‐>int17-­‐>ts18-­‐>int18),	
  followed	
  by	
  a	
  hydrogen	
  transfer	
  (H20	
  from	
  C4	
  to	
  C5,	
  
int19).	
  At	
  this	
  point	
  H15	
  shifts	
  from	
  C8	
  (on	
  the	
  ring)	
  to	
  C5,	
  creating	
  a	
  structure	
  (int20)	
  
which	
   is	
   ~0.7	
   eV	
   more	
   stable	
   than	
   the	
   adamantane	
   cation.	
   From	
   there,	
   surpassing	
   a	
  
barrier	
  of	
  ~3	
  eV	
  (ts21),	
  H21	
  moves	
  from	
  C3	
  to	
  C8,	
  causing	
  the	
  breaking	
  of	
  the	
  C8-­‐C12	
  
bond	
  and	
  the	
  release	
  of	
  the	
  C4H8	
  group	
  in	
  the	
  form	
  of	
  1-­‐butene	
  (P3-­‐2,	
  Fig.	
  S6).	
  	
  

Along	
  the	
  third	
  route,	
  after	
  int14,	
  we	
  have	
  again	
  a	
  series	
  of	
  hydrogen	
  shifts;	
  first	
  
H18	
  moves	
  from	
  C6	
  to	
  C1	
  (int24),	
  then	
  H16	
  moves	
  from	
  C7	
  to	
  C6	
  (int25)	
  and	
  the	
  final	
  
jump	
   of	
   H11	
   from	
   C9	
   to	
   C3	
   triggers	
   the	
   release	
   of	
   an	
   isobutene	
   unit	
   (P3-­‐1,	
   Fig.	
   S5),	
  
resulting	
  in	
  the	
  same	
  product	
  as	
  for	
  the	
  first	
  pathway.	
  	
  
	
  
C2H4	
  and	
  CH3-­‐loss	
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Only	
  one	
  pathway	
  was	
   found	
   for	
  each	
  species	
   that	
   could	
  occur	
  at	
  energies	
   relevant	
   to	
  
those	
   described	
   in	
   the	
   experimental	
   section.	
   These	
   processes	
   appear	
   parallel	
   to	
   the	
  
C4H8-­‐loss	
  reactions	
  (Fig.	
  S2).	
  After	
  formation	
  of	
  the	
  quite	
  stable	
  intermediate	
  int20,	
  the	
  
C4-­‐C5	
   bond	
   is	
   broken	
   and	
   a	
   new	
   bond	
   is	
   formed	
   between	
   C4	
   and	
   C8,	
   triggering	
   the	
  
methyl	
   loss	
   (Fig.	
   S6).	
  This	
  process	
   is	
  quite	
   endoergic;	
   it	
   requires	
  2.71	
  eV	
   to	
  overcome	
  
ts23	
   and	
   it	
   is	
   0.45	
   eV	
   above	
   the	
   common	
   limiting	
   transition	
   state.	
   The	
   ethylene	
   loss	
  
occurs	
   after	
   shifting	
   H15	
   from	
   C8	
   to	
   C9	
   in	
   intermediate	
   int19	
   (Fig	
   S6),	
   with	
   an	
  
additional	
  barrier	
  of	
  0.5	
  eV	
  (ts22,	
  Fig.	
  S6).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
Figure	
   S1:	
   Potential	
   Energy	
   Surface	
   for	
   the	
  most	
   probable	
   channels	
   leading	
   to	
   C3H6	
  
(m/z=94)	
  and	
  C3H7	
  (m/z=93).	
  Structures	
  are	
  represented	
   in	
  Fig.	
  S3	
  and	
  S4	
  of	
   this	
  ESI.	
  
Energies	
  are	
  in	
  eV	
  with	
  respect	
  to	
  adamantane.	
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Figure	
  S2:	
  as	
  above	
  but	
  for	
  C4H8	
  (m/z=80)	
  (a,b),	
  C2H4	
  (m/z=108)	
  and	
  CH3	
  (m/z=121)	
  
channels	
  (b).	
  Structures	
  are	
  represented	
  in	
  Fig.	
  S5	
  and	
  S6	
  of	
  this	
  ESI.	
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Figure	
  S3:	
  Molecular	
  structures	
  for	
  transition	
  and	
  intermediate	
  states	
  leading	
  to	
  
C3H6	
  loss.	
  Atoms	
  are	
  numbered	
  to	
  help	
  following	
  structural	
  changes.	
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Figure	
  S4:	
  Molecular	
  structures	
  for	
  transition	
  and	
  intermediate	
  states	
  leading	
  to	
  C3H7	
  
loss.	
  Atoms	
  are	
  numbered	
  to	
  help	
  following	
  structural	
  changes.	
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Figure	
  S5:	
  Molecular	
  structures	
  for	
  transition	
  and	
  intermediate	
  states	
  leading	
  to	
  C4H8	
  
loss.	
  Atoms	
  are	
  numbered	
  to	
  help	
  following	
  structural	
  changes.	
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Figure	
  S6:	
  Molecular	
  structures	
  for	
  transition	
  and	
  intermediate	
  states	
  leading	
  to	
  C4H8	
  ,	
  
C2H4	
  and	
  CH3	
  loss.	
  Atoms	
  are	
  numbered	
  to	
  help	
  following	
  structural	
  changes.	
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B3LYP/6-­‐311++G(2d,p)	
  optimized	
  structure	
  of	
  transition	
  state	
  TS2.	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.319480	
  	
  	
  -­‐1.307854	
  	
  	
  -­‐0.592356	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.475779	
  	
  	
  -­‐1.272223	
  	
  	
  	
  0.692662	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6	
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  -­‐0.031452	
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  6	
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  -­‐0.027787	
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  6	
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  1.297325	
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  6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.454486	
  	
  	
  	
  1.232894	
  	
  	
  	
  0.708114	
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  1	
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