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Near-infrared electrochemiluminescence from 
Au25(SC2H4Ph)18

+ clusters co-reacted with tri-n-
propylamine 
Mahdi	
  Hesari,	
  Mark	
  S.	
  Workentin*	
  and	
  Zhifeng	
  Ding*	
  

The oxidation of Au25(SC2H4Ph)18
+C6F5CO2

− clusters along 
with tri-n-propylamine (TPrA) as a co-reactant produces 
very strong near-infrared   electrochemiluminescence with 
emission peak wavelengths (872 and 945 nm) and intensities 
depending on the TPrA concentration and working electrode 
potential. 

The	
  Au25(SR)18
z	
  cluster	
  family	
  (Au25

z,	
  z	
  =1–,	
  0	
  and	
  1+)	
  has	
  been	
  shown	
  
to	
   possess	
   a	
   number	
   of	
   interesting	
   optical1,	
   2	
   and	
   electrochemical3	
  
properties	
   that	
   are	
   dependent	
   on	
   the	
   charge	
   states.	
   This	
   should	
   be	
  
very	
   interesting	
   and	
   useful	
   in	
   electrochemiluminescence	
   (ECL).4-­‐7	
  
Near-­‐infrared	
   (NIR)	
   ECL	
   of	
   Au25	
   clusters	
   can	
   be	
   observed	
   from	
  
electron	
   transfer	
   (ET)	
   between	
   electrogenerated	
   radicals,8	
   which	
  
might	
   find	
   great	
   applications	
   in	
   desired	
   in	
   vivo	
   bio-­‐imaging.9,	
   10	
  
Recently,	
  we	
   examined	
   the	
   ECL	
  of	
   the	
  Au25

+	
   through	
   annihilation	
   of	
  
electrogenerated	
   Au25

2+	
   and	
   Au25
2−	
   species.	
   The	
   result	
   showed	
   very	
  

weak	
   ECL	
   similar	
   to	
   that	
   of	
   visible	
   ECL	
   of	
   Au25
–	
   clusters	
   in	
   aqueous	
  

solution,11,	
   12	
   most	
   likely	
   due	
   to	
   their	
   short	
   lifetime	
   within	
   the	
  
experiment	
  time	
  scale.8	
  Furthermore,	
  enhanced	
  ECL	
  originated	
  from	
  
Au25

−*	
  upon	
  relaxation	
  to	
  its	
  ground	
  state	
  was	
  observed	
  in	
  the	
  benzoyl	
  
peroxide	
   (BPO)	
   co-­‐reactant	
   system,	
   where	
   Au25

2−	
   reacted	
   with	
   the	
  
benzoate	
  radical	
   (a	
  strong	
  oxidizing	
  agent	
  with	
  E°	
  >	
  +1.5	
  V	
  vs.	
  SCE)13	
  
generated	
  via	
  the	
  reduction	
  of	
  both	
  Au25

+	
  and	
  BPO.	
  To	
  further	
  explore	
  
and	
   elucidate	
   possible	
   ECL	
   emissive	
   states	
   and	
   mechanisms,	
   the	
  
system	
   of	
   Au25

+	
   clusters	
   in	
   the	
   presence	
   of	
   tri-­‐n-­‐propylamine	
   (TPrA)	
  
should	
   be	
   very	
   interesting.	
   A	
   number	
   of	
   Au25	
   oxidation	
   states	
  
including	
  Au25

2+,	
   Au25
+,	
  Au25

0,	
  Au25
−	
   and	
  Au25

2−	
   can	
   be	
   easily	
   accessed	
  
and	
  a	
  highly	
  reducing	
  TPrA	
  radical	
  (TPrA�,	
  E°=	
  -­‐1.7	
  V	
  vs.	
  SCE)14	
  can	
  be	
  
generated	
  by	
  quickly	
  deprotonating	
  the	
  intermediate,	
  TPrA+�	
  after	
  the	
  
oxidation	
   of	
   TPrA.	
  Multiple	
   excited	
   states	
   such	
   as	
   Au25

+*,	
   Au25
0*	
   and	
  

Au25
−*	
  are	
  anticipated	
   to	
  be	
  produced	
  by	
   interactions	
  of	
  Au25

2+,	
  Au25
+	
  

and	
   Au25
0	
   along	
   with	
   TPrA�,	
  respectively.	
   Unlike	
   BPO,	
   TPrA	
   is	
   more	
  

compatible	
   with	
   both	
   aqueous	
   and	
   organic	
   solvents,	
   a	
   desirable	
  
feature	
  for	
  many	
  applications.	
  
	
   Herein	
   we	
   report	
   the	
   ECL	
   of	
   the	
   Au25

+	
   and	
   TPrA	
   co-­‐reactant	
  
system,	
   where	
   ECL	
   was	
   interrogated	
   by	
   changing	
   the	
   TPrA	
  
concentration,	
  [TPrA],	
  and	
  applied	
  potential	
  at	
  the	
  working	
  electrode.	
  
We	
   employed	
   our	
   newly	
   developed	
   spooling	
   ECL	
   spectroscopy	
   to	
  
correlate	
  the	
  ECL	
  spectra	
  with	
  the	
  applied	
  potential.	
   	
  As	
  a	
   result,	
  we	
  
were	
  able	
  to	
  elucidate	
  ECL	
  mechanisms	
  and	
  assign	
  the	
  excited	
  states	
  
of	
   the	
   Au25	
   responsible	
   for	
   the	
   observed	
   ECL,	
   namely	
   Au25

+*,	
   Au25
0*	
  

and	
  Au25
−*.	
  Importantly,	
  ECL	
  intensity	
  in	
  the	
  TPrA	
  co-­‐reactant	
  system	
  

was	
  14	
  times	
  higher	
  than	
  that	
  observed	
  that	
  with	
  BPO,	
  due	
  in	
  part	
  to	
  
the	
  reduction	
  power	
  TPrA�.15	
  
	
   The	
   pure	
   Au25

+	
   was	
   prepared	
   and	
   characterized	
   following	
  
published	
   protocol	
   (see	
   ESI	
   for	
   detailed	
   procedures	
   and	
   data).8	
   The	
  
ECL	
   studies	
  were	
   conducted	
   using	
   equipment	
   described	
   elsewhere.8	
  
While	
   relevant	
   electrochemistry	
   of	
   the	
   Au25

+	
   has	
   been	
   discussed	
  
recently,8	
   it	
   is	
   important	
   to	
   keep	
   in	
   mind	
   the	
   two	
   formal	
   redox	
  
potentials,	
  E°’(Au25

+/	
  Au25
0)=	
  0.185	
  V	
  and	
  E°’(Au25

2+/	
  Au25
+)=	
  0.817	
  V	
  vs.	
  

SCE	
  (see	
  Fig.	
  S3	
  in	
  ESI).	
  In	
  a	
  typical	
  ECL	
  experiment,	
  a	
  0.1	
  mM	
  solution	
  
of	
   the	
   Au25

+	
   was	
   prepared	
   in	
   1:1	
   acetonitrile:	
   benzene	
   mixture	
  
containing	
   0.1	
  M	
   tetra-­‐n-­‐butylammonium	
  perchlorate	
   (TBAP)	
   as	
   the	
  
supporting	
  electrolyte	
  in	
  a	
  glovebox	
  using	
  airtight	
  cylindrical	
  glass	
  cell	
  
with	
  a	
  flat	
  Pyrex	
  window	
  at	
  the	
  bottom	
  for	
  the	
  ECL	
  detection.	
  To	
  this	
  
solution	
   a	
   specific	
   concentration	
   of	
   TPrA	
   was	
   added	
   under	
   Ar	
  
atmosphere	
  blanket;	
   the	
   [TPrA]	
  was	
  varied	
   from	
  6.3,	
   to	
  12.5,	
  25,	
  50,	
  
100,	
  and	
  200	
  mM	
  in	
  order	
  to	
  gain	
   insight	
   into	
  mechanistic	
  details	
  on	
  
the	
   excited	
   states	
   responsible	
   for	
   the	
   ECL	
   emissions	
   observed	
   upon	
  
oxidation	
  of	
  both	
  TPrA	
  and	
  Au25

+.	
  
	
   Fig.	
  S4	
   in	
  the	
  ESI	
  shows	
  the	
  cyclic	
  voltammogram	
  (CV)	
  and	
  ECL-­‐
voltage	
  curve	
  of	
  a	
  0.1	
  mM	
  Au25

+	
  electrolyte	
  solution	
  with	
  50	
  mM	
  TPrA	
  
at	
  a	
  scan	
  rate	
  of	
  100	
  mVs-­‐1.	
  The	
  CV	
  (black	
   in	
  Fig.	
  S4A)	
  demonstrates	
  
the	
   dominating	
   irreversible	
   oxidation	
   of	
   TPrA	
   to	
   TPrA�+	
  with	
   a	
   peak	
  
potential	
   of	
   0.880	
   V	
   vs.	
   SCE	
   (eq.	
   1).	
   The	
   TPrA�+	
   intermediate	
  
deprotonates	
  rapidly	
  forming	
  TPrA�	
  (eq.	
  2).	
  The	
  red	
  curve	
  in	
  Fig.	
  S4B	
  
is	
  the	
  corresponding	
  ECL-­‐voltage	
  curve,	
   illustrating	
  the	
  ECL	
  intensity	
  
as	
  a	
  function	
  of	
  applied	
  potential.	
  The	
  onset	
  of	
  ECL	
  occurred	
  at	
  0.643	
  
V,	
  a	
  potential	
  at	
  which	
  the	
  electrogenerated	
  TPrA�	
  reacted	
  with	
  Au25

+	
  
in	
   the	
  bulk	
   solution	
   and	
  produced	
  ECL	
   light	
   from	
   the	
   formed	
  Au25

0*	
  
excited	
  state	
  (eqs.	
  3-­‐4).	
  	
  

T Pr A→T Pr A•++ e (1)
T Pr A•+ →T Pr A• +H + (2)
Au25

+  + T Pr A•→ Au25
0* +T Pr A+                       (3)

Au25
0* → Au25

0 + hv1  (4)

	
  

	
   Fig.	
   1	
  demonstrates	
   the	
   spooling	
  ECL	
   spectra	
  acquired	
  at	
  a	
   time	
  
interval	
  of	
  1	
  s	
  or	
  a	
  potential	
  interval	
  of	
  100	
  mV	
  for	
  the	
  above	
  solution	
  
during	
  a	
  cycle	
  of	
  the	
  potential	
  scanning	
  between	
  -­‐0.557	
  and	
  1.142	
  V	
  at	
  
a	
   scan	
   rate	
   of	
   100	
   mVs-­‐1.	
   The	
   onset	
   ECL	
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Figure	
  1.	
  Spooling	
  ECL	
  spectra	
  of	
  0.1	
  mM	
  of	
  Au25
+	
  with	
  50	
  mM	
  TPrA	
  during	
  the	
  potential	
  scanning	
  between	
  -­‐0.557	
  and	
  1.142	
  V	
  at	
  a	
  scan	
  rate	
  of	
  100	
  mVs-­‐1.	
  Insets	
  

present	
  stack	
  spectra	
  showing	
  ECL	
  evolution	
  and	
  devolution.

spectrum	
  was	
  also	
  at	
  0.643	
  V,	
  which	
  is	
  identical	
  to	
  that	
  from	
  the	
  ECL-­‐
voltage	
  curve	
  in	
  Fig.	
  S4B.	
  The	
  onset	
  peak	
  wavelength	
  reads	
  872	
  nm	
  in	
  
Fig.	
   1.	
   The	
   measured	
   photoluminescence	
   (PL)	
   spectrum	
   of	
  
electrogenerated	
  Au25

0	
  shown	
  in	
  Fig.	
  S5	
  confirms	
  that	
  the	
  PL	
  emission	
  
at	
   865	
   nm	
   belongs	
   to	
   the	
   Au25

0	
   excited	
   state.	
   The	
   slight	
   difference	
  
between	
   the	
   ECL	
   and	
   PL	
   wavelengths	
   is	
   due	
   to	
   the	
   self-­‐absorption	
  
(inner-­‐filter	
   effect).16	
   The	
   ECL	
   peak	
   wavelength	
   remained	
   the	
   same	
  
when	
  the	
  potential	
  was	
  scanned	
  towards	
  more	
  positive	
  potentials.	
  At	
  
0.743	
  V,	
   for	
   instance,	
   the	
   intensity	
   augmented	
  due	
   to	
   the	
   increasing	
  
[TPrA�].	
  This	
   is	
  an	
   indication	
  of	
  the	
  same	
  excited	
  state	
  generated	
  via	
  
electron	
  transfer	
  from	
  TPrA�	
  (E°=	
  -­‐1.7	
  eV)15	
  to	
  the	
  LUMO	
  of	
  Au25

+	
  (eqs.	
  
3-­‐4).	
  Possible	
  electron	
  transfer	
  to	
  the	
  Au25

+	
  HOMO	
  would	
  not	
   lead	
  to	
  
any	
  excited	
  state.	
  Also,	
  at	
  these	
  potentials	
  the	
  Au25

0	
  formed	
  would	
  be	
  
re-­‐oxidized	
   to	
  Au25

+	
   leading	
   to	
   the	
  electrocatalytic	
  process	
   for	
  ECL.17	
  
At	
  potentials	
  more	
  positive	
  than	
  0.847	
  V	
  (larger	
  than	
  E°’(Au25

2+/	
  Au25
+),	
  

0.817	
  V),	
  at	
  which	
  Au25
2+	
  was	
  generated	
  in	
  the	
  vicinity	
  of	
  the	
  working	
  

electrode.	
   Au25
+*	
   was	
   expected	
   to	
   be	
   produced	
   via	
   interaction	
   of	
  

Au25
2+	
  with	
  TPrA�(eqs.	
  5-­‐6).	
  The	
  same	
  peak	
  wavelength	
  of	
  872	
  nm	
  was	
  

observed,	
   Fig.	
   1.	
   In	
   contrast,	
   the	
   ECL	
   intensity	
   was	
   increased	
  
dramatically.	
  These	
  agree	
  well	
  with	
  the	
  observations	
  from	
  the	
   in-­‐situ	
  
PL	
   spectroscopy	
   of	
   the	
   three	
   species	
   generated	
   via	
   thin	
   layer	
  
electrolysis	
   in	
   the	
   same	
  electrolyte	
   solution	
   	
   (Fig.	
   S5	
   in	
   ESI).	
   The	
  PL	
  
lead	
  to	
  the	
  conclusion	
  that	
  Au25

0*	
  and	
  Au25
+*	
  have	
  almost	
  an	
  identical	
  

emission	
  peak	
  wavelength	
  (865	
  and	
  860	
  nm,	
  respectively)	
  but	
  Au25
+*	
  

has	
  stronger	
  emission	
  light	
   intensity.	
  The	
  above	
  results	
  validated	
  our	
  
ECL	
   reaction	
   mechanism	
   for	
   the	
   Au25

+*	
   generation	
   and	
   then	
   light	
  
emission,	
   eqs.	
   5-­‐6.	
   	
   The	
   ECL	
   intensity	
   at	
   0.847,	
   0.947	
   and	
   1.047	
  
increased	
  to	
  27,	
  34	
  and	
  36	
  times	
  of	
  that	
  at	
  0.643	
  V.	
  Not	
  only	
  was	
  the	
  
Au25

+*	
   a	
   stronger	
   emitter	
   than	
   the	
   Au25
0*	
   but	
   also	
   the	
   oxidation	
   of	
  

TPrA	
   (with	
  a	
  peak	
  potential	
  of	
  0.880	
  V)	
  was	
  centred	
   in	
   this	
  potential	
  
region,	
  leading	
  to	
  a	
  high	
  [TPrA�].	
  The	
  combination	
  of	
  the	
  two	
  factors	
  
brought	
   an	
   ECL	
   enhancement.	
   The	
   ECL	
   peak	
   intensity	
   dropped	
  
gradually	
  upon	
  potential	
  scanning	
  to	
  a	
  little	
  further	
  positive	
  potential	
  
(1.142	
  V)	
  and	
  back	
  to	
  0.541	
  V.	
  The	
  depletion	
  of	
   the	
   [TPrA�]	
  caused	
  a	
  
decrease	
  in	
  [Au25

+*]	
  or	
  a	
  switch	
  to	
  Au25
0*,	
  and	
  therefore	
  a	
  diminishing	
  

light	
   emission.	
   The	
   ECL	
   devolution	
   can	
   be	
   clearly	
   seen	
   in	
   the	
   right	
  
inset	
   in	
  Fig.	
  1.	
  The	
  spooling	
  ECL	
  spectra	
  give	
  more	
   information	
   than	
  
ECL-­‐voltage	
  curve,	
  Fig.	
  S4.	
  	
  

Au25
2+  + T Pr A•→ Au25

+* +T Pr A+                       (5)
Au25

+*→ Au
25

+ + + hv2   (6)
	
  	
  

	
   Fig.	
   2	
   shows	
   the	
   spooling	
   ECL	
   spectra	
   of	
   Au25
+	
   (0.1	
   mM)	
   in	
   the	
  

presence	
   of	
   100	
   mM	
   TPrA	
   in	
   a	
   very	
   similar	
   potential	
   region.	
   The	
  
increased	
  [TPrA]	
  promoted	
  a	
  very	
  high	
  local	
  [TPrA�] in	
  the	
  vicinity	
  of	
  
the	
  working	
  electrode	
  biased	
  with	
  an	
  anodic	
  potential.	
  The	
  onset	
  ECL	
  
with	
   100	
  mM	
  TPrA	
  was	
   delayed	
   for	
   100	
  mV	
   relative	
   to	
   that	
  with	
   50	
  
mM	
  TPrA,	
  which	
  might	
  be	
  caused	
  by	
   the	
  quenching	
  of	
  excited	
  state	
  
by	
  TPrA.	
  This	
  is	
  a	
  phenomena	
  also	
  observed	
  with	
  Ru(bpy)3

2+	
  and	
  other	
  
co-­‐reactant	
   systems.14	
   More	
   importantly,	
   the	
   ECL	
   peak	
   wavelength	
  
showed	
   a	
   pronounced	
   red	
   shift	
   to	
   945	
   nm,	
   Fig.	
   2,	
   which	
   was	
  
maintained	
   the	
   same	
   in	
   the	
   ECL	
   evolution	
   and	
   devolution	
   as	
  
illustrated	
   by	
   the	
   recorded	
   spooling	
   ECL	
   spectra.	
   Again,	
   the	
   PL	
  
spectrum	
  of	
  Au25

−	
  produced	
  via	
  electrolysis	
  shows	
  a	
  peak	
  wavelength	
  
at	
  945	
  nm	
  with	
  similar	
  PL	
  intensity	
  to	
  that	
  of	
  Au25

0,	
  Fig.	
  S5	
  in	
  ESI.	
  This	
  
means	
   that	
   Au25

−*	
   species	
   can	
   be	
   differentiated	
   by	
   the	
   longer	
   peak	
  
wavelength	
   from	
  Au25

0*	
   and	
  Au25
+*.	
   	
  Our	
   PL	
   results	
   agree	
  well	
  with	
  

those	
  reported	
  by	
  Kaufmann	
  and	
  Jin	
  et	
  al.	
  upon	
  electrolysis	
  of	
  Au25
−.18,	
  

19	
  With	
  the	
  increased	
  [TPrA�],	
  it	
  is	
  plausible	
  that	
  ECL	
  in	
  Fig.	
  2	
  is	
  due	
  to	
  
the	
   formation	
   of	
   Au25

−*	
   that	
   emitted	
   light	
   upon	
   relaxation	
   to	
   its	
  
ground	
   state.	
   The	
   strong	
   reducing	
   agent,	
   TPrA� must	
   act	
   as	
   an	
  
electron	
  carrier	
  to	
  drive	
  reduction	
  reactions	
  of	
  Au25

+	
  (in	
  the	
  bulk	
  at	
  the	
  
ECL	
   onset	
   potential)	
   and	
   Au25

2+	
   (generated	
   at	
   the	
   electrode	
   biased	
  
with	
  more	
  positive	
  potentials)	
  to	
  Au25

0,	
  and	
  all	
  the	
  way	
  to	
  Au25
2−	
  (eqs.	
  

7-­‐9).	
  Au25
−*	
  was	
  formed	
  either	
  via	
  electron	
  transfer	
  from	
  TPrA�	
  to	
  the	
  

Au25
0	
   LUMO	
   (eq.	
   10)	
   or	
   that	
   from	
  Au25

2−	
   HOMO	
   to	
  Au25
0	
  HOMO	
   (eq.	
  

11).	
   Au25
−*	
   then	
   relaxed	
   to	
   the	
   ground	
   state,	
   emitting	
   at	
   the	
   peak	
  

wavelength	
  of	
  945	
  nm	
  (eq.	
  12).	
  It	
  is	
  interesting	
  to	
  notice	
  that	
  the	
  ECL	
  
intensity	
  measured	
  in	
  the	
  unit	
  of	
  counts	
  per	
  second	
  (cps)	
  with	
  100	
  mM	
  	
  
[TPrA]	
   	
   (Fig.	
   2)	
   were	
   lower	
   than	
   those	
   with	
   50	
   mM	
   [TPrA]	
   (Fig.	
   2)	
  
because	
  of	
  the	
  low	
  luminescence	
  efficiency	
  of	
  Au25

−*	
  relative	
  to	
  those	
  
of	
  Au25

+*	
  and	
  Au25
0*	
  (Fig.	
  S5),	
  and	
  the	
  quenching	
  of	
  the	
  excited	
  state	
  

mentioned	
  above.	
  	
  
	
   When	
  200	
  mM	
  TPrA	
  was	
  added	
  to	
   the	
  system,	
  the	
  spooling	
  ECL	
  
spectra	
  showed	
  the	
  same	
  unique	
  peak	
  wavelength	
  at	
  945	
  nm	
  (Fig.	
  S6)	
  
and	
  further	
  reduced	
  ECL	
  intensity	
  relative	
  to	
  that	
  with	
  100	
  mM	
  TPrA.	
  
	
   The	
   Au25

+	
   cluster	
   solution	
   with	
   TPrA	
   concentrations	
   of	
   6.3,	
   12.5	
  
and	
  25	
  mM	
  displayed	
  a	
  gradual	
  increase	
  in	
  ECL	
  intensity,	
  which	
  can	
  be	
  
clearly	
   seen	
   from	
   the	
   corresponding	
   accumulated	
   ECL	
   spectra	
  
recorded	
  during	
  2	
  cycles	
  of	
  potential	
  scanning,	
  Fig.	
  S7.	
  The	
  same	
  peak	
  
wavelength	
  at	
  875	
  nm	
  as	
  that	
  with	
  50	
  mM	
  TPrA	
  was	
  observed	
   in	
  the	
  
ECL	
   evolution	
   and	
   devolution	
   processes,	
   featuring	
   emissions	
   from	
  
Au25

0*	
   and	
   Au25
+*	
   (see	
   Figs.	
   S8-­‐10	
   in	
   ESI).	
   The	
   accumulated	
   ECL	
  

spectra	
  revealed	
  	
  the	
  	
  same	
  changing	
  	
  pattern	
  	
  of	
  	
  	
  the	
  	
  	
  	
  ECL	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  peak	
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Figure	
  2.	
  Spooling	
  ECL	
  spectra	
  of	
  0.1	
  mM	
  of	
  Au25
+	
  with	
  100	
  mM	
  TPrA	
  during	
  the	
  potential	
  scanning	
  between	
  -­‐0.554	
  and	
  1.146	
  V	
  at	
  a	
  scan	
  rate	
  of	
  100	
  mVs-­‐1.	
  Insets	
  

represent	
  stack	
  spectra	
  demonstrating	
  ECL	
  evolution	
  and	
  devolution.	
  

wavelength	
   vs	
   TPrA	
   concentration	
   as	
   in	
   the	
   spooling	
   ECL	
  
spectroscopy:	
   ECL	
   is	
   attributed	
   to	
   the	
   Au25

+*	
   and	
   Au25
0*	
   in	
   the	
  

presence	
  of	
  	
  [TPrA]	
  less	
  than	
  50	
  mM,	
  while	
  the	
  light	
  emission	
  is	
  mainly	
  
from	
  Au25

−*	
  upon	
  further	
  increase	
  in	
  [TPrA].	
  

Au25
+ +T Pr A•→ Au25

0 + T Pr A+ (7)
Au25

0 +T Pr A•→ Au25
− +T Pr A+ (8)

Au25
− +T Pr A•→ Au25

2− +T Pr A+ (9)
Au25

0 +T Pr A•→ Au25
−* +T Pr A+ (10)

Au25
2−+Au25

0→ Au25
−* +Au25

− (11)
Au25

−*→ Au25
−+hv3 (12)

	
   	
  

	
   The	
  relative	
  ECL	
  quantum	
  yield	
  (Φ)	
  was	
  calculated	
  for	
  each	
  TPrA	
  
concentration	
   in	
   reference	
   to	
   that	
   of	
   Ru(bpy)3

2+	
   /TPrA	
   system	
   (see	
  
Table	
   S1).	
   For	
   example,	
   in	
   the	
   presence	
   of	
   25	
   mM	
   TPrA	
   a	
   relative	
  
efficiency	
   as	
   high	
   as	
   116%	
   was	
   reached.	
   Please	
   also	
   note	
   that	
   with	
  
high	
   [TPrA],	
   the	
   ECL	
   quenching	
   in	
   the	
   Ru(bpy)3

2+/TPrA	
   co-­‐reactant	
  
system	
  is	
  more	
  dramatic	
  than	
  that	
  in	
  the	
  Au25

+/TPrA	
  one.14	
  That	
  is	
  the	
  
reason	
   why	
   the	
   relative	
   efficiency	
   in	
   Table	
   S1	
   shows	
   a	
   very	
   high	
  
efficiency	
  with	
  [TPrA]	
  larger	
  than	
  100	
  mM.	
  	
  

Conclusions	
  
	
   NIR	
   ECL	
   in	
   the	
   Au25

+	
   /TPrA	
   co-­‐reactant	
   system	
  was	
   found	
   to	
   be	
  
stronger	
   than	
   that	
   of	
   the	
   Au25

+/BPO	
   system.	
   The	
   spooling	
   ECL	
  
spectroscopy	
   of	
   the	
   Au25

+/TPrA	
   co-­‐reactant	
   system	
   was	
   able	
   to	
  
unambiguously	
   discriminate	
   three	
   excited	
   states,	
   Au25

0*,	
   Au25
+*	
   and	
  

Au25
−*,	
   and	
   elucidate	
   the	
   corresponding	
   generation	
   mechanisms	
   by	
  

means	
   ECL	
   peak	
   wavelengths	
   and	
   intensity.	
   It	
   was	
   discovered	
   that	
  
TPrA	
  concentration	
  played	
  a	
  very	
   important	
  role	
   in	
  electrogenerated	
  
light	
  emissions	
  from	
  the	
  three	
  species.	
  	
  It	
  is	
  plausible	
  that	
  NIR-­‐ECL	
  of	
  
Au25

+	
   clusters	
   can	
   be	
   tuned	
   by	
   varying	
   the	
   TPrA	
   concentration	
   and	
  
applied	
  potential.	
  All	
  these	
  will	
  be	
  helpful	
  for	
  the	
  ECL	
  community	
  and	
  
molecular	
  electrochemists	
  in	
  general.	
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