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1.	
   	
   Synthesis	
  of	
  PDI-­‐phenyl-­‐PA	
  and	
  PDI-­‐diphenyl-­‐PA	
  

1.1.	
   General.	
   The	
   two	
   phosphonic	
   acids	
   were	
   synthesized	
   as	
   shown	
   in	
   Figure	
   S1.	
   Unless	
  

otherwise	
   specified,	
   reactions	
   were	
   conducted	
   at	
   room	
   temperature	
   utilizing	
   reagent	
   grade	
  

chemicals	
   that	
  were	
   used	
   as	
   received	
  without	
   further	
   purification.	
   Compound	
   I	
   was	
   synthesized	
  

according	
  to	
  the	
  literature.1	
  1H	
  and	
  13C{1H}	
  NMR	
  spectra	
  were	
  acquired	
  on	
  either	
  a	
  Varian	
  300	
  MHz	
  

or	
  400	
  MHz	
  spectrometer	
  using	
  the	
  internal	
  solvent	
  peak	
  as	
  reference.	
  31P{1H}	
  NMR	
  spectra	
  were	
  

measured	
  using	
  a	
  Varian	
  400	
  MHz	
  spectrometer	
  using	
  a	
  capillary	
  tube	
  filled	
  with	
  a	
  solution	
  of	
  85%	
  

phosphoric	
   acid	
   (δ	
   =	
   0	
   ppm)	
   as	
   an	
   external	
   reference.	
   Elemental	
   analyses	
   were	
   conducted	
   by	
  

Atlantic	
   Microlabs,	
   Atlanta,	
   GA.	
   Mass	
   spectra	
   were	
   measured	
   by	
   the	
   Georgia	
   Institute	
   of	
  

Technology	
  Bioanalytic	
  Mass	
  Spectrometry	
  Facility	
  using	
  either	
  electron	
  impact	
  (EI)	
  on	
  a	
  MicroMass	
  

AutoSpec	
  M,	
  or	
  matrix-­‐assisted	
  laser	
  desorption	
  ionization	
  (MALDI)	
  on	
  an	
  Applied	
  Biosystems	
  4700	
  

Proteomics	
  Analyzer.	
  

1.2.	
  Diethyl	
  (4-­‐aminophenyl)phosphonate	
  (II).	
  HP(O)(OEt)2	
  (11.2	
  mL,	
  87.2	
  mmol),	
  NEt3	
  (6.1	
  mL,	
  

43.6	
   mmol),	
   and	
   EtOH	
   (100	
   mL)	
   were	
   added	
   via	
   syringe	
   to	
   a	
   round-­‐bottomed	
   flask	
   containing	
  

p-­‐bromoaniline	
   (10	
  g,	
  58.1	
  mmol),	
  Pd(OAc)2	
   (0.6	
  g,	
  2.9	
  mmol),	
   and	
  PPh3	
   (2.3	
  g,	
  8.7	
  mmol)	
  under	
  

nitrogen.	
   The	
   reaction	
  mixture	
  was	
  heated	
   reflux	
   for	
   72	
  h;	
   upon	
   cooling	
   volatiles	
  were	
   removed	
  

under	
  reduced	
  pressure	
  and	
  the	
  resulting	
  off-­‐white	
  solid	
  was	
  purified	
  by	
  dissolving	
  in	
  a	
  mixture	
  of	
  

hexane/ethyl	
  acetate	
  (1:1),	
  and	
  precipitating	
  by	
  the	
  addition	
  of	
  hexane.	
  The	
  solid	
  was	
  then	
  further	
  

purified	
   by	
   column	
   chromatography	
   (silica	
   gel	
   eluting,	
   CHCl3	
   followed	
   by	
   5%	
  MeOH	
   in	
   CHCl3	
   to	
  

produce	
  II	
  (3.0	
  g,	
  23%).	
  The	
  1H	
  NMR	
  spectrum	
  was	
  consistent	
  with	
  that	
  reported	
  in	
  the	
  literature.2	
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Figure	
  S1.	
  Synthesis	
  of	
  PDI-­‐phenyl-­‐PA	
  and	
  PDI-­‐diphenyl-­‐PA.	
  

	
  

1.3.	
   N-­‐(4-­‐(Ethoxy(hydroxy)phosphoryl)phenyl)-­‐N'-­‐(tricosan-­‐12-­‐yl)-­‐perylene-­‐3,4:9,10-­‐bis(di	
  

carboximide),	
   III.	
   Compound	
   I	
   (0.50	
   g,	
   0.70	
   mmol),	
   Zn(OAc)2	
   (0.10	
   g,	
   0.5	
   mmol),	
   II	
   (0.48	
   g,	
   2.1	
  

mmol),	
  and	
  imidazole	
  (4.29	
  g,	
  63.0	
  mmol)	
  were	
  combined	
  in	
  a	
  pressure	
  vessel,	
  which	
  was	
  purged	
  

with	
  nitrogen,	
  sealed,	
  and	
  heated	
  to	
  130	
  °C	
  for	
  3	
  h.	
  Upon	
  cooling,	
  the	
  mixture	
  was	
  diluted	
  in	
  CHCl3,	
  

and	
  washed	
  twice	
  with	
  2	
  N	
  aqueous	
  HCl.	
  The	
  product	
  was	
  then	
  purified	
  by	
  column	
  chromatography	
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(silica	
  gel,	
  eluting	
  with	
  10:1	
  CHCl3/EtOH).	
  Volatiles	
  were	
  removed	
  under	
  reduced	
  pressure	
  to	
  afford	
  

a	
  red	
  solid,	
  which	
  was	
  further	
  purified	
  by	
  dissolving	
  in	
  minimal	
  CHCl3	
  and	
  precipitating	
  slowly	
  with	
  

MeOH.	
  The	
  resulting	
  solid	
  was	
  washed	
  with	
  MeOH,	
  dried	
  and	
  afforded	
  III,	
  rather	
  than	
  the	
  expected	
  

diethyl	
  ester	
  (0.50	
  g,	
  80%).	
  1H	
  NMR	
  (400	
  MHz,	
  THF-­‐d8)	
  δ	
  8.44–8.27	
  (m,	
  br,	
  8H),	
  7.90–7.85	
  (m,	
  2H),	
  

7.47	
  (apparent	
  d,	
  2H,	
  J	
  =	
  8.0	
  Hz),	
  5.14	
  (quint.,	
  1H,	
  J	
  =	
  8.0	
  Hz),	
  4.12	
  (m,	
  2H),	
  2.00–1.88	
  (m,	
  2H),	
  1.45–

1.18	
   (m,	
   42H),	
   0.87–0.83	
   (m,	
   6H).	
   13C{1H	
   NMR	
   (100	
   MHz,	
   THF-­‐d8)	
   δ	
   163.4,	
   139.8,	
   134.8,	
   134.1,	
  

133.0,	
  132.9,	
  131.3,	
  130.4,	
  130.2,	
  126.3,	
  126.2,	
  124.0,	
  123.9,	
  62.59,	
  56.52,	
  33.5,	
  33.1,	
  30.9,	
  30.9,	
  

30.8,	
   30.5,	
   28.5,	
   23.7,	
   17.1,	
   17.0,	
   14.6.	
  31P{1H}	
  NMR	
   (162	
  MHz,	
   THF-­‐d8)	
  δ	
   20.01.	
  MS(MALDI):	
  m/z	
  

897.4	
  (MH+).	
  Elemental	
  analysis	
  calculated	
  (found)	
  for	
  C55H65N2O7P:	
  C	
  73.64	
  (73.54),	
  H	
  7.30	
  (7.25),	
  

N	
  3.12	
  (3.15).	
   	
  

1.4.	
   N-­‐(4-­‐Phosphonophenyl)-­‐N'-­‐(tricosan-­‐12-­‐yl)-­‐perylene-­‐3,4:9,10-­‐bis(dicarboximide),	
   PDI-­‐	
  

phenyl-­‐PA.	
   Compound	
   III	
   (0.15	
   g,	
   1.7	
   mmol)	
   was	
   dissolved	
   in	
   dry	
   CH2Cl2	
   (ca.	
   20	
   mL)	
   and	
  

bromotrimethylsilane	
  (1.0	
  mL,	
  7.5	
  mmol)	
  was	
  added	
  via	
  syringe.	
  The	
  reaction	
  vessel	
  was	
  stoppered	
  

and	
  stirred	
  at	
  room	
  temperature	
  overnight.	
  Volatiles	
  were	
  then	
  removed	
  under	
  reduced	
  pressure	
  

and	
  10:1	
  MeOH/H2O	
  (ca.	
  20	
  mL)	
  and	
  CHCl3	
   (ca.	
  20	
  mL)	
  were	
  added	
  to	
  the	
  resulting	
  thick	
  oil;	
   this	
  

mixture	
  was	
  then	
  stirred	
  overnight.	
  Volatiles	
  were	
  then	
  removed	
  under	
  reduced	
  pressure	
  and	
  the	
  

resulting	
  solid	
  was	
  purified	
  by	
  dissolving	
  the	
  solid	
   in	
  a	
  minimal	
  amount	
  of	
  CHCl3	
  and	
  precipitating	
  

with	
  MeOH	
  to	
  afford	
  a	
  dark	
  red	
  solid	
  (0.12	
  g,	
  83%).	
  1H	
  NMR	
  (400	
  MHz,	
  THF-­‐d8)	
  δ	
  8.18–8.07	
  (m,	
  8H),	
  

7.95–7.90	
  (m,	
  2H),	
  7.55	
  (m,	
  2H),	
  5.06	
  (quint.,	
  1H,	
  J	
  =	
  7.2	
  Hz),	
  2.01–1.92	
  (m,	
  2H),	
  1.42–1.27	
  (m,	
  36H),	
  

0.88–0.84	
  (m,	
  6H).	
   31P{1H}	
  NMR	
  (162	
  MHz,	
  THF-­‐d8)	
  δ	
  16.01.	
  HRMS	
  (MALDI)	
  calculated	
  (found)	
   for	
  

C53H62N2O7P	
   (MH+):	
   869.4295	
   (869.4252).	
   Elemental	
   analysis	
   calculated	
   (found)	
   for	
  

C53H61N2O7P.H2O:	
  C	
  71.76	
  (71.55),	
  H	
  7.16	
  (6.98),	
  N	
  3.16	
  (3.19).	
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1.5.	
   N-­‐(4-­‐Bromophenyl)-­‐N'-­‐(tricosan-­‐12-­‐yl)-­‐perylene-­‐3,4:9,10-­‐bis(dicarboximide),	
   IV.	
  

Compound	
  I	
  (0.60	
  g,	
  0.84	
  mmol),	
  Zn(OAc)2	
  (0.12	
  g,	
  0.55	
  mmol),	
  4-­‐bromoaniline	
  (0.48	
  g,	
  2.1	
  mmol),	
  

and	
   imidazole	
   (5.14	
   g,	
   68.0	
  mmol)	
   were	
   combined	
   in	
   a	
   pressure	
   vessel,	
   which	
  was	
   purged	
  with	
  

nitrogen,	
  sealed,	
  and	
  heated	
  to	
  130	
  °C	
  overnight.	
  Upon	
  cooling,	
  the	
  mixture	
  was	
  diluted	
  in	
  CHCl3,	
  

and	
  washed	
  twice	
  with	
  2	
  N	
  aqueous	
  HCl.	
  Volatiles	
  were	
  removed	
  under	
  reduced	
  pressure	
  and	
  the	
  

residue	
  was	
   purified	
   by	
   column	
   chromatography	
   on	
   silica	
   gel,	
   eluting	
  with	
   CHCl3/CH2Cl2	
   (1:1),	
   to	
  

give	
  a	
  red	
  solid	
  (0.40	
  g,	
  78%).	
  1H	
  NMR	
  (400	
  MHz,	
  CDCl3)	
  δ	
  8.75-­‐7.63	
  (m,	
  8H);	
  7.71	
  (d,	
  J	
  =	
  7.6	
  Hz,	
  2H);	
  

7.25	
  (d,	
  J	
  =	
  8.4	
  Hz,	
  2H);	
  5.19	
  (quint.,	
  J	
  =	
  5.2	
  Hz,	
  1H);	
  2.30-­‐2.20	
  (m,	
  2H);	
  1.93-­‐1.80	
  (m,	
  2H);	
  1.40-­‐1.10	
  

(m,	
   36H);	
   0.84	
   (t,	
  J	
  =	
   6.8	
   Hz,	
   6H).	
   HRMS	
   (MALDI)	
   calculated	
   (found)	
   for	
   C53H60BrN2O4	
   (MH+):	
  

867.3736	
   (867.3732).	
   Elemental	
   analysis	
   calculated	
   (found)	
   for	
   C53H59BrN2O4:	
   C	
   73.34	
   (73.64),	
   H	
  

6.85	
  (6.77),	
  N	
  3.12	
  (3.31).	
   	
  

1.6.	
   Diethyl	
   (4-­‐(4,4,5,5-­‐tetramethyl-­‐1,3,2-­‐dioxaborolan-­‐2-­‐yl)phenyl)phosphonate,	
   V.	
  

Bis(pinacolato)diboron	
   (2.63	
   g,	
   10.4	
   mmol),	
   1,1'-­‐bis(diphenylphosphino)ferrocene	
   palladium	
  

dichloride	
   dichloromethane	
   complex	
   (0.23	
   g,	
   0.3	
   mmol),	
   and	
   potassium	
   acetate	
   (1.77	
   mL,	
   28.4	
  

mmol)	
   were	
   dissolved	
   in	
   anhydrous	
   dimethyl	
   sulfoxide	
   (45	
   mL)	
   under	
   nitrogen;	
   diethyl	
  

(4-­‐bromophenyl)phosphonate	
  (2.77	
  g,	
  9.45	
  mmol)	
  was	
  added	
  and	
  the	
  mixture	
  was	
  heated	
  to	
  80	
  °C	
  

for	
   30	
   h.	
   The	
   product	
   was	
   extracted	
   with	
   EtOAc,	
   washed	
   with	
   water,	
   dried	
   over	
   MgSO4,	
   and	
  

filtered.	
   Volatiles	
   were	
   removed	
   under	
   reduced	
   pressure	
   and	
   the	
   residue	
   was	
   purified	
   using	
  

Kugelrohr	
  distillation	
  (60	
  mTorr,	
  175	
  °C)	
  to	
  afford	
  V	
  as	
  an	
  off-­‐white	
  solid	
  (1.15	
  g,	
  36%).	
  1H	
  NMR	
  (400	
  

MHz,	
  CDCl3)	
  δ	
  7.91–7.88	
  (m,	
  2H),	
  7.83–7.78	
  (m,	
  2H),	
  4.19–4.01	
  (m,	
  4H),	
  1.35	
  (s,	
  12H),	
  1.31	
  (t,	
  6H,	
  J	
  =	
  

7.2	
  Hz).	
  13C{1H}	
  (100.58	
  MHz,	
  CDCl3)	
  δ	
  134.8	
  (d,	
  J	
  =	
  14.5	
  Hz),	
  132.1,	
  131.1	
  (d,	
  J	
  =	
  9.6	
  Hz),	
  130.2,	
  84.,	
  

62.3	
  (d,	
  J	
  =	
  5.3	
  Hz),	
  25.1,	
  16.5	
  (d,	
  J	
  =	
  6.4	
  Hz).	
  31P{1H}	
  NMR	
  (161.91	
  MHz,	
  CDCl3)	
  δ	
  19.16.	
  HRMS(EI)	
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calculated	
  for	
  C16H26BO5P	
  (M+)	
  (found):	
  340.1611	
  (340.1615).	
  Elemental	
  analysis	
  calculated	
  (found)	
  

for	
  C16H26BO5P:	
  C	
  56.49	
  (56.45),	
  H	
  7.70	
  (7.73).	
   	
  

1.7.	
   N-­‐(4'-­‐(Diethoxyphosphoryl)-­‐[1,1'-­‐biphenyl]-­‐4-­‐yl)-­‐N'-­‐(tricosan-­‐12-­‐yl)-­‐perylene-­‐3,4:9,10-­‐	
  

bis(dicarboximide),	
  VI.	
  A	
  mixture	
  of	
  IV	
  (0.3	
  g,	
  0.4	
  mmol),	
  V	
  (0.5	
  g,	
  1.5	
  mmol),	
  and	
  Pd)(PPh3)4	
  (0.08	
  

g,	
  0.1	
  mmol)	
  were	
  dissolved	
  in	
  a	
  mixture	
  of	
  toluene	
  (50	
  mL),	
  methanol	
  (14	
  mL).	
  K2CO3	
  (14	
  mL	
  of	
  a	
  2	
  

M	
  aqueous	
  solution)	
  was	
  added	
  and	
  the	
  reaction	
  mixture	
  was	
  stirred	
  under	
  nitrogen	
  at	
  75	
  °C	
  for	
  15	
  

h	
  with	
  exclusion	
  of	
  light.	
  After	
  cooling	
  the	
  reaction	
  mixture	
  was	
  washed	
  twice	
  with	
  deionized	
  water	
  

and	
  twice	
  with	
  brine,	
  dried	
  over	
  MgSO4,	
  and	
   filtered.	
  The	
  volatiles	
  were	
  removed	
  under	
   reduced	
  

pressure	
  and	
  the	
  resulting	
  red	
  solid	
  was	
  dissolved	
   in	
  a	
  minimal	
  amount	
  of	
  CHCl3	
  and	
  precipitated	
  

slowly	
  after	
  addition	
  of	
  MeOH.	
  The	
  precipitate	
  was	
  washed	
  with	
  MeOH	
  and	
  filtered	
  to	
  afford	
  the	
  

title	
  compound	
  as	
  a	
  red	
  solid	
  (0.29	
  g,	
  82%).	
  1H	
  NMR	
  (400	
  MHz,	
  THF-­‐d8)	
  δ	
  8.71–8.67	
  (m,	
  4H),	
  8.58–

8.51	
  (m,	
  br,	
  4H),	
  7.92–7.83	
  (m,	
  6H),	
  7.52	
  (d,	
  2H,	
  J	
  =	
  8.0	
  Hz),	
  5.24–5.16	
  (m,	
  1H),	
  4.16–4.04	
  (m,	
  4H),	
  

2.37–2.31	
   (m,	
   2H),	
   1.92–1.84	
   (m,	
   2H),	
   1.41–1.16	
   (m,	
   42H),	
   0.86–0.83	
   (m,	
   6H).	
   13C{1H}	
  NMR	
   (100	
  

MHz,	
  THF-­‐d8)	
  δ	
  163.6,	
  145.1,	
  145.1,	
  140.9,	
  136.9,	
  134.9,	
  134.5,	
  133.4,	
  133.3,	
  131.4,	
  130.9,	
  130.8,	
  

129.8,	
  129.7,	
  128.9,	
  128.5,	
  128.1,	
  127.9,	
  126.5,	
  126.4,	
  124.2,	
  62.4	
  (d,	
  J	
  =	
  6.0	
  Hz),	
  55.4,	
  33.5,	
  33.1,	
  

30.9,	
  30.9,	
  30.8,	
  30.8,	
  30.8,	
  30.5,	
  23.7,	
  17.0	
  (d,	
  J	
  =	
  6.0	
  Hz),	
  14.6.	
   31P{1H}	
  NMR	
  (162	
  MHz,	
  CDCl3)	
  δ	
  

18.58.	
  HRMS(MALDI)	
  calculated	
  for	
  C63H74N2O7P	
  (MH+)	
  (found):	
  1001.5234	
  (1001.5212).	
  

1.8.	
   N-­‐(4'-­‐Phosphono-­‐[1,1'-­‐biphenyl]-­‐4-­‐yl)-­‐N'-­‐(tricosan-­‐12-­‐yl)-­‐perylene-­‐3,4:9,10-­‐bis(dicarbox-­‐	
  

imide),	
  PDI-­‐biphenyl-­‐PA.	
  Bromotrimethylsilane	
  (1.5	
  mL,	
  11.4	
  mmol)	
  was	
  added	
  to	
  a	
  solution	
  of	
  VI	
  

(0.16	
   g,	
   0.2	
  mmol)	
   in	
   dry	
   CH2Cl2	
   (ca.	
   10	
  mL)	
   via	
   syringe.	
   The	
   reaction	
   vessel	
  was	
   stoppered	
   and	
  

stirred	
  at	
  room	
  temperature	
  overnight.	
  The	
  volatiles	
  were	
  removed	
  under	
  reduced	
  pressure;	
  10:1	
  

MeOH/H2O	
  (ca.	
  20	
  mL)	
  and	
  CHCl3	
  (20	
  mL)	
  were	
  added	
  to	
  the	
  residue	
  and	
  the	
  mixture	
  was	
  stirred	
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overnight.	
   Volatiles	
   were	
   removed	
   under	
   reduced	
   pressure	
   and	
   the	
   resulting	
   solid	
   was	
  

recrystallized	
  by	
  dissolving	
  the	
  solid	
  in	
  a	
  minimal	
  amount	
  of	
  CHCl3	
  and	
  precipitating	
  with	
  MeOH	
  to	
  

afford	
   a	
   dark	
   red	
   solid	
   (0.12	
   g,	
   86%).	
   NMR	
   spectra	
  were	
   severely	
   broadened	
   at	
   both	
   room	
   and	
  

elevated	
   temperature	
   in	
   a	
   variety	
   of	
   solvents,	
   presumably	
   due	
   to	
   aggregation.	
   HRMS(MALDI)	
  

calculated	
  for	
  C59H66N2O7P	
  (M+)	
  (found):	
  945.4608	
  (945.4592).	
  Elemental	
  analysis	
  calculated	
  (found)	
  

for	
  C59H65N2O7P.H2O:	
  C	
  73.58	
  (73.02),	
  H	
  7.01	
  (6.89),	
  2.91	
  (2.95).	
   	
  

	
  

2.	
   	
   Aggregation	
  of	
  dissolved	
  PDI-­‐phenyl-­‐PA	
  and	
  PDI-­‐diphenyl-­‐PA	
  

PDIs	
  are	
  prone	
  to	
  aggregate	
   in	
  solution,	
  and	
  adsorption	
  of	
  aggregated	
  forms	
  could	
  affect	
  the	
  

structure	
   of	
   an	
   adsorbed	
  monolayer	
   on	
   ITO.	
   Aggregation	
   of	
   PDIs	
   is	
   characterized	
   by	
   broadened	
  

absorbance	
  bands	
   and	
  a	
  decreased	
   ratio	
  of	
   the	
  0-­‐0/0-­‐1	
   absorbance	
  bands.3-­‐8	
  A	
  PDI	
   solution	
   that	
  

produces	
   a	
   0-­‐0/0-­‐1	
   ratio	
   of	
   ca.	
   1.6	
   is	
   considered	
   monomeric.6	
   Here,	
   different	
   solvents,	
   solvent	
  

mixtures	
  and	
  solvent	
  additives	
  were	
  tested	
  to	
  minimize	
  the	
  aggregation	
  of	
  dissolved	
  PDI-­‐phenyl-­‐PA	
  

and	
   PDI-­‐diphenyl-­‐PA.	
   Tetrabutylammonium	
  hydroxide	
   (TBA-­‐OH)	
  was	
   used	
   as	
   solution	
   additive	
   to	
  

reduce	
   PDI-­‐phenyl-­‐PA	
   and	
   PDI-­‐diphenyl-­‐PA	
   aggregation,	
   which	
   may	
   be	
   due	
   in	
   part	
   to	
   PA-­‐PA	
  

interactions.	
   Absorbance	
   spectra	
   of	
   PDI-­‐phenyl-­‐PA	
   dissolved	
   in	
   different	
   solvents	
   are	
   shown	
   in	
  

Figure	
  S2.	
  The	
  highest	
  0-­‐0/0-­‐1	
  absorbance	
  band	
   ratio,	
  1.62,	
  was	
  observed	
  using	
  90%	
  DMF	
  +	
  10%	
  

CHCl3	
  containing	
  TBA-­‐OH	
   in	
  an	
  equimolar	
   ratio	
  with	
  PDI-­‐phenyl-­‐PA.	
  Similar	
   results	
  were	
  obtained	
  

with	
   dissolved	
   PDI-­‐diphenyl-­‐PA;	
   the	
   highest	
   0-­‐0/0-­‐1	
   ratio	
  was	
   1.61	
   using	
   50%	
  DMF	
   +	
   50%	
   CHCl3	
  

containing	
   TBA-­‐OH	
   in	
   an	
   equimolar	
   ratio	
   with	
   PDI-­‐diphenyl-­‐PA.	
   Those	
   solution	
   conditions	
   were	
  

used	
  to	
  deposit	
  solution	
  adsorbed	
  (SA)	
  PDI	
  films	
  on	
  ITO	
  electrodes.	
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Figure	
  S2.	
  Absorption	
  spectra	
  of	
  20	
  μM	
  PDI-­‐phenyl-­‐PA	
  dissolved	
  in	
  CHCl3	
  (blue	
  line),	
  90%	
  DMF	
  +	
  10%	
  CHCl3	
  (green	
  line)	
  

and	
  90%	
  DMF	
  +	
  10%	
  CHCl3	
  containing	
  20	
  μM	
  tetrabutylammonium	
  hydroxide	
  (TBA-­‐OH).	
  Spectra	
  were	
  acquired	
  in	
  a	
  1	
  

cm	
  path	
  length	
  cuvette	
  using	
  a	
  Shimadzu	
  UV-­‐2401PC	
  spectrophotometer.	
  

	
  

3.	
   	
   Adsorption	
  isotherms	
  for	
  PDI-­‐PA	
  films	
  on	
  ITO	
   	
  

The	
  adsorption	
  of	
  PDI-­‐PAs	
  onto	
  ITO	
  electrodes	
  was	
  monitored	
  using	
  ATR	
  spectroscopy.	
  Figure	
  

S3A	
  shows	
  spectra	
  acquired	
  as	
  a	
  function	
  of	
  time	
  after	
  injecting	
  a	
  20	
  μM	
  solution	
  of	
  PDI-­‐phenyl-­‐PA	
  

in	
   90%	
   DMF+10%	
   CHCl3	
   with	
   equimolar	
   TBA-­‐OH	
   in	
   the	
   flow	
   cell.	
   The	
   absorbance	
   of	
   the	
   most	
  

intense	
   band	
   (λmax	
   at	
   460	
   nm)	
   of	
   PDI-­‐phenyl-­‐PA,	
   plotted	
   in	
   Figure	
   S3B,	
   increased	
   and	
   reached	
   a	
  

plateau	
  around	
  40-­‐60	
  min	
  after	
   injection,	
   indicating	
   the	
   ITO	
  surface	
  was	
  saturated.	
  After	
   flushing	
  

the	
  cell	
  with	
  solvent	
  to	
  remove	
  the	
  incubation	
  solution	
  and	
  any	
  weakly	
  physisorbed	
  molecules,	
  the	
  

absorbance	
  declined	
  very	
  little	
  (red	
  triangle	
  in	
  Fig.	
  S3B),	
  showing	
  that	
  the	
  molecules	
  were	
  strongly	
  

adsorbed.	
   For	
  PDI-­‐diphenyl-­‐PA,	
   the	
  behavior	
  was	
   similar	
   except	
   that	
   it	
   took	
  about	
  70-­‐90	
  min	
   for	
  

saturation	
  to	
  occur,	
  and	
  the	
  absorbance	
  value	
  at	
  saturation	
  was	
  slightly	
  less	
  than	
  that	
  observed	
  for	
  

PDI-­‐phenyl-­‐PA.	
  Based	
  on	
  these	
  results,	
  adsorption	
   times	
  of	
  1	
  h	
  and	
  2	
  h	
  were	
  used	
  to	
  prepare	
  SA	
  

PDI-­‐phenyl-­‐PA	
   and	
   PDI-­‐diphenyl-­‐PA	
   films,	
   respectively,	
   for	
   all	
   subsequent	
   electrochemical,	
  

spectroscopic,	
  and	
  spectroelectrochemical	
  characterization.	
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Figure	
   S3.	
   (A)	
   TM	
   polarized	
   ATR	
   spectra	
   (solid	
   lines)	
   acquired	
   as	
   a	
   function	
   of	
   time	
   after	
   a	
   20	
   μM	
   solution	
   of	
  

PDI-­‐phenyl-­‐PA	
  was	
  injected	
  into	
  an	
  ATR	
  flow	
  cell	
  containing	
  an	
  ITO	
  waveguide.	
  The	
  arrow	
  indicates	
  the	
  evolution	
  of	
  the	
  

spectra	
  with	
  increasing	
  incubation	
  time.	
  The	
  dashed	
  line	
  is	
  the	
  spectrum	
  acquired	
  after	
  flushing	
  the	
  cell	
  with	
  pure	
  CHCl3.	
  

(B)	
   Absorbance	
   at	
   460	
   nm	
   monitored	
   as	
   a	
   function	
   of	
   time	
   during	
   the	
   adsorption	
   process	
   (black	
   squares).	
   The	
  

absorbance	
  value	
  measured	
  after	
  flushing	
  the	
  flow	
  cell	
  with	
  solvent	
  is	
  also	
  shown	
  (red	
  triangle).	
  

	
  

4.	
   	
   Electrochemistry	
  of	
  dissolved	
  and	
  adsorbed	
  PDI-­‐PAs.	
  

The	
  effects	
  of	
  solvents	
  and	
  surface	
  adsorption	
  on	
  the	
  reduction	
  potential	
  of	
  both	
  PDI-­‐PAs	
  was	
  

investigated.	
   Figure	
   S4A	
   shows	
   diffusion-­‐controlled	
   cyclic	
   voltammograms	
   (CVs)	
   of	
   PDI-­‐PAs	
  

dissolved	
   in	
   solution	
  with/without	
   TBA-­‐OH,	
  while	
   Figure	
   S4B	
   shows	
   the	
  CVs	
  of	
   SA	
  PDI-­‐phenyl-­‐PA	
  

and	
  SA	
  PDI-­‐diphenyl-­‐PA	
  films	
  on	
  ITO.	
  All	
  voltammograms	
  exhibited	
  two	
  reversible	
  reduction	
  steps	
  

corresponding	
   to	
   the	
   formation	
   of	
   PDI	
   anion	
   radical	
   (PDI·∙–)	
   and	
   PDI	
   dianion	
   (PDI2-­‐).	
   Table	
   S1	
  

summarizes	
   the	
   first	
   and	
   second	
   reduction	
   midpoint	
   potentials	
   (E0’)	
   of	
   dissolved	
   and	
   adsorbed	
  

PDI-­‐PAs.	
  Considering	
  that	
  the	
  standard	
  deviation	
  of	
  measuring	
  a	
  midpoint	
  potential	
  is	
  about	
  0.05	
  V,	
  

all	
  five	
  measurements	
  were	
  equivalent.	
  This	
  result	
  shows	
  that	
  the	
  reduction	
  midpoint	
  potentials	
  of	
  

the	
  PDI-­‐PAs	
  were	
  unaffected	
  by	
  linker	
  length,	
  addition	
  of	
  TBA-­‐OH,	
  or	
  adsorption	
  on	
  ITO.	
  

(A)	
   (B)	
  



	
  
	
  

S10	
  

	
   	
  
-0.6 -0.7 -0.8 -0.9 -1.0 -1.1 -1.2 -1.3 -1.4 -1.5 -1.6

-20

0

20

40

60

80

100

120

140

160

J 
/ µ

A
/c

m
2

E / V vs Ag/AgNO3

 PDI-phenyl-PA
 PDI-phenyl-PA+TBA-OH
 PDI-diphenyl-PA+TBA-OH

	
   	
   	
   	
  
-0.4 -0.6 -0.8 -1.0 -1.2 -1.4

-20

-10

0

10

20

30

J 
/ µ

A
/c

m
2

E / V vs Ag/AgNO3

 SA PDI-phenyl-PA
 SA PDI-diphenyl-PA

	
  

Figure	
  S4.	
  (A)	
  Diffusion	
  controlled	
  CVs	
  of	
  PDI-­‐phenyl-­‐PA	
  (black	
  line),	
  PDI-­‐phenyl-­‐PA	
  with	
  equimolar	
  ratio	
  of	
  TBA-­‐OH	
  (red	
  

line)	
  and	
  PDI-­‐diphenyl-­‐PA	
  with	
  equimolar	
  ratio	
  of	
  TBA-­‐OH	
  (blue	
   line).	
  The	
  PDI-­‐PA	
  concentration	
  was	
  100	
  µM	
  and	
  the	
  

working	
  electrode	
  was	
  platinum.	
  The	
  electrolyte	
  was	
  0.1	
  M	
  TBAP	
  in	
  chloroform	
  and	
  the	
  scan	
  rate	
  was	
  0.5	
  V/s.	
  (B)	
  CVs	
  of	
  

SA	
  PDI	
  films	
  on	
  ITO.	
  The	
  electrolyte	
  was	
  0.1	
  M	
  TBAP	
  in	
  chloroform	
  and	
  the	
  scan	
  rate	
  was	
  0.5	
  V/s.	
  

	
  

Table	
  S1.	
  Redox	
  potentials	
  of	
  dissolved	
  PDI-­‐PAs	
  and	
  SA	
  PDI-­‐PA	
  films.a,b	
  

	
   PDI-­‐phenyl-­‐PA	
   PDI-­‐phenyl-­‐PA	
  c	
   PDI-­‐diphenyl-­‐PA	
  c	
   SA	
  phenyl-­‐PDI	
   SA	
  diphenyl-­‐PDI	
  

E0’,	
  1st	
  reduction	
   -­‐0.92	
   -­‐0.93	
   -­‐0.93	
   -­‐0.92	
   -­‐0.90	
  

E0’,	
  2nd	
  reduction	
   -­‐1.09	
   -­‐1.11	
   -­‐1.09	
   -­‐1.11	
   -­‐1.08	
  

a	
  Potentials	
  are	
  stated	
  vs.	
  the	
  Ag/AgNO3	
  pseudo-­‐reference	
  electrode,	
  which	
  was	
  calibrated	
  using	
  the	
  ferrocene/	
  

ferricenium	
  (Fc/Fc+)	
  redox	
  couple.	
  The	
  E0’	
  of	
  Fc/Fc+	
  was	
  0.11	
  V	
  vs.	
  Ag/AgNO3.	
  

b	
  Analysis	
  conditions	
  are	
  given	
  in	
  Figure	
  S4.	
  

c	
  Containing	
  equimolar	
  TBA-­‐OH.	
  

	
  

	
   	
  

(A)	
   (B)	
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5.	
   	
   Additional	
  figures	
  and	
  tables	
  

Table	
  S2.	
   	
   Rs	
  and	
  Cdl	
  for	
  PDI-­‐PA	
  films	
  measured	
  by	
  impedance	
  spectroscopy.a	
  

	
   SA	
  PDI-­‐diphenyl-­‐PA	
   SA	
  PDI-­‐phenyl-­‐PA	
   SC	
  PDI-­‐phenyl-­‐PA	
  

Rs	
  (Ω·∙cm2)	
   13	
  ±	
  3	
   14	
  ±	
  2	
   14	
  ±	
  2	
  
Cdl	
  (µF/cm2)	
   16	
  ±2	
   15	
  ±1	
   14	
  ±2	
  

a	
  n	
  =	
  3	
  for	
  all	
  measurements.	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  S5.	
  Side	
  view	
  (A)	
  and	
  top	
  view	
  (B)	
  of	
  a	
  3D	
  representation	
  of	
  a	
  PDI-­‐phenyl-­‐PA	
  molecule	
  placed	
  on	
  an	
  ITO	
  substrate	
  

at	
  a	
  tilt	
  angle	
  of	
  33°	
  relative	
  to	
  the	
  surface	
  normal	
  to	
  the	
  ITO	
  surface	
  plane.	
  The	
  structure	
  was	
  generated	
  using	
  MM2	
  

energy	
  minimization	
  in	
  Chembio	
  3D	
  software	
  (Perkin-­‐Elmer).	
  

	
  

(A)	
   (B)	
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Figure	
   S6.	
   ATR	
   spectra	
   of	
   a	
   dextran-­‐fluorescein	
   film	
   adsorbed	
   on	
   an	
   ITO	
   electrode	
   in	
   TM	
   (black)	
   and	
   TE	
   (red)	
  

polarizations.	
  Assuming	
  that	
  the	
  orientation	
  distribution	
  of	
  the	
  fluorescein	
  absorption	
  dipoles	
  is	
  random,	
  the	
  difference	
  

in	
  absorbance	
  is	
  due	
  to	
  the	
  unequal	
  interfacial	
  electric	
  field	
  intensities	
  in	
  TE	
  and	
  TM	
  polarizations.	
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Figure	
   S7.	
   Potential-­‐dependent	
  ATR	
   spectra	
  of	
   a	
   (A)	
   SA	
  PDI-­‐diphenyl-­‐PA	
   film	
  and	
   (B)	
   a	
   SC	
  PDI-­‐phenyl-­‐PA	
   film	
  on	
   ITO	
  

acquired	
  in	
  TM	
  polarization	
  from	
  -­‐0.6	
  V	
  to	
  -­‐1.6	
  V	
  versus	
  a	
  Ag/AgNO3	
  pseudo-­‐reference	
  electrode.	
   	
  

	
  

(A)	
   (B)	
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Figure	
   S8.	
   A	
   complex	
   plane	
   plot	
   for	
   normalized	
   imaginary	
   ((Im(Rac))	
   versus	
   real	
   components	
   (Re(Rac))	
   of	
  

electroreflectance	
  for	
  a	
  SA	
  PDI-­‐phenyl-­‐PA	
  film	
  measured	
  at	
  460	
  nm	
  in	
  TM	
  polarization.	
  The	
  frequency	
  where	
  Re(Rac))	
  

goes	
  to	
  zero	
  is	
  used	
  to	
  estimate	
  ks,opt.	
  

	
   	
  

	
  

Figure	
   S9.	
   Energy	
   level	
   alignment	
   of	
   the	
   components	
   in	
   the	
   photoelectrochemical	
   cell.	
   The	
   open	
   rectangles	
   and	
  

associated	
  values	
  represent	
  ELUMO.	
  The	
  filled	
  rectangles	
  and	
  associated	
  values	
  represent	
  EHOMO.	
  The	
  Fermi	
  energy	
  of	
  ITO,	
  

indicated	
  by	
  the	
  solid	
  blue	
  line,	
  was	
  controlled	
  by	
  the	
  applied	
  potential.	
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Figure	
  S10.	
  (A)	
  Diffusion	
  controlled	
  cyclic	
  voltammogram	
  of	
  AlOHPc	
  dissolved	
  in	
  1:1	
  (v/v)	
  acetonitrile:pyridine	
  (100	
  µM).	
  

The	
  supporting	
  electrolyte	
  was	
  0.1M	
  TBAP	
  and	
  the	
  scan	
  rate	
  was	
  100	
  mV/s.	
  The	
  onset	
  of	
  the	
  oxidation	
  was	
  estimated	
  

by	
   extrapolation	
   (dashed	
  black	
   lines)	
   of	
   the	
   current	
   to	
   the	
  baseline	
   and	
  used	
   to	
   estimate	
   the	
  HOMO	
  of	
  AlOHPc.	
   (B)	
  

UV-­‐visible	
  absorbance	
  spectrum	
  of	
  AlOHPc	
  dissolved	
  in	
  1:1	
  (v/v)	
  acetonitrile:pyridine	
  (ca.	
  10	
  µM).	
  The	
  low	
  energy	
  onset	
  

was	
  estimated	
  by	
  extrapolation	
  (solid	
  black	
  lines)	
  of	
  the	
  absorbance	
  to	
  the	
  baseline	
  and	
  used	
  to	
  estimate	
  the	
  band	
  gap	
  

of	
  AlOHPc.	
  

	
   	
  

(A)	
   	
   	
   	
  

(B)	
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