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Scheme S1: Dye structures of TG6 and C101.

Dye C101 was adsorbed from 0.25 mM C101 in a mixture of 10% dimethylsulfoxide 
(DMSO) and 90% tert-butyl alcohol and acetonitrile (1:1 v/v).  TG6 was adsorbed from 0.3 
mM TG6 in a mixture of chloroform and ethanol (1:1 v/v)).  Dye adsorption was carried out 
at room temperature and for > 14 hours in each case.

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2012



Scheme S2.  Schematic of the various treatments used to create partial coverage dye layers.
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Figure S1.  Charge density vs Voc or applied voltage before adjustment to remove effect of 
differing trap density (Nt).  
Compare to figure with adjustment in text.

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2012



8

6

4

2

0

C
ur

re
nt

,  
m

A
/c

m
2

0.7 0.6 0.5 0.4 0.3
(VF - Vcbe), Volts

*
 
offsets and Rser Corrected.
Offset of rX79a set to match that of X79a, with it's offset.
 because didn't get an offset for rX79a , but the wave has higher voltage 
 points looks better on graph.

a

 100% Dye, No Treatment
 100% Dye, No Treatment
 100% Dye, Acid
 100% Dye, Acid
 75% Dye Base/Acid
75% Dye Base/Acid
 75% Dye Base only
 0% Not Dyed, Acid
 0% Dye, full desorb. Base+/Acid+

IvG
raph_N

719acd_D
rk_forS

rtN
R

ser, A
cidTreatedN

719C
IV

_B
orH

4

6
8

0.01

2

4

6
8

0.1

2

R
ec

om
bi

na
tio

n 
Li

fe
tim

e,
  S

ec
on

ds

0.55 0.5 0.45 0.4 0.35 0.3 0.25 0.2
(VF - Vcbe), Volts

 X78CNTaVtrF1ETau0
 X77AacidVtrF1ETau0
 X77AaAcidVtrF1ETau0
 X77DabaseacidVtrF1ETau0
 X77BabaseacidVtrF1ETau0
 X78AaAcidVtrF1ETau0
 X77CaNTVtrF1ETau0
 XL4BVtrF1ETau0

,  100% Dye, No Treatment
,  100% Dye, Acid Treatment
,  75% Dye, Base/Acid
      75% dye, Base only

*
 
 
offset for delVBE from CEV Adj by CeJ
then norm by del Nt.

aV
trTauV

sV
graph_N

719A
cid_2, A

cidTreatedN
719C

IV
_B

orH

Figure S2.  Recombination comparison for N719 films with various dye coverages.  a) using 
dark current.   b) using recombination lifetime.
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Figure S3,  a) Charge vs Voc for N719 films, corrected for changes in total trap density.  
Buffer treatment refers to a 2 hour soak in in 10 ml acetonitrile with LiI and TBP (see 
methods).  Previously the LiI/TBP in the cell electrolyte has been thought to achieve 
balanced effects of Li+ adsorption, and TBP adsorption on TiO2 and removal of protons. It 
seems that in bulk the buffer treatment \ achieves instead a similar effect as a treatment in 
base only, except the dye was not removed.  However,  in the end the conduction bands of the 
buffer treated and base/buffer treated films arrived at the same potential, allowing comparison 
of the recombination of the 70% and 100% dye coverage cells.  b) Recombination current 
comparison for N719 cells with various treatments and dye coverages.  Similar to the acid 
treatment vs base/acid treatment shown in figures 9 and S2, the removal of 30% of the dye 
causes less than a factor of two increase in recombination.
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Figure S4.  a) TG6 cells charge density vs Voc, corrected for changes in Nt. b) C101 cells 
charge density vs Voc. Both corrected for changes in Nt (total trap density).  Recombination 
current vs VF-Vcbe shown in figure 10, main text. 
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