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Figure S2. Left panel: secondary electron cut-offs (SECO) and right panel: large range valence band spectrum of TiS2 on FTO.1 The inset shows the valence band spectrum in the lower binding energy region
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Figure S3. XPS core level spectra of O 1s, C 1s, and Sn 3d5/2 in CuTiS2 (a, b, and c, respectively) and in CoTiS2 (d, e, and f, respectively). The Sn 3d5/2 intensity is detected from the underlying FTO substrate. 
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Figure S4. Left: Cyclic Voltammetry measurement of as-prepared and oxidized TiS2 thin films in 1 M NaOH under O2 as collected (reference to Ag/AgCl). Right: Chronoamperometry measurement of as-prepared and oxidized TiS2 thin films in 1M NaOH under O2 as collected (reference to Ag/AgCl).
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Figure S5. Cyclic Voltammetry measurement of pristine and oxidized TiS2 thin films in 1 M NaOH under O2. Left: in reference to NHE. Right: Data as collected (reference to Ag/AgCl).
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Figure S6. Chronoamperometric measurement of pristine TiS2 materials in 1 M NaOH under O2 atmosphere at 10 mAcm-2. Left: in reference to NHE. Right: Data as collected (reference to Ag/AgCl).
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Figure S7. Chronoamperometric measurement of as preparedCoTiS2 in 1 M NaOH under O2 atmosphere at 10 mAcm-2. 
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Figure S8. Linear Scan Voltammetry scan of oxidized CoTiS2 thin film in 1 M NaOH under O2 atmosphere at 10mV/s.
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Figure S9. Tafel Plot derived from chronoamperometry data of oxidized CoTiS2 thin film in 1 M NaOH under O2 atmosphere.


References
1.	A. J. Huckaba, S. Gharibzadeh, M. Ralaiarisoa, C. Roldan-Carmona, N. Mohammadian, G. Grancini, Y. Lee, P. Amsalem, E. J. Plichta, N. Koch, A. Moshaii, and M. K. Nazeeruddin: Low cost TiS2 as Hole Transport Material for Perovskite Solar Cells. Small Methods. Published Online September 12, 2017.

image6.emf



0



0.2



0.4



0.6



0.8



1



1.2



1.4



1.2 1.7 2.2 2.7 3.2



Cu
rr
en



t	(
m
A/



cm
2 )



Potential	(V	vs	NHE)



CuTiS2	(as	prepared) TiS2(as	prepared)
TiS2(oxidized) CoTiS2	(as	prepared)
CoTiS2(oxidized)










0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.2 1.7 2.2 2.7 3.2

C

u

r

r

e

n

t

	

(

m

A

/

c

m

2

)

Potential	(V	vs	NHE)

CuTiS2	(as	prepared) TiS2(as	prepared)

TiS2(oxidized) CoTiS2	(as	prepared)

CoTiS2(oxidized)


image7.emf



0



0.2



0.4



0.6



0.8



1



1.2



1.4



0.25 0.75 1.25 1.75 2.25



Cu
rre



nt
	(m



A/
cm



2 )



Potential	(V	vs	Ag/AgCl)



CuTiS2	(as	prepared) TiS2(as	prepared)
TiS2(oxidized) CoTiS2	(as	prepared)
CoTiS2(oxidized)










0

0.2

0.4

0.6

0.8

1

1.2

1.4

0.25 0.75 1.25 1.75 2.25

C

u

r

r

e

n

t

	

(

m

A

/

c

m

2

)

Potential	(V	vs	Ag/AgCl)

CuTiS2	(as	prepared) TiS2(as	prepared)

TiS2(oxidized) CoTiS2	(as	prepared)

CoTiS2(oxidized)


image8.emf



2



2.5



3



3.5



4



4.5



5



0.00E+00 5.00E+00 1.00E+01 1.50E+01 2.00E+01 2.50E+01 3.00E+01



Po
te
nt
ia
l	(
V	
vs
	N
HE



)



Time	(s)



TiS2	(oxidized) CoTiS2	(as	prepared)



CuTiS2	(as	prepared) FTO










2

2.5

3

3.5

4

4.5

5

0.00E+00 5.00E+00 1.00E+01 1.50E+01 2.00E+01 2.50E+01 3.00E+01

P

o

t

e

n

t

i

a

l

	

(

V

	

v

s

	

N

H

E

)

Time	(s)

TiS2	(oxidized) CoTiS2	(as	prepared)

CuTiS2	(as	prepared) FTO


image9.emf



1



1.5



2



2.5



3



3.5



0 5 10 15 20 25 30



Po
te
nt
ia
l	(
V	
vs
	A
g/
Ag
Cl
)



Time	(s)



TiS2	(oxidized) CoTiS2	(as	prepared)
CuTiS2	(as	prepared) FTO










1

1.5

2

2.5

3

3.5

0 5 10 15 20 25 30

P

o

t

e

n

t

i

a

l

	

(

V

	

v

s

	

A

g

/

A

g

C

l

)

Time	(s)

TiS2	(oxidized) CoTiS2	(as	prepared)

CuTiS2	(as	prepared) FTO


image10.emf



1.9



1.95



2



2.05



2.1



2.15



2.2



2.25



2.3



2.35



2.4



0 500 1000 1500 2000



Po
te
nt
ia
l	(
V	
vs
	N
HE



)



Time	(s)










1.9

1.95

2

2.05

2.1

2.15

2.2

2.25

2.3

2.35

2.4

0 500 1000 1500 2000

P

o

t

e

n

t

i

a

l

	

(

V

	

v

s

	

N

H

E

)

Time	(s)


image11.emf



0
5
10
15
20
25
30
35
40
45
50
55
60



1.25 1.5 1.75 2 2.25 2.5 2.75 3



Cu
rr
en



t	(
m
A)



Overpotential	(V	vs	NHE)










0

5

10

15

20

25

30

35

40

45

50

55

60

1.25 1.5 1.75 2 2.25 2.5 2.75 3

C

u

r

r

e

n

t

	

(

m

A

)

Overpotential	(V	vs	NHE)


image12.emf



y	=	0.2527x	+	1.5746
R²	=	0.9891



1.6



1.65



1.7



1.75



1.8



1.85



0.150.250.350.450.550.650.750.850.951.05



Po
te
nt
ia
l	(
V	
vs
	N
HE



)



log	[j	(mAcm-2)]










y	=	0.2527x	+	1.5746

R²	=	0.9891

1.6

1.65

1.7

1.75

1.8

1.85

0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05

P

o

t

e

n

t

i

a

l

	

(

V

	

v

s

	

N

H

E

)

log	[j	(mAcm

-2

)]


image1.png
a) CoTiS, b) TiS, c) CuTiS,

200 nm 200 nm 200 nm

d) CoTiS -2 kv e) CoTiSz— 15 kV f) CoTiS - EDX elemental map

t“ﬂ 1*; ﬂﬁk“\'i
0 ki AP i
. Wiy A "'qmbﬁ‘

Ll el IIIEEEE





image2.emf
3.0 3.5 4.0 4.5 5.0 7 6 5 4 3 2 1 0

3 2 1 0

intensity [arb. units]

work function [eV]



eV

intensity [arb. units]

binding energy [eV]

Valence band

E

F

SECO FTO/TiS

2

intensity [arb. units]

binding energy [eV]


image3.emf
536 534 532 530 528 526

288 287 286 285 284 283

490 488 486 484

534 532 530 528

288 286 284 282 490 488 486 484

O 1s

531.8 eV

intensity [arb. units]

 O 1s 

 Fit

O 1s

530.4 eV

a

C 1s

285.9 eV

 C 1s

 Fit

C 1s

285 eV

b

CuTiS

2

 Sn 3d

5/2

 Fit

Sn 3d

5/2

487. eV

c

O 1s

531.9 eV

intensity [arb. units]

binding energy [eV]

 O 1s 

 Fit

O 1s

530.4 eV

d

C 1s

286.1 eV

binding energy [eV]

 C 1s

 Fit

C 1s

285 eV

e

CoTiS

2

binding energy [eV]

 Sn 3d

5/2

 Fit

Sn 3d

5/2

486.7 eV

f


image4.emf



0



2



4



6



8



10



12



14



0.25 0.75 1.25 1.75 2.25



Cu
rre



nt
	(m



Ac
m



-2
)



Potential	(V	vs	Ag/AgCl	Ref)



CoTiS2	(oxidized)
CuTiS2	(oxidized)
CoTiS2	(partially	oxidized)
CuTiS2	(as	prepared)
CoTiS2	(as	prepared)
TiS2	(oxidized)










0

2

4

6

8

10

12

14

0.25 0.75 1.25 1.75 2.25

C

u

r

r

e

n

t

	

(

m

A

c

m

-

2

)

Potential	(V	vs	Ag/AgCl	Ref)

CoTiS2	(oxidized)

CuTiS2	(oxidized)

CoTiS2	(partially	oxidized)

CuTiS2	(as	prepared)

CoTiS2	(as	prepared)

TiS2	(oxidized)


image5.emf



0.5



1



1.5



2



2.5



3



0 5 10 15 20 25 30



Po
te
nt
ia
l	(
V	
vs
	A
g/
Ag
Cl
)



Time	(s)



CoTiS2	(oxidized) CuTiS2	(oxidized)
TiS2	(oxidized) CoTiS2	(partially	oxidized)
CuTiS2	(as	prepared)










0.5

1

1.5

2

2.5

3

0 5 10 15 20 25 30

P

o

t

e

n

t

i

a

l

	

(

V

	

v

s

	

A

g

/

A

g

C

l

)

Time	(s)

CoTiS2	(oxidized) CuTiS2	(oxidized)

TiS2	(oxidized) CoTiS2	(partially	oxidized)

CuTiS2	(as	prepared)


