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    (b)

Figure S.1 (a) Circuit 1 used for the best fitting of NPs  of single layers and inverse Spiro-OMeTAD/ Perovskite (P-I) 
interface; (b) circuit adopted for best fitting of NPs in direct Perovskite/ Spiro-OMeTAD interface (I-P)

Table S.1 Best fit parameters of Spiro-OMeTAD and Perovskite single layer NPs (see text); 

VDC

[V]
CDr

[nF]
Err
[]

C

[pF]
Err
[]

Rrec

[]
Err
[]

RDr

[]
Err
[]

Perovskite ( Circuit (a))

Spiro-OMeTAD (Circuit (a))

8.2

2.4

2.0

4.0

81

224

8.3

20

2671

648

1.2

1.8

119

35

2.0

5.4

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2019



VDC

V
CDr

nF
Err
%

C
P

nF

Err
%

CI
nF

Err
%

Rrec,P


Err
%

RRec,I

[]
Err
%

RDr

[]
Err
%



(a.u
)



s



s


Direct

0.0 V

0.6

-0.6(direct pol.)

 
1.9

0.2

1.7

5.
7

4.
0

11

6.1

=

7.6

3.
4

=

5.
7

6.3

3.0

5.9

2.
6

1.
1

1.
5

687
2

56

201

6.
4

4.
0

8.
0

3995
2

2929
1

1881
9

1.
5

1.
5

1.
7

4612

9758
9

1302
7

11

1.
7

19

1.20

0.09

0.30

92

20

25

52

2.6

21

Inverted (Circuit 
(a))

0.0

0.6 (direct pol)

-0.6

0.1

5.0

7.6

2.
0

2.
0

3.
0

- - 7.7

11.
0

7.1
6

2.
0

2.
0

2.
0

1085
1

4294

7488

1.
0

1.
2

1.
3

81

112000 

85

5.0

3.0

2.0

0.7

0.2

0.1

85

63
0

11
1

0.6

132

0.7

P=Spiro-OMeTAD, I=Perovskite

Table S.2 Best Fit parameters of direct  (I-P) and inverted (P-I) Spiro-OMeTAD-Perovskite interfaces and 
corresponding polarization and recombination times as recalculated by adapting the Bisquert model (ref.  
in text) to our modeling. 

Reformulation of  1 and 2

Considering the electrical circuit (a) and (b) and that the extracted parameters do not satisfy the condition 
Cdr>>Cwe recalculated the impedance (here expressed via the admittance Y= Z-1 )  as:

In circuit (a)

𝑌 =  
1
𝑍

=
1

𝑅𝑟𝑒𝑐
+  𝑖𝜔𝐶𝜇 +  

1

𝑅𝑑𝑟 + (1𝜔𝐶𝑑𝑟) ‒ 1

(1)

and in circuit (b) as 

𝑌 =  
1
𝑍

=
1

𝑅𝑟𝑒𝑐,𝐼
+  𝑖𝜔𝐶𝜇,𝐼 +  

1
𝑅𝑟𝑒𝑐,𝑃

+  𝑖𝜔𝐶𝜇,𝑃 +
1

𝑅𝑑𝑟 + (𝑖𝜔𝐶𝑑𝑟) - 1



(2)

Then in circuit (a)  the equation develops in the same fashion seen in ref.1:

𝑍 =
1
𝑌

 =  𝑅𝑟𝑒𝑐[1 + 𝑖𝜔𝐶𝜇𝑅𝑟𝑒𝑐 +
𝑖𝜔𝐶𝑑𝑟𝑅𝑟𝑒𝑐

1 + 𝑖𝜔𝐶𝑑𝑟𝑅𝑑𝑟
] ‒ 1

(3)

But since C Cdr the expression of the  impedance Z is :

𝑍 =  𝑅𝑟𝑒𝑐[1 + 𝑖𝜔𝐶𝑑𝑟𝑅𝑑𝑟 + 𝑖𝜔𝐶𝜇𝑅𝑟𝑒𝑐 + (𝑖𝜔)2𝑅𝑑𝑟𝐶𝜇𝐶𝑑𝑟𝑅𝑟𝑒𝑐 +  𝑖𝜔𝐶𝑑𝑟𝑅𝑟𝑒𝑐

1 + 𝑖𝜔𝐶𝑑𝑟𝑅𝑑𝑟 ] ‒ 1



That can be reformulated as:

𝑍 =  𝑅𝑟𝑒𝑐[1 + 𝑖𝜔𝐶𝑑𝑟(𝑅𝑑𝑟 + 𝑅𝑟𝑒𝑐(1 +
𝐶𝜇

𝐶𝑑𝑟
)) + (𝑖𝜔)2𝑅𝑑𝑟𝐶𝑑𝑟𝐶𝜇𝑅𝑟𝑒𝑐

1 + 𝑖𝜔𝐶𝑑𝑟𝑅𝑑𝑟 ] ‒ 1

(5)

and reduces to expr.36 of ref. 19 (main text)  if Cdr>>C

In circuit (b) the final expression was similar to expr.(5) but by  Rrec  replaced by:

𝑅𝑟𝑒𝑐,𝑒𝑞 =
𝑅𝑟𝑒𝑐,𝐼 𝑅𝑟𝑒𝑐,𝑃 

𝑅𝑟𝑒𝑐,𝐼 +  𝑅𝑟𝑒𝑐,𝑃

(6)

And by𝑖𝜔𝐶𝜇

𝑖𝜔𝐶𝜇,𝑒𝑞 =  𝑖𝜔(𝐶𝜇,𝐼 +  𝐶𝜇,𝑃)

(7)

Finally by following the similar procedure of ref.19 (main text)  we placed

𝜏 =  𝑅𝑑𝑟𝐶𝑑𝑟𝐶𝜇𝑅𝑟𝑒𝑐  𝑖𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 (𝑎) 𝑜𝑟 𝜏 =  𝑅𝑑𝑟𝐶𝑑𝑟𝐶𝜇,𝑒𝑞𝑅𝑟𝑒𝑐,𝑒𝑞 𝑖𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 (𝑏) 

And in circuit (a)



𝛾 =  
𝑅𝑑𝑟𝐶𝑑𝑟𝐶𝜇𝑅𝑟𝑒𝑐

𝐶𝑑𝑟(𝑅𝑑𝑟 + 𝑅𝑟𝑒𝑐(1 +
𝐶𝜇

𝐶𝑑𝑟
))

𝐷𝑖𝑔𝑖𝑡𝑎𝑟𝑒 𝑙'𝑒𝑞𝑢𝑎𝑧𝑖𝑜𝑛𝑒 𝑞𝑢𝑖.

And in circuit (b)

𝛾 =  
𝑅𝑑𝑟𝐶𝑑𝑟𝐶𝜇,𝑒𝑞𝑅𝑟𝑒𝑐,𝑒𝑞

𝐶𝑑𝑟(𝑅𝑑𝑟 + 𝑅𝑟𝑒𝑐,𝑒𝑞(1 +
𝐶𝜇,𝑒𝑞

𝐶𝑑𝑟
))

The estimate of via the extracted best fit parameters returned a value lower than 1 except in the case of 
the direct structure with no bias applied where it was found slightly higher than 1. (see Table S.2)

Therefore, since we were interested to the behaviour of the interface under bias,  we approximate for all 
biases the calculation by using  the same kind of factorization procedure in ref.19, although taking into 
account the correction due to CCdr; 

𝑍 =
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𝑅𝑟𝑒𝑐

With 1 the dielectric polarization time and  the recombination time.

 In  circuit (a):

𝜏1  = 𝐶𝑑𝑟(𝑅𝑑𝑟 + 𝑅𝑟𝑒𝑐(1 +  
𝐶𝜇

𝐶𝑑𝑟
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𝐶𝜇

In circuit (b) the expressions were basically the same but with Rrec  and Creplaced by Rrec,eq and  Ceq. 
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