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Section A tables and figures

Table S1. d-Spacing values of the conjugated molecules.

Compounds di00 (A) daoo (A) daoo (A)
D2R(8+2)7T
DTDMP7T 19.0 - -
DERHD7T 19.3 9.6 6.4

DCAOTT 21.0 10.5 7.0
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Table S2. Summary of device performance for various BHJ devices based on

D2R(8+2)7T and DTDMPTT in the work.

Active Layer Ratio (w/w) VoV | Jeof MAcm™ FF(%) PCE(%)
D2R(8+2)7T:
1:0.3 0.92 4.33 34 1.37
PCsBM?
D2R(8+2)7T:
1:0.5 0.92 6.77 39 2.46
PCeBM?
D2R(8+2)7T:
1:0.5 0.90 6.16 37 2.06
PCeBM”
D2R(8+2)7T:
1:0.7 0.92 5.88 36 1.96
PCeBM?
DTDMPTT:
1:0.5 0.80 6.62 58 3.05
PCeBM?
DTDMPTT:
1:0.8 0.90 7.54 60 4.05
PCeBM?
DTDMP7T:
1:0.8 0.88 6.51 37 2.10
PCsBMP
DTDMPTT:
1:1 0.90 6.64 52 3.12
PCsBM?

a: device with Ca/Al as cathode;

b: device with LiF/Al as cathode.
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Figure. S1 (a) top view (b) side view of molecular structure of D2R(8+2)7T. The
molecular geometry was optimized by Gaussian09 program, using the Density
Functional Theory (DFT) with the PBE1PBE/6-31G(d) basis set and frequency

analysis was followed to assure that the optimized structures was stable states™.
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Figure. S2 (a) top view and (b) side view of molecular structure of DTDMP7TH,
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Figure S3. XRD (X-Ray diffraction) patterns of D2R(8+2)7T/PC61BM(w:w=1:0.5) and
DTDMP7T/PC61BM (w:w=1:0.8) film spin-coated from CHCI3 onto glass

substrate, the broad peak from 18° to 35° attributed to the signal of glass.
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Figure S4. Characteristic J-V curves of BHJ solar cells based D2R(8+2)7T/PCg;BM with
blend ratios (w:w) of 1:0.3, 1:0.5 and 1:0.7 with Ca/Al as the cathode under illumination of

AM 15 G, 100 mW cm™®
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Figure S5. Characteristic J-V curves of BHJ solar cells based DTDMP7T/PCgBM with

blend ratios (w:w) of 1:0.5, 1:0.8 and 1:1 with Ca/Al as the cathode under illumination of

AM 15 G, 100 mW cm™
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Figure S6. Characteristic J-V curves of BHJ solar cells based D2R(8+2)7T/PC¢BM and
DTDMPT7T/PC¢BM with optimized blend ratios (w:w) of 1:0.5 and 1:0.8 with LiF/Al as the
cathode under illumination of AM 1.5 G, 100 mW cm™
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Figure S7. 1% vs V plots for the pure D2R(8+2)7T and DTDMP7T films at room

temperature.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

3 L83 833
~ T Ao

£—
X—
¥ .

000000

r LI 1 UL I T
%) S n o
=] =] =] =]
=] =] =] =]
=
=

5]
=]
=]

|||I|I1IIIIrIIII||I|I|I|II
=]

=]

1 L
L Wy
o [ &
g 2 g ¢ B
IIIIIIIII|IIIIrllll!lIII|IIII’IIII1IIII
7.0 6.0 5.0 4.0 3.0 20 1.0
ppm (t1)
g [d P
§ 1% % ® 853 83833838833
& =3 @ g kEE I8s5 §8EHT 3
I
I|I
1
[ I
|
| ‘I
A |
| | '
L
T T T T | T T T T 1 T T T T | T T T T I T T T T
20 15 1 50
ppm (1)

Figure S8. H NMR (top) and **C NMR (below) spectrums of D2R(8+2).
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'H NMR (top) and **C NMR (below) spectrums of D2R(8+2)7T.

ppm (1)

Figure S9.
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'H NMR (top) and **C NMR (below) spectrums of DTDMP7T.

Figure S10.
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Figure S11. MS (MALDI-TOF) spectrums of D2R(8+2)7T (top) and DTDMP7T (below).

Section B  configurations of our molecules

In order to investigate the exalty configuration of our molecules, we used ROSEY ( rotating

frame Overhauser effect spectroscopy) and the chemical shift in H NMR. At the same time, we

10
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used density functional theory (DFT) with the Gaussian 09 model™ to investigated the most stable
geometry. To our surprise, we find that the calculated geometry are in consistant with our
experiment result for all the four molecules metioned in our paper. The details are shown as

follow.

(1) For DTDMP7T, we know that there are two possible conformations as shown in Figure

1B-a.

o} DTDMP7T-B o)

Figure 1B-a. Possible configurations of DTDMP7T

Ll L/\_MU_L A A A b A

—
QTOMP?T-ROSEYPHRP403-37 . ‘
‘ . :
v » L CTDMP7T-ROSEYPHRP-103-37
¢ v [ i
75
' '
. I
1 ! r
I 0“‘ _
(-

il ]

v

a0
‘o (01

Figure 1B-b. Rosey of DTDMP7T (left is the full spectrum and right is the expand spectrum)

From the ROSEY spectrum, we can see that there is a distinct cross peak (H, 8.57 to Hy 7.68),

11
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which means that these two protons (H, and Hy ) are near in the space. So the result of our

ROSEY experiment is that the configuration of DTDMP7T is DTDMP7T-B (Figure 1B-a).

a

2Oy
8

DTDMP7T-B

0 kecal/mol

DTDMP7T-A
3.84 kcal/mol

Figure 1B-c. Calculated result for DTDMP7T

In addition, the calculated result (Figure 1B-c) show that DTDMP7T-B is the most stable
configuration between all these possible conformations of DTDMP7T. we conclued that if the
single bond between the thiophene and acceptor (purple coloured) can rotate freely in the solution,
DTDMP7T-B is the advantaged conformation. And , if the single bond between the thiophene and
acceptor (purple coloured) can’t rotate freely in the solution, DTDMP7T-B is the very

configuration.

(2) For DCAQTT, the situation is more complex, for there are four possible conformations as

shown in Figure 2B-a.

12
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DCAOT7T-A

DCAO7T-D

Figure 2B-a.

Possible conformations of DTDMP7T

Rosey spectrum was carried out and shown in Figure 2B-b. From Rosey spectrum we can see that
the DCAO7T-A and DCAQOT7T-B are the possible configurations as shown in Figure 2B-a. From
references we knows that the chemical shift of methine proton H, as shown in Figure 2B-a are
appeared at a lower field in the Z configuration than that of the E configuration. So , we show in
the Figure 2B-c the chemical shift of some model molecules and the reaction condition.
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Figure 2B-b. Rosey of DCAOTT (left is the full spectrum and right is the expanded spectrum)
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Figure 2B-c. Chemical shift of proton for some model compounds and the reaction condition.
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Figure 2B-d. Chemical shift of proton H, for song)effmodel compounds and DCAOTT calculated by Chem.
Ice.
The Chemical shift of proton (H,) by the H NMR for DCAOT7T is 8.19 ppm (see
Adv. Energy Mater. 2011, 1, 771-775). For the chemical shift of proton (H,) and the reacton
condition are similar to the model compounds (Figure 2B-c), we conclued that DCAO7T-B is the
configuration of our molecule DCAOT7T, which was also supported by the result predict by Chem.
Office ( Figure 2B-d).

14
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In addition, the calculated result (Figure 2B-e) show that DCAO7T-B is the most stable
configuration between all these possible configurations of DCAO7T (Figure 2B-e).
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Figure 2B-e Calculated result for DCAO7T

For all above, we conclude that DCAO7T-B is the exact configuration for DCAO7T.
(3) For DERHDTYT, the situtiation is similar to that of DCAQO7T. There are four possible
configurations as shown in Figure 3B-a.
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From Rosey spectrum (Figure 3B-b) we can see that the DERHD7T-A and DERHD7T-B are the
possible configurations as shown in Figure 3B-a. From references we knows that the chemical
shift of methine proton H, as shown in Figure 3B-a are appeared at a lower field in the Z
configuration than that of the E configuration(Chem.Pharm.Bull. 39(6) 1440-1145 (1991)). So ,we
show in the Figure 3B-c the chemical shift of methine proton for some model molecules and the
reaction condition.
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Figure 3B-c. Chemical shift of proton for some model compounds

The Chemical shift of proton (H,) by the H NMR for our DERHD7T is 7.76 ppm. Compared with
the model compounds in reference (Figure 3B-c), we conclued that DERHD7T-A is the very
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configuration of our molecule DERHD7T.
In addition, the calculated result (Figure 3B-d) show that DERHD7T-A is the most stable

configuration between all these possible conformations of DERHD7T.
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Figure 3B-d . Calculated result for DERHD7T

For all above, we conclude that DERHD7T-A is the exact configuration for DERHD7T.
(4) For D2R(8+2)7T, the situtiation is similar to that of DERHD7T. There are four possible

configurations as shown in Figure 4B-a.
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Figure 4B-a. Possible configurations of D2R(8+2)7T
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Figure 4B-b. Rosey of D2R(8+2)7T (top is the full spectrum and bellow is the expanded spectrum)

From Rosey spectrum (Figure 4B-b) we can see that the D2R(8+2)7T-A and D2R(8+2)7T-B are
the possible configurations as shown in Figure 4B-a. From references we knows that the chemical
shift of methine proton H, as shown in Figure 4B-a are appeared at a lower field in the Z
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configuration than that of the E configuration(Chem.Pharm.Bull. 39(6) 1440-1145 (1991)). So, we
show in the Figure 4B-c the chemical shift model molecule D149 Ethyl Ester and the reaction
condition.

s
0 s
H I
H s
N N
O cHO L\Q COOEt
o

| - . | H
AcONH,4, AcOH, '
110°C,3h. 5=7.71

D149 Ethyl Ester

Bulletin of the Chemical Society of Japan (2010), 83(6), 709-711.

Figure 4B-c. Chemical shift of methine proton for D149 Ethyl Ester and reaction condition.

The Chemical shift of proton (H,) by the H NMR for our D2R(8+2)7T is 7.78 ppm, similar to that
of D149 Ethyl Ester. What’s more, the reacton condition of D2R(8+2)7T-A is the same as that of
D149 Ethyl Ester, thus we conclued that D2R(8+2)7T-A is the very configuration of our
molecule D2R(8+2)7T.

In addition, the calculated result (Figure 4B-d) shown that D2R(8+2)7T-A is the most stable
configuration between all the possible configuration of D2R(8+2)7T.
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Figure 4B-d. Calculated result for D2R(8+2)7T

In summary, the configurations of our four molucules are shown as Figure B.

1. For DCAOTT, DERHD7T and D2R(8+2)7T, the methine moiety between the thiophene
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and acceptor unit are all Z-form.
2. The hydrogen atom at the methine moiety (H,) and hydrogen atom attached to the side
thiophene (Hy) is cis-form.

3. The configurations of our molecules are the most thermodynamically stable

configurations.

CgHi7 S

N N_
Cali7 \S\\{o D2R(8+2)7T O}I Cakar
s s

i A

Figure B. configuration of DTDMP7T, DCAO7T, DERHD7T and D2R(8+2)7T

Reference:

[ Gaussian 09, Revision B.01,
M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
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