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1. Synthesis procedures for the six new dyes.

General synthetic procedure for 2. A mixture of compound 1 (1.0 mmol), CB-B(OH), (2.0
mmol), Pd(PPhs), (0.05 mmol), and K,CO3 (2M, 1mL) in THF solution was heated to reflux
under a N, atmosphere for about 18 h. Then, the solvent was removedunder vacuum and
the residue was purified by column chromatography on silica gel using a 1:4 (v/v) mixture
of Petroleum ether and CH,Cl, as eluent to afford compound 2 as yellow solids,
respectively.

General synthetic procedure for 3. A mixture of compound 2 (0.23 mmol), cyanoacetic
acid (1.10 mmol) in acetic acid (20 mL) was refluxed in the presence of ammonium acetate
(0.28 mmol) under a N, atmosphere for about 24 h. Then, water was added and extracted
with CH,CI. After removal of the solvent under reduced pressure, the residue was purified
by column chromatography on silica gel with 1:10 (v/v) methanol/chloroform to yield as a
dark red solid.



2. Tables and figures.

Table S1. Summary of photophysical data and energy levels.

Acutoft Evomo/ ELumo E,c  E“
a b
Dye Amax (s) Amax a ev ev ev
nm (10* M-1cm-?) nm
nm
Eexpc Ecald

on2  295(3.19) 453(1.03) 355 425 572 -5.70/-2.99  -5.65/-2.81 271 284
mn2 294 (4.56) 450(1.11) 357 429 578 -5.72/-299  -5.67/-2.82 273 2.85
pn2 294 (2.33) 469 (0.72) 360 429 569 -5.69/-2.98 -5.59/-2.82 2.71 2.77
ob8 295(4.23) 443(1.49) 361 429 557 -5.74/-3.05  -5.72/-2.92 2.69 2.80
mb8  294(4.82) 445(1.53) 359 430 557 -5.76/-2.99  -5.74/-293 277 281
pb8 295 (3.43) 439 (1.11) 355 427 547 -5.78/-3.00 -5.65/-2.93 2.78 2.72

a Data is measured in DCM solvent. b Data are measured on TiO, films. ¢ Data are measured from CV diagram. d

Data are calculated by B3LYP/6-311G(d,p).



Table S2. The six dyes of electron transitions in CAM-B3LYP/6-31G(d) level.

transitio Aabs
dye f main composition
n nm eV

on2 S0-S1 395.40 3.14 0.77 H->L (83.1%); H-1>L (7.1%)
SoS; 303.24 4.09 034 H-3-5L (55.3%); H-4->L (17.4%)
S0-S3 28521 435 0.24 H->L+1 (41.0%); H-4->L (15.3%)

mn2 S0-S1 393.88 3.15 0.76 H->L (83.1%); H-1->L (6.3%)
SoS; 302.64 410 035 H-35L (51.2%); H-4->L (21.8%)
S0-S3 284.13 436 0.24 H->L+1 (37.5%); H>L+4 (17.6%)

pn2 S0-S1 395.46 3.14 0.80 H->L (57.1%); H-1->L (32.8%)
SoS2 303.52 4.08 041 H-3-5L (52.3%); H-4->L (16.2%)
So-S3 288.04 430 0.25 H->L+1 (45.6%); H-4->L (18.9%)

ob8 S0-S1 387.66 3.20 0.46 H->L (49.3%); H-1->L (40.5%)
SoS2 308.15 4.02 0.42 H-3>L (51.3%); H-4->L 24.2%)
So-S3 282.86 438 031 H-4->L (21.1%); H->L+1 (14.4%)

mb8 So-51 383.18 324 0.43 H-1->L (80.9%); H->L (7.8%)
SoS2 307.61 4.03 043 H-3-5L (45.1%); H-4->L (31.6%)
S0-S3 282.24 4.39 0.12 H->L+2 (77.5%)

pb8 S0-S1 384.77 3.22 0.45 H-1-L (61.9%); H>L (27.8%)
S0-S2 308.10 4.02 0.47 H-3-L (47.9%); H-4->L (25.8%)
S0-S3 286.22 433 0.33 H->L (33.9%); H-4->L (29.9%)




Table S3. The fitting T and corresponding A of the six new dyes from TRPL.

DCM/TiO,
Dye Nini® (nS)
A1 (%) t1(ns) A; (%) 7, (ns) Tav?(ns)

on2 81.40/92.80 2.02/0.10 18.60/7.20 7.23/7.91 2.99/0.66 77.93

mn2  63.05/91.05 2.03/0.11 36.95/8.95 7.46/5.54  4.04/0.60 85.15

pn2 64.28/84.78 1.73/0.12 35.72/15.22 5.44/3.37 3.06/0.61 80.07

ob8 93.29/89.19 2.36/0.21 6.71/10.81 9.48/2.57 2.84/0.47 83.45

mb8  89.20/90.68 2.43/0.27 10.80/9.32 7.99/2.66  3.03/0.49 83.83

pb8 91.17/91.77 2.52/0.22 8.83/8.23 8.81/3.47 3.08/0.49 84.09

P T /
. . = Tinj — + T tDCM
aThe values of ‘av are determined with “av ATy F AZTZ. b Calculated by m 2 .

Table S4. Dihedral anf_;le of six dyes and TiO,@dyes in B3LYP/6-31G(d) level.

dihedral angle on2 mn2 pn2 ob8 mb8 pb8
Cz-PTZ 79.18 82.90 81.84 77.73 83.92 82.94

PTZ-CA 17.48 17.59 17.60 16.34 16.76 16.71

dye Cz-CA 84.56 66.26 75.56 86.03 68.37 77.59
1] 7.87 8.48 7.59 6.65 6.82 6.14

ux 7.86 5.03 4.75 6.64 3.62 3.09

Cz-PTZ 78.01 83.40 81.18 72.53 88.14 83.97

PTZ-CA 25.69 25.33 26.27 23.57 23.06 24.36

dyerioz Cz-CA 75.99 66.08 84.72 84.47 78.30 89.75
1] 12.44 12.40 12.70 14.58 14.45 14.08

[T 12.38 8.92 9.84 14.14 8.56 10.12




Table S5. The adsorption energies Eads of the optimized dye/(TiO,).¢ systems.

Dye Eiotar (2.u.) Etioz (a.u.) Egye (a.u.) AE .45 (eV)
on2 -5439.663 -3340.260 -2099.118 -7.746
mn2 -5439.666 -3340.260 -2099.121 -7.755
pn2 -5439.666 -3340.260 -2099.122 -7.727
ob8 -5675.531 -3340.258 -2334.993 -7.619
mb8 -5675.534 -3340.259 -2334.993 -7.673
pb8 -5675.535 -3340.259 -2334.993 -7.700
Table S6. The EIS fitting parameters for DSSCs sensitized by the dyes.

Dye R.(Q) Ryt (Q) Rrec (Q)

on2 12.69 2.93 26.76

mn2 17.02 3.76 30.09

pn2 10.67 3.10 23.58

ob8 10.13 2.81 28.33

mb8 12.08 3.98 31.82

pb8 10.61 7.96 24.92
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Figure S1. (a) 'H NMR and (b) '*C NMR of on2 dye.
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Figure S2. (a) 'H NMR and (b) '*C NMR of mn2 dye.
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Figure $3. (a) 'H NMR and (b) '*C NMR of pn2 dye.
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Figure S5. (a) 'H NMR and (b) '*C NMR of mb8 dye.



880
160
08’1 —
v’

161 —

98'e—

96'9
o
9z L
0sLf
A
sp'2
i

8t
€9/
L]
ﬁi
€61]
28]
5l'8

70 69 68 67

74 73 72 71

86 85 84 83 82

80 79 78 77 76 75

68

6.2
FEES
hzoe

F00'}

Fooz

00'}
00'}
~66'L
test
1891
£8'L

66°L
980
L)
00'L
2.0
el

1.0 05

1.5

f1 (pem)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

§9°01—
oL'vI—
16°TT

wm.MNW
81'87—

00°9¢—

08°0s—

85°S0T—
YOOI

99T
€607~
88071+
£0°8T1—

PLPET—
LO'BET—
ProrT/

19°8F1—
10081/

€091

OH
=

PP

L

I

120

30 20 10

40

60

80 70

90
f1 (ppm)

100
Figure S6. (a) 'H NMR and (b) '*C NMR of pb8 dye.

110

130

140

160

170



- & =0CBPTZ-n2
= & =mCBPTZ-n2
=% =pCBPTZ-n2
=—t— 0CBPTZ-b8
—t—mCBPTZ-b8
—k— pCBPTZ-b8

g M'em™)

200 300 400 500 600
Wavelength (nm)

Figure S7. Calculated UV-Vis absorbance spectra of six dyes in THF.
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Figure S9. The J-V curves of ob8 device for reproducibility test.
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jgure S10. LHE spectra of the dye-grafted TiO, films of six dyes. The equation:

@) , where A is the absorbance of the dye, A is the global spectral irradiance
(W/sm/nm).
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Figure S11. J-V curves for repeated testing of the same device within 24 h, the Roman
numerals are the times for testing.
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Figure S12. The J-V curves of ob8 and ob8-CDCA co-adsorbent device.



