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1. Emission spectra
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Fig. S1 Emission spectra of XW29-XW32 in THF. The spectra were used to estimate the Ey

values.

2. Normalized absorption spectra of the dyes in THF and on TiO, films
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Fig. S2 Normalized absorption spectra of XW29-XW32 in THF and on TiO; films.
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3. Cyclic voltammetry curves
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Fig. S3 Cyclic voltammetry curves of XW29-XW32.

4. Raw data of photovoltaic parameters
Table S1. Original J-V data of DSSC devices based on the individual porphyrin dyes.

Sensitizer Voe Jse FF PCE
[mV] [mA-cm?] [o] [7%0]
XW29 723 20.71 67.0 10.03
717 21.73 66.1 10.30
713 21.56 66.7 10.25
712 21.05 66.7 10.00
XW30 678 19.90 64.3 8.67
678 19.18 66.3 8.61
678 19.85 65.7 8.84
679 19.76 64.2 8.61
XW31 715 21.85 65.8 10.28
717 21.71 66.3 10.33
724 22.46 64.3 10.45
724 22.22 67.0 10.78
XW32 676 20.45 65.3 9.03
680 20.11 64.7 8.85
675 19.94 64.2 8.64
676 20.01 64.8 8.76

Table S2. Original J-V data of DSSC devices based on the porphyrin dyes coadsorbed with 1 mM
CDCA.

Dyes Voe Jse FF PCE
[mV] [mA-em?]  [%] [“0]

XW29+CDCA 700 21.94 64.4 9.90
702 22.16 65.9 10.25
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701 2191 64.6 9.93

702 22.01 65.2 10.07
XW30+CDCA 689 21.51 66.6 9.86
687 21.21 66.4 9.68
689 21.60 67.5 10.05
688 21.61 66.6 9.90
XW31+CDCA 695 2191 65.3 9.95
695 21.93 64.9 9.89
696 22.48 65.2 10.19
696 21.61 64.6 9.71
XW32+CDCA 688 21.81 66.0 9.90
688 21.66 66.7 9.94
688 22.01 65.9 9.98
690 22.07 65.2 9.92

5. PL decay traces of the dye-grafted zirconia and titania films
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Fig. S4 PL decay traces of dye-grafted zirconia and titania films immersed in an iodine electrolyte.
The PL intensity (/) was corrected in term of the absorbance at 670 nm and further normalized with
respect to the PL maximum of a corresponding dye-grafted zirconia film (Zyax, sirconia)- The PL
integral areas (S) of the zirconia and titania films were normalized with respect to the global PL
integral area of a corresponding dye-grafted zirconia film (Sgiopal, zirconia)- EXcitation wavelength: 670

nm; probe wavelength: 740 nm.
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6. Nyquist plots and estimated charge collection efficiencies of the
devices based on XW29-32
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Fig. S5 Nyquist plots of the devices based on XW29-XW32 measured at -0.70 V in the dark.

Table S3. Charge collection efficiencies estimated from the EIS measurements at a bias potential
of -0.7 V.

Device R,/ Q R/ Q Estimated #op1
XW29 4.1 408 99%
XW30 3.2 98.4 97%
XW31 4.2 409 99%
XW32 3.2 114 97%

Ry transport resistance; R..: charge recombination resistance. 7., was estimated by #7.on = (1 + Ry

/ Rrec)-l N
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7. 'TH NMR, BC NMR and MS spectra for the compounds
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Fig. S6 'H NMR spectrum of compound 3a in CDCls;.
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Fig. S7 3C NMR spectrum of compound 3a in CDCl;.
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Fig. S9 3C NMR spectrum of compound 3b in CDCl;.
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Fig. S10 '"H NMR spectrum of compound 5a in CDCl;.
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Fig. S11 3C NMR spectrum of compound 5a in CDCls.
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Analysis Info

Analysis Name FTMS-17070067_Pos_0170711_000003.d Acquisition Date 7111/2017 9:43:46 PM
Sample Xy-01 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
lr‘tﬁrgs FTMS-17070067_Pos_0170711_000003.d: +M3]
x
1612 88474
1613, 8E688
204
161488605
1.59
161588862
1611.88727
Ve 161088843
. 1616.89018
G 1617.89353
160606408 1609.88137 | | 1618.89902
160440681 ‘ 1621.98366
]
0.0+ bl o M\t | o caugd d cnil ol L, e — 4 " ‘
1602.5 1605.0 1607.5 1610.0 16125 1615.0 1617.5 1620.0 16225 16250 miz
Meas. m/z_# lon Formula Score miz__err [ppm] _Mean err [ppm] mSigma _rdb e Conf N-Rule
1610.888430 1 C100H133BN504Zn  100.00 16108562688 -3.6 -2.9 806 37.0 even ok
Fig. S12 FTICR-MS of 5a.
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Fig. S13 '"H NMR spectrum of compound 5b in CDCl;.
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Fig. S14 3C NMR spectrum of compound 5b in CDCl;,

Analysis Info
Analysis Name FTMS-17070068_Pos_0170711_000001.d Acquisition Date 71112017 9:49:11 PM
Sample XY-02 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
lﬂtens?. FTM5-17070068_Pos_0170711_000001.d: +M3]
%10
179902499
1800.02748
-
180202889
4
1798.02541 1803.02715
2 1702412
1804.02930
1795.1465
1 1794.14457
1805.03224
1792.81840
olt, y v ! L\JW"IWAM’" LJW““H W’M :
1790 1792 1794 1796 1798 1800 1802 1804 1806 miz
Meas. m/iz_# lon Formula Score miz__err [ppm] _Mean err mSigma __rdb e  Conf N-Rule
1797.024120 1 C114H151BrNS04Zn  100.00  1797.023538 -0.3 -1.2 67.5 42.0 even ok

Fig. S15 FTICR-MS of 5b.
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Fig. S16 '"H NMR spectrum of compound 6a in CDCl;.
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Fig. S17 13C NMR spectrum of compound 6a in CDCls.
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Analysis Info

Analysis Name FTICR-17070010_0_M22_000001.d Acquisition Date TM2/2017 5:01:14 PM
Sample XY-03 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070010_0_M22_000001.d: +M3]
x109 1+
5] 1+ 1692.00418
1691.00496 '
1+
1693.00415
4 1+
169&T015s 1694.00245
| | .
3 ‘ 169500312
2_ . |
1+
1696,00539
1 ‘ | || 1+
| | | | | | | | 1697.00798
A
1698.01054
. 1688.99234 I J | Il L J | T J I\ i 1699.01366
1688 1690 1692 1694 1695 1688 miz
[=— FTICR-17070010_0_Mz22_0D0001.d; +MS |
Meas. m/iz_# lon Formula Score miz _err [ppm] Mean err [ppm] mSigma _rdb e Conf N-Rule
1690001576 1 C110H139N5062Zn  100.00 1680.001131 -0.3 0.3 119 445 ood ok

Fig. S18 FTICR-MS of 6a.
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Fig. S19 '"H NMR spectrum of compound 6b in CDCl;.
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Fig. S20 3C NMR spectrum of compound 6b in CDCl;.

Analysis Info
Analysis Name FTICR-17070012_0_N2_000001.d Acquisition Date 711212017 5:09:19 PM
Sample XY-05 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070012_0_N2_000001.d: +M5|
x108 1+
55 1878.14264
54 1877.14281
14
| 1879.14286
| 1+
| | 1880.14163
. | | r|
B 187634005 | %
'| ‘ ‘ | | 188114209
| |
‘ | | |
| ‘ | "
188214394
’ | | | | |
| —_— I
| | | | 1+
| | | | 1883.14716
| | | I f\ 1+
[ | | | | | | [ [ fl 188415076
i 1875.13063 L IR o 1l ¥ 8 18 15 JA
1876 1878 1880 1882 1884 miz
[ FTICR-17070012_0_N2_000001.d; +MS |
Meas. miz_# lon Formula Score miz_err [ppm] Mean err [ppm] mSigma _rdb e~ Conf N-Rule
1876.140047 1 C124H157NSOEZn  100.00 1876.141981 1.0 1.1 16.3 49.5 odd ok

Fig. S21 FTICR-MS of 6b.
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Fig. S22 '"H NMR spectrum of compound 6¢ in CDCl;.
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Fig. S23 3C NMR spectrum of compound 6¢ in CDCl;.
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Analysis Info

Analysis Name FTICR-17070011_0_M24_000001.d Acquisition Date 71122017 5:05:34 PM
Sample XY-04 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FIICR-17070011_0_M24_000001.d: +M3
w108 1+
182599855
1+ 1+
182499774 1826.99897
3 1+
1827.95758
1+
i 1328.99831
24 182389390
1+
183000024
T 1+
‘ 183100286
| 1+
L L | | 183200654 1+
182224999 i dnaoauits
o . . A l 2 l _rll J J. J L _Il jl
1820 1822 1824 1826 1828 1830 1832 1834 1836 miz
[=—FTICR-17070011_0_M24_000001.d; +MS |
Meas. m/z_# lon Formula re miz_err Mean err [ppm] mSigma rdb e Conf N-Rule
1623003898 1 C116H141N706SZn  100.00 1823 995000 06 06 485 50.5 odd ok
Fig. S24 FTICR-MS of 6c.
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Fig. S25 '"H NMR spectrum of compound 6d in CDCl;.
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Fig. S26 3C NMR spectrum of compound 6d in CDCl;.
Analysis Info
Analysis Name FTICR-17070013_0_N4_000001.d Acquisition Date TM2/2017 5:12:54 PM
Sample XY-06 Instrument Bruker Salarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070013_0_N4_000001.d: +M3|
x108 1+
251 2012.13653
+
201113647 2015 19667
1+
204 201413597
1+ 1+
Tl 2015.13647
1.5 |
‘ ‘ 1+
1.0 2016.13801
| —_—
05 ‘ 2017.13957
|| 14
‘ J | | 2018.14331 14
2019.14237
0.0 8 oo i . L _J h J l\_ J L )I L b _Jl\. .||L :
2006 2010 2012 2014 2016 2018 2020 miz
[—— FTICR-17070013_0_N4_000001.d: +MS |
Meas.m/z_# lon Formula Score miz__err Mean err [ppm] mSigma _rdb e Conf N-Rule
2010.133087 1 C130H159NTOESZn 10000 2010.135850 1.4 1.0 225 555 odd ok

Fig. S27 FTICR-MS of 6d.
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Fig. S28 '"H NMR spectrum of XW29 in CDCI; : DMSO-dg (1:2, v/v).

Analysis Info
Analysis Name FTICR-17070014_0_N11_000001.d Acquisition Date TH3/2017 3:17:59 PM
Sample XY-07 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070014_0_N11_000001.d: +M3|
x109 " , 71<
1676.38694 10798663
] 1+
1678.98684
1+
’ 79.!
a0 167583363 1679.98516
| 1+
| 1680.98607
1.5
10 1+
‘ 1681.98862
_ | i
3 ‘ ‘ |‘ 1682.99170
1
1674.97385 J J J \ r\ it
0.0 . . L .l _J LY £z .L ; JI .
1674 1676 1678 1680 1682 1684 miz
[ FTICR-17070014_0_N11_000001.d: +MS |
Meas. m/z_# lon Formula Score miz_err [ppm] Mean err [ppm] mSigma _rdb e~ Conf N-Rule
1675983633 1 C108H137N506Zn  100.00 1675.985481 11 a7 243 445 odd ok

Fig. S29 FTICR-MS of XW29.
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Fig. S30 '"H NMR spectrum of XW30 in CDCIl; : DMSO-dg (1:2, v/v).
Analysis Info
Analysis Name FTICR-17070015_0_N13_000001.d Acquisition Date 7M3/2017 3:20:37 PM
Sample XY-08 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070015_0_N13_000001.d: +M5|
%108 1+
1811.98147
1+ 1+
1810.98023 181298183
By 1+
1813.98007
1+
181498120
1+
2 180987593
1+
‘ 1815 98314
14 ‘ { 1+
| 1816.98710
I | T
‘ | \ 1817 99192
4
i 1+
1808.96908 | J ‘ J | | [ | ' 1818.95808 192000138
o ' AN JIL PN X ,J‘. Il\ AL 4|L .. JI AN ’
1808 1810 1812 1814 1816 1818 1820 miz
[=—FTICR-17070015_0_N13_0D0001.d: +MS |
Meas. m/iz_# lon Formula Score miz__err Mean err [ppm] mSigma _rdb e Conf N-Rule
1809.975833 1 C115H139NTOESZn  100.00 1809.879350 1.9 a1 67.5 50.5 odd ok

Fig. S31 FTICR-MS of XW30.
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Fig. S32 '"H NMR spectrum of XW31 in CDCI; : DMSO-dg (1:2, v/v).

Analysis Info
Analysis Name FTICR-17070016_0_N15_000001.d Acquisition Date TM32017 3:23:37 PM
Sample XY-09 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17070016_0_N15_000001.d: +M5|
%108 1+
1864.12924
1+
1863.12860 1
1865.12073
44 1+
1866.12876
1+
al 186242477 1867.12929
1+
21 1868.13130
1+
14 1869,13497
T
{ J { Jl t ‘ || 187013762 1+
1871.14297
i , _woge || ,L L & 2 K
1858 1860 1862 1864 1868 1868 1870 1872 1874 miz

[——FTICR-17070016_0_N15_000001.d: +MS

Meas. miz_# lon Formula Score miz__err [ppm] Mean err [ppm] mSigma _rdb e Conf N-Rule

1862.1247658 1 C123H155NS06Zn  100.00 1862.126331 0.8 -0.1 278 495 odd ok

Fig. S33 FTICR-MS of XW31.
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Fig. S34 '"H NMR spectrum of XW32 in CDCI; : DMSO-dg (1:2, v/v).
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