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Figure S1. Normalised absorption spectra of Dye 1 in CH2Cl2 solution and adsorbed onto NiO.

Table S1. Comparison of key ground state IR frequencies for Dye 1 in a KBr pressed disc and 
adsorbed on mesoporous NiO.

Wavenumber (cm-1)
KBr NiO Shift
1072 1079 7
1110 1114 4
1186 1189 3
1205 1207 2
1251 1261 10
1269 1282 13
1283 1282 -1
1348 1352 4
1375 1377 2
1392 1390 -2
1444 1447 3
1474 1478 4
1525 1535 10
1536 1547 11
1751 - Absent
2209 - Absent
2227 2227
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Figure S2. FTIR spectra of Dye 1 in a KBr disk (green) and Dye 1|NiO (black), zoomed in at 2000-
2400 cm–1 .

Figure S3. Differential pulse voltammograms for the reduction of Dyes 2 & 4 measured in CH3CN  
with 100 mM tBu4NPF6 as the supporting electrolyte (working electrode: glassy carbon; reference 
electrode: Ag/Ag+ ; calibrated with Fe(Cp)2 +/0 as an external reference, counter electrode: platinum 
mesh).
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Table S2. Approximate driving forces for injection and regeneration for Dyes 1-4 adsorbed on 
mesoporous NiO. ΔGinj and ΔGreg are estimated from Equation S1 and Equation S3 respectively. 

 

ΔG /eV (MeCN)
Dye

Inj(NiO) Reg(NiO)

Dye 1 0.775 0.245

Dye 2 0.795 0.245

Dye 3 0.79 0.19

Dye 4 0.78 0.19

Equation S1.
∆𝐺𝑖𝑛𝑗 = 𝑒[𝐸𝑉𝐵(𝑁𝑖𝑂) ‒  𝐸

(𝐷 ∗ /𝐷 ‒ )
] 

Equation S2.
𝐸

(𝐷 ∗ / 𝐷 ‒ ) =   
𝐸

(𝐷/𝐷 ‒ )
+  𝐸0 ‒ 0

Equation S3. 
∆𝐺𝑟𝑒𝑔 = 𝑒[𝐸

(𝐷/𝐷 ‒ )
‒  𝐸(𝐼 ‒

3 /𝐼. ‒
2 )]



Figure S4. ps-TRIR spectra at selected delays of Dye 2 (top),  Dye 3 (middle) and Dye 4 (bottom). 
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Table S3. Band positions observed from TRIR measurements for ground state and reduced state for 
each of the dyes adsorbed on NiO.

Wavenumber / cm-1

Dye
Ground State  Anion

1605 1585

1544 1508

1477 1475

1447 1414

Dye 1

1353 1320

1610 1588

1546 1509

1489 1476

1455 1415

Dye 2

1362 1321

1540 1591

1434 1480

1346 1400
Dye 3

1377

1607 1587

1541 1478

1435 1404
Dye 4

1348 1381



Table S4. Scaled harmonic vibrational frequencies (in cm–1) and infrared intensities (km/mol) in the 
spectral region between 1200 and 3000 cm–1 for Dye 1 in its neutral and anionic forms. Calculated in 
vacuo at the B3LYP/6-311G(d,p) level of theory. Frequencies have been scaled by 0.9682.

Neutral Form Anionic Form
Frequencies Intensities Frequencies Intensities

1206 54.59 1208 123.00
1208 7.96 1214 2.76
1214 182.74 1224 25.87
1229 13.71 1230 6.84
1240 28.89 1232 27.54
1245 14.03 1243 27.98
1249 9.73 1246 0.52
1254 40.97 1255 24.95
1259 95.81 1257 25.52
1275 648.96 1266 183.58
1276 351.23 1270 168.23
1285 20.91 1282 31.18
1296 65.60 1292 9.38
1301 296.26 1311 145.07
1316 111.43 1314 10.76
1317 44.78 1321 40.25
1324 8.12 1325 100.88
1334 112.07 1335 81.64
1340 56.35 1340 36.55
1345 327.73 1350 245.19
1348 186.11 1350 6.26
1355 62.24 1354 12.97
1357 720.08 1355 19.07
1362 11.75 1364 34.96
1368 365.53 1369 47.58
1371 16.69 1372 5.57
1375 2.32 1378 25.64
1383 282.91 1388 348.49
1391 59.60 1399 95.33
1427 21.09 1421 104.90
1429 740.95 1425 18.04
1432 1.62 1426 375.18
1434 72.70 1432 1.97
1435 13.21 1434 168.63
1436 2.14 1435 0.02
1439 33.23 1436 4.09
1440 403.23 1441 0.62
1446 314.57 1445 7.46
1447 13.67 1447 5.00



1451 3.37 1447 4.45
1451 18.81 1449 14.05
1455 1.67 1453 16.81
1459 11.57 1455 44.72
1460 12.44 1459 12.88
1460 18.04 1459 10.10
1463 19.14 1461 7.86
1464 33.82 1462 66.16
1467 667.47 1466 28.93
1481 50.22 1479 380.64
1494 59.49 1487 250.12
1508 24.05 1501 2224.08
1522 65.44 1525 129.40
1541 1466.46 1527 129.15
1548 115.04 1539 80.88
1580 239.63 1593 44.10
1592 192.82 1752 274.93
1749 274.57 2211 141.74
2247 34.35 2219 157.60
2257 11.99 2236 630.48
2263 196.95 2858 123.14
2885 97.14 2886 23.88
2895 14.87 2915 42.82
2928 6.52 2926 6.31
2932 28.55 2928 61.00
2936 26.27 2930 34.78
2939 34.80 2932 29.11
2943 38.81 2939 58.91
2952 7.56 2941 14.70
2956 7.46 2945 30.95
2956 17.50 2947 22.30
2960 28.38 2951 28.75
2968 11.62 2963 32.05
2972 27.82 2965 54.60
2973 36.95 2987 61.33
2993 48.57 2991 5.79
2997 24.04 2997 68.47
2999 4.84 2999 32.91
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Figure S5. – Kinetic trace recorded from TRIR showing decay of excited state band at 1600 cm–1 and 
recovery of parent band at 1554 cm–1. 

Figure S6. Photocurrent density-voltage curves for NiO p-DSCs sensitized by Dyes 1-4 with blank NiO 

included for comparison.
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Figure S7. Dark current curves for NiO p-DSCs sensitized by Dyes 1-4 with blank NiO included.

Figure S8. IPCE spectra for NiO p-DSCs sensitized by the Dyes 2 & 4 and without dye.
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Figure S9. IPCE spectra for NiO p-DSCs sensitized by the Dye 2 and without dye measured to 330 
nm.
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