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Dye-sensitized solar cell
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Relating Molecular Structure to Device Function
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PV device output: XS6 67%; 15 51%; XS6/15 82%; XS6&15 92% of industry standard (N719)
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X-ray reflectometry
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TiO,

Dye orientation

XRR parameters

Sample name Dye layer SLDgye Surface rough- Surface
thickness [A] [x 1078 A7 ness [A] coverage [%]
Singly sensitized
C1 only 435209 6.6 05 5607 55+
8c only 266109 5109 33x038 39+
XS6 only 236105 8704 3.7x£05 73+3
H3 only 27£1 6.7+05 3.7x£05 55+ 4
15 only 243103 78104 27x03 6213
Co-sensitized -
C1then 15 337205 59+0.7 3.1£0.6 409+ 6
Cland 15 21.5+0.38 6.3+0.9 38207 527
H3then C1 421 6.0+ 0.6 5.2+0.7 49+5
Cland H3 254%04 8504 3.0x0.5 69+3
8cthen 15 309+ 04 6.9+0.4 39x06 543
8cand 15 312 5705 7+2 45+ 4
H3then 8¢ 37.2+£0.2 9.0+0.7 29104 J70+5
8cand H3 27504 80x0.4 3.3120.6 63+3
XS6 then 15 18.8 £ 0.3 8.7105 36104 71214
XS6 and 15 18.61£0.3 88105 34104 71314
XSG then H3 21.0£03 9.6x0.5 4104 794
XS6 and H3 21.6 £ 0.6 8.7x0.6 4.0x0.5 715

Dye coverage
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AFM parameters

TiO,

s

Sample name Mean height Max height Aggregate Number of
[nm] [nm] coverage [%5] aggregates [ Llm ]
Singly sensitized working electrodes
C1 only 5x1 7x2 36 2%3
8c only 5x1 62 32 32
XS6 only 49104 6.0x0.7 1.0£0.1 03x0.2
H3 only 9t1 153 0301 0.18 £ 0.05
15 only 812 153 712 1.1 £0.4
Co-sensitized working electrodes
C1then 15 62 103 1.3£05 0.7x0.2
Cland 15 712 12+4 20x05 09x0.6
H3then C1 8112 16+ 4 3£3 04x0.2
Cland H3 5x1 813 211 2172
8cthen 15 6x1 9112 1.1£0.2 0.7x0.6
8cand 15 46103 5804 12+9 165
H3 then 8¢ 5.5x0.7 811 32 11
8c and H3 5.2x0.7 712 217 11
XS6 then 15 6x1 8+2 07103 08103
XS6 and 15 7.8107 1M£1 03 0.1 0.24 £ 0.09
XS6 then H3 55x0.7 7.6+038 0.3£01 0.25 £ 0.04
XS6and H3 53x038 7x1 0.3£01 0.2£0.1

Ti0,
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Dye aggregation




Conclusions

Design-to-Device approach to materials discovery (Data Science, computation, experiments)
Database auto-generation developments (ChemDataExtractor) successful for data science
One pair of lead dye candidates yields PV output ~ industry standard

Advanced Materials Characterisation at STFC RAL rationalises PV output

Development of Sample Environment for World Unique Instrumentation and Experiments
Great team work — 18 authors on AEM paper!

National and International Facilities (big data sources as well as experimental resources)



