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QUESTIONS

1. Describe using a schematic diagram the components and mode of operation of a dye-sensitized solar cell
(DSSC). Is the dye essential to observe photocurrent?

(2 points)

2. What does the term orthometallated refer to? What effect does orthometallation have on the physical

properties of these dyes in comparison to the standard polypyridyl framework.

(2 points)

3. Robson et al. describe an elaborate series of multi-functional orthometallated dye systems for application
in DSSCs. The highest reported solar-to-electric power conversion efficiency reported here is for the
benchmark N3 dye at 9.3% (see below). Discuss the design criteria and strategy adapted by Robson et al.
towards their novel sensitizers. The triarylamine functionality is clearly not present in the N3 structure.
What role does the triarylamine moiety play in the dyes designed by Robson et al.? Does it serve its
purpose and how do the authors justify its inclusion?

(3 points)
Donor Ligand Acceptor Ligand
n Ry X Y Z Rs
1 211 H N N L8 N -H
2 111 -H N N L9 C -H
CO,H 3 112 -H N C LION -COMe
A 4 112 H N C LMN -COH
HOL Ny N o2® 5 2 L3 Me N N L8 N -H
N N 6 1 L3 Me N N L9 C -H
SN N 7 1 14 Me C N L8 N -H
T N N 8 1 L4 Me C N L1I0N -COMe
2 9 s 9 1 L4 -Me C N LM N -COMH
10 1 L5 Me N C L10 N -COMe
N3 dye COH M1 1 L5 -Me N C L1 N -COH
12 2 L6 -OMe N N L8 N -H
13 1 L6 -OMe N N L9 C -H
14 1 L7 -OMe N C L10 N -COMe
15 1 L7 -OMe N C L11 N -COH
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4. Synthesis of the precursor ligands is conducted via a Suzuki reaction. Draw a catalytic cycle for this

5.

reaction based upon one of the examples from the scheme below.
(3 points)

Scheme 1. Synthesis of Precursors P1—P9 and Ligands L1-L7"
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P8: R, = -Me
P9: Ry =-OMe
b) B

L1: X=N;Y=N;Ry=-H
L2H: X=N;Y=C;R;=-H
L3: X=N;Y=N;Ry=-Me
L4H: X=C;Y=N;R;=-Me
L6H: X=N;Y=C;R;=-Me
L6: X=N;Y=N;R;=-OMe
L7H: X=N;Y=C; R;=-OMe

\

“ Reaction conditions: (a) 1 equiv of NBS, THF/AcOH (2:1), RT, 8 h; (b) Pd(PPh;),, K,CO,, THF:H,O (9:1), 65 °C, 14 h.

(Green Chemistry Question) The maximum power conversion efficiency for a dye-sensitized solar cell
measured under standard conditions has been reported at 10.5% by the National Renewable Energy
Laboratory (NREL). How does this compare to other solar cell technologies on the market. Discuss the
potential of solar technologies in a future global energy economy.
(2 points)



