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Structure of Co complexes
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  bsorption spectra of Co1–Co4 in CH3CN. Inset 
 n expanded view of the range 400–600 nm. 
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Complex Jsc/mA cm-2 Voc/V FF PCE/%

Blank 20.6±0.5 0.95±0.02 0.66±0.02 12.9±0.6
Co1b 20.2±0.6 0.98±0.01 0.64±0.02 12.7±0.4
Co2b 20.0±0.5 0.98±0.02 0.66±0.02 12.8±0.4
Co3b 14.7±1.2 0.95±0.03 0.56±0.10 7.9±1.8
Co4b 19.8±0.6 0.96±0.02 0.64±0.02 12.2±0.5

Table 3 Photovoltaic parameters of devices containing spiro-OMeTAD and 
LiTFSI+TBP.a

aThese values are from backward scans and are the average of 16–18 solar cells.
bA concentration of 9 mol% dopant was added relative to spiro-OMeTAD. 

Jsc/mA cm-2 Voc/V FF PCE/%

Blank 20.6±0.5 0.95±0.02 0.66±0.02 12.9±0.6
4.5 mol% 21.2±0.4 1.00±0.01 0.68±0.01 14.2±0.4
9 mol% 20.0±0.5 0.98±0.02 0.66±0.02 12.8±0.4

Table 4 Photovoltaic parameters of devices containing spiro-OMeTAD and added 
LiTFSI+TBP as a function of Co2 concentration.a

aThese values are from backward scans and are the average of 16–18 solar cells.

Scan direction Jsc/mA cm-2 Voc/V FF PCE/%

Co2
Backward 21.6 1.014 0.676 14.8
Forward 21.7 1.000 0.625 13.6

FK209
Backward 20.8 0.997 0.661 13.7
Forward 21.4 0.976 0.543 11.4

Table 5 Photovoltaic parameters of best-performing devices containing 4.5 
mol% Co2 or FK209 as dopant. -5
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・ New cobalt complexes Co1–Co4 as dopants for spiro
-OMeTAD (a frequently used HTM) were synthesized.

・ These Co1–Co4 complexes have the suitable redox potentials
for the oxidation of spiro-OMeTAD which eventually enhance
the conductivity of spiro-OMeTAD film.

・ The devices with Co1, Co2, and Co4 as dopant performed
better than the device with Co3 because of the hydrophobic
alkyl groups on the ligands.

・ It was found that hydrophobic alkyl groups are important as
dopants because they improve dopant solubility in the spin
-coating solution.

This research was funded by the New Energy and Industrial 
Technology Development Organization (NEDO).
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Fig 3. Cross-sectional SEM 
image of solar cell.
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Table 2 Conductivities of undoped spiro-OMeTAD and 
doped spiro-OMeTAD (with Co1–Co4 or FK209) filmsa

on glass substrates.

a Spiro-OMeTAD was added to LiTFSI+TBPas an additive 
with the same concentration of cell fabrication.

Dopant Conductivity (Scm-1)
None 5x10-5

Co1 3x10-4

Co2 3x10-4

Co3 3x10-4

Co4 1x10-4

FK209 1x10-4

The co-addition of Co1–Co4 is highly effective for 
increasing the conductivity of spiro-OMeTAD film.

Interaction between Co complexes and 
spiro-OMeTAD
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Low solubility of Co complexes in 
spin-coating solution of HTM 
hamper the formation of uniform 
and homogeneous HTM layer.

FK209

J. H. Noh et al., J. Mater. Chem., A, 1, 11842 (2013).

TFSI: lithium bis(trifluoromethylsulfonyl)imide

Non-polar solvents such as 
chlorobenzene are used for 
solvent of HTM.

High solubility is necessary.
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Ref. J. Burschka et al., Nature, 499, 316 (2013).

Annealing at 
70℃ for 1hSpin coating a HTM solution 

in chlorobenzene


	スライド番号 1

