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Supporting Tables and Figrues

Table S1 Performance of pure graphene-based CEs in DSSCs reported in recent literatures (based on I-/15

redox couple)

SBET Electrode PCE Reference Pt PCEgample
Counter electrode Reference
(m2 g thickness (um) (%) (%) /PCEp,
CVD-grown graphene - - 1.43 6.65 0.215 1
Functionalized
- - 4.99 5.48 0911 201
graphene sheets
3D Honeycomb-Like
151 - 7.80 8.00 0.975 381
Structured Graphene
Graphene nanosheets - 10 6.81 7.59 0.897 4[4]
Thermally exfoliated
470 - 2.82 3.37 0.837 501
graphene
3D nano-foam of
- - 52 5.7 0.912 6101
few-layer graphene
3D cauliflower-
450 8.07 7.5 1.07 7]
fungus-like graphene
Graphene
600-750 - 5.00 6.89 0.726 8I8]
nanoplatelets
Reduced graphene
130 - 5.57 7.58 0.735 9Pl
oxide
Graphene nanosheets 276 - 6.93 7.23 0.958 101101
Graphene - - 5.69 - - 1101
Reduced graphene
- - 4.0 5.1 0.784 121121
oxide-900
Vertically oriented
- 30 7.63 8.48 0.900 130131
graphene film
Gel-coated reduce
- 15 7.19 7.79 0.923 14041
graphene oxide
NGFs 1920 7.5 7.32 7.28 1.005 This work




Table S2 Pore structure of NGFs-10, NGFs-20 and AC

Materials Sger (M2 gh) Pore size (nm)
NGFs-10 1397 3.79
NGFs-20 1920 4.50

AC 1906 0.89




Figure S1. A SEM image of pristine Mg(OH),-derived MgO sheets.



Figure S2. A electron diffraction pattern of the NGFs.



Figure S3. Cross-section SEM image of NGFs CE on FTO substrates.
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Figure S4. Nyquist plots of the symmetrical cells based on NGFs CEs with different loading.

In this work, the CE is fabricated from a slurry by screen printing. Therefore, the thicknesses of the
catalysts can be easily controlled by varying the screen printing times. For all of the tested electrodes, the
process of the fabrication is identical. So the thicker films correspond to higher loading of catalysts. The
catalytic activity of various loading of catalyst have been measured using the impedance spectra for NGFs
symmetric cells and the corresponding curves are shown in Fig. S4. It is noted that the charge transfer
resistance (R.,) corresponding to the catalytic activity can be obviously affect by the amount of loading

nanomesh graphene.



(a)

80 o oov
—=0.7 V
—a=—0.5V

60 [ —=0.2 V
— ) V

40+

20

0 - 1 . iy A
0 20 40 60 80
Z' (Q cm?)

-=0.9V
-2=0.7V
0.5V
-__=0.2V
-0V

T42 16 20 24 28
Z' (Q cm?)

Figure SS5. (a) Nyquist plot of impedance spectra on symmetrical dummy cell with

NGFs electrodes at various applied biases. (b) An expansion of the

high frequency region. The legend in (b) is for (a) as well.



DFT calculations

Based on our DFT calculations, the geometrical and electronic structure of graphene discussed in this
work is investigated by modeling regular and defected edges. Five configurations are optimized at the
theoretical level and characterized as stable points. Among them, defected edges 1-3 may have different spin
states. They are singlet (S, without unpaired electron), triplet (T, with one pair of unpaired electrons in same
spin state) and other high spin states. Here, we discuss only computation results of the most stable isomers of
1-3, namely 1T, 2T and 3S. The triplet 1T has a configuration composed of 6-member-ring only, which
shows the shortest C-C distance 3.121 A. When the outside edge is formed from 5-member- and 7-member-
ring only, a width of the gap ranging from 3.501 to 3.503 A (2T) is calculated, very close to 3.3 A measured
in experiment (ESI, Fig. S61). On the contrary, 3S is the most stable configuration for the combination of 5-
member- and 6-member-ring, however obviously bent as show in Fig S4. Its gap width of 4.706 A
approaches extremely the experimental measurement (5 A) (ESI, Fig. S7+). Thus, it is far more likely that

these configurations 2T and 3S can describe the edge structures of graphene analyzed in experiment.
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Figure S6. Five possible conformers of graphene edge.



Figure S7. A high-angle annular dark field (HAADF) image of NGFs.
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Figure S8. (a,c)Nitrogen sorption isotherms of NGFs-10 and AC, respectively. (b,d) The pore-size
distribution of NGFs-10 and AC, respectively.
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Figure S9. Nyquist plots in the full-frequency range (a) and high-frequency region
(b) of complete DSSCs with Pt and NGFs CEs under one-sun illumination.

Equivalent circuit for fitting at the high-frequency region is given in the inset.



References

[1] S. Das, P. Sudhagar, V. Verma, D. Song, E. Ito, S. Y. Lee, Y. S. Kang, W. Choi, Adv. Funct. Mater.
2011, 21, 3729-3736.

[2] J. D. Roy-Mayhew, D. J. Bozym, C. Punckt, 1. A. Aksay, ACS Nano 2010, 4, 6203-6211.

[3] H. Wang, K. Sun, F. Tao, D. J. Stacchiola, Y. H. Hu, Angew. Chem. Int. Ed. 2013, 125, 9380-9384.

[4] D. Zhang, X. Li, H. Li, S. Chen, Z. Sun, X. Yin, S. Huang, Carbon 2011, 49, 5382-5388.

[5] A.Kaniyoor, S. Ramaprabhu, J. Appl. Phys. 2011, 109, 124308.

[6] J.S.Lee, H.J. Ahn, J. C. Yoon, J. H. Jang, Phys. Chem. Chem. Phys. 2012, 14, 7938-7943.

[71 Wei W, Sun K, Hu'Y H., J. Mater. Chem. A, 2014, 2, 16842-16846.

[8] L. Kavan, J. H. Yum, M. Gritzel, ACS Nano, 2010, 5, 165-172.

[9] Kannan A G, Zhao J, Jo S G, J. Mater. Chem. A, 2014, 2, 12232-12239.

[10] Jang S. Y., Kim Y. G., Kim D. Y., Kim H. G., Jo S. M., ACS Appl. Mater. Interfaces, 2012, 4, 3500-
3507.

[11] Choi H., Kim H., Hwang S., Han Y., Jeon M., J. Mater. Chem., 2011, 21, 7548-7551.

[12] Hou S., Cai, X., Wu H., Yu X., Peng M. Yan, K., Zou D., Energy Environ. Sci., 2013, 6, 3356-3362.

[13] Pan X., Zhu K., Ren G., Islam N., Warzywoda J., Fan Z., J. Mater. Chem. A4, 2014, 2, 12746-12753.

]
]
]
[14] Zheng H, Neo C Y, Ouyang J., ACS Appl. Mater. Interfaces, 2013, 5, 6657-6664.



