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Scheme S1: (A) Generalized structure for a multilayer film grafted from aryldiazonium salts;
1
 (B) In 

acidic conditions, electrochemical reduction of a nitrophenyl (NP) layer converts the majority of groups 

to aminophenyl (AP) groups via a 6 electron, 6 proton step (i) with some NP groups undergoing a 4 

electron, 4 proton reduction to hydroxylaminophenyl groups (ii). Hydroxylaminophenyl groups can be 

reversibly oxidized with the loss of 2 electrons and 2 protons to nitrosophenyl groups (ii). Measuring the 

charge associated with the reduction of NP groups and oxidation of hydroxylaminophenyl groups allows 

the surface concentration of NP groups to be determined. 
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Figure S1: Visible spectra of a glass microscope coverslip (red) and FLG on the coverslip (blue).  Geim 

et al. have shown that the transparency between 600 and 800 nm changes by 2.3% for each graphene 

layer.
2
 Hence the FLG used in the present work has 3-4 graphene layers.  

 

Characterization of Modified FLG by FTIR and Atomic Force Microscopy (AFM) 

FTIR spectra were collected using a Bruker Vertex 70 spectrometer operating OPUS software. Spectra 

were recorded in either transmission or attenuated total reflection (ATR) mode. Spectra were collected 

using 32 scans at 4 cm
-1

 resolution from 600 to 4000 cm
-1

 with a liquid nitrogen cooled MCT detector. 

For transmission mode spectra, the free-floating graphene (modified or unmodified), was collected onto 

a KBr disk from a water bath, dried in air for 30 minutes and at 60 
o
C for 30 minutes. The samples were 

then rinsed with methanol and dried for a further 15 minutes. A background spectrum of a bare KBr disk 

was collected prior to recording the FLG spectra.  

 

AFM (Digital Instruments Dimensions 3100) topographical measurements were done in noncontact tap-

ping mode with a silicon cantilever (Tap 300Al-G) operating at resonant frequencies of approximately 

280 kHz. Images were collected at a scan rate of 0.5 Hz with 512 samples per line. For AFM imaging, 

free-floating graphene (modified or unmodified) was collected onto a freshly cleaved HOPG substrate. 

As the FLGCP sample was modified after removal of the FLG from the copper, the CP groups were 

sandwiched between the FLG and the HOPG substrate after collection. In order to view the modified 

side of the FLGCP, the FLGCP was first collected onto a KBr disk, which was subsequently submerged 

upside down in a water bath, to release the FLGCP with the CP groups face-up, so the FLGCP could be 

collected onto the HOPG with the groups in an exposed orientation.  
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Figure S2: IR spectra of (A) FLG; (B) FLGNP; and (C) NBD precursor. Spectra A and B collected in 

transmission mode. NBD precursor spectrum collected in ATR mode and scaled 0.08. Spectra offset 

for clarity. Peak assignments:
3-7

 1519/1540 cm
-1

 NO2 asymmetric stretch, 1356/1345 cm
-1

 NO2 symmet-

ric stretch.  

 

 

Figure S3: IR spectra of (A) FLG; (B) FLGCP; and (C) CBD precursor. Spectra A and B obtained in 

transmission mode. CBD precursor spectrum collected in ATR mode and scaled 0.05. Spectra offset for 

clarity. Peak assignments:
8,9

 1713/1689 cm
-1

 C=O stretch and CCO bend, 1294/1290 cm
-1

 C-O stretch 

and COH bend.  
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Figure S4: AFM images of FLG on HOPG: (A) FLG; (B) FLGCP with CP groups sandwiched between 

FLG and HOPG; and (C) FLGCP with CP groups exposed, after flipping FLGCP using KBr disk. Scale 

bar = 2.5 m. The absence of any new features in (B) confirms the modification takes place on one side 

of the FLG sheet only. 

 

Figure S5: CV of FLG before and after EIS in 1 M HClO4. Scan rate = 200 mV s
-1

. 

14.8 nm A 
18.8 nm B 

-11.9 nm -17.9 nm 

19.2 nm C 
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Figure S6: CV of FLGAP before and after EIS in 1 M HClO4. Scan rate = 200 mV s
-1

. 

 

 

 

Figure S7: CV of FLGCP before and after EIS in 1 M HClO4. Scan rate = 200 mV s
-1

. 
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Nyquist plots of Single FLG sheets and 3-sheet stacks 

 

Figures S8 and S9 show Nyquist plots obtained at 100 mV in 1 M HClO4. For all plots, there is no sem-

icircle in the high frequency region, consistent with negligible interfacial charge transfer resistance as 

expected for purely electrical double capacitive behavior.
10-13

 In all five systems, a short line with an 

angle close to 45
o
 exists in the mid-frequency region, which is characteristic of a Warburg impedance. 

This is very short for all systems, indicating fast ion diffusion to the FLG surfaces.
10,12,14-16

 At low fre-

quencies, an almost vertical tail for each system demonstrates excellent electrical double layer capaci-

tive behavior.
10,16,17

  

 

 

Figure S8: Nyquist plots of FLG, FLGAP, and 3FLGAP, recorded at 100 mV, in 1 M HClO4. The plots 

are consistent with significantly higher solution resistance at the FLGAP electrode than at the FLG and 

3FLGAP electrodes; the origin of this phenomenon is unclear. 
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Figure S9: Nyquist plots of FLG, FLGCP, and 3FLGCP, recorded at 100 mV, in 1 M HClO4. The plots 

are consistent with significantly higher solution resistance at the FLGCP electrode than at the FLG and 

3FLGCP electrodes; the origin of this phenomenon is unclear. 

  

Figure S10: CVs in 1 M HClO4 before (blue) and after (red) 20,000 CD cycles at 10 A cm
-2

: (A) 

FLGAP and (B) 3FLGAP. Scan rate = 50 mV s
-1

. 
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