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Experimental Section 

Materials and Reagents. 

4-Methyl-4’-carboxy-2,2’-bipyridine (bpy-COOH),1 1-pyrenemethanol (pyr-OH),2 

pyrene-CH2-(OC2H4)-OH (pyr-EO1),3 pyrene-CH2-(OC2H4)2-OH (pyr-EO2),3  

pyrene-CH2-(OC2H4)3-OH (pyr-EO3),3 pyrene-CH2-(OC2H4)4-OH (pyr-EO4),3 

1-(pyren-1-yl)-2,5,8,11-tetraoxatridecan-13-ammonium bromide (pyr-NMe3
+),4 

[Ru(bpy)2(bpy-CH2OH)]Cl2,
5 [Ru(bpy)2(bpy-COOMe)]Cl2,

5 cis-[Ru(bpy)2Cl2]
5 and 

[Re(CO)5Br]6 were synthesized according to the literature methods. Graphite flakes, 

hydrazine monohydrate, 4-formylbenzoic acid, sarcosine, hydroxybenzotriazole 

(HOBt), potassium persulfate (K2S2O8), potassium permanganate (KMnO4), porcine 

liver esterase (PLE) suspension in (NH4)2SO4 (3.2 M, pH 8.0) (≥150 units/mg protein 

(biuret)) were purchased from Sigma-Aldrich. One unit of esterase will hydrolyze 1.0 

μmole of ethyl butyrate to butyric acid and ethanol per min at pH 8.0 at 25 °C. 

Scheme S1 shows the synthetic pathway for the target ligands and complexes. 
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Scheme S1. Synthetic routes for complexes 1–5. 
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Synthesis of bpy-pyr 

The ligand bpy-pyr was synthesized according to the modification of a literature 

procedure reported for esterification.7 4-Methyl-4’-carboxy-2,2’-bipyridine 

(bpy-COOH, 0.54 g, 2.5 mmol), pyr-OH (0.6 g, 2.6 mmol), EDC•HCl (0.50 g, 2.6 

mmol) and DMAP (0.32 g, 2.6 mmol) were dissolved in dry CH2Cl2 (20 mL) and 

stirred at room temperature for overnight under an inert atmosphere of nitrogen. The 

solvent was removed in vacuo, and then the residue was column chromatographed on 

silca gel with CHCl3 as the eluent to give the desired ligand as a colorless liquid. 

Yield: 0.9 g (85 %). Positive EI-MS: ion clusters at m/z 428 [M]+. 1H NMR (400 

MHz, CDCl3, 298 K, relative to Me4Si, δ / ppm): δ = 2.43 (s, 3H, CH3), 6.16 (s, 2H, 

pyrCH2O), 7.14 (d, J = 5.2 Hz, 1H, bpy), 7.86 (dd, J = 5.2, 1.2 Hz, 1H, bpy), 

8.008.26 (m, 9H, pyr + bpy), 8.41 (d, J = 9.2 Hz, 1H, pyr), 8.52 (d, J = 5.2 Hz, 1H, 

bpy), 8.77 (d, J = 5.2 Hz, 1H, bpy), 8.94 (s, 1H, bpy). IR (KBr) v/ cm1: 2936 (m, sh, 

vCH3)), 1762 (s, sh, v(C=O)), 1143 (s, sh, v(CO)). 

 

Synthesis of bpy-EO1-pyr 

The procedure was similar to that described for the synthesis of bpy-pyr, except 

pyr-EO1 (0.72 g, 2.6 mmol) was used instead of pyr-OH to give the desired ligand as 

a white solid. Yield: 944 mg (80 %). Positive EI-MS: ion clusters at m/z 472 [M]+. 1H 

NMR (400 MHz, CDCl3, 298 K, relative to Me4Si, δ / ppm): δ = 2.44 (s, 3H, CH3), 

4.01 (m, 2H, OCH2), 4.58 (m, 2H, OCH2), 5.48 (s, 2H, pyrCH2O), 

7.16 (d, J = 5.2Hz, 1H, bpy), 7.87 (d, J = 5.2 Hz, 1H, bpy), 7.998.28 (m, 9H, pyr + 

bpy), 8.42 (d, J = 9.2 Hz, 1H, pyr), 8.56 (d, J = 5.2 Hz, 1H, bpy), 8.80 (d, J = 5.2 Hz, 

1H, bpy), 8.94 (s, 1H, bpy). IR (KBr) v / cm1: 2933 (m, sh, vCH3)), 1764 (s, sh, 

v(C=O)), 1152 (s, sh, v(CO)). 
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Synthesis of bpy-EO2-pyr 

The procedure was similar to that described for the synthesis of bpy-pyr, except 

pyr-EO2 (0.83 g, 2.6 mmol) was used instead of pyr-OH to give the desired ligand as 

a white solid. Yield: 942 mg (73 %). Positive EI-MS: ion clusters at m/z 516 [M]+. 1H 

NMR (300 MHz, CDCl3, 298 K, relative to Me4Si, δ / ppm): δ = 2.46 (s, 3H, CH3), 

3.80 (s, 4H, OCH2), 3.87 (m, 2H, OCH2), 4.54 (m, 2H, OCH2), 

5.38 (s, 2H, pyrCH2O), 7.18 (d, J = 5.4 Hz, 1H, bpy), 7.87 (d, J = 5.4 Hz, 1H, bpy), 

7.978.30 (m, 9H, pyr + bpy), 8.41 (d, J = 9.2 Hz, 1H, pyr), 8.60 (d, J = 5.4 Hz, 1H, 

bpy), 8.84 (d, J = 5.4 Hz, 1H, bpy), 8.95 (s, 1H, bpy). IR (KBr) v / cm1: 2939 (m, sh, 

vCH3)), 1755 (s, sh, v(C=O)), 1142 (s, sh, v(CO)). 

 

Synthesis of bpy-EO3-pyr 

The procedure was similar to that described for the synthesis of bpy-pyr, except 

pyr-EO3 (0.95 g, 2.6 mmol) was used instead of pyr-OH to give the desired ligand as 

a white solid. Yield: 1.08 g (77 %). Positive EI-MS: ion clusters at m/z 560 [M]+. 1H 

NMR (400 MHz, CDCl3, 298 K, relative to Me4Si, δ / ppm): δ = 2.43 (s, 3H, CH3), 

3.663.79 (m, 6H, OCH2), 3.79 (m, 2H, OCH2), 3.85 (m, 2H, 

OCH2), 4.47 (m, 2H, OCH2), 5.32 (s, 2H, pyrCH2O), 7.16 (d, J = 5.6 Hz, 

1H, bpy), 7.84 (d, J = 5.6 Hz, 1H, bpy), 7.978.25 (m, 9H, pyr + bpy), 8.40 (d, J = 9.2 

Hz, 1H, pyr), 8.60 (d, J = 5.6 Hz, 1H, bpy), 8.80 (d, J = 5.6 Hz, 1H, bpy), 8.93 (s, 1H, 

bpy). IR (KBr) v / cm1: 2932 (m, sh, v(CH3)), 1747 (s, sh, v(C=O)), 1175 (m, sh, 

v(CO)). 

 

Synthesis of bpy-EO4-pyr 



S-6 

 

The procedure was similar to that described for the synthesis of bpy-pyr, except 

pyr-EO4 (1.06 g, 2.6 mmol) was used instead of pyr-OH to give the desired ligand as 

a white solid. Yield: 876 mg (58 %). Positive EI-MS: ion clusters at m/z 604 [M]+. 1H 

NMR (400 MHz, CDCl3, 298 K, relative to Me4Si, δ / ppm): δ = 2.43 (s, 3H, CH3), 

3.603.72 (m, 10H, OCH2), 3.723.77 (m, 2H, OCH2), 3.773.82 (m, 2H, 

OCH2), 4.464.51 (m, 2H, OCH2), 5.27 (s, 2H, pyrCH2O), 7.13 (d, J = 4.8 Hz, 

1H, bpy), 7.83 (d, J = 4.8 Hz, 1H, bpy), 7.978.22 (m, 9H, pyr + bpy), 8.39 (d, J = 9.2 

Hz, 1H, pyr), 8.55 (d, J = 4.8 Hz, 1H, bpy), 8.77 (d, J = 4.8 Hz, 1H, bpy), 8.90 (s, 1H, 

bpy). IR (KBr) v / cm1: 2931 (m, sh, vCH3)), 1757 (s, sh, v(C=O)), 1173 (s, sh, 

v(CO)). 

 

Synthesis of [Ru(bpy-pyr)(bpy)2]Cl2 (Complex 1) 

The complex was synthesized according to the modification of a literature procedure 

for [Ru(bpy)2(N^N)]Cl2.
8 bpy-pyr (116 mg, 0.5 mmol) was added to a solution of 

cis-[Ru(bpy)2Cl2]•2H2O (261 mg, 0.5 mmol) in absolute ethanol (50 mL). The 

mixture was then refluxed under N2 for 5 hours. The purple black solution turned red 

orange. The solvent was removed in vacuum and the residue was washed with diethyl 

ether to remove the unreacted ligands. The crude product was purified by 

recrystallization via vapor diffusion of diethyl ether into an acetonitrile solution of the 

complex to afford the desired complex as a red solid. Yield: 269 mg (59 %). Positive 

ESI-MS: ion clusters at m/z 877 [MCl]+, 421 [M2Cl]2+. 1H NMR (300 MHz, 

CD3CN, 298 K, relative to Me4Si, δ / ppm): δ = 2.52 (s, 3H, CH3), 6.2 (s, 2H, 

pyrCH2O), 7.26 (d, J = 5.4 Hz, 1H, bpy), 7.297.44 (m, 4H, bpy), 7.54 (d, J = 5.4, 

1H, bpy), 7.627.75 (m, 4H, bpy), 7.77 (d, J = 5.4 Hz, 1H, bpy), 7.87 (d, J = 5.4 Hz, 

1H, bpy), 7.978.38 (m, 13H, bpy), 8.438.59 (m, 5H, bpy + pyr), 8.90 (s, 1H, bpy). 
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IR (KBr) v/ cm1: 2936 (m, sh, vCH3)), 1763 (s, sh, v(C=O)), 1145 (s, sh, v(CO)). 

Elemental analyses calcd. (%) for C49H36Cl2N6O2RuH2O: C, 62.02; H, 4.25; N, 

8.86. Found: C, 62.22; H, 4.37; N, 8.70. 

 

 

Synthesis of [Ru(bpy-EO1-pyr)(bpy)2]Cl2 (Complex 2) 

The procedure was similar to that described for the synthesis of complex 1, except 

bpy-EO1-pyr (138 mg, 0.5 mmol) was used instead of bpy-pyr to give the desired 

complex as a red solid. Yield: 292 mg (61 %). Positive ESI-MS: ion clusters at m/z 

921 [MCl]+, 443 [M2Cl]2+. 1H NMR (300 MHz, CD3CN, 298 K, relative to Me4Si, 

δ / ppm): δ = 2.51 (s, 3H, CH3), 4.16 (m, 2H, OCH2), 4.58 (m, 2H, 

OCH2), 5.52 (s, 2H, pyrCH2O), 7.25 (d, J = 5.4 Hz, 1H, bpy), 7.277.44 (m, 4H, 

bpy), 7.53 (d, J = 5.4, 1H, bpy), 7.597.76 (m, 5H, bpy), 7.86 (d, J = 5.4 Hz, 1H, bpy), 

7.958.13 (m, 9H, pyr + bpy), 8.168.34 (m, 4H, bpy), 8.40 (d, J = 9.3 Hz, 1H, pyr), 

8.428.56 (m, 4H, bpy), 8.86 (s, 1H, bpy). IR (KBr) v / cm1: 2933 (m, sh, vCH3)), 

1765 (s, sh, v(C=O)), 1151 (s, sh, v(CO)). Elemental analyses calcd. (%) for 

C51H40Cl2N6O3RuH2OMe: C, 62.03; H, 4.60; N, 8.35. Found: C, 62.17; H, 4.62; 

N, 8.44. 

 

Synthesis of [Ru(bpy-EO2-pyr)(bpy)2]Cl2 (Complex 3) 

The procedure was similar to that described for the synthesis of complex 1, except 

bpy-EO2-pyr (160 mg, 0.5 mmol) was used instead of bpy-pyr to give the desired 

complex as a red solid. Yield: 250 mg (50 %). Positive ESI-MS: ion clusters at m/z 

965 [MCl]+, 465 [M2Cl]2+. 1H NMR (300 MHz, CD3CN, 298 K, relative to Me4Si, 

δ / ppm): δ = 2.50 (s, 3H, CH3), 3.643.71 (m, 4H, OCH2), 3.82 (m, 2H, 
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OCH2), 4.46 (m, 2H, OCH2), 5.32 (s, 2H, pyrCH2O), 7.217.43 (m, 5H, 

bpy), 7.53 (d, J = 5.2, 1H, bpy), 7.607.73 (m, 5H, bpy), 7.85 (d, J = 5.2 Hz, 1H, bpy), 

7.938.15 (m, 9H, pyr + bpy), 8.188.32 (m, 4H, bpy), 8.37 (d, J = 9.2 Hz, 1H, pyr), 

8.408.54 (m, 4H, bpy), 8.83 (s, 1H, bpy). IR (KBr) v / cm1: 2937 (m, sh, vCH3)), 

1756 (s, sh, v(C=O)), 1142 (s, sh, v(CO)). Elemental analyses calcd. (%) for 

C53H44Cl2N6O4RuH2O: C, 62.47; H, 4.55; N, 8.25. Found: C, 62.33; H, 4.70; N, 

7.97. 

 

Synthesis of [Ru(bpy-EO3-pyr)(bpy)2]Cl2 (Complex 4) 

The procedure was similar to that described for the synthesis of complex 1, except 

bpy-EO3-pyr (182 mg, 0.5 mmol) was used instead of bpy-pyr to give the desired 

complex as a red solid. Yield: 287mg (55 %). Positive ESI-MS: ion clusters at m/z 

487 [M2Cl]2+. 1H NMR (400 MHz, CD3CN, 298 K, relative to Me4Si, δ / ppm): δ = 

2.50 (s, 3H, CH3), 3.503.68 (m, 6H, OCH2), 3.69 (m, 2H, OCH2), 

3.77 (m, 2H, OCH2), 4.38 (m, 2H, OCH2), 5.16 (s, 2H, pyrCH2O), 

7.187.45 (m, 5H, bpy), 7.53 (d, J = 5.2, 1H, bpy), 7.597.70 (m, 5H, bpy), 7.85 (d, J 

= 5.2 Hz, 1H, bpy), 7.918.19 (m, 11H, pyr + bpy), 8.208.28 (m, 2H, bpy), 8.35 (d, J 

= 9.2 Hz, 1H, pyr), 8.378.53 (m, 4H, bpy), 8.80 (s, 1H, bpy). IR (KBr) v / cm1: 

2932 (m, sh, v(CH3)), 1745 (s, sh, v(C=O)), 1176 (m, sh, v(CO)). Elemental 

analyses calcd. (%) for C55H48Cl2N6O5RuMeOH: C, 61.73; H, 5.09; N, 7.58. Found: 

C, 61.91; H, 5.12; N, 7.49. 

 

Synthesis of [Ru(bpy-EO4-pyr)(bpy)2]Cl2 (Complex 5) 

The procedure was similar to that described for the synthesis of complex 1, except 

bpy-EO4-pyr (204 mg, 0.5 mmol) was used instead of bpy-pyr to give the desired 
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complex as a red solid. Yield: 234 mg (43 %). Positive ESI-MS: ion clusters at m/z 

509 [M2Cl]2+. 1H NMR (300 MHz, CD3CN, 298 K, relative to Me4Si, δ / ppm): δ = 

2.52 (s, 3H, CH3), 3.483.62 (m, 10H, OCH2), 3.69 (m, 4H, OCH2), 

4.34 (m, 2H, OCH2), 5.18 (s, 2H, pyrCH2O), 7.24 (d, J = 5.4 Hz, 1H, bpy), 

7.277.44 (m, 4H, bpy), 7.53 (d, J = 5.4, 1H, bpy), 7.587.70 (m, 5H, bpy), 7.86 (d, J 

= 5.4 Hz, 1H, bpy), 7.928.11 (m, 9H, pyr + bpy), 8.128.28 (m, 4H, bpy), 8.36 (d, J 

= 9.3 Hz, 1H, pyr), 8.408.52 (m, 4H, bpy), 8.80 (s, 1H, bpy). IR (KBr) v / cm1: 

2930 (m, sh, vCH3)), 1755 (s, sh, v(C=O)), 1171 (s, sh, v(CO)). Elemental analyses 

calcd. (%) for C57H52Cl2N6O6RuEtOH: C, 62.43; H, 5.15; N, 7.40. Found: C, 62.11; 

H, 5.30; N, 7.50. 

 

Synthesis of [Re(bpy-pyr)(CO)3(py)]OTf (Complex 6) 

The complex was synthesized according to the modification of a literature procedure 

for the related tricarbonylrhenium(I) bipyridine complexes.9 [Re(CO)5Br] (890 mg, 

2.19 mmol) and bpy-pyr (1 g, 2.4 mmol) were dissolved in toluene (30 mL) and 

refluxed under N2 for overnight. After evaporation of the solvent by reduced pressure 

and purified by column chromatography on silica gel with CHCl3-acetone (10:1 v/v) 

as the eluent, silver triflate (845 mg, 3.29 mmol) and acetnitrile (50 mL) were added. 

The mixture was refluxed overnight. After filtration and removal of solvent, the crude 

product was then mixed with pyridine (194 μL, 2.4 mmol) in THF (50 mL) and was 

heated to reflux for 4 hours. After the solvent was evaporated under reduced pressure, 

the product was purified by column chromatography on silica gel with CHCl3-MeOH 

(4:1 v/v) as the eluent. The product was recrystallized by diffusion of diethyl ether 

into an acetonitrile solution of the product to afford complex 6 as a yellow solid. Yield: 

480 mg (24 %). Positive ESI-MS: ion clusters at m/z 763.8 [MOTf]+, 684.7 
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[MOTfpy]+. 1H NMR (300 MHz, CD3CN, 298 K, relative to Me4Si, δ / ppm): δ = 

2.56 (s, 3H, CH3), 6.22 (s, 2H, pyrCH2O), 7.36 (d, J = 5.4 Hz, 1H, bpy), 7.57 (d, J 

= 6.9 Hz, 2H, py), 8.038.30 (m, 12H, pyr+bpy+py), 8.37 (d, J = 9.3 Hz, 1H, pyr), 

8.60 (s, 1H, py), 8.68 (s, 1H, bpy), 8.88 (d, J = 5.4 Hz, 1H, bpy), 9.15 (d, J = 5.4 Hz, 

1H, bpy). IR (KBr) v / cm1: 2919 (m, sh, vCH3)), 2044, 1915, 1896 (s, sh, v(C≡

O)), 1750 (s, sh, v(C=O)), 1075 (s, sh, v(CO)). Elemental analyses calcd. (%) for 

C38H25F3N3O8ReS: C, 49.24; H, 2.72; N, 4.53. Found: C, 49.35; H, 2.68; N, 4.40. 

 

 

Preparation of graphene oxide (GO) 

The graphite was first pre-oxidized according to a literature procedure reported.10 The 

preparation of GO was carried out according to the modification of Hummers 

method.11 The pre-oxidized graphite powder was put into cold concentrated sulfuric 

acid (H2SO4, 0 oC, 300 mL). Potassium permanganate (KMnO4, 35 g) was then added 

gradually and the temperature was kept to be below 20 oC. The mixture was stirred at 

35 oC for 4 hours, and then diluted with deionized water to about 2 L. Hydrogen 

peroxide (H2O2, 30%, 100 mL) was then added dropwise. The mixture was filtered 

and washed with HCl-H2O solution (2 L, 1:10 v/v) and deionized water (2 L). The 

resulting solid was dried. Finally, it was purified by dialysis for one week.  

 

Preparation of reduced graphene oxide (rGO) 

The preparation of reduced graphene oxide was carried out according to the 

modification of a literature method reported by Stankovich and coworkers.12 The GO 

dispersion (300 mL, 0.2 mg/mL) was sonicated for 1 hour, followed by the addition of 

hydrazine monohydrate (1.2 mL). The reaction mixture was allowed to stir for 24 
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hours at 50 oC. The black hydrophobic powder of reduced graphene oxide was 

obtained by filtration and was dried in vacuum. The product was well re-dispersed in 

N-methylpyrrolidone (NMP, 300 mL). 

 

Preparation of Ru(II) and Re(I) complex-GO hybrid conjugate (1-GO and 6-GO) 

via non-covalent functionalization 

The non-covalent functionalization of GO with ruthenium(II) complex 1 was carried 

out according to the modification of a literature method.13 An aqueous solution 

ruthenium(II) complex 1 (0.01 mM, 100 mL) was prepared and then added to a 

dispersion of GO (100 mL, 0.2 mg/mL). The reaction mixture was allowed to stir 

overnight at room temperature. After that, the conjugate was purified by repeated 

centrifugation-redispersion cycles (5000 rpm) and was washed with NMP for the 

removal of the unattached metal complexes. The non-covalent functionalization of 

GO with rhenium(I) complex (6-GO) was carried out with the similar procedures by 

using rhenium(I) complex 6 instead of ruthenium(II) complex 1. 

 

Preparation of Ru(II) complex-rGO hybrid conjugate (Ru-rGO) via covalent 

functionalization 

The covalent functionalization of rGO with Ru(II) complex was carried out according 

to the modification of the 1,3-dipolar cycloaddition reported by Guldi and 

coworkers.14 The NMP dispersion of rGO (11 mg, 20 mL) was re-dispersed in a 

H2O-DMF (1:1 v/v) solution of pyr-NMe3
+ (100 mL, 0.01 mM) and stirred overnight, 

followed by several centrifugation-redispersion cycles. Sarcosine (48 mg, 0.54 mmol) 

and 4-carboxybenzaldehyde (230 mg, 1.53 mmol) were then added at 170 oC and 

stirred for 7 days. Then, the conjugates were filtered and washed successively with 
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deionized water, DMF and NMP. The solid product (4 mg) was re-dispersed in DMF 

(5 mL) and sonicated for 1 hour. It was then added to a solution of 

[Ru(bpy)2(bpy-CH2OH)]Cl2 (4.1 mg, 0.006 mmol), EDC (1 mg, 0.006 mmol) and 

HOBt (1 mg, 0.01 mmol) and stirred for 4 days. The crude product was filtered and 

washed successively with deionized water, DMF and NMP.  

 

Physical Measurements and Instrumentation.  

1H NMR spectra were recorded on a Bruker DPX-300 or Bruker DPX-400 Fourier 

Transform NMR spectrometer with chemical shifts reported relative to 

tetramethylsilane, (CH3)4Si. Positive-ion ESI mass spectra were recorded on Finnigan 

LCQ mass spectrometer. FTIR spectra of complexes were obtained as KBr disk on a 

Bio-Rad FTS-7 Fourier transform infrared spectrophotometer (4000400 cm1). 

Elemental analysis of the complexes was performed on a Carlo Erba 1106 elemental 

analyzer at the Institute of Chemistry of the Chinese Academy of Sciences in Beijing. 

Electronic absorption spectra were recorded on a Varian Cary 50 UV-vis 

spectrophotometer. Steady-state excitation and emission spectra were recorded on a 

Spex Fluorolog-3 Model FL3-211 spectrofluorometer equipped with a R2658P PMT 

detector. Photophysical measurements in low-temperature glass were carried out with 

the sample solution loaded in a quartz tube inside a quartz-walled Dewar flask. Liquid 

nitrogen was placed into the Dewar flask for low temperature (77 K) photophysical 

measurements. Relative luminescence quantum yields of the ruthenium(II) complexes 

were measured by the optical dilute method reported by Demas and Crosby.15 A 

degassed methanol solution of [Ru(bpy)3]Cl2 was used as reference ( = 0.048, 

excitation wavelength at 436 nm).16 Time-resolved emission decay profiles of 

ruthenium(II) complexes and graphene samples were recorded by with a Horiba Jobin 
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Yvon FluoroCube based on a time-correlated single-photon counting method, using a 

nanoLED with peak wavelength and pulse duration equal to 371 nm and < 200 ps, 

respectively, as the excitation source. For the time-dependent spectroscopic study, 

diluted porcine liver esterase (10 uL, 0.001 units) was added to the target GO 

suspension (2.5 mL) in a cuvette with vigorous shaking and the electronic absorption 

and emission spectra were monitored within 60 minutes and the temperature of the 

sample was kept at 25 oC by using thermoelectric peltier. The scanning electron 

microscopy (SEM) images were recorded on a Hitachi S-4800N Variable Pressure 

Scanning Electron Microscope operating at 5.0 kV. The samples were prepared by 

placing a drop (5 μL) of a dilute GO suspension on the surface of a silicon wafer and 

were then dried in air at room temperature. Transmission electron microscopy (TEM) 

images, energy-dispersive X-ray (EDX) spectra and electron diffraction images were 

recorded on a Tecnai 20 (Philips) transmission electron microscope with an 

accelerating voltage of 200 kV at the Electron Microscope Unit (EMU) of The 

University of Hong Kong. The samples were prepared by placing a drop (5 μL) of a 

dilute aqueous suspension of graphene oxide conjugate without addition of buffer on 

the surface of a 300-mesh copper grid and were then dried in air at room temperature. 

The accelerating voltage was 120 kV. Thermogravimetric analysis (TGA) 

thermograms were recorded by Perkin Elmer Thermogravimetric analyzer Pyris 1 

TGA equipped with a thermal analysis controller TAC 7/DX. The sample of GO 

conjugates without the addition of buffer was dried for 3 days under reduced pressure 

at room temperature before TGA measurement. Raman spectra were recorded with a 

Raman-Fourier Transform Infra-Red Spectrometer (PE Spectrum 2000) equipped with 

laser at 1064 nm in the Department of Biology and Chemistry of the City University 

of Hong Kong. Samples were recorded from the dispersions of the GO conjugates and 
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the resulted spectra were subtracted from a sample-free solvent background. 

Topographical images and phase images of atomic force micrographs (AFM) were 

collected on an Asylem MFP3D atomic force microscope with ARC2 SPM Controller 

under constant temperature and atmospheric pressure. Samples were prepared by 

dropcasting diluted solutions onto a silicon wafer. X-Ray diffraction (XRD) 

experiments were carried out on a Rigaku X-ray diffractometer (D/max 2500 V, using 

Cu Kα1 radiation with a wavelength of 1.5 Å) at 298 K in the State Key Laboratory of 

Supramolecular Structure and Materials, Jilin University. The samples were prepared 

in a solid powder form by the drying of a concentrated dispersion. 
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Figure S1. XRD patterns of graphite, GO, rGO and Ru-rGO. 
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Figure S2. Raman spectra of GO (■), rGO (▲) and Ru-rGO (●). Intensities have 

been normalized at the G band. 
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Figure S3. TGA thermograms of graphite flake (■), GO (▼), rGO (▲), 1-GO (●) 

and Ru-rGO (■) (scan rate: heating at 10 oC min−1). 
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Figure S4. Electronic absorption spectra of GO (■), rGO (●), 1-GO (◆) and 

Ru-rGO (▲) in buffer solution at 298 K. 
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Figure S5. Time-dependent changes in electronic absorption spectra of 1-GO in 

buffer solution over 1 hour upon treatment with PLE at 25 oC. 
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Figure S6. Electronic absorption spectra of Ru-rGO in buffer solution before (■) and 

after (▲) the treatment of PLE at 25 oC. 
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Figure S7. Emission spectral changes upon the repeated addition of 5 μL of GO 

dispersion (0.2 mg/mL) into an aqueous solution of complex 1 (2 mL, 1.84 x 105 M). 
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Figure S8. Emission spectral changes upon the repeated addition of 5 μL of GO 

dispersion (0.2 mg/mL) into an aqueous solution of complex 4 (2 mL, 1.85 x 105 M). 
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Figure S9. Emission spectral changes upon the repeated addition of 5 μL of GO 

dispersion (0.2 mg/mL) into an aqueous solution of complex 5 (2 mL, 1.85 x 105 M). 
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Figure S10. Time-dependent changes in emission spectra of 6-GO in buffer solution 

over 1 hour upon treatment with PLE at 25 oC with excitation wavelength at 340 nm. 

Inset: A plot of relative emission intensity at 560 nm versus time of esterase treatment. 
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