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Figure S1: FTIR spectra of exfoliated FG and various FG-DTC samples  

 

Figure S2: a) XPS survey spectrum and b) high resolution spectrum of N1s of FG-DTC 
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Figure S3: TG plots of FG-DTC (blue line), FG (violet line) and DTC (red line) samples 

 

 

Figure S4: SEM images a) and b) of FG-DTC  
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Figure S5: Plots and photos of a, c and e) solvent contact angles of water, ethylene glycol, and 

n-hexadecane b, d and f) WCA kinetics values measurements for every 10 minutes for FG-

DTC-2, FG-DTC-3 and FG-DTC-4 samples 
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Figure S6: (A) FG+DTC mixtures prepared by (a-b) ex-situ synthesis* with WCA of 0o and 

(c-d) physically mixing 5 mg of exfoliated FG powder with 9 mg of DTC powder with WCA 

of 58±2 o and 85±1 o at different locations. (B) WCA measurements performed on FG-DTC 

samples (a) stored for 4 months (151±2o), (b) heated at 120oC for 3 hours (148±2o) and (c) 

kept under vacuum desiccator for one hour (150±1o). 

 

* Synthetic procedure 

250 mg of DTC was dissolved in 3 mL of methanol and mixed with 20 mL of exfoliated FG 

nanosheets dispersed in DMF and stirred at room temperature for 4 h followed by 

centrifugation and drying the mixture.  

 



6 
 

 

Figure S7: a) Plots showing sorption capacity of FG-DTC for oils and organic solvents and b) 

recyclability of FG-DTC samples for selected solvents. 

 

Figure S8: FTIR spectra of FG-DTC and recycled FG-DTC material after chloroform, toluene, 

pet ether and hexane sorption respectively. 
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Figure S9: (a and c) Photos of FG-DTC powder dispensed in acidic (pH=1) and basic (pH=13) 

solution under constant stirring conditions, (b and d) WCA of the recovered powder after 30 

min. 

 

Figure S10: FG-DTC powder (5 mg) dispersed in 2 mL of polar, medium and non-polar 

solvents 
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Figure S11: a) Photograph showing sugar cube, PDMS sponge and FG-DTC coated PDMS 

sponge b) FTIR spectra of PDMS sponge before and after FG-DTC coating, c-d) SEM images 

of FG-DTC-PDMS sponge and e) WCA of FG-DTC-PDMS sponge displaying a value of 140 

± 5o, bulk hydrophobicity evaluated at f-g) center and edge and h) aged (for 3 months and 

dried) FG-DTC-PDMS sponge with WCA of 144 ± 1o, 141 ± 2o and 137 ± 1o respectively 
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Figure S12: Wetting characteristics of FG-DTC-PDMS sponge with various solvents a) cyclohexane, 

b) dichloromethane, c) carbon tetrachloride d) tetrahydrofuran, e) xylene and f) hexadecane 

respectively. 

 

Figure S13: FG-DTC-PDMS sponge showing selective sorption of a) hexane, b) pet ether, c) 

toluene, d) chloroform, e) castor oil and f) crude oil respectively. 5 mL of solvent/oil spilled 

in 80 mL water.  
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Figure S14: Graph showing adsorption capacity of FG-DTC-PDMS sponge for solvents and 

oils after 10 cycles. 

 

Figure S15: FTIR spectra of FG-DTC-PDMS (red line) and deformed and solvent adsorbed 

FG-DTC-PDMS after folding (blue line), knife scratching (brown line), tape peeling (violet 

line) and rubbing with sand paper (green) respectively. Note. After 40 times of mechanical 

deformations the corresponding FTIR has been measured.  
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Figure S16: a) Microscopic images of toluene in water emulsions before and after separation 

using FG-DTC-PDMS sponge. b) FTIR spectra of FG-DTC-PDMS, and FG-DTC PDMS 

sponge recovered after separation of 35%, 50% and 65% of toluene-water emulsion. 
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Table S1: Literature reports on FG functionalization methods yielding diverse FG derivatives and 

comparison with the present work 

# Function

alization 

Key precursors Reaction Conditions  Atomic %  Mechanism Ref. 

1 Dichloro 
carbene 

Triethyl 
benzylamonium 

chloride 

(TBAC) 

Fluorographite (0.01 g), TBAC were mixed in 
water/chloroform and sonicated followed by 

the NaOH addition under stirring at 80 °C for 1 

day. 

C: 67.1, F: 
11.5, Cl: 7.6, 

O: 13.7 

Partial defluorina-
tion of FG by base 

and cyclo addition 

1 

2 Hydroge
nated FG 

Sodium 
borohydride 

FG dispersion in DMF (1 g/200 mL) was left 
for 4 days. 

FG dispersion was reacted with NaBH4 at 

room temperature for 3 days under sealed 
condition. 

C: 74, F:  
11.5, H: 9, O: 

5 

Partial defluorina-
tion occurring and 

hydride transfer via 

nucleophilic 
substitution 

2 

3 Urea Urea FG dispersion in NMP (0.1 g/20 mL) heated at 

60 oC for 2 hours, washed and freeze dried. 
FG/urea in the ratio of 1:500 was ground and 

heated at 150o C for 4 hours under nitrogen 

flow. 

C: 60.6, F: 

17.4, O: 11.9 
N:  9.9 

Functionalization by 

urea via partial 
replacement of 

fluorine atoms 

3 

4 Thio 
fluoro 

Sodium 
hydrosulfide 

FG dispersion in DMF (0.25 g/50 mL) left for 
a day. 

Sodium hydrosulphide dissolved in DMF was 

mixed with FG dispersion for 3 days at room 
temperature. 

C: 81.2, F: 
6.8 

O: 6.8, S: 4.9 

Partial substitution 
of fluorine by 

nucleophilic sulphur 

resulting in 
sulfhydryl groups. 

4 

5 Thio 

fluoro 

Potassium 

isopropyl 
xanthogenite 

(KIX) 

FG (0.3 g) dispersion and KIX solution in 

acetonitrile was sonicated for 30 min and then 
heated 70o C for half day. 

C: 64.6, F: 

20.6, S: 5.1 
O: 9.7 

Defluorination  of 

FG by base followed 
by nucleophilic 

attack 

5 

6 Octyl 

amine 

Octylamine FG dispersion in DMF (0.4 g/ 30 mL) left for 3 

days followed by addition of octylamine at 
130oC for 1 day under N2 atmosphere. 

C: 80.8, F: 

2.3,  N: 8.1 
 

Partial 

defluorination of FG 
followed by 

nucleophilic attack 

6 

7 Cyano 
 

Graphitic 

acid 

Sodium 
cyanide, Nitric 

acid 

 

G-CN: FG dispersion in DMF (0.12 g/15 mL) 
was mixed with NaCN and heated at 130oC for 

1 day under (N2 atmosphere). 

 
G-COOH: HNO3 was added to G-CN and 

heated to 100o C for 1 day under stirring. 

G-CN 

C: 78.6, N: 

14.8 O: 6.0 

F<1 

G-COOH 

C: 70.6 N: 3.4 

O: 25.8 F<1 

G-CN: Reductive 
and defluorination 

of FG followed by 

cyanide substitution. 
G-COOH: Acid 

hydrolysis of -CN to 

–COOH groups 

7 

8 Grignard 

reagent 

Pentyl (Pe), 

anisolyl (An),  

magnesium 
bromide and 

Allyl (Al) 

magnesium 
chloride 

FG dispersion in dry THF (0.030 g/ 10 mL) 

was mixed with Grignard reagent and stirred 

for 5 hours under N2 condition. 
 

Pe-FG 

C: 90.6, O: 

5.2, F: 3.7 

Al-FG 

C: 88.8, O: 

5.2, F: 5.4 

AnG 

C: 88.1, O: 

8.3, F: 3.1 

Reductive 

defluorination 

supplemented by 
nucleophilic 

substitution 

8 

9 Organo 
boric 

halide 

Thiopheneboron
ic acid (TBA), 

Pyrimidinylboro

nic acid 
(PyBA), 

Phenylboronic 

acid (PBA) 

Organic boric acid solubilized in dioxane 
followed by mixing FG (F/C=0.34) under N2 

atm. in presence of catalytic amounts of Pd salt 

stirred at 100o C for 22 hours 
 

FG-TBA 

F: 4.63. C: 

78.43, O: 

13.86, S: 1.94 

FG-PBA 

F: 4.32, C: 

85.83, O: 
8.98 

FG-PyBA 

F: 4.34, C: 

85.30, O:  

9.25, N: 1.03 

Pd catalysed cross-
coupling reaction 

between organic 

boron and organic 
halides. 

Defluorination 

followed by base 
activation of the 

boron compound 

9 

10 Aniline, 
aldehyde, 

ester 

Pararosaniline, 
(PRA), 2-

formyl-3-

methylphenoxy-
methyl)-

benzoate, 

(FMP) 

Partially defluorinated FG (PFG): FG 
dispersion in DMF (2 g/ mL) sonicated for 4 h 

under N2 atm. 

FG-PRA: PFG dispersion in DMF 
(0.030 g/20 mL) mixed with PRA and heated at 

130 °C for 3 days under N2 atmosphere. 

FG-FMP: FG-PRA dispersion in acetonitrile 
mixed with FMP under N2 conditions and was 

irradiated at λ = 320 nm for 2 hours 

FG-FMP 
C: 85 

N: 12.4 

F: 2.6 

FG-FMP 
C: 81.8 

N: 3.7 
F: 14.5 

Partially 
defluorinated 

graphene via 

thermal treatment at 
550oC Photo-

induced 

cycloaddition 
following amine 

nucleophilic 

substitution 

10 

11 Nitrogen 

doped 

Sodium amide FG dispersion in DMF (0.5 g/ 30 mL) was left 

for 2 days and then mixed with NaNH2  at 130 

°C for 1 day 
 

C: 78.8, N: 

14.5, O: 7.7 

F: 0.7 

Nucleophilic attack 

at point defects 

11 
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12 Alkynyl Phenylacetylene 

(Pha), ethynyl 
aniline (Eta), 

and 

ethynylpyrimidi
ne (Etp) 

Bis(triphenylph

osphine)palladi
um dichloride, 

CuI 

FG dispersion in dry DMF (0.031 g/ 5 mL) 

was mixed with catalytic amounts of Pd 
(0.0351g), CuI and triethylamine at room 

temperature for 3 days under nitrogen 

atmosphere 

Pha-FG 

C: 76.3, N: 
1.9, O: 10.3 

F: 11.5 

Eta-FG 

C: 76.6, N: 

7.6, O: 12.5 

F: 3.3 

Etp-FG 

C: 69.2, N: 

5.4, O: 4.7, F: 
20.7 

Sonogashira 

reaction of FG with 
terminal alkynes 

12 

13 Hydroxyl Aqueous KOH, 

Toluene 

FG dispersion in toluene (1 g/300 mL) was left 

for 1 day. 

 
Interfacial functionalization: Toluene and H2O 

under basic pH (11-14) was mixed with FG 

dispersion at (60o C for 3 days). 
 

Aqueous 

dispersion C: 

64.5, O: 21 
F: 13.3, N: 

1.2 

Toluene 
dispersion C: 

48.4, O: 3.2 

F:47.7, N:0.7 

FG functionalization 

with hydroxyl 

groups via 
nucleophilic 

substitution of F 

atoms 

13 

14 Diethyl 

amino 

Lithium 

diethylamide 

FG dispersion in DMF (1.25 g/250 mL) of and 

left for 3 days. 

DEA-FG 

C: 67.5, F: 

26.5, O: 5.7 
N: 2.1 

Partial nucleophilic 

substitution of 

nitrogen 

14 

15 Thienyl/ 

Butyl 
 

2-

Thienyllithium, 
n-butyllithium 

 

 

FG dispersion (0.062 g/10 mL) in anhydrous 

THF was mixed with organolithium reagent for 
18 hours under N2 atmosphere at room 

temperature. 

 

G-Th/Bu 

C: 89, N: 0.6 
O: 5.1, F: 2.6 

S: 2.7 

Organometallic 

reagent resulted in 
elimination of 

fluorine followed by 

nucleophilic 
substitution 

15 

16 Thiophen

ol 

Methoxy 

thiophenol 

(MTP) 
and 

dimethyl amino 

thiophenol 
(DMATP) 

FG dispersion in DMF (1 g/200 mL) left for a 

day. 

 
MTP and DMATP was added to FG dispersion 

and was stirred for 3 days at room temperature. 

 
 

MTP-FG 

C:  68.5, F:  

27.1, O:  2.5 
N:  0.9, S:  1 

DMATP-FG 

C:  64.8, F:  
30.7, O:  2.3 

N:  1.7, S:  

0.5 

Partial nucleophilic 

substitution/reductio

n of FG by the 
thiophenols through 

C-S bonding 

16 

17 Dithiocar

bamate 

CS2, 

diethylamine, 

KOH 

FG dispersion in DMF (0.2 g/50 mL) was left 

for 15 minutes. 

FG dispersion was added to the mixture of CS2 
and diethylamine under basic condition for 4 

hours at room temperature. 

C: 62.6, F: 

27.2, O: 9.7, 

N: 0.3, S: 0.3 

Partial 

defluorination by 

base followed by 
nucleophilic 

substitution of 

sulphur atoms 

Pres

ent 

wor
k 
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Table S2: Comparison showing graphene modified PDMS sponges with current work 

# Types of 

PDMS 

sorbents 

Synthetic method WCA 

(deg) 

Separation of 

Oils/Organics 

 

Absorbency 

(g/g) 

Recyclability 

(Number of 

cycles) 

Ref. 

1 RGO Reduction of GO to RGO: 
(solvothermal treatment at 180oC 

for 6 h under alkaline pH) 

 
Sugar cube template PDMS sponge 

2.5 g/L of RGO dispersed in DMF 

was injected into PDMS sponge 

126±1 DMF, vegetable 
oil, gasoline, 

toluene, THF  

Emulsion 
(Toluene-water 

1-10% 

separation 
Separation time: 

5 hours  

 
2.2-7 

7 sorption cycles 
for toluene- 

water mixture 

 
(~ 50 % 

decrease in 

sorption 
performance 

after 7 cycles ) 

 

17 

2 RGO  Ultrasound assisted in-situ 
polymerization of PDMS dissolved 

in ethyl acetate with RGO (0–40 
mg) along with salt particles (10 g)  

 

RGO loading (0, 1.5 and 3 wt%) 
 

149±1 Paraffin oil, 
chloroform, 

hexane, pet ether  

3 – 19 
(3wt % RGO 

in PDMS) 

10 sorption 
cycles for 

hexane 
 

(~ 10 % 

decrease in 
sorption 

performance 

after 10 cycles) 
 

18 

3 C3N4 Carbonization of Melem 

550oC (4 hours) to get carbon 

nitride 
 

Sugar cube template PDMS 

Injecting of C3N4 dispersion into 
PDMS followed by annealing at    

200oC for 2 hours 

132±1 Chloroform, 

hexane, diethyl 

ether, pet ether 
Emulsion 

(Toluene-water) 

separation 
Separation time: 

1 hour 

1.7 – 8.6 10 sorption 

cycles for 

hexane and 
chloroform 

 

 

19 

4 Modified 
GO 

Sugar templated PDMS cubes  
 

APTES modified PDMS sponge 

followed by dipping into GO 
dispersion subsequent covalent 

linkage with dicyclohexyl-

carbodiimide and  dimethylamino-
pyridine at 70oC for 20 hours 

 

147±1 DMF, THF, 
pump oil, 

soybean oil, 

chloroform 

3.9-14.6 10 sorption 
cycles for 

toluene 

20 

5 FGO Fluorinated graphene oxide (2.5 
wt%) incorporated PDMS with 

tetraethylorthosilicate as cross 

linker and dibutyltindilaureate as 
catalyst  

 

Spray coating of PDMS-SiO2 
composite over Al and glass 

substrates (8–10 m thick film) 

 

125-
173±1 

(23-60 

wt % 
FGO in 

PDMS) 

- - - 21 

6 Vinyloxy
-modified 

RGO 

RGO modified with 
vinyloxybenzenediazonium 

tetrafluoroborate via aryl radical 

assisted addition reaction 
Vinyloxy modified RGO with 

trimethylsilyl and hydride 

terminated PDMS (catalytic 
amount of Pt) 

Spray coating (10 L) over textile 

 

125-
150±1 

- - - 22 

7 EDC–

NHS 

modified 
GO 

 

PDMS (amino terminated) solution 

was mixed with GO, EDC, NHS 

and GA stirred at 35oC for 1 hour 
 

117-

120±1 

(0.5-1.5 
wt% of 

GO) 

Silicone oil, 

THF,  pet ether, 

chloroform and 
toluene 

5.59-19.5 30 sorption 

cycles for 

petroleum ether  

23 

8 Graphene Mould transfer–surface embedding 

method (drop coating of graphene 
dispersion onto cube sugar) 

PDMS dispersion poured onto 
graphene coated cube sugar and 

cured at 90oC followed by sugar 

removal   

130±1 Engine oil, 

pump oil, 
hexane, soybean 

oil 

4-15 15 sorption 

cycles for 
hexane and 

engine oil.  
  

24 
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(~ 35 % 

decrease after 15 
cycles) 

 

9 FG-DTC  FG functionalized with 

dithiocarbamate. Room 
temperature in-situ synthesis (4 

hours) 

 
Injecting FG-DTC dispersion onto 

PDMS  

140±5 Crude oil, castor 

oil, chloroform, 
Toluene, pet 

ether, hexane 

 
 

Emulsion 

separation 
(Toluene-water) 

35, 50 and 65 % 

toluene in water 
 

Separation time 

20 min to 5 
hours 

 4.8-12.1 20 sorption 

cycles for 
chloroform and 

10 for oils and 

organics 
 

 

(~ 1% decrease 
for chloroform 

after 20 cycles 

and ~ 10 % 
decrease after 10 

cycles for rest of 

the solvents and 
oils) 

 

Present 

work 
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