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Supplementary Tables and Figures 

Table 1 Comparison of fluid dynamic process and other previously reported solution-based 

methods in terms of exfoliation performance 

Method Solvent Time Yield Concentration ID/IG Refs. 

Shear exfoliation NMP 4 h ~3.35% ~0.07 mg/mL 0.18 [S1] 

Blender Anionic/nonionic 

surfactant 

4 h ~1% ~1 mg/mL 0.3~ [S2] 

high pressure 

homogenize 

DMF 10 min ~2.68% ~0.084 mg/mL High 

defect 

[S3] 

Bath sonication Pluronic P-123 (aq.) 5 h N/A ~1.5 mg/mL 0.1~ [S4] 

Bath sonication NMP 462 h ~4% ~1.2 mg/mL N/A [S5] 

Tip 

ultrasonication 

[Bmim][Tf2N] ~1 h N/A ~0.95 mg/mL 6~ [S6] 

Tip 

ultrasonication 

DNA (aq.) ~6 h N/A ~2.29 mg/mL 0.61~ [S7] 

Planetary mill Ammonia borane 

(NH3BH3) 

~4 h ~25% N/A 0.5~ [S8] 

Bath sonication Sodium cholate 

(aq.) 

~430 h ~2 ~0.3 mg/mL 0.4 [S9] 

Fluid-dynamics 

Process 

Terpineol/Ethanol 

with 10 wt% of EC 

1 h ~53.5% ~47.5 mg/mL 0.21 This 

work 

NMP; N-methyl-2-pyrrolidone, DMF; Dimethylformamide, DNA; deoxyribonucleic acid, 

TPU; Thermoplastic polyurethane. 
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Table 2 Comparison of fluid dynamic process for ex-Gr ink and other previously reported 

solution-based methods in terms of preparation method, process time, printing method, and 

conductivity 

Method 
Formula (solvent, 

surfactant) 
Time 

Printing 

method 

Conductivity 

[S/m] 
Refs. 

Sonication Deionized water 2 h Inkjet 8.74 × 102 

(Only RGO) 

[S10] 

Ultrasonication NMP 9 h Inkjet 100 

(Only graphene) 

[S11] 

Tip sonication NMP 7 h Inkjet 3 × 103 

(Only graphene) 

[S12] 

Ultrasonication 0.1% (w/v) EC in 

cyclohexanone 

30 

min 

Inkjet 9.24 × 103 

(EC:Gr~1.5:8.5) 

[S13] 

Electrochemical DMF 1 h Inkjet 2.5 × 103 

(Only GNPs) 

[S14] 

Ultrasonication 5 w/v% EC in 

toluene:ethanol 

20-40 

h 

Inkjet 100 

(EC:Gr~1.2:8.8) 

[S15] 

Ball milling 10 wt% PTFE in 

ethanol 

1 h Screen 13 

(PTFE:GNPs/PANI=1:9) 

[S16] 

High-shear 

mixing 

Copolymer in 

isopropanol 

1 h Screen 1.33 × 103 

(Binder:Gr~7.5:2.5) 

[S17] 

Three-roll milling 75 wt% EC in 

isopropanol 

1 h Screen 1.7 × 103 

(EC:Gr~2.3:7.7) 

[S18] 

Fluid-dynamics 

Process 

10 wt% EC in 

Terpineol/Ethanol 

2 h Screen 1.49 × 104 

(EC:Gr~1:9) 

This 

work 

NMP; N-methyl-2-pyrrolidone, EC; ethyl cellulose, DMF; N,N-dimethylformamide, PTFE; 

polytetrafluoroethylene, RGO; reduced graphene oxide, Gr; graphene, GNPs; graphene 

nanoplatelet. 

Table 3 Comparison of our thermal annealing condition and other previously reported 

annealing processes 

Materials Solvent 
Annealing Technique 

(Condition) 

Conductivity 

[S/m] 
Refs. 

Graphene DMF/terpineol Thermal 

(400℃) 

5 × 10‒6 [S15] 

Reduced 

graphene oxide 

Water, Etylene glycol Plasma 

(138℃, Ar) 

2[kΩ q-1] [S19] 

Graphene Acetone/Ethyl lactate Thermal 

(100℃) 

4 × 104 [S20] 

Graphene Water/Carboxymethyl 

cellulose sodium salt 

Thermal 

(70℃) 

4.23 × 104 [S21] 
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Graphene 2,3-

butanediol/Isopropanol 

Thermal 

(300℃) 

8.7 × 103 [S22] 

Graphene NMP/Vinyl 

acetate/Isopropanol 

Thermal 

(100℃) 

4 × 104 [S23] 

Graphene NMP/Ethyl cellulose Thermal 

(35℃) 

6.5 × 10‒10 [S24] 

Graphene Ethylene cellulose/ethanol Thermal 

(250℃) 

2.5 × 104 [S25] 

Graphene 10 wt% EC in 

Terpineol/Ethanol 

Thermal 

(225℃, Vacuum) 

1.49 × 104 This 

work 

PVP; polyvinylpyrrolidone, NMP; N-methyl-2-pyrrolidone, DMF; N,N-dimethylformamide. 

Table 4 Selectivity coefficients of various interfering ions for sodium sensor determined by 

SSM 

 

 

Fig. S1 a A photograph image and schematic of PCB. b A schematic diagram of the PCB 

system 
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Fig. S2 a AFM image and b thickness distribution of ex-Gr 

 

Fig. S3 Conductivity of ex-Gr conductor as a function of ex-Gr film thickness 

 

Fig. S4 Bending and compressing tests for evaluating resistance of printed ex-Gr conductors 

on PI film (a and b) and paper (c and d) substrates. Fatigue test for evaluating resistance of 

bending and compressing over 1,400 cycles for printed ex-Gr conductors on PI film (e) and 

paper (f) substrates 

http://springer.com/40820


Nano-Micro Letters 

 

 S5 / S9 

 

Fig. S5 SEM images of the ex-Gr conductor after a bending and b fatigue tests 

 

Fig. S6 Chronopotentiograms for electrical double-layer capacitance and potential stability of 

ISM/Graphite and ISM/ex-Gr electrodes in 0.1 M NaCl solution 

 

Fig. S7 Effect of potential stability of ISM/ex-Gr electrode at CO2, N2 and O2 gas purging in 

0.1 M NaCl solution 
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Fig. S8 Reproducibility calibration curves of Na+ sensors (n=5) 

 

Fig. S9 Response time of Na+ sensor by subsequently adding 10‒3 M NaCl into 10‒1 M NaCl 

solution and measuring the change of EMF signals 

 

Fig. S10 Calibration curve for evaluating detection limit of Na+ sensor 

 

Fig. S11 Calibration curve of Na+ sensors (n = 5) according to diluting concentration of NaCl 

solution at different annealing temperature of 60, 100, 125 and 200 ºC 
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Fig. S12 a Reusability of Na+ sensor by measuring EMF responses at 10‒1‒10‒4 M NaCl over 

10 cycles with DI water washing at each cycle. b Calibration curves of Na+ sensor obtained 

from reusability tests 

 

Fig. S13 EMF responses of Na+ sensor at different pH values of 4.50, 6.24, and 8.53 with the 

decreasing concentration of the Na+ solution from 10‒1 to 10‒4 M  
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