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Figure S1. (a) Schematic representation of the nanotechnological system for synthesis of 

3-D-microtube network samples from 2-D graphene/nanographite with nanoscopic wall 

thicknesses called Aerographite. (b) The temperature profile of furnace and all times and 

phases of variable carbon feeding and variable gas concentrations for synthesis of 

different types of Aerographite samples (A, B, C and D). 
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Figure S2. SEM images of Aerographite Sample set A: (a) top view of graphitic tubular tetrapod 

arms with opened and closed ends; (b) a bent tubular graphitic structure, demonstrating 

flexibility of the material; (c) a single graphitic tubular tetrapod arm with open end; (d) 

interpenetrated hollow nanographite tetrapod arms; (e-h) interpenetrated hollow nanographite 

tetrapods showing excellent connections between graphitic tubular tetrapods, as well as perfect 

replication of ZnO sacrificial template used for its synthesis.
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Figure S3. SEM images of Aerographite Sample set A tubular structures with nanoscopic 

graphitic walls of: (a-c) Aerographite from different regions of the sample from overall view to 

zoomed tetrapod arm; (d) a bent tubular graphitic structure, demonstrating flexibility of the 

material.
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Figure S4. (a) Current – voltage characteristics of the sensor device based on Aerographite 

Sample set A at room temperature and at 200 °C. Straight dotted line is drawn for guiding 

viewer’s eye only. (b) Current – voltage characteristics of the sensor devices based on 

Aerographite Sample sets A, B, C and D at room temperature.
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Figure S5. Electrical resistance of the sensor structures based on Sample sets: (a) A; (b) B; (c) C; 

and (d) D as a function of temperature (using an external heater).



7

Figure S6. (a) Long time gas response for sensor devices based on Sample sets A synthesized in 

2012 and 2016 (for comparison reasons) at different applied bias voltages: (1) 1 mV to NH3; (2) 

100 mV to NH3; (3) 1 V to CO2; and (4) 5 V to H2 gas. Gas response for sensor devices based on 

Samples set A at applied bias voltage: (b) 5 V versus concentration of H2 gas; and (c) 1 V versus 

concentration of CO2 gas. (d) Dynamic gas response to 250 ppm of H2 and CH4 gas at room 

temperature and 5 V applied bias.
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Figure S7. Calculated response and recovery times versus applied bias voltages of the Aerographite 

based sensor structures for: (a) CO2; (b) NH3; (c) H2; and (d) CH4 gases. 
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Figure S8. Dynamic gas response of interconnected graphitic tetrapods - Aerographite based sensor to 

10 000 ppm H2 gas: curve (1) at room temperature and 5 V applied bias voltage; curve (2) at 300 °C 

operating temperature and 0.1 V applied bias voltage; curve (3) at room temperature and 3 V applied bias 

voltage and curve (4) at 175 °C operating temperature and 0.1 V applied bias voltage. 
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Figure S9. SEM images of Aerographite Sample set B: (a) overall view of graphitic tubular tetrapod 

network; (b) zoomed view of graphitic tubular tetrapod network; (c) a single graphitic tubular tetrapod 

with opened and closed ends; (d) nanographite tetrapod arms. Dynamic gas response of sensor structures 

based on Sample set B at room temperature for applied bias voltage of: (e) 10 mV; (f) 100 mV; and (g) 1 

V. (h) Gas response versus applied bias voltage of Aerographite Sample set B based sensor structure.
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Figure S10. SEM images of Aerographite Sample set C: (a) overall view of graphitic tubular tetrapod 

network; (b) zoomed view of nanographite tetrapod arms. Dynamic gas response of sensor structures 

based on Sample set C at room temperature for applied bias voltage of: (c) 10 mV; (d) 100 mV; and (e) 1 

V. (h) Gas response versus applied bias voltage of Aerographite Sample set C based sensor structure.
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Figure S11. SEM images of Aerographite Sample set D: (a) overall view of graphitic tubular tetrapod 

network; (b-c) zoomed view of graphitic tubular tetrapod network; (d) a single graphitic tubular tetrapod 

with closed ends and ZnO residues inside it. Dynamic gas response of sensor structures based on Sample 

set D at room temperature for applied bias voltage: (e) 10 mV; (f) 100 mV; and (g) 1 V. (h) Gas response 

versus applied bias voltage of Aerographite Sample set D based sensor structure.
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Figure S12. Compositional images taken by EDX elemental mapping at the microstructural level 

of Aerographite Sample set B (a-d) and set D (e-h) from two different regions: (a,e) SEM image 

of the studied regions; (b,f) C; (c,g) Zn and (d,h) O, respectively. The scale bar is 10 μm for (a-d) 

and 5 μm for (e-h), respectively.
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Figure S13. Functional devices based on a single graphene/nanographite tetrapod arm called 

Aerographite tubular microstructure. SEM images of the fabricated microsize devices based on tubular 

graphitic microstructures from Sample set A connected with Pt-complex to pre-patterned Au-pads chips in 

FIB-SEM: (a,b) D1, (c,d) D2 and (e,f) D3 configurations.

All devices were made using the procedure reported by Lupan et al.1-8
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Figure S14. (a) Current – voltage characteristics of the sensor structures based on a single 

tubular graphitic microstructures at room-temperature RT.

Figure S15. Dynamic CO2 gas response at room temperature for applied bias voltage 100 mV to device 

D3 on a single tubular graphitic microstructure (microsensor). 
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Figure S16. Determination of the standard deviation of the electrical signal before exposure to 

testing gas (σ) for applied bias: (a) 1 mV, (b) 10 mV, (c) 1 V and (d) 5 V (Ro is the resistance of 

sensor structure before exposure to test gas and it is the same as Rair).
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 Table S1. Parameters of Aerographite Sample set A based sensor structures

Applied 
bias (V)

Current 
value 

Power 
consumption 
in air (mW)

Type of gas 
and conc. 

(ppm)

Gas 
response 

(%)

Operating 
temperature

Response 
Time (s)

Recovery 
time (s)

Signal to 
noise ratio 

(SNR)

0.001 ≈ 3.6 µA ≈ 3.6 nW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 0.53
0.71

-
-

RT 11
19.33

-
-

302
164

-

6.7
6.5
-
-

0.01 36 µA ≈ 360 nW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 0.57
1.05

-
-

RT 6.6
12.2

-
-

53
132

-
-

29
21
-
-

0.1 0.35 mA 35 µW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 0.72
1.21

-
-

RT 4.2
8.7
-
-

9.02
11.58

-
-

38
26
-
-

1 3.3 mA 3.3 mW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 3.83
1.78
1.58
0.87

RT 3.98
6.28
2.83
1.92

6.92
22.66
2.91
2.58

41
29
23
18

3 10.3 mA 30.9 mW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 3.09
2.38
13.22
3.51

RT 0.36
0.52
0.34
0.51

2.15
1.65
0.43
2.33

46
36
236
51

5 17.6 mA 88 mW CO2, (500)
NH3, (100)

H2, (10 000)
CH4, (10 000)

- 5.37
4.45
31.84
7.6

RT 0.27
0.72
0.25
0.43

1.56
1.72
0.35
2.1

88
50
404
164

The signal to noise ratio (SNR) was defined as , where  and σ is the /R airgas RRR 

standard deviation of the electrical signal before exposure to testing gas (see Fig. S16).9 Such 
relatively high SNR of Aerographite at applied bias voltages in range of 100 mV – 5 V was also 
reported by other authors for carbon based materials.9, 10According to the IUPAC definition, the 
signal is considered to be true if the SNR > 3,11 thus we can consider that even at 1 mV applied 
bias the signal of sensor structure is a true signal. 
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Table S2. Geometrical and electrical parameters of the devices based on a single tubular 
graphitic microstructure.

Sensor 
device

Diameter of 
tube

Length 
total

Contact 1 Contact 2 Calculated 
resistance (Ohm)

D1 ≈2.8 μm ≈ 28 μm Au pad Au pad 7531
D2 ≈ 1 μm ≈ 7.7 μm Pt/Au Au pad 22098
D3 ≈ 600 nm ≈ 6 μm Pt/Au Pt/Au 33543

More information about Aerographite materials can be found in our previous works12-14.
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