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1. Influence of the natural air convection

Considering the air convection, the one-dimension heat transfer equation could be 

written as
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where H is the convective heat transfer coefficient. At a certain range of temperatures, 

H could regard as a constant. Using the boundary condition that T(-L)=T(L)=T0, we 

could obtain the temperature distribution:
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Using the Taylor’s expansion and substitute the coordinate of the middle point that x=0, 

we could finally get
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The result shows that the real thermal conductivity equals the thermal conductivity 

obtained from the vacuum minus a constant, which is determined by the natural air 

convection heat transfer coefficient, the length and the thickness of the sample. The air 

convection does not influence the behavior of the thermal conductivities we showed in 

Fig. 3. Usually, H could be estimated as 5~15 W/m2K,1, 2 L is the order of ~1 cm and h 

is the order of 100 μm. So the second term in equation (S3) is about ~10 W/mK, which 

indicates that the thermal conductivity we showed in Fig. 3 is slightly larger than the 

real thermal conductivities. 



2. Supporting figures

 

Fig. S1 Thermal diffusivities of the sample biased at different potential.

Fig. S1 shows another independent set of thermal diffusivities. The error bars 

capture the fluctuations of the time difference between two thermal waves. Within the 

potential range from -0.4 V to +0.4 V, the thermal diffusivity decrease with potential, 

while jump at +0.6 V and sudden reduce at -0.6 V. This behavior is exactly same as 

Fig. 3.

Fig. S2 Two independent group of thermal conductivities of sample at different potential. 



Fig. S2 shows the original thermal conductivities in Fig. 3. The blue curve shows 

a behavior extremely similar to thermal diffusivity, but it is not repeatable. The red 

curve first decrease within the potential range from -0.6 V to 0 V, while it jumps at +0.2 

V. Then it monotonically decreases from +0.2 V to +0.6 V. As a whole, both curves 

decrease with the potential.

Fig. S3 PANI transform diagram.3, 4

In this paper, the original state of the PANI in the CNT/PANI composite was the 

emeraldine salt, which was reduced to leucoemeraldine base by the negative bias, or 

transformed via pernigraniline salt to pernigraniline base by the positive bias.

3. Discussion about the heat capacity

The equation, k=Cpρα, associates the thermal conductivity k with thermal 

diffusivity α, where Cp is the heat capacity and ρ is the density of the material. Though 

the density could be measured, we could not obtain the heat capacity accurately. First, 

the two physical quantities are both sensitive to the temperature, but in our experiment 

they were measured at different temperatures. Second, the measurement of thermal 



conductivity was not perfect. So it is not reasonable to calculate the heat capacity 

quantitively. But it is still meaningful to analysis the heat capacity qualitatively. Within 

the potential range from -0.4 V to +0.4 V, both the thermal conductivities and the 

thermal diffusivities decrease with the potential, and the CNT/PANI composites 

constantly lose electrons, whose mass could be ignored. So the heat capacity remains a 

constant during the range. At the potential +0.6 V, the thermal conductivity reduced 

slightly, and the thermal diffusivity raised significantly. The density of the PANI 

decrease about 1% due to the loss of proton, so considering the mass of the CNTs, the 

overall density reduction will be less than 1%. The reduction of thermal conductivity 

and density could not compensate the increase of thermal diffusivity. As a result, the 

heat capacity of the CNT/PANI composites suddenly drop at +0.6 V. As for the 

potential of -0.6 V, we would conclude that the heat capacity jumped. However, as we 

have mentioned before, the reason is not clear and requires further study.
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