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16 Table S1: Comparison of radial breathing modes and D/G band ratio for SWNT — mw rGO composite electrodes before

17 and after 20 minutes plasma treatment.

%Composition of Before Before Plasma Plasma D/G D/G

SWNT:mw rGO treatment treatment treated treated Before plasma
(W/w) distpeak (hm)  dtpeak (nm) dist peak dt peak treated

(nm) (nm)

100:0 1.149 0.969 1153 0.974 0116  0.150
95:5 1.147 0.970 1.151 0.974 0.109 0.138
90:10 1.149 0.973 1.152 0.973 0.106 0.133
85:15 1.151 0.972 1.152 0.974 0111 0.118
80:20 1.147 0.970 1.149 0.973 0.096 0.114
50:50 1.149 0.970 1.152 0.974 0.186 0.212
40:60 1.147 0.971 1.154 0.974 0.182 0.229
0:100 - - - B 1.168 1.240
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Figure S1: Raman spectroscopy of SWNT-mw rGO composite electrodes after 20 minutes plasma treatment. Laser line

used was 632.81 nm.

Before and after plasma treatment the D/G ratio of SWNT is 0.116 and 0.150 respectively indicates a high degree
of purity for the SWNTs [1, 2]. The shoulder peak (1553 ¢cm™) to the left of the G band (1591 cm™!) is most likely from the
effect of functional groups on the sp? breathing mode [1]. As the ratio of SWNT is decreased (and subsequently mw rGO is
increased) it can be seen that the D band of the composite broadens. This broadening is thought to be two D band peaks
associated with SWNT and mw rGO with the D band of the mw rGO becoming stronger as its weight ratio is increased. It
can be seen from Figure S1 that there is an extremely small difference in the D/G band ratio of the Raman spectra for the
samples prior to and after plasma treatment. This may suggest that the plasma treatment is sufficient enough to provide an
enhanced wettability of the electrode surface, but the there are no significant alteration to the materials structure [3]. It can
be seen that the 100% SWNT shows smalls bundles of SWNTs that form the film, with calculation of the SWNT bundle size
estimated in Table 1 for all composites [4]. The SWNT bundle diameters have only increased very marginally indicating a

uniform and very well formed suspension between SWNT and mw rGO has still occurred.



37
38

39

40

41

42

43

44

45

46

47

48

49

-+ 100% SWNT

a) -~ 95% SWNT- 5% mw rGO
150 90% SWNT- 10% mw rGO
e 85% SWNT- 15% mw rGO
~-- 80% SWNT- 20% mw rGO
100+ 50% SWNT- 50% mw rGO
40% SWNT- 60% mw rG:
e o
B 504 100% mw rGO 2
< -
-
g
3
-504
-100 4
: : ; ; . : )
0.2 0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V) v Ag/AgCl
b)
1501 —— 500 mV/s
200 mV/s
- 100 mV/s
1004 50 mwss
Py - 20 mV/s
@ 50
<
=
o 04
=
3
-50
100
02 00 02 04 06 08 10
Voltaae (V) v Aa/AaCl
c)
300
©
.l.'l.; 250+
3
€ 200
B 20 mV/s
g 1604
o
S 100+
O
5 504 500 mVis
[
o
)

0 T . T . T T T
100:0 95:5 90:10 85:15 80:20 50:50 40:60 0:100
% Composition SWNT : mw rGO (w/w)

Figure S2: SWNT : mw rGO composite electrode. (a) Cyclic voltammetry at 500 mV/s with varying weight ratios (b)

Cyclic voltammetry at 20 mV/s (c) Specific capacitance comparison at 20 mV/s and 500 mV/s. System is three electrode

with a Pt mesh counter (1.75 cm?), Ag/AgCl reference electrode and 1 M NaNO; / H,0 electrolyte.

The CVs observed in Figure S2a a display a highly rectangular nature indicative of electric double layer
capacitance at a scan rate 500 mV/s with the 90-10 achiving the largest current density [5]. In Figure S2b, multiple scan rate
ranges retain their rectangular nature due to fast charging / discharging over the potential range of 1.1 V [6]. The largest
observed current was clearly for the 90% SWNT- 10% mw rGO composite electrodes with the specfic capacitance
calculated at 20 mV/s and 500 mV/s compared in Figure S2c. The 100-0, 95-:5, 90-:10, 85-:15, and 80- 20 ratios (w/w)
obtained the highest specific capacitance ranging between 250 F/g and 306 F/g (mass of active material). Ratios with a
greater weight percent of mw rGO decreased in specific capacitance. The capacitance for the composites at high scan rates of

500 mV/s (Figure S2¢) was again relatively high for ratios 100-0, 95-5%, and 90%- 10 ranging between 80 F/g and 120 F/g
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respectively. Ratios 85-15, 80-20, 50- 50, 40-60, and 0-100 were all significantly lower in specfic capacitance at 500 mV/s at

approxiamtely 40 F/g.

The electroactive surface area is calculated. The 90% SWNT-10% mw rGO films had the largest surface area of

52.9 cm?. A comparison of the electroactive surface area for all the composites is shown in Table S2 below.

Table S2: Electroactive surface area comparison of the SWNT: mw rGO composite electrodes.

Composition (w/w%) Electroactive Surface Area
(cm?)
100% SWNT 43.2
95-5 44.1
90-10 52.9
85-15 34.6
80-20 30.3
50-50 25.9
40-60 25.9
100% mw rGO 25.9

In Figure S3, the Nyquist plot comparison is of the SWNT: mw rGO composite electrodes and electrodes of pure
SWNT and pure mw rGO. It can be seen that in the high to middle frequency regime, the imaginary part of the impedance
rapidly rises (near vertical behaviour) with the usually observed semi-circle nearly indistinguishable from the graph
indicating double layer capacitance and fast ion migration during charging / discharging of the electric double layer [5, 7]. In
the inset of Figure S4, the pure mw rGO electrode has the largest series resistance (Rg) of 12.1 Ohm.cm?, with R

significantly reduced when composites are made. Rs is smallest for the 90-10 film at 4 Ohm.cm?.
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Figure S3: Nyquist plot comparison. System is three electrode with a Pt mesh counter (1.75 cm?), Ag/AgCl reference

electrode and 1 M NaNO; / H,0 electrolyte. All electrodes have been plasma treated for 20 minutes prior to
electrochemical testing. SWNT : mw rGO composite electrodes with varying weight ratios on a Pt sputter coated (100 nm)

PVDF membrane.
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Contact angle measurements of the 90% SWNT-10%mw rGO composite electrodes (Figure S4a and Figure S4b) prior to

(54.5°), and after plasma treatment (<1°) indicate an enhancement in the wettability of the electrodes towards water [8].

a) b)

Figure $4: Contact angle measurements of 90% SWNT-10% mw rGO film. (a) Before plasma treatment. (b)

After plasma treatment.

In Figure S5a, the comparison of the CV curves clearly shows that the largest current (green line) is obtained for
device electrodes that have been cycled in 1 M H2SO4. A large redox peak is observable between 0.3 V and 0.55 V due to
redox behaviour associated with the interaction of functional groups of the composite material and the sulphuric acid [9, 10].
In Figure S5b, each device was compared using galvanostatic charge / discharge testing (GCD) in order to evaluate long
term cycling. It can clearly be seen that for all devices as the current is varied from 0.05 A/g to 1.0 A/g there is a decrease in
specific capacitance. The device cycled in 1 M H2SO4 has the largest specific capacitance of 80 mF/cm2 at 0.05 A/g with a
stable response of 61 mF/cm2 at 1.0 A/g. When the current was switched back to 0.05 A/g (cycle 1100-1200) the capacity
retention was 98%. The device performed significantly less with 1 M NaNO; where a rapid decrease in the performance is
observed. The sulphuric acid enhances the redox behaviour as it is thought that H+ or OH- must be involved in the

electrochemical reactions according to the strong dependence of pseudocapacitance on the H+ concentration [10].
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Figure S5: 90% SWNT-10% mw rGO supercapacitor with each electrode at a thickness of 17 micron. Devices have been
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Equations for Calculations:

Three electrode specific capacitance was calculated from CV using Equation 1 [11], where v is the scan rate in V/s, m is the

mass of the active material of the working electrode, V is the potential difference, and I is the current in A:

Sp

Device calculations for specific capacitance, energy density and power density were calculated using the following equations

mvuV
-0.2
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Where Cy, is the specific capacitance (F), Aty is the discharge time (s), V' is the potential window (V), I, is the discharge
current, and the ESR was determined from the intercept of the Nyquist plot (0.21 Ohm.cm?). k can be either the mass of
active material on one electrode; or the electrode volume excluding current collector and separator) that is taken up by the

stacked electrode configuration (cm?).

Calculations for electroactive surface area A are as follows;

d
A= ——

o€y

Where C is the capacitance (F), d is the typical distance of the electric double layer = 10 A [12], g is the permittivity of free

space 8,854 x 10712 Fm™, ¢, is the dielectric constant of water 80.1 [12].
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