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Figure S2. (a) Band structure of graphene in the vicinity of K point with the Fermi level set to zero
energy. The blue line is the = band and the red line is the m* band. (b) Fermi velocity as a function
of the single-particle energy for the = band (blue circles) and the n* band (darker red circles) in
the k-point region.
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Figure S3. (a) Bandgap (A) as a function of the ribbon width (w). Markers represent the GNR systems
under study and the dashed lines are the fitting curve using Equation 2. The numerical values of
the bandgap are calculated using different charge carrier velocities as reported in Ref. [2]. (b) Plas-
mon frequency dispersion (w/2m) vs. wave vector (q) for 2D GNR arrays of w = 270 nm wide. The
parameters of Equation 4 have been fixed as: Npp = 1.0 X 10 cm? 6 =0, v = 1.0 X 10'3 s, and
different carrier velocities are considered.
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2. Supplementary Tables

Table S1. Computed k-points and single-particle energies using LDA-DFT for the 7 and m*
bands close to the K point. Calculated Fermi velocity by Equation 2.

k-point (nm™) E:_pana(€V) Vr (cm/s) 108 Er_pana (€V) Vr (cm/s) 108

1.536 -0.765 0.985 0.796 0.960
1.568 -0.557 0.953 0.593 0.934
1.600 -0.357 0.920 0.397 0.904
1.632 -0.163 0.879 0.206 0.874
1.664 0.022 0.842 0.022 0.836
1.696 -0.155 0.813 0.198 0.789
1.728 -0.327 0.781 0.364 0.739
1.760 -0.491 0.750 0.520 0.685
1.792 -0.649 0.718 0.664 0.632
1.824 -0.800 0.686 0.797 0.577

Table S2. Bandgap and charge carrier effective mass of GNRs with ribbon width: w =
155,270,380,480 nm. The free-electron mass is denoted as m,. The charge carrier velocity is vg =
0.829 x 10° m/s.

Ribbon width (nm) Bandgap (meV) Effective mass (m")x m,
155 22.12 2.83x1073
270 12.70 1.63x 1073
380 9.02 1.16 x 1073
480 7.14 0.91x 1073

Table S3. Bandgap and charge carrier effective mass of GNRs with ribbon width: w =
155,270, 380,480 nm. The free-electron mass is denoted as m,. The charge carrier velocity is vg =

1.0 x 10® m/s.
Ribbon width (nm) Bandgap (meV) Effective mass (m*)x my,
155 26.68 235%x 1073
270 15.32 1.35x 1073
380 10.88 0.96 x 1073
480 8.62 0.76 X 1073

Table S4. Peak position of plasmon response in 2D GNR arrays of 155, 270, 380, and 480 nm wide,
selecting three different g values (g = 100, 1000, 10,000 cm™).

Ribbon width (nm) q100 (THz) q1000 (THz) q10.000 (THz)
155 1.03 3.35 10.63
270 1.38 4.43 14.03
380 1.64 5.26 16.65
480 1.85 5.91 18.71

Table S5. Percentage increase in plasmon frequency by increasing ribbon width for three different
q values (@ = 100, 1000, 10,000 cm™).

Ribbon width
(nm) 9100 (%) 91000 (%) 910,000 (%)
150 - 270 25.36 24.38 26.16
270 - 380 15.85 15.78 15.74

380 — 480 11.35 11.00 11.01
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Table S6. Peak position of plasmon response in 2D GNR arrays of 155, 270, 380, and 480 nm wide,
for selected g values at 6 = 80.

wiss (THz) Wy7o (THz) Wsgo (THz) Wygo (THz)
q1000 0.87 1.31 1.60
q2000 1.05 1.75 2.23 2.59
q3000 1.56 2.32 2.87 3.29
44000 1.94 2.78 3.39 3.86
q5000 2.26 3.17 3.84 437
q6000 2.54 3.52 4.25 4.81
47000 2.79 3.83 4.61 5.23
q3000 3.02 4.12 4.96 5.61
49000 3.23 4.40 5.27 5.96
410,000 3.43 4.65 5.58 6.30

Table S7. Percentage increase in plasmon frequency by increasing ribbon width for three different
q values (@ = 2000, 5000, 10,000 cm™) at 6 = 80.

Ribbon width (nm) q2000 (%) qs5000 (%) q10.000 (%)
150 —» 270 39.85 28.71 26.24
270 — 380 21.52 17.45 16.67
380 — 480 13.90 12.13 11.43

Table S8. Peak position of plasmon response in 2D GNR arrays of 155, 270, 380, and 480 nm wide,

for selected q values at v = 4.0 x 103 s,

wiss (THz) Wyro (THz) Ww3go (THz) Wy,go (THz)

q100

d200 0.86
4300 1.53 2.24
G400 1.35 2.40 3.05
qs00 2.06 3.02 3.69
G600 0.69 2.58 3.54 4.23
q700 1.36 3.01 3.99 4.71
ds00 1.80 3.39 4.40 5.15
4900 2.15 3.72 4.77 5.55
d1000 2.45 4.04 5.11 5.92

Table S9. Percentage increase in plasmon frequency by increasing ribbon width for three different
q values (g = 600, 800, 1000 cm™) at v = 4.0 x 1013 571,

Ribbon width (nm) Qe00 (%) qsgoo (%) q1000 (%)
150 —» 270 73.26 46.90 39.36
270 - 380 27.12 22.95 20.94
380 — 480 16.31 14.56 13.68
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Table S10. Peak position of plasmon response in 2D GNR arrays of 155, 270, 380, and 480 nm wide,
for selected q values at N,, = 4.0 x 102 cm2

Wiss (THZ) W70 (THZ) W3go (THZ) Wysgo0 (THZ)

1000 6.72 8.87 10.53 11.83
T2000 9.51 12.55 14.89 16.73
3000 11.65 15.37 18.24 20.50
Q2000 13.45 17.75 21.05 23.67
5000 15.04 19.84 23.54 26.46
6000 16.47 21.74 25.79 28.99
7000 17.79 23.48 27.86 31.31
5000 19.02 25.10 29.78 3347
9000 20.17 26.62 31.59 35.50
10,000 21.26 28.06 33.29 37.42

Table S11. Percentage increase in plasmon frequency by increasing ribbon width for three different
q values (g = 600, 800, 1000 cm™) at N,p, = 4.0 x 102 cm=2.

Ribbon width (nm) q1000 (%) qs5000 (%) q10.000 (%)
150 —» 270 24.24 24.19 24.23
270 — 380 15.76 15.72 15.71
380 — 480 10.99 11.04 11.04
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