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Fig.S1. Dielectric function of gold.
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Fig.S2. Electric-field distribution of graphene plasmon (GP) in Graphene at a resonance

!

frequency of 1600 cm™.
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Fig.S3. Side view of the layered structure of single-layer graphene/ airgap/ Au.
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Fig.S4. Electric-field distribution (£x) along the x-axis of nanocavity-Acoustic graphene plasmon
(n-AGP) based on different gold nanocavity widths. When the width of the gold nanocavity is 60
nm (a), 70 nm (b), 80 nm (c), and 90 nm (d), E, of nanocavity-Acoustic graphene plasmon (n-AGP).
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Fig.S5. Electric-field distribution of n-AGP and acoustic graphene plasmon (AGP). (a) Electric-
field distribution diagram of n-AGP (|Enorm|); (b) Electric-field distribution diagram of AGP (|Enorm]).

Graphene has a width of 60 nm, and there is a 10 nm air gap between graphene and gold. Enom
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Fig.S6. Normalized electric-field spectra of different graphene plasmon modes. Normalized
electric-field spectra from 5 nm below the graphene. The maximum electric field enhancement
factor (|E./E-o|) of the n-AGP is approximately 50 at a resonance frequency of 1800 cm™ (red curve).
For the GP, the maximum electric field enhancement factor |E./E-| is about 3 at a resonance
frequency of 1770 cm™ (blue curve). The maximum electric field enhancement factor |E./E.o| of the
AGP is approximately 2 at a resonance frequency of 1843 cm™ (black curve). E is the electric field

intensity when the electric dipole is directly excited.
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Fig.S7. Effect of protein molecules on the normalized electric-field spectra of different graphene
plasmon modes: (a) Normalized electric-field spectra of protein with a width of 30 nm and a height
of 10 nm, £~ is the electric field intensity when the electric dipole is directly excited; (b) comparison

of normalized electric-field spectra of different graphene plasmon modes with (solid line) and

without (dashed line) proteins.
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Fig.S8. Dispersion of AGP at at different distances (10 nm, 14 nm, 18 nm, 22 nm) between graphene
and gold.
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