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Chemicals and Methods

Preparation of gold nanovoid arrays.

Glass substrates were firstly rinsed in an ultrasonic bath deionized water and ethanol, and
subsequently dried in a nitrogen gas flow. The colloidal taigswere made of monodispersed
polystyrene latex spheres (ThermoFisher Scientific) segs a 1 wt.% water solution. Before
usage, the suspensions were homogenized by successivertaigversions for 5 minutes fol-
lowed by a sonication for 30 s. All solvents and chemical®veere of reagent quality and were
used without further purification. The commercial cyaniceefgold plating solution (TSG-250)
was obtained from Transene Company, Inc. (Danvers, MA, UEA@porated gold electrodes
used as substrates were prepared by evaporating a 10-ckn@hadhesion layer, and then a 150
nm Au film onto the treated glass substrates. These goldadeatestrates were thoroughly cleaned
in ultrasonic bath with deionized water and ethanol for Q.&rd then dried under a gentle nitro-
gen gas flow. Two-dimensional colloidal monolayers of ptlyene spheres assembled on these
substrates were prepared by a self-assembly metidctrochemical deposition was performed
in a thermostatic cell at room temperature using a convealtihree-electrode configuration con-
trolled by an electro-chemical workstation (CHI-760C, CHB). The gold substrate with spheres
array was used as the working electrode in addition to a{arga platinum counter electrode and a
CHI saturated calomel reference electrode (SCE). Gold filere deposited under static potential
conditions at 0.05 V vs. SCE. By controlling the amount ofreat passed through the system in
the electrochemical deposition, gold structures shapmd tipen periodic dish arrays up to fully
encapsulated spherical cavities can be obtained. Aftetrelehemical deposition, the samples

were immersed in Tetrahydrofuran for 72 h to dissolve thggigrene spheres.

SERS of Rhodamine 6G (R6G) solution.

To investigate the detection capabilities of our SERS satest, we choose R6G as probe molecule.

As the gold nanovoid arrays exhibit roughness, the redLBBRS substrates reveal unique surface



superhydrophobicity. In our experiment, a droplet of R6kaebl (instead of water) solution with

a concentration of 1M (10 mM for the reference substrates) was dropped on the SEBSrate,
followed by the evaporation of ethanol solvent. The initialume of the injected R6G solution
is 1 uL. With the spreading of ethanol, the volume increases alsho After the solvent was
evaporated, a final spot area is measured to be a circle wadtiasrof about 1 cm. We randomly
selected 5 different probe sites around the center of thp tiravoid coffee-ring effectsand
averaged them to obtain the final result. The Raman spectflmlloR6G is taken by making a
pile of powder, flatting it and doing the spectra directly ba flattened surface, which serves as a

reference spectrum.

Optical characterization

The Raman signals displayed in Figure 5 were performed wsifigermo Scientific DXR Raman
microscope with a 50X objective focusing a 532 nm laser os#meples. The laser power was kept
at 1 mW for all measurements with an integration time of 1 sgufe 5(a) and 5 s in Figure 5(b-e).
Five spectra were collected at each point and the averag&apeere plotted. Optical reflectance
spectra under normal incident light were measured using/iS\NIR spectroscopy connected to
a microscope and angle-resolved spectra (PG Pro and R1Qjtézs Co., China) were measured

by a fiber-coupled setup.

Supplementary discussions

Graphene thickness in simulation

Graphene is a monolayer of sp2 carbon atoms with a thickriesag &.34 nm. In our numerical
simulations, we treated graphene as an effective medium avthickness of 1 nm. This value
is reasonable for CVD-grown graphene if we consider the nmbgeneities, which can lead to

a thicker graphene layer. In order to verify the impact o$ tassumption on the final results, we



performed simulations with different graphene thicknesthe structure #1, as shown in Figure S3.
We found that the simulated resonance shifts with an effeajraphene thickness of 1 nm fit
quite well with the experimental results in Figure 3(a). iBes, the simulated resonance for the
graphene-covered GNVA becomes weaker and broader too vamepaced with that for the bare

GNVA, which is as expected in agreement with the experiments

Absorption and resonances shift with multilayered graphem

Absorption and resonances shift of GNVAs covered with naygred graphene enables easy de-
tection of the graphene sheet and an unambiguous quarndtificait the number of layers in the
short-range region, which is governed by the fact that etefield for surface plasmons on a pla-
nar metal surface decays exponentially over a length sé¢adeoond 50-100 nm in the different
dielectric material$. From Eq. (1) and (2) in this Letter, we find that the opticalapsion and
resonances shift are strongly correlated with the EM fieldonder to clarify the statements in
the context, we calculated the vertical field distributiohieh is shown in Figure S4(a). From
Figure S4(a), we find that the field at the opening of the naiodecays exponentially to the free
space. However, for Zseveral nanometers (several layers of graphene), the ehafnge EM
field is neglectable, while for larger Z, the EM field decaysta |

From the context we know that the resonance in graphena@\Vv@NVAs shifts towards
longer wavelength and becomes broader with lower refleetgéinigher absorption) when com-
pared with that for the bare GNVA. In our simulations for nialtered graphene, the wavelength
shift per layer decreases exponentially when increasimgtimber of graphene layers and the total
shift saturates when approaching 10 layers of grapfehiethe same time, the resonance will s-
mear out and be undistinguishable in the end (e.g. 10 laygrsphene, as show in Figure S4(b)).
An empirical equation reported in Refs. 2 and 3 that dessrihe peak wavelength shift versus
the thickness of the refractive index change is writtedhas= mAn[1 — exp(d/Lq)], whereAn is
the difference between the refractive index of the sensiateral and the surrounding medium;

m is the refractive index sensitivityd is the thickness of graphene; ahg is the characteristic



decay length of the electromagnetic field surrounding tlsmbnic nanostructures. According
to the real part of the refractive indem,= 3, for varying layers of graphene, a curve witiAn
=67 nm and an electric field decay lengthlgf= 6 nm gives a good fit to the data as shown in
Figure S4(b). Fod < 3 nm, the exponential equation can be reduced to a lineamdneh agrees
well with our case in the Letter. Owing to strong light-graple interaction in our case, a relatively
high refractive index sensitivitynf ~ 22 nm) and broadband resonance tunabilit$Q nm) can

be achieved.

Rough gold substrate

Surface-enhanced Raman scattering (SERS) has been podvedhe of the most sensitive spec-
troscopic techniques for chemical analysis. This teche@an be easily achieved with the presence

of metallic nanoparticles, mainly gold or silver. The SER&ctmanism is partly attributed to elec-
tromagnetic field enhancement by surface plasmons of neetelhoparticles. A rough Au sub-
strate with aggregates of Au nanoparticles has been edstdyn@d on glass substrates by physical
sputtering under primary vacuuthand is used as a reference for graphene Raman measurements
in our work. The SEM picture of the rough Au substrate covew@ti a monolayer graphene is

shown in Figure S5, where the roughness smaller than 100 nroecdistinguished.
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Supplementary figures
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Figure S1: Simulated reflection spectra of the correspan@nlVAs in Fig. 1(b) at different
incident angles.
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Figure S2: Measured reflection spectra of the GNVAs #2 (&ft) #3 (right) with (the dashed line)

and without (the solid lines) monolayer graphene undeiqoiglincidence. For the sake of clarity,
each curve is shifted vertically by 0.2 unit with respectte previous one.
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Figure S3: Simulated spectra of the GNVA #1 covered by graphath different thickness.
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Figure S4: (a) The simulated vertical electrical field valaethe positions indicated by the dashed
line in the inset. Inset is the simulated field distribution the mode m2 of bare GNVAs #2. It
should be noted that the kink at the far end of the z>0 branamesdrom the interference of the
reflected evanescent wave with the incident wave. (b) Siedleesonance shift of the GNVAs
#1 covered with 0-10 layers of graphene. The inset showsdbenance peak shift versus the

corresponding graphene layers with a fitting curve by udiegeimpirical equation.

Figure S5: SEM picture of the gold rough substrate covergl &monolayer graphene. The dark
part indicates the region where a monolayer CVD-grapheadban transferred.



