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Raman Spectral Band Oscillations in Large Graphene Bubbles
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Raman spectra of large graphene bubbles showed size-dependent oscillations in spectral intensity and
frequency, which originate from optical standing waves formed in the vicinity of the graphene surface. At a
high laser power, local heating can lead to oscillations in the Raman frequency and also create a
temperature gradient in the bubble. Based on Raman data, the temperature distribution within the graphene
bubble was calculated, and it is shown that the heating effect of the laser is reduced when moving from the

center of a bubble to its edge. By studying graphene bubbles, both the thermal conductivity and chemical
reactivity of graphene were assessed. When exposed to hydrogen plasma, areas with bubbles are found to

be more reactive than flat graphene.

DOI: 10.1103/PhysRevLett.120.186104

The electronic and mechanical properties of graphene can
be tuned by reducing the lateral size, applying strain, or
introducing curvature [1-3]. Because of the impermeability,
exceptional flexibility, and excellent mechanical strength
of the graphene sheet, bubbles can be formed on graphene
[4-7]. Theoretical studies have shown that the radius and
height of a bubble are determined by the energy balance
between the strain energy of graphene, the potential energy
of the gas inside the bubble, and the interfacial energy of the
graphene layer with the substrate [8]. Thus, by measuring the
bubble size, intrinsic properties such as the adhesion energy
of graphene to the substrate can be determined [9], and this
method can be extended to other 2D materials [10,11].

Raman spectroscopy is a versatile tool to identify the
number of graphene layers, stacking and defect types, as
well as strain [12-15]. In graphene, both the G and 2D
bands are sensitive to strain; this strain dependence has
been used to study the properties of graphene under
uniaxial or biaxial stress [16-20]. Because of static effects
on bond lengths and nonadiabatic electron-phonon cou-
pling [21], both bands are also affected by doping, achieved
either by applying an electrical field [22,23] or by chemical
substitution [24-26]. Raman spectroscopy has also been
used to investigate the biaxial strain distribution in gra-
phene [15,16]. Thus, Raman spectroscopy of graphene
bubbles can provide valuable information on the physical
properties as well as on the chemical reactivity of graphene.

Graphene flakes were prepared by mechanical exfolia-
tion from natural graphite and transferred onto a SiO,/Si
wafer (Fig. S1) [27.28]. A schematic of the preparation
procedure is shown in Fig. 1(a). The formation of bubbles is
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due to the presence of adsorbed molecules on the polar
Si0, surface that evaporate when heated, forming graphene
bubbles [Fig. 1(a)]. Figure 1(b) shows the optical micros-
copy image of a circular graphene bubble where Newton
rings caused by optical interference are clearly seen [7].
More detailed discussions about the sample preparation are
presented in Supplemental Material [29].

Figure S2(a) shows the AFM image of a circular bubble
on the graphene surface. The radius R of this bubble is
4.7 ym, and the maximum height hp,, is 0.5 ym
[Fig. S2(b) [29]], yielding an aspect ratio of
Ao /R = 11%, which is similar to that previously mea-
sured for graphene bubbles on a Si0,/Si substrate (11%)
[7]. More AFM images of graphene bubbles are shown in
Fig. S3 [29]. Figure S2(c) shows Raman spectra measured
on a graphene flake with bubbles. The four spectra shown
in Fig. S2(c) were collected at different locations in the
sample numbered 1-4 (Fig. S4 [29]). For regions 1 (2)
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FIG. 1. (a) Schematic of a graphene bubble and trapped
molecules between the SiO, surface and graphene. (b) Optical
microscopy image of a graphene bubble (size 20 yum) on a
100 nm SiO,/Si substrate showing Newton rings.
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