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1. Reproducibility of Raman peaks in Ag/SiO  ,/Si and G-SERS

Figure S1 shows the time dependence of Raman apentrAg/SiQ/Si and
G-SERS. The Raman spectra at Os in Figs. S1A aBd8idsame as that in Fig. 2A. G
and G’ peaks were only observed on G-SERS withoytchange in peak shape, while
the Raman peaks on Ag/SISi changes with time.

We categorized the nonreproducible peaks on Ag/&m@R5 groups as shown
in Table S1. The corresponding vibration modesefich Raman shift range are quoted
from “The Handbok of Infrared and Raman Charadierirequencies of Organic
Molecules”, written by D. Lin-Vien et al. (ACADEMI®RESS, INC.).

All peaks are considered to be due to surface cablased adsorbates from the
atmosphere through the photocarbonization (R. Cpehal. Chem. Phys. Lett. 76, 448
(1980); doi.org/10.1016/0009-2614(80)80645-2). @ Ag nanoparticles, peak shifts
and new band generation can be seen due to theaantm between the adsorbed
molecules and silver as well as the modificatiorseection rules which is caused by
alteration of the symmetry of the vibrational madéstually, a peak group of 1, 2, and
3 is often observed in SERS measurement. For iostdiichel, D. et al. reported that
sputtered silver surface which has SERS providespgbak group (Bichel, D. et al.
Appl. Phys. Lett. 79, 620 (2001); doi.org/10.106838B9513).
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Figure S1. Comparison of the time dependence ofdRaspectra of (A) Ag/SigSi and
(B) G-SERS. The spectra at Os correspond to thetrspan Fig. 2A. Ag/SiQ shows
non-reproducible peaks but G-SERS does not show pmaks, except those from
graphene. Peaks 1 and 2



Table S1: Features of nonreproducible Raman peaks Ag/SiG)/Si.
nonreproducible peaks were categorized for 5 growpgch are indicated in Fig. S1A.
The abbreviations in the Table are deformation.Jdstissoring (sci.), and stretching
(str.). The corresponding vibration modes are frrhe Handbook of Infrared and

The

Raman Characteristic Frequencies of Organic Mo&Culwritten by D. Lin-Vien et al.
(ACADEMIC PRESS, INC.).

Peak y Peak . Corresponding vibration modes
Ranges (cm™) . Intensity : .
group position in each Raman shift range
CH def., CH rock, a-CH bend, CH; def.,
. AT S ; CH, sci., Semicircle str. (aromatic), Ring
: andom sma str. (anthracenes, naphthalenes), OH
bend (alcholes), CO, str.
2 1500-1600 Random large C=C str.
Small
3 1780-1800 small C=0 str.
changes
C=C str. (acetylene gas)
4 1950-2000 Random Random
(C=C=C out of phase str.: IR)
~2100 Small C=C str., symetric C=C-C=C str.,
5 and small (Alkyl acetylenes,
changes
~2150 C=C=0 out of phase str.: IR)




2. Quality of graphene

Figure S2 shows the Raman spectra of graphengf8imith exposure time for
1 and 10 s. Raman spectrum with exposure time Gos vas used to analyze Raman
peak properties of the graphene. Table S2 shows mesitions, widths, and intensities
of D, G, and G’ peaks.

The G/D ratio, which indicates quality of grapherse; 20.4. T. J. Lyon et al.
recently reported field effect transistor (gFET)®fD graphene (Appl. Phys. Left10,
113502 (2017); dx.doi.org/10.1063/1.4978643). ThéDCgraphene possess the G/D
ratio less than 10, and its gFET devices work pregll (mobility is 2000-4000 cftVs
which is usual value in gFET fabricated by CVD drape). Thus, we would like to
insist our produced CVD graphene is of high qualitys also noted that we can grow
much high quality graphene which possesses ther&i® higher than 50 (S. Suzuki et
al., Jpn. J. of Appl. Phy52,125102 (2013); doi.org/10.7567/JJAP.52.125102).



20 um
1 graphene

Intensity (a.u.)

1250 1500 1750 2000 2250 2500 2750
Raman shift (cm™)
Figure S2. Raman spectra of grapheSiO,/Si recordecwith exposure timdor 1s (red)

and 10s (blue)inset showsan optical image of the graphene/,/Si. Lower left anc
upper right areas show graphene and, surface, respectively. The green dot at

cente in the imag is the laser spiwhere the spectra were tak

Table S2: Peak positions, widths,

and

graphene/Siu/Si with exposure time for 1(

intensitiefor

Raman spectrum

Peak position | Peak width _
Peak _1 _1 Intensity
(cm™) (cm™)
D 1342.4 37.7 16.8
G 1588.4 13.8 342.2
G' 2686.1 34.9 902.7




3. AFM images of Ag/SiO2 and GSERS before and after immersed in
hydrochloric acid

Figures S3A and S3B show AFM images of Ag/Si&hd G-SERS before
immersed in hydrochloric acid (1 x 20M) for 15 min, respectively. Figures S3C and
S3D show AFM images of Ag/Siand G-SERS after immersed in hydrochloric acid,
respectively. The deposited thickness by Ag spatiewas 6 nm for those samples.
Figures S3E and S3F compares AFM line profiles gfS40, and G-SERS before and
after immersed in hydrochloric acid, respectively.

The AFM results indicated that the surface morpgwlas changed by
hydrochloric acid for Ag/Si@but not G-SERS. The size and the density of nagd
nanoparticles were increased and decrease by inmgeis hydrochloric acid,
respectively. Li and Zhu reported that the Ag nambples have high chemical
reactivity and become AgCI by reacting with HCICalloid and Interface Scg03,415
(2006); doi.org/10.1016/}.jcis.2006.07.059). Theamtpes of the size and the density
would be due to coalescence of Ag nanoparticléeeoformation of AQCl nanoparticles
during the chemical reaction.
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Figure S3:AFM images o1(A) Ag/SiO; and(B) G-SERS AFM images of (CAg/SiC;
and (D) G-SERSafter immerse: in hydrochloric acid (1x 10* M). The deposite
thickness by Ag sputtering was 6 nm for those samjAFM line profiles of (E)
Ag/SiC; and (F) (-SERSalong thesolid lines in A-D).



4. Elemental analysis for reaction between HCland  Ag nanoparticles

We measured Ag/Sil5i samples by X-ray photoelectron spectroscopyS)XP
to determine silver chloride formation by reactmetween HCI and silver nanopatrticles.

The deposited thickness of the Ag for the sample &am. XPS spectra for
the sample was obtained before and after immeiisingCl (1 x 10* M) for 15 min.
Binding energy calibration for obtained XPS speetes performed using the position
of the Si 2p peak in Siat 103.3 eV.

Figure S4A showsepresentative XPS survey spectra of AghisDbefore and
after immersed in HCI. Silicon, Si 2p, at 103.3 aWd oxygen, Ols, at 532 eV were
observed and corresponded to the,Sibstrate. Carbon, C1s, at 285 eV was observed
and corresponded to carbonaceous impurities. SgBd5/2, at 368 eV was observed
and corresponded to the sputtered Ag nanopartiElgsire S4B shows enlarged XPS
spectra in Fig. S4A. ClI2p peak was only observethéenspectrum of Ag/SislSi after
immersed in HCI. Figure S4C shows a XPS narrow tgpec of Ag/SiQ/Si around
Cl2p after immersed in HCI. Chlorine, CI2p3/2 anl2@5/2, at 197.9 and 199.5 eV
were observed.

Table S3 shows relative atomic ratios to Si catedldrom XPS narrow spectra
of Ag/SiO,/Si before and after immersed in HCl. Amount ofbcar, oxygen, silver were
decreased and a few amount of chlorine was appégradmersing Ag/Si@Si in HCI.
The existence of chlorine ensures AgCI formationrégction between HCl and Ag
nanoparticles as reported previously by Li and ZhuColloid and Interface Sc303,
415 (2006); doi.org/10.1016/}.jcis.2006.07.059).cizase of the Ag amount by HCI
would be due to the dissolving AgCl to aqueous temihu Decrease of the carbon and
oxygen amounts indicate decrease of carbonaceopgritles on the surface, which
could be caused by reduce of the catalytic actvitisg nanoparticles by colorization.
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Figure S4: (A) Representative XPS survey spectradA@fSiO,/Si before and after
immersed in HCI (1 x THM) for 15 min. (B) Enlarged XPS spectra in A. Clgeak
was observed. (C) XPS CI2p spectrum of AgiE8Dafter immersed in HCI.

Table S3: Relative atomic ratios to Si calculatedmf XPS narrow spectra of
Ag/SiO,/Si before and after immersed in HCI. To obtainrage values of the atomic
ratios, we obtained 3 spectra for each samples.

before after
C/Si 0.80+0.01 0.47+0.02
O/Si 2.37+£0.02 2.18+0.01
Ag/Si 1.42+0.01 0.43+£0.02
Cl/Si - 0.021+0.001
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5. Detection of tertiary butyl alcohol and tertiary butyl chloride by G-SERS

Commercially available tertiary butyl alcohol (TBASnd hydrochloric acid
(HCI) were used to synthesize tertiary butyl clder(TBC). The purities of the TBA
and the HCI are more than 99% and 35-37%, resgdtifo prepare samples for
Raman, 1 ml of TBA (~ 0.01 M) and 1.2 ml of HCI (60M) were mixed and dropped
on Ag/SiQ/Si and G-SERS. Subsequently, a cover glass wasglan the sample, and
then Raman spectra were recorded as well as ferfBA.

Figure S5 shows Raman spectra of TBA and TBC onEES and SiQSi
substrate. For TBA, a Raman peak at 749.7" emas observed and corresponded to
C-C-0O (GC-0) symmetric stretching mode (P. K. Kipkemboiét Bull. Chem. Soc.
Ethiop. 17, 211 (2003); dx.doi.org/10.4314/bcse.v17i2.61689)the molecule. The
peak intensity of C-C-O stretching was 2.4 timeghbr on G-SERS than that on
SiO.J/Si. For TBC, the peak position of C-C-O was skifte 745.8 cnf, which is
corresponded to C-Cl stretching mode (D. Lin-Vierak “The Handbook of Infrared
and Raman Characteristic Frequencies of Organieslids”, Elsevier (1991).) in the
molecule. The peak intensity of C-Cl stretching Wa® times higher on G-SERS than
that on SiQ/Si. The observed enhancement factors are rebatsrehll, which would be
due to weak adsorption of TBA and TBC onto graphene

Since the peak shift from C-C-O to C-CI stretchimgs clearly observed by
G-SERS, G-SERS has potential to monitor such ch@meaction. To have practical
application for monitoring chemical reactions bySERS, its enhancement ability has
to be improved, for example, by designing the stmecof nanoparticles (W. Xie et al., J.
Am. Chem. Socl135,1657 (2013); dx.doi.org/10.1021/ja309074a).
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Figure S5: Raman spectra of tertiary butyl alcotugper) and tertiary butyl chloride
(lower) on G-SERS (red line) and SISi (black line) substrate. Intensity scales for
tertiary butyl chloride were magnified 7 times tow the shapes of these peaks.
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6. EDS analysis of Ag/SiO ,/Si for 200 °C heating in air

We measured Ag/SKI5i by EDS (Energy dispersive X-ray spectrometry)
before and after heating at 200 °C for 15 min mbait no significant changes were
observed (Table S4).

Table S4: Atomic ratios of Ag/S¥Bi in % before and after 200 °C heating in aie Th
atomic ratios were calculated from EDS spectra.

RT | 200°C
Si 50.49 | 59.07
0 30.70 [ 30.60
C 9.52| 10.03
Ag 029 0.30
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7. XPS analysis of Ag/SiO ,/Si for 200 °C heating in air

Instead of EDS, we performed X-ray photoelectroecsscopy (XPS) which
is a surface sensitive elemental analysis. Tablesl85vs relative atomic ratios of
Ag/SiO,/Si to Ag before and after 200 °C heating in ainjali are obtained from XPS
results. The oxygen signal contains that from ,SiSince the Si@ (300 nm) is
sufficiently thick, all silicon signals from the G4 layer not the bottom Si. Two times of
Si/Ag relative atomic ratio is nearly equal to tb&Ag from the SiQ. When we subtract
the two times of the Si/Ag from the O/Ag, we obtthe O/Ag except oxygen from SiO
(the bottom row in Table S5).

It was observed that the O/Ag except oxygen fro@, 8icreases after heating
at 200 °C. Since oxidation of carbon results in gjasse such as CO and £@ is the
most likely that the increase of oxygen is mainig do oxidation of Ag.

Table S5: Relative atomic ratios of Ag/SISi to Ag before and after 200 °C heating in
air. The relative atomic ratios were calculatedrfr§PS spectra. The Ag except oxygen
from SiQ;, at the bottom row is obtained by subtracting tiwges of the Si/Ag from the
O/Ag.

RT 200 °C
C/Ag 0.56+0.01 | 0.74+0.02
O/Ag 1.6610.02 | 2.69+0.05
Si/Ag 0.70+0.01 | 1.1+0.02

O/Ag except

0.261£0.02 | 0.49+0.04
oxygen from SiO,
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8. Raman Mapping of Ag/SiO ,/Si and Graphene/SiO ,/Si

Raman mapping of Ag/S¥5i and graphene/Sibi were measured here. The
Raman mappings were obtained at the same conditidhat of Fig. 2B (~2 mW, 0.1s
exposure time). It is noted that the laser powes mach higher than that in Fig. 2A (24
uW) to reduce the laser exposure duration for thppima.

Figures S6A and S6B show optical microscope iméigés and peak intensity
maps (right) at 1606 cthand G’ peak of (A) Ag/SigSi and (B) Graphene/Sii,
respectively. Figure S6C shows the average spettrg/SiO,/Si, graphene/SigSi,
and G-SERS. A thousand spectra were averaged amdhese spectra from Figs. S6A,
S6B, and Fig. 2B. Among the several intense spdotréhe average spectrum of
Ag/SiO,/Si, the most intense peak (1606 Yrwas used for the Raman mapping in Fig.
S6A.

The several intense peaks in the Ag/#88D (Fig. S6A) are due to surface
carbon-based adsorbates from the atmosphere thrtheghphotocarbonization (R.
Cooney et al. Chem. Phys. Lett. 76, 448 (1980);
doi.org/10.1016/0009-2614(80)80645-2), which wastoaed in the answer #4 (Fig.
S1A and Table S1). The optical microscope imageAgfSiO,/Si shows uniform
contrast while the intensity map shows random ihistion. The inhomogeneity spectral
broadening due to photo-induced carbonization gid#iculty for quantitative
evaluation.

From the average spectra (Fig. S6C), it is appataitthe graphene/Sii
does not have any extra peak, except G and Gtgatidg uniformity of the graphene in
crystal quality.

The average spectra of G-SERS shows broaden peaisdaD (1340 cr)
and G (1585 ci) peak positions, which is different from Fig. 2&he difference
would be due to photocarbonization with the highveolaser exposure, and residual
PMMA, and defects and strain in the graphene induze the wavy structure. The
lower laser power would suppress photocarbonizadios the residual PMMA can be
removed by oxidation process which is demonstratédg. 4A.

15



Ag/SIO,/Si C s
il A B T 1606 G
] | L 600

200 AgISIO,/Si

Intensity (counts)
IS
f=)
o

0 4 Graphene/SiQ./Si jL_

1500 1800 2100 2400 2700
Raman shift (cm'W)

Figure S6:Optical microscope images (left) apeak intensity maps (right) at 16
cm* and G’peakof (A) Ag/SiC,/Si and (B) Graphene/S,/Si, respectivel. Color bars
at the bottom of the jak intensity maps indicate corresponding colorspeak intensit
(C) Average Raman spectra of (A), (B), and Fig. 2B, g&SKC,/Si, Graphene/Si,/Si,
and GSERSrespectivel.
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9. Temperature dependence of G’ peak for G -SERS and graphene/SiO ,/Si

Figure S7 shows theemperature dependence of the G’ peak positionhie
G-SERS and the graphene/%/Si. G peaks for both samples show monotonic decr
tendency with increasing temperature. Tt peak position is sensitive to straiw.
Wan¢ et al, J. Mate. Sci. Mater. Electron 27, 3888 (2016) doi
10.1007/s108t-015-4238y, I. Calizc et al., Nano Lett.7, 2645 (2007); do
10.1021/nl07103%, T. M. G. Mohiuddir et al.,Phys. RevB 79, 205433(2009; doi:
10.1103/PhysRevB.79.2054] so that the redshift of ’ peak indicates that graphene
stretche. The C peak position in the -SERS is lower than thatn the
graphene/Siu/Si for almost all temperature. This indicates gnaphene in -SERS is
stretche by following surface structure of Ag nanoparticl8he Raman peaks
graphene in -SERS were completehdisappeare at 500 °C, which is lowel
temperatie that in graphene/S,/Si, indicating the attribution of the inherentests in
graphene which is induced by the surface strucitifg nanoparticle:
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Figure S7:Temperature dependence of the G’ ppositior for the C-SERS and th
graphene/Siy/Si. The redand blacklines are fitteclines to the experimental de

17



10. Long term protective function of graphene

To examine the long term protective function ofpgdrane, we had Raman
measurements of benzoic acid (BA) dissolved inrgpyl alcohol (IPA) at different
heating duration time in air. To give clear diffece for the long time stability in SERS,
we heated Ag/SiedSi (Ag-SERS) and G-SERS at 150 °C in air till @&its (h). Raman
spectroscopy, XPS, and AFM were used to study toeegtive function of graphene.
The deposited thickness was 2.2 nm for both Ag-SEERRE G-SERS for this
measurement. 0.1 M BA/IPA solution was prepare@5AiL drop of the BA solution
was deposited on the samples, and then a covey gks immediately placed on it for
suppressing evaporation of the solution. SubsetyyeRaman spectra of BA on
Ag-SERS and G-SERS were recorded through the aglass under same conditions
(laser wavelength 532 nm, laser power: |24, exposure time: 10s). After obtaining
Raman spectra, the samples were rinsed by puréolPAmin and then were heated at
150 °C in air. After the heating, the samples we@ed down to room temperature and
Raman spectra of BA were obtained in a same me#wodnentioned above. This
measurement was repeated till 63 h for heating.

Figure S8A shows Raman spectra of BA on Ag-SERS@GE8ERS before and
after heating at 150 °C for 63 h. Representativem&apeaks of BA at 1003 and 1602
cm’ can be identified in the spectra for both Ag-SERS8 G-SERS before heating. BA
peaks were difficult to be observed on bare f80due to the low signal at the
measurement condition. When we increased the peseer to be 12QW, BA peaks at
1002 and 1605 cthwere observed. The peak intensity of the 1002' gaak was
around 70 which can be a reference for observedrex@ment factors for Ag-SERS and
G-SERS. After the heating for 63 h, BA peaks weisagbeared in Ag-SERS but
remained in G-SERS.

Figure S8B shows the dependence of the peak ityenfSBA at ~ 1000 ci
on heating duration time. The intensity of BA on-88RS was drastically decreased in
the first 1 h, kept nearly constant until 30 h, andhpletely disappeared after 63 h. The
intensity of BA on G-SERS was fluctuated for thestfi2 h, reached maximum at 30 h,
and decreased to be nearly half of the initial ¢qsA000) but existing. The observed
enhancement factor of G-SERS after 63 h is higheam 7.

To examine the reason of the intensity changesgn38B, we have performed
XPS. An Ag-SERS sample for the XPS measurement prapared without BA
deposition to avoid contamination leading explaifrinsic effects of heating in air at
150 °C for long time. Figure S8C shows the depecel@h surface atomic ratios of the
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Ag-SERS on heating duration time at 150 °C, whieh abtained by XPS results. The
atomic ratios of O/Ag and Si/Ag were increased GlAg was decreased by heating
especially the first 1 h. The decrease of the Citfdicates that carbon contaminants
become less by heating. Since escape depth ofglhotmns is few nanometers range,
removal of very thin carbon contaminants leading iticrease of the signal from SiO
substrate surface, which is consistent with theease of the Si/Ag. Thus O/Ag
includes the oxygen signal from SiOrhe green plots in Fig. S8C were obtained by
subtracting 2 times of the Si/Ag, which gives O/fgdio without oxygen from Si©
The O/Ag was increased by factor of ~1.5 in 1 h glight increased (1.06 times) after
that. The O/Ag signal also contain signals formboarcontaminates but it would be not
likely happen since the total carbon amount becgnss. Therefore, the increase of
the O/Ag is due to oxidation of Ag by heating aDI®&. The oxidation of Ag nearly
completed within 1 h, and it does not proceed ficamtly after that. Since the SERS
intensity in Ag-SERS was drastically decreasedefirst 1 h (Fig. S8B), the oxidation
of Ag would lead it. It is noted that Ag was noliyuoxidized with heating at 150 °C and
its structure may have core-shell structure of X8Q.

Since the SERS intensity changes after 1 h (Fig) $&nnot be explained by
the XPS results, we measured surface morphologh\geBERS and G-SERS by AFM.
Figures S9A-C show AFM images of Ag-SERS as depdsahd after heating at 150 °C
for 30 and 63 h. Aggregation of Ag particles waseawed after heating for 30 h (Fig.
S9B). It was observed that the aggregation procgexttually by belonging the heating
duration time (Fig. S9C). After the heating for B3density and number of isolated
particles were decreased and increased than 3filicating decrease of hot spots for
SERS. The decrease of hot spots by thermal aggragabuld be the reason why the
decrease of SERS intensity from 1 to 63 h.

Figures S9D and S9E show AFM images of G-SERS a#ating 150 °C for
30 and 63 hours, respectively. It was observedphédicle structures of Ag exist after
heating for both. The particle size was increasenhf30 to 63 h, indicating aggregation
of the particles by heating. Comparing the G-SERS§. (S9E) and the Ag-SERS (Fig.
S9C) after 63 h, the G-SERS has higher density astigles. This indicates that
graphene layer prevents aggregation of Ag partibdeslong time heating at mild
temperature (150 °C). Thus, the higher SERS intieasaf G-SERS than Ag-SERS after
heating were provided by graphene which suppresggiegation and oxidation [A. S.
Kousalya et al., Corrosion Scien68, 5 (2013); doi.org/10.1016/j.corsci.2012.12.014]
of Ag particles. The very high intense SERS afteatimg for 30 h (Fig. S8B) would be
because particle size and spatial arrangement oficlea for hot spots were
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unintentionally optimized for SERS with 532 rexcitatior laser by aggregation. Tr
result indicates SERS intensity can be increaseadiliyheating (15CC) in air
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Figure S8: (A) Raman spectrabenzoic aci (0.1 M in IPA’ on Ag-SERS (black’ and
G-SERS (red) before and after heating at 1°C for 63hours.Raman spectrum ¢
benzoic aci on SiC)/Si (blue) was shown as a reference for the Ramaak
enhancementsyB) Dependence of thRamanpeakintensity of benzoic aci at 1000
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11. Spatial distribution of Raman intensities of G- SERS and Ag-SERS at
high temperatures.

The spatial distribution of SERS intensity in Adg%iSi (Ag-SERS) and
G-SERS at high temperature has been discusses isetttion.

Ag nanoparticles for the Ag-SERS and G-SERS weepared by sputtering
with deposited thickness of 2.2 nm. 0.1 M BA/IPAsmdropped and dried onto the
Ag-SERS and the G-SERS. Raman mapping for 30 pn3@rea with a um step were
obtained at RT, 100 °C, 120 °C, and 140 °C irTaiee laser wave length, the laser power,
and the exposure time were 532 nm, 2 mW, and Qdspectively. All mappings were
recorded within 10 min to avoid aggregation of Aagtjzles by long time heating which
is mentioned in the previous answer.

Figures S10A and S10B show average Raman spectrAage8ERS and
G-SERS at different temperature, respectively. Hwerage Raman spectra were
obtained by averaging all spectra (961 spectréienrRaman mappings. While the peak
shapes and intensities in the spectra of G-SER® wet changed significantly by
temperatures, the peak intensities in the spettPy<5ERS were wholly decreased by
increasing temperatures. As discussed in the puevamswer, 1 hour heating at 150 °C
in air oxidizes Ag particles resulting in decreadeSERS intensities. In addition,
aggregation of Ag particles was not clear by hgath 150 °C for 1 hour (Fig. S12).
Therefore, we conclude that the decrease of SE®S8 00 to 140 °C is also due to
oxidation of Ag particles.

Figure S11 shows spatial distribution of Ramannsitees of G-SERS and
Ag-SERS at different temperature. Significant peiakthe average spectra (Fig. S10A
and S10B) were used to make these Raman maps.€Etkeap 1585 cihin G-SERS
mainly consists of G peak and aromatic vibrationgmraphene and benzoic acid,
respectively, and the peak at 1600 tin Ag-SERS is mainly from benzoic acid. The
size and the step of the Raman intensity maps Gre 3um® and 1pm, respectively.
The color scales for all maps are ranged from teraverage intensity in the Raman
intensity of each peak. In the Ag-SERS, low intgnarea was increasing by increasing
temperature. The distribution change would indithée the degree of Ag oxidation was
slightly different from the spatial position, whickould be related to uniformity of
surface such as Ag particles size and impurity arhda contrast, it is difficult to find
the significant distribution change for both the [@ak and the peak at 1585 tiim
G-SERS. This result reinforces that G-SERS has je@mh stability for high
temperature.
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Figure S10:Average Raman spectra of (A)-SERS and (B) A-SERS at higt
temperatures. Benzoic acid was deposonto for both sample
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Figure S11:Spatial distributionof Raman

intensities of -SERS and A-SERS a

differeni temperature. The sizand the stejof the Raman intensity majare 30 x 30
um? and 1um, respectivel The color scales for all maps are ranged from zel
average intensity in the Ramintensity of each peal
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Figure S12: AFM images of /-SERS (A) as deposited and (B) after heating at°C
for 1 hour
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