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Grain size distribution data for the Random Silver film:

Grain size distribution data was collected from SEM image using “image J” software program. SEM
data of Random Silver film with different mass average thickness from 3 nm to 15 nm were processed
to collect the average grain size and also to monitor grain size distribution pattern. All the results were

listed in the following slides.
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Figure S1. Grain size distribution data was collected from SEM data of random silver film with

various mass average thicknesses.

Calculation of Enhancement Factor:

The spatially-averaged enhancement factor, G, is determined by using the established
method® of comparing the 2-Naphthalenethiol (NT) SERS intensity with a thin liquid layer of

NT. G is expressed as

_ I
G= (,-ff;‘;)/ (ﬁﬁfﬁ) (1)

, Where lraman and lsggrs are the intensity values at the scattering band of interest, i.e. at 1066 cm?, in
bulk liguid Raman spectrum and SERS spectrum respectively. Ngyy is the number of NT molecules in
bulk solution contributing to the unenhanced Raman signal, while Nsgrs is the number of NT
molecules that are chemisorbed on the substrate and contributes to SERS signal. Nraman and Ngyi can

be determined using the following equations:
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Negps = Ay Ri (2)

Npyg = Aptle (3)

,where Apeam IS the area of laser beam, R is the area factor and p is the packing density of NT
molecules on the surface of substrate. H is the apparent height of the NT liquid layer emanating

Raman signal and p is the molecular density of NT solution prepared.

Substituting Eq. (2) & (3) into Eq. (1), G can be rewritten as

G = GHGIED) (4)

Table S-1 lists the values of lgaman and lsers of NT at Raman shift 1066 cm™ measured from different

substrates at normalized experimental settings with laser = 785 nm and integration time =10 s

Description Intensity values 1066cm™ (Counts)
IRaman OF 200mM NT 2800
lsers from 7nm SSCF 29132842

The p of NT was reported”® to be 4.01x10™ mol/cm? With our measurement settings, H, an
instrumental parameter, was determined to be 16 pum. The lgaman Was measured from NT solution
prepared at concentration of 100mM, and the corresponding p is 6.02x10™ molecule/cm®. Simplifying

Eq. 4, we obtain

401 1
G = () (- (5)
RAMAN

R is an intrinsic parameter of substrate defining the effective SERS-active area as described in Eq. (6).
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R = (G (6)

Apeam

, Where Sqegrs IS surface area of SERS-active sites under laser illumination, and Apean IS the area of

excitation beam. Using a 50x objective lens, the minimum beam diameter is approximately 1um.

We have calculated the R factor based on the assumption that the nanoparticles in the SSCF is of
spheroidal form. And one half of the spheroid is involved in the field enhancement. Then Sgeggrs Can

approximated as

SSERS = SSpheroid-Abeam- Egy/ Aspheroid (1)

, Where E, is the packing efficiency of spheroid which was determined to be ~0.68, Agheroia IS
projected area of a Spheroid and Sheroia IS the surface area of a spheroid segment contributing to
SERS. It can be defined as follows:

Sspheroid = 277 spheroidk )

, Where rgheroig IS the radius of a spheroid and h is the height of the spheroid,
h= 2rspheroid (9)

based on our previous assumption, k=1/2h. Hence the equation 6 can be rewritten as,

R=="Egy (10)
Hence, R is determined to be 0.34. Substituting this value into Eq. (5), we obtain
G = 1179. () (11)

RAMAN

Using the intensity values listed in Table S-1, the enhancement factors of SSCF substrates was

calculated to be

G =1.23x10’
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Stability of the substrate:

We have examined the shelf-life of 7 nm substrate. To achieve this, we first exposed these substrates
to PBS solution for a period of five consecutive days as shown below.
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Figure S2. Images and SERS spectra of ATP functionalized Ag substrate (a) after incubation in PBS for 1
day (b) after incubation in PBS for 5 days.
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