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S1: Depth/Thickness Characterisation of the Electrdeposited Gold

Using the electrodeposition, thicknesses ranging from fractions of a template layer to several template layers
can be obtained by adjusting the deposition time. At our experimental conditions, with the nucleation step
consisting of 3 CV scans at a scan rate of 50mVs™ and a deposition step at a fixed potential of -0.8V (vs.
SCE, where maximum deposition efficiency occurs) for 100s (reaction kinetics-controlled region followed by
a mass transport-controlled region, featuring a cathodic peak characteristic of diffusion-controlled
electroplating processes) is known to yield a final thickness of 200+30nm. [Estrine, E.C. et al. J. Electrochem.
Chem. 2014, 161, D687; Universal Metal Finishing Guidebook. Elsevier, 2013]

Based on the Faraday-Couloumb’s Law, [Randles, J.E.B. Trans. Faraday Soc. 1948, 327] the coating
thickness can be stabilized for each metal by time and, under constant circumstances with constant current
density (/), thickness rate of the coating (dX) develops related to time which is described through Equation
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Supplementary Figure S1. (a). Low-angle back-scattered top-view SEM images of non-plated (a) versus the Au replicated
(b-c) gyroid morphologies and the cross-sectional LAB-SEM profile images of gyroid and cylinder morphologies (d-f),
electrochemically filled to depths of 200-230nm, with occasional overgrowth (above the thickness of the nano-morphology)
appearing as florets of gold in several areas (b, inset) and the remaining polymer matrix was removed by exposing the material
to 254nm UV etching. (g). EDX profile analysis reveals dominant Au peaks (highlighted with arrows) and given it interaction
volume (at 5keV electron beam penetration depth is ~500nm), it also relevels occasional peaks of indium from the undelaying
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ITO glass. (h). AFM height (left hand-side) and the corresponding cross-sectional depth profiles (right-hand side) of as-plated
Au nanolayer (no BCP structure) highlighting 3 random locations on the substrate with an average heights of 203nm at set
plating conditions. The AFM height images were acquired by plating the Au layer (left hand-side of the AFM height image)
and subsequently, scalpel removal of the deposited gold, revealing bare substrate (right hand-side of the AFM height image)
and creating the ‘step-profile’ enabling the characterisation of the depth profiles.

where, M,, is the molar weight of materials, (¢) current efficiency, p density of the sheeted layer, A deposited
space, z the number of transferred electrons, and F is Faraday constant. Therefore, thickness (x) =
[1tM,,0]/[96485pAz]. Hence, at the current efficiency of 100% with the current density of 2mA/cm?2 at 0.8V vs.
SCE at our experimental conditions, the plating rate is 120nm/min. Therefore, the calculated gold plated
thickness is 200nm (for 100s). [Estrine, E.C. et al. Journal of Electrochemical Chemistry 2014, 161, D687]
and the deposited thickness can be altered from several single layers up to hundreds micrometres.

S2: Enhancement Factor Reproducibility

The reproducibility of the enhancement factor was obtained from 10 random areas for each of the four
morphologies with the corresponding confidence intervals.
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Supplementary Figure S$2. Calculation of the Enhancement Factor and Reproducibility (a-b, left) and the corresponding
narrowly distributed EF values (all around x107) for the FSG (a, right) and MCYL (b, right) morphologies. (c). Three different
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substrates at 4-7 locations, under identical experimental conditions using BT monolayer as a standard probe analyte, yielded
reproducible relative SERS intensities with variations of less than 9% in relative STDEV and less than 5.5% in terms of the
relative peak intensities. (d). SERS signal of the peaks at 1070cm-" of BT from 7 randomly selected positions on the substrates.

The limits of agreement and a range within which we expect 95% of future differences in measurements
between each two substrates to lie, are calculated by first, establishing the mean and the STDEV for 10 areas
across each substrate and subsequently, for the normally distributed data, the confidence interval limits for
the EF values were calculated according to the: mean difference -1.96xSTDEV (differences) and mean
difference + 1.96xSTDEV (differences). The EF values are narrowly distributed around the average of 8.2x107
+1.2x107,4.5x107 £ 2.3x107, 6.6x107 £ 8.9x10° and 3.5x108 + 1.3x108 for FSG (Fig. S2, a; left hand-side),
CYL, MCYL (Fig.S2, b; left hand-side) and DG, accordingly.

The enhancement factors of the FSG-SERS substrates (Fig.S2, a; right hand-side) and MCYL-SERS
substrates (Fig.S2, b; right hand-side) (n=10) show a narrow distribution with an average enhancement on
the scale of (6-9) x107 (excluding one single area). Importantly, all EFs are on the same order of magnitude
of x107 (for FSG, MCYL and CYL) and x108 (for DG) with the small variation in the pre-factor values. This
confirms high-signal reproducibility over large areas in particular, as SERS EFs are typically considered very
similar even when they show a nearly 1 order of magnitude difference [e.g., Ansar, S.M. et al. Phys. Chem.
Lett. 2012, 3, 560]. SERS spectra of benzenethiol (Fig.S2, ¢) and intensities of the peaks at 1070cm-! (Fig.S2,
d) on 7 MCYL substrates across several random locations on each, with a 785nm laser and a 10s integration
time, demonstrate reliable signal and substrate reproducibility. Repeatable SERS response was obtained
from the surfaces with relative standard deviation values of less than 8.7% in the framework of one sample
(error bars) and between the different samples (height of the bars).

$3: SERS Performance of the BCP-based Nanomorphologies Using R6G as Raman Probe
SERS performance of the four fabricated nanostructures was also evaluated with of 10uM R6G (Pjaser = 3MmW,
t=10s) on each gold nanosurface (Fig. S3, a) at excitation wavelengths of 633 (grey) and 785nm (black).
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Supplementary Figure S3. (a). Representative SERS spectra of R6G recorded from substrates excited with a 633nm (grey)
and 785 lasers (black) with typical Raman bands at 1363 and 1508cm-! of the aromatic C-C stretching. (b). Relative SERS
enhancement of the 1363cm™! peak with the highest signal enhancement obtained for the FSG with 785nm followed by MCYL.

The marked peaks correspond to the Raman lines for R6G. SERS spectra exhibit difference in intensity and
in certain enhanced Raman peaks at each excitation wavelength. While strong representative Raman bands
at 613, 776, 1313, 1363 and 1508cm™, corresponding to the C-C-C in-plane ring bending, C-H out-of-plane
bending and the aromatic C-C stretching, accordingly, are observed under excitation of both 633 and 785nm,
at the shorter laser wavelength of 633nm additional Raman bands, of 1014, 1030, 1137 and 1572cm are
also enhanced, while the 1123 cm™ (C-H in-plane bending) and 1647cm-" (aromatic C-C stretching) peaks
are further enhanced at 785nm excitation laser only. The absolute enhancement factor (EF) for all four nano-
morphologies was found to be on the order of 107 with the FSG, followed by the MCYL, outperforming all the
other nanostructures at 785nm, similarly to the case of BT (Fig. S3, b).
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