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1 Reported works on antibacterial activity using Cu or Cu-based nanoparticles

Table S1 A summary of antibacterial activity using Cu or Cu-based nanoparticles (NPs)

references Nano- fabrication method, parti- | bacterial Normal cell | remarks
particle cle size & structure strain line
Shiravand Cu NPs Green synthesis route. E.coli, S au- | normal Showed good viability but
etal, 1 Avg. particle size: 22.3 | reus, etc. human antibacterial activity at
nm peripheral low concentrations (< 100
blood cells ug/mL) is absent.
Chen et | Cu@Ag Chemical reaction | E.coli and S. | NA Shown antibacterial activ-
al.,2 method, spherical core- | aureus ity but cytotoxicity against
shell nanoparticles normal cells is absent.
Dobrucka Cu@Pt Biogenically synthesized | Various bacte- | NA Showed various degrees of
etal., by agrimoniae herba ex- | rial strain activity against bacterial
tract, particle size 30 nm strain.  cytoxicity against
normal cells is absent
Sun et al., | Carbon Hydrothermal method, | E.coli and S. | NA Showed excellent antibac-
nanosheet Cu@Cu,O particle size | aureus terial activity but at large
deco- in the range 10.5-13.5 concentrations(125-1000
rated with [ nm on 5 nm thick carbon ug/mL). Also, biocompati-
Cu@Cu,0 nanosheet bility is not evaluated.
Our work Cu@Cu,0 Pulsed laser ablation | E.coli and B. | Human Shows excellent antibacte-
(PLA) in deionized water, | pumilus embryonic rial activity against both
core-shell nanoparticle of kidney the bacterial strains at a
size: ~ 5.6 nm (HEK-293) nanoparticle concentration
as low as 5 ug/mL and
highly biocompatible upto
25 ug/mlL.

2 Quantitative measurements of antibacterial performance of Cu@Cu,O NPs

Table S2 % Inhibition and log reduction calculated at different concentration of Cu@Cu,O against E.coli and B.pumilus. All the experiments were
performed in triplicate.

NPs Concentration

% Inhibition

Log reduction

Escherichia coli Bacillus pumilus Escherichia coli Bacillus pumilus
C1: 100 ug/mL 99.97 + 0.01 99.98 £+ 0.03 3.52£0.17 3.31%
C2: 75 ug/mL 98.18 £ 0.38 99.68 + 0.09 1.75 + 0.09 2.51+£0.13
C3: 50 ug/mL 95.14 £ 0.77 99.47 + 0.17 1.32 + 0.07 2.29 £0.14
C4: 25 ug/mL 91.50 £ 1.57 96.77 + 0.42 1.08 + 0.08 1.49 £ 0.06
C5: 5 ug/mL 87.61 + 4.20 90.00 £+ 0.57 0.92 £0.14 1.00 + 0.03

*In case of Bacillus pumilus, with NPs concentration 100 pg/mL, non-zero colony count was found only once were the log reduction could be defined. Hence, error could not
be estimated for this case.

g 12



3 cell viability (at 24 hr) due to the influence of Cu@Cu,;O NPs performed on HEK-293 cell lines

Table S3 Quantitative details of cell viability and % inhibition at 24 hour

NPs Conc. Abs.(mean) Abs. (STD) % Cell Viability (mean) % Cell Viability (STD) % inhibition
5 1.1 0.2 90 15 9
25 1.02 0.05 84 4 15
50 0.6 0.1 52 11 47
75 0.24 0.06 19 4 80
150 0.026 0.004 2.2 0.4 97
* All the experiments were performed in triplicates

4 FFT analysis from TEM images

The FFT analysis is performed on the fringe patterns found in HRTEM images using imageJ software. For this, an HRTEM image (as
shown in Figure (a, e and 1)) with clear fringe pattern (see Figure (b,f and j))is chosen. FFT image is generated for a selected
area of the image with clear fringe pattern. From the FFT (see Figure[S1] (¢, g and k)), a distinct frequency component (corresponding
to the fringe), as indicated by yellow arrow, is chosen to generate a clear IFFT image. The d-spacing is measured from this high contrast

IFFT image by taking line-out across the fringe pattern.

Fig. S1 (a), (e) and (i) HRTEM images of nanoparticle. (b), (f) and (j) enlarged images with visible fringe pattern. (c), (g) and (k) FFTs of the
HRTEM images. The distinct frequency component (corresponding to the fringe), as indicated by the yellow arrow, is chosen for each image to

generate a clear IFFT image, as shown in (d), (h), and (I), respectively.
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5 The d-spacings calculated from obtained SAED pattern

Table S4 d-spacings calculated from obtained SAED pattern

ring no. d (nm) hkl

ring 1 0.243 111(Cu,0)
ring 2 0.207 111(Cu)
ring 3 0.182 002(Cu)
ring 4 0.154 022(Cu,0)
ring 5 0.131 013(Cu,0)
ring 6 0.113 123(Cu,0)

6 Structure of congo red dye molecule

The structure of the Congo red dye molecule is represented in figure below (reference taken from Sigma Aldrich,CAS Number: 573-58-
0).

=S _»5=0
0//\- + NE-,\-l-O/\\0
O Na

Fig. S2 congo red molecule structure.

7 Assignment of Raman peaks for Congo red dye®

Table S5 Raman peak assignment for congo red dye

Raman peak position Assignment

peak 1: 1593 cm™! phenyl ring

peak 2: 1452 cm ™! -N=N- stretching

peak 3: 1351 cm™! Naphthyl ring

peak 4: 1152 cm™! phenyl-N4zo stretching
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8 Previously reported work on SERS analysis of different analyte molecules using Cu or Au/Ag/Cu@Cu,0

nanoparticles

Table S6 A short summary of previously reported work on SERS analysis of different analyte molecules using Cu or Au/Ag/Cu@Cu,0 nanoparticle

ref. Nanoparticle particle size & | analyte molecule laser source/ analyte
structure concentration, EF

rawat et | Cuin ethylene gly- | 3.2-4.3 nm Methylene blue 514 and 785 nm

al.© col

Baruah et | Cu 12-13 nm karanjin seed -

al.”

Muniz- Cu - phen and bipy 514 and 785 nm

miranda et

al.®

Wang et | Cu, Cu,0, | nanodendrites 4- aminobenzenethiol 532 and 633 nm

al.? Cu@Cu,0

Chen et | Ag@Cu,O 31 nm shell thick- | 4-MBA (mercaptobenzoic | 107> M to 10~/ M

al.l10 ness acid)

Chen et | Au@Cu,0 20 nm core & | MBA (mercaptobenzoic | 633 nm(laser power: 1

al.lL 48-108 nm shell | acid) mW), 103 M

thickness

Aghdam et | Cu@Cu,0 40 nm methylene blue and crystal | 532 nm, 10> M to

al12 violet 10~7 M, EF=1.1 x 10°
and 7.5x 107 for the CV
and MB molecules

9 A comparison of XPS Cu 2p Analysis from Cu, Cu20 and Cu@Cu,O NPs prepared by different methods

in literature with our results

Table S7 A short summary of previously reported work on XPS Cu 2p Analysis from Cu, Cu20 and Cu@Cu,0

ref. Cu 2p3/2 peak po- | Cu 2pl/2 peak | O 1s peak position (eV) compound
sition (eV) position (eV)
Tahir et | 932.5 (Cu;0) and | - 530.8 Cu,0 and cu
al.l13 932.6 (Cu)
Yang et | 932.3 952.5 530 Cu@cCu,0
al.l14
Younan et | 932.5 (Cuy0O) and | — - Cu,0 and cu
al.1> 932.6/932.7 (Cu)
Mao et | 932.3 952.2 - Cu,O/Cu
al.16
Aietall” | 932.6 953.1 - Cu@Cu,0
Our work 932.5 952.5 531.2 Cu@Cu20
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