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1- XPS dataS!

A Thermo Scientific Model K-Alpha x-ray photoelectron spectroscopy (XPS) instrument
(Thermo Scientific LLC, Madison, WI) using monochromatic Al Ko radiation (1486.7 ¢eV)
generated XPS data for the assessment of the silver layer formation and chemical composition for
four classes of AuNR/Ag. The spot sizes of x-ray used in this study were 200 or 400 um. The
electrons emitted from the sample surfaces were analyzed with a 128 multi-channel hemispherical
electron energy analyzer. The analyzer pass energies for survey spectra and high-resolution (narrow
scan) spectra were set to 200 eV and 50 eV, respectively. The base vacuum pressure maintained in

the analysis chamber was typically ~1x10° mBar.

Several drops of the thiolated polyethylene glycol- (HS-PEG) coated samples were dried on
glass microscope slides and mounted to the sample platen using copper clips. The food gun,
utilizing a combination of low energy electrons and argon ions, was turned on for charge
neutralization during all spectra collection, causing the vacuum in the analysis chamber to rise to
~2x10"7 mBar during the measurements. The Thermo Scientific Avantage XPS software package®
was used to collect and analyze all spectra. All spectra were charge-corrected by shifting the lowest
energy Cls peak to the value of 284.8 eV, corresponding to C—C or C—H bonds confirmed by the
pure metallic Audf;, peak at 84.0 eV. XPS peaks were fitted by mixed Gaussian/Lorentzian peaks
after Shirley-Smart background subtraction. In our XPS studies, the binding energies of Cls,
Audf;,, Ag3dsy,, Ols, Nl1s, and S2ps,, were investigated.

XPS data analysis was conducted to analyze the surface chemical compositions of (0, 1, 2, 3,
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and 4 nm) silver-coated gold nanorods. Table S1 and Figure S1 reveal that as the silver layer
thickness increased, the atomic percentage amount of the silver increased. However, increasing the
amount of silver on the outermost layer of the nanorods decreased the signal from the gold core

gradually, which confirms the formation and thickness of the silver layer.

Table S1: XPS atomic percentage of elemental chemical composition of the gold nanorod

(AuNR\Ag(0)) and four classes of silver-coated gold SERS substrates.

Silver layer thickness (nm) Ag atomic % (Ag3ds);) Au atomic % (Audfy),)
AuNR\Ag(0) 0 0.54

AuNR\Ag(1) 2.63 3.08

AuNR\Ag(2) 2.61 1.88

AuNR\Ag(3) 3.94 1

AuNR\Ag(4) 8.13 0.42
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Figure S1: Atomic percentage of silver-coated gold nanorods.
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Figure S2 and Figure S2: AuNR\Ag(0) (Ag =0 nm)
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Figure S3 and Figure S3: AuNR\Ag(1) (Ag=1nm)
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Figure S4 and Figure S4: AuNR\Ag(2) (Ag =2 nm)




Ag3d Scan

9.00E+04
8.00E+04]
7.00E+04}
6.00E+04{
5.00E+04}
4.00E+04
3.00E+04}
2.00E+04

1.00E+04™*
380

375 370 365
Binding Energy (eV)

3.00E+04

2.00E+0471

1.00E+04t

0.00E+00

Au4f Scan

98 96 94 92 90 88 86 84 82 80
Binding Energy (eV)

Figure S5 and Figure S5: AuNR\Ag(3) (Ag =3 nm)
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Figure S6 and Figure S6: AuNR\Ag(4) (Ag =4 nm)




2- Zeta Potential
Zeta potential for the following samples were conducted using ZetaView®, from Electrophoresis
and Brownian Motion Video Analysis Laser Scattering Microscopy.

Table S2: Zeta potential analysis of nanorods samples

Sample Zeta Potential (mV) Number of traced particles
AuNR-Ag(0) -44.69 552
AuNR-Ag(1) 43.55 676
AuNR-Ag(2) 40.59 661
AuNR-Ag(3) 32.28 446
AuNR-Ag(3) 45.94 418
AuNR-Ag(2)-PATP -28.76 312

Following images are the analysis report for each kind:
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Operator (Report). ZetaView
Wideo Operator: Zeta\iew

Sample Parameters

Sample Name: WAUNRx1000

WAUNR

Comment: sen 89, shutter 40, calib 325000
Electralyte: PBS, Concentration: 135.000 N
Temperature: 27.01 °C sensed

PH 7.4 entered

Condudtivity: 37.81 p3Sicm sensed

Measurement Parameters

Cell 3fN: CAQ020_0062b

Sensed Electric Field: 4 18 YWam
Measurement Mode: Statlonary 4 Cycles

Result
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Comment
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ZetaWIEW S 201, Software Zetaview 8 02 26, Camera 0.703 gm/px

Experiment: 2015-08-11 1346, Report: 2015-09-11 13:48




2) AuNR-Ag(1)
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Operator (Heport): ZetaView
Video Operator: Zeta\View

Sample Parameters

Sample Name: WAUNR-PEG

WAUNR-Ag-1

Cornment: sen 89, shutter 40, calib 325000
Electrolyte: PBS, Concentration: 135.000 N
Temperature: 26.94 °C sensed

pH 7.4 entered

Conductivity: 28.00 pSicm sensed

Measurement Parameters

Cell SIN: CAD020_00&82b

Sensed Electric Field: 3.77 YWlom
Measurement Mode: Statlonary 4 Cycles

Result

Mobility: 3 30 FWHM 1.46 ymiseciviom, @ 25° C: 318 pmisecviom
ZP Facor12.4 (Smoluchowski)

Zeta Potential @ 25 °C: 40.79 FWHM 12.34 mY/

Concentration 30.49E+6 Partides ! mL

GQuallty
Mumber of Traced Partides: 676
ASLI11.74 mV
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Max Size: 702, Min Size: 20, Min Brightness: 30
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ZetaVIEW SN 201, Software Zefa'view 8.02.28, Camera 0.703 gm/px

Experiment; 2015-09-11 14.26, Report: 2015-08-11 14.28




3) AuNR-Ag(2)
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Operator (Heport): ZetaView
Video Operator: Zeta\iew

sample Parameters Result

Sample Mame: WAUNR-PEG Mobility: 3.00 FWHM 1.52 pmiseciiom, @ 25°C: 2.92 pmiseciViom
WAUNR-AQ-2 ZP Factor 125 (Smoluchowski)

Comment: sen 89, shutter 40, calib 325000 Zeta Potential @ 25 °C: 37.47 FWHM 12.58 my

Electralyte: PBS, Concentration: 135.000 N Concentration 33.72E+6 Partides ! mL

Temperature: 2645 °C sensed
pH 7.4 entered
Condudivity: 21.21 pSicm sensed
Quality
Number of Traced Partides: 651

Measurement Parameters ASL: 759 my

Cell 5/N: CA0020_0082b
Sensed Electric Field: .71 Wian
Measurement Mode: Statlonary 4 Cycles Analysls Parameters
Max Size: 702, Min Size: 20, Min Brightness: 30

36375 36.75-]

| y

Frequency
=] =
T
|
|
Frequency
&

175 ; 1754 T
-100  -80 -B0 -40 -20 a 20 40 [1d 20 104 1 E 10 15 20 25 0 EL 40 45 &0 EE BOB2
Zeta Potential f my Zeta Potential f miy
Statlonary Layers Rel. Position
3L1 0149
sL2 0.851
Peak Analysis 25 *C)
Zeta Potential [ mi Frequency FWHM ! my Percentage
40.5931 34 9956 19,4297 100.0000
Comment

[Signature)
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ZetaVIEW S 201, Software ZetaVview 8.02.28, Carnera 0.703 pmépx Experiment: 2015-09-11 14:54, Report: 2015-09-11 14:56




4) AuNR-Ag(3)
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Operator (Report): ZetaView
Wideo Operator: ZetaiView

Sample Parameters

Sample Name: WAUNR-PEG

WAUNR-Ag-3

Comment: sen 89, shutter 40, calib 325000
Electrolyte: PBS, Concentration: 135.000 N
Temperature: 26.53 °C sensed

pH 7.4 entered

Conductivity: 25.81 pSlom sensed

Measurement Parameters

Cell 5/ CAD020_00620

Sensed Electric Field: 3.61 Wam
Measurement Mode: Statlonary 4 Cycles

Result

Mobility: 2.46 FWHM 1.77 ymisech/iom, @ 25°C: 2.39 pmisechiom
ZP Factor 12,4 [Smoluchowski)

Zeta Potential @ 25 °C: 30.59 FWHM 12,15 my

Conoesntration 17.59E+8 Partides { mL

GQuality
Number of Traced Partides: 446
ASL: 290 my

Analysls Parameters
Max Size: 702, Min Size: 20, Min Brightness: 30
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5) AuNR-Ag(4)
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Video Analysis

Operator (Report): ZetaView
Video Operator: ZetaView

Sample Parameters

Sample Name: WAUNR-PEG

WAUNR-Ag-4

Comment: sen 89, shutter 40, calib 325000
Electrolyte: PBS, Concentration: 135.000 N
Temperature: 26.72 *C sensed

pH 7.4 entered

Conductivity: 1877 uSicm sensed

Measurement Parameters

Cell 5ih: CADO20_0062h

Sensed Electric Field: 3.78 Wiom
Measurement Mode: Statiohary 4 Cycles

Result

Mability: 3.57 FIWHM 146 pmilseciilom, @ 25°C: 3 47 umisechflom
ZP Factor 124 (Smoluchowski):

Zeta Potential @ 25°C: 44.39 FWHM 11.50 mV

Concentration 19.63E+6 Partides / mL

Quallty

Murmber of Traced Partides: 418

AL 111e my

Analysls Parameters

Max Size: 702, Min Size: 20, Min Brightness: 30
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ZetavlEWY SN 201, Software ZetaView 8.02.28, Camera 0.703 Jm/px

Experiment: 2015-08-11 1507, Report: 2015-08-11 15:08




6) AuNR-Ag(2)-PATP
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Laser Scattering Microscopy

Operator (Heport): ZetaView
Video Operator: Zeta\View

Sample Parameters

Sample Name: WAUNR-FATP
WAUNR-AgE-PATP

Cornment: sen 89, shutter 40, calib 325000
Electrolyte: PBS, Concentration: 135.000 N
Temperature: 2667 °C sensed

pH 7.4 entered

Conductivity: 18.41 pSicm sensed

Measurement Parameters

Cell SIN: CAD020_0082b

Senszed Electric Field: 3.72 Wlom
Measurement Mode: Statlonary 4 Cycles

Result

Mobility: -2 47 FWHM 1.42 pmisechiiom, @ 25°C: -2.40 pmisec/vicm

ZP Facor12.4 (Smoluchowski)
Zeta Potential @ 25 °C: -30.69 FWHM 10,85 m
Concentration 14.08E+6 Partides / mL

GQuallty

MNumber of Traced Partides: 312

ASLI168.28 mv

Analysls Parameters

Max Size: 702, Min Size: 20, Min Brightness: 30
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3- TEM images
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5- STEM images
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