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(a) Silver nanoparticles are printed onto paper to form

Fig. 2
a dipstick or swab (inset: SEM of silver nanoparticles
on paper); (b) Swabbing a surface with the SERS-
active swab; (c) Lateral flow concentration by placing
the dipstick or swab in a volatile solvent; (d) SERS de-
tection with a portable spectrometer using a fiber optic

Raman probe'®’
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Fig. 3 Schematic showing the inkjet-printing-based fabrication

N-octadecyl thiol =

Ag nanoplate cluster

process of an Ag nanoplate clusters array on an n-octa-
decanethiol-functionalized superhydrophobic Cu sub-

strate. The inset shows a 5 L water droplet on the bare

Cu surface (contact angle=97°)""
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Fig. 4 Characterization of as-prepared SERS-active spots on
hydrophobic substrates (contact angle: 117.6°%1.1°)
(a): An Au NP array was inkjet printed on a hydrophobic substrate;
(b): The analyte molecules were homogeneously distributed on the
AuNP array, and the inset shows the Raman light of the molecules
was enhanced by the AuNPs; (c¢): SEM image of an array of AuNP
SERS-active spots printed on the hydrophobic substrate; (d): SEM
image of an AuNP SERS-active spot from above matrix. Inset shows
the SEM image for characterizing the assembly of the surface of
AuNPs on the SERS-active spots which showed that their size was (13. 04
+1.47) nm and the size of nanogaps was (4. 1640. 70) nm 2%’
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used for fabrication of SERS active substrate””
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Fig. 7 (a, b) Photographs of S-RGO ink and Ag nanoparticle

ink; (¢) Schematic illustration of the gravure printing

process; (d) Photograph of the inkjet printing process;

(e, f) Photographs of gravure printed S-RGO thin film

and inkjet printed Ag NPs lines on flexible weighing pa-

per; (g) Photograph of inkjet printed Ag NPs spots ar-
ray on S-RGO coated weighing paper-'’
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printing SERS arrays; (b) the screen printed SERS ar-

rays are employed to detect different samples using a

small portable Raman spectrometer!'>
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Fig. 10 Schematic of the preparation process of patterned ZnO
NWA with both lipophilic and hydrophilic wetting

properties and the ZnO/Ag NW 3D SERS

substrate'3*
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Research Progress of Preparing Surface-Enhanced Raman Scattering
Active Substrates by Printing Technologies

LI Ling, XIAO Gui-na”
College of Mathematics and Sciences, Department of Physics, Shanghai Normal University, Shanghai 200234, China

Abstract Surface enhanced Raman scattering (SERS) is an advanced surface analysis technique that can enhance the vibrational
spectrum of molecules adsorbed on or in the vicinity of metal surfaces enormously. Due to its high speed, accuracy, high sensi-
tivity, good selectivity and minimum requirements for sample preparation, SERS technique becomes the current research hotspot
and shows important application prospects in the fields of chemistry, food, biology, medical treatment, etc. However, it is
known that the uniformity, reproducibility and stability of SERS active substrates are still main challenges to be overcome for the
use of SERS technique as a routine analytical tool . The printing methods have the advantages of simple operation,high efficiency
and low cost, which are useful for designing plasmonic nanostructures. In recent years, printing technologies have been gradually
applied to the preparation of SERS substrates. By optimizing the amount of hot spots to enhance the electromagnetic field, SERS
active substrate with good repeatability, high stability and strong enhancement ability can be obtained. In this work, several
common printing techniques for preparing SERS substrates are reviewed, including inkjet printing, gravure printing andscreen
printing. The influence of factors on SERS performance is analyzed. such as surface wettability of substrate,drying temperature,
ink viscosity, surface tension and solvent. The research progresses of preparing SERS substrates by printing technologies are

summarized, and the potential applications and future development are also prospected.
Keywords Surface enhanced Raman scattering; Active substrates; Inkjet printing; Gravure printing; Screen printing
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