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Abstract Surface-enhanced Raman scattering (SERS) is a spectroscopic technique capable of accurately analyzing
the compositions of materials at low concentration (volume fraction). In the case of metallic nanostructures, SERS
enhancement is dependent on the electromagnetic field enhancement caused by the localized surface plasmon
resonance (LSPR). In recent years, various LSPR metallic nanostructures are widely employed in SERS research,
such as nanoantennas, nanoholes, and nanogrooves. However, once manufactured, these structures are immutable,
which cannot meet the flexibility required by Raman detection. This problem can be solved by optical tweezers. In
this paper, we develop a method of trapping gold nanocubes by optical force and facilitating gold nanocubes

2

aggregation by photothermal convection. On this basis, the Raman signal at a low concentration (10" mol/L) is
significantly enhanced and detected, with the enhancement effect being better than that of gold nanospheres.
Compared with traditional SERS, the proposed method has the advantages of real-time operation, dynamic operation
and in-situ operation, thus showing potential application values in many important fields such as biological cell
detection, analysis of substance composition and structure, and molecular sensing.
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Fig. 1 Schematic diagrams of experimental system and sample. (a) Schematic diagram of experimental system, L1, L2:

beam expanding lens, F1: excitation filter, F2: emission filter, DBS: dichroic mirror, BS: beam splitter, 1.3, 1.4:

focusing lens; (b) structure of sample chamber; (c¢) SEM image of gold nanocubes; (d) SEM image of gold

nanospheres
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Fig. 2 Dark field imaging of gold nanoparticles trapped by laser (scale bar is 5 pm). Arrow represents the position of the

focal spot, circles represent gold nanoparticles. (al)—(a5) Dark field imaging of gold nanocubes trapped by laser;

(b1)—(b5) dark field imaging of gold nanospheres trapped by laser
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Fig. 3 Raman signal intensities in different kinds of aqueous solution at different times. Raman spectra of 4-MBA in (al)

aqueous solution of gold nanocubes and (a2) aqueous solution of gold nanospheres; Raman spectra of 4-MBA in (bl)

aqueous solution of gold nanocubes and (b2) aqueous solution of gold nanospheres at initial time, where vertical

dashed lines make positions of two Raman characteristic peaks and their corrsponding Raman shifts are 1078 cm

and 1594 cm ™',
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respectively
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Fig. 5 Optical forces on particles in two typical states. When electric field E (along the y-direction) is parallel to (al) side

or (bl) diagonal of gold nanocube, for y=0, (a2) (b2) relationship between F, (x) and x (dot line), (a3).(b3)

relationship between F_ (x) and x (dot line); for x =0, (a2)(b2) relationship between F, (y) and y (diamond

line), (a3)(b3) relationship between F,(y) and y

(diamond line); (a4) (b4) relationship between F, and D (dot

line) when the center of gold nanocube is located at x =200 nm and y =0, relationship between F';, and D (diamond

line) when the center of gold nanocube is located at x =0 and y =200 nm, and relationship between F_, and D

(triangle line) when the center of gold nanocube is located at =0 and y=0
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Fig. 6 Velocity distributions of photothermal convection in cavity caused by aggregated gold nanocubes,

arrows indicate directions of velocity. (a) Side view; (b) top view
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Fig. 8 fgs for different metal structures. fggrs for different numbers of gold nanocubes and nanospheres. Data in dotted
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close to surface" as shown in Fig. 7(b2) under different g. Inset shows schematic of simulated structure, where the

electric field E of incident light beam is along the y-direction. Horizontal dashed line represents the sum of f s of

two single gold nanocubes (one of them is diagonal parallel to E and the other is edge parallel to E)
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