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Laser—photothermal-induced growth of pollen-like gold nanoparticle arrays and
its SERS performance
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Abstract: In response to the shortcomings of metal nanoparticle array solution growth methods, such as easy self-nucleation
and slow growth rates, which make it difficult to uniformly and controllably grow gold nanoarrays, a new method
of laser—photothermal-induced gold nanoarray synthesis is proposed. This method is based on the plasmonic pho-
tothermal effect of gold nanoparticles, achieving controllable heating from the inside out, and thus enabling the
controllable growth and preparation of pollen—like gold nano—ordered dot arrays; the prepared pollen-like gold
nano—ordered dot arrays are used as a surface enhance Raman scattering (SERS) detection substrate to detect 4—
ATP and phorate pesticide molecules. The results show that the minimum detection concentration for 4 —ATP
molecules can reach 10® mol/L, and the SERS enhancement factor is 5.29 x 107, which is higher than the tradi-
tional gold nanostar at 1.2 x 10". By comparing the SERS detection results of different batches of substrates

! characteristic peak as an example, the relative standard devia-

taking the Raman intensity of its 1 080 cm~
tion (RSD) is calculated to be 9.1%, proving the repeatability and stability of the substrate. Comparing the test re-
sults of the pollen-like gold nano—ordered dot array samples with the test results after 60 d, the Raman intensity
of its 1 080 cm™ characteristic peak still has 38% of the initial value, which further demonstrates its stability.
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Fig.4 Schematic of experimental setup and physical diagram
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Fig.5 SEM images of Au nanoarrays before and after laser
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Fig.6 SEM characterization image of pollen-like Au nanos—
tructured array

P&l 6 AT UL, JAA B oK BRI/ N2 120 nm,
HEATHOCTE A KT B9 PE R RLIR 48 91K OB /N2
>4 400 nms,

22 FRHE

NI AR B HE S A 7 RIS Au™ By
FRFFAER W, BT HER, AR R Au® B
TR AL Aue FITLL, FEATR A Ao ) =X
(K #: (LED SGIENNAASE ) A i 4 9 K JORE 1 B 1



14

Xt e , 45« AEBRLAR B YOI K I SERS PERE

SR, HAR Bt 2h 5 R 45 OB K
o i A i A O X 46 s A AL T AT T
I, o2 ARGV . YHOEHIIIR Y 4 R ARk
THI L T BRI I, e 2 i DR 5 4 )
ZHARL T HCIRIC, R 2 O A5 8 TR IR IR A, o T
S5 T W, AR IBURLAE 2 8 AR H A R AN K AR
P02 Sl X — A, ABFSE MRS LR T oK
LU RS S N E

RS A AR BURL IR I AT I Y 532 nm PR
AR SO B G 9K URLIN , 23 {5 A K Dk 7 A
AR5 B CIR M, A5 A — D AR IURL AR AL i — 1>
SRR AR ) SRR R 33k AT LU A 14 32 B8 T7
U rH A SRR e 2 Oy [ S SR R, A R
PR T RCR . MRS T ORI & RS A A
R IR I AR 5 il R R 1) 3 T, FUORE B9 B
SRR AR, (RN S 2 5 i . TEAEGERY
I, SR FH AR IR A A% 507 0 Cloin AR
PR BRI AR L), X EERZE R A A
G A —E RS B YA, i L i
RORIEAR s HR h TAEAL 3B B b DU, 22 S BUR
JOL IR LA iy B S M B i, Thil s PR il PR, 7
A RE 22, IR LRI B TR 2 DL Se A S I R R
IO, X AR A AT Bl AR FEAN 52 20 SR R A B A
ATREGRAY BRI o R — S AORBURL AR AZ B
— ST AR AR AR i) SRR R AT AR G
R RIX— G5 R AR, At , WFFER I, IR
G RN B IO IR, TR B AR,
JUE B S AOARTBORLAR 2 — RS2 A AR BV, (H
A ARG T AT AN R R TR ARV P>,
BEA AR RIORL 51 Ayl AR SR 2 2 ™, R HTIX — i
A DU DR DI B A — 1, DAHOR i B oK
TURLE W AR AR (RIS DX 2 oK
LN ST

i b, ATRMdE A e U eI R
SN TP R B R JE Au, S T AR Y B
WA AR TR R i TR R AP S &
A AR R AR BRI S (A RRAT TP il 6 B AE KRR
S ARIBURL N R /INE— R Y [ A AT 29 594

R S A A R A, AR SO IR S s 1]
ANFE AR WIEAT T SEM RAE, 1k 7 Fis . Hil&l 7
ARLE L AEEOCH BT S BORLR T SE B T E 1]
A, HBORE RO Rt A T 22 4 TR
2.3 HEXE
231 AR EAM

N T RGEAER R G IKAT P R FE1 SERS HE 5

0 min 5 min 7 min
E7 EBMHRENREF SPEARREAEKE SEM RIER
RE

Fig.7 SEM characterization images and schematic diagram of

pollen-like Au nanostructured arrays at different

growth times
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Fig.8 SERS detection results of pollen-like gold nanostruc—
tured array SERS substrate for 4-ATP molecules
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Fig.10 SERS repeatability and error analysis of pollen-like
Au nanostructured arrays
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