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Specific and highly sensitive detection of volatile organic compounds by complex
surface plasmon sensors with DNA aptamers
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We have tried the realization and improvement of the sensitivity of
complex surface plasmon (SPR) sensor and selective detection of gas molecules by decoration of DNA
in order to detect the volatile organic compounds in the gas phase with highly discriminative and
sensitive characteristics. We have fabricated SPR sensor which composed of wedge-shaped Au thin
film whose thickness is modulated inside the substrate, and evaluated the reflected light intensity
every 10 seconds, by combination of a red light emitting diode, focusing lens, and camera. The
obtained angle resolution was 0.0047 degrees, and we demonstrated the refractive index resolution of
0.000082. We have made a protocol that maximizes the signal based on the obtained series of the
image, and successfully detected methyl salicylate of 7 ppb.
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DNA Sequence 1:
5" GAGTCTGTGGAGGAGGTAGTC 3
DNA Sequence 2:
5" CTTCTGTCTTGATGTTTGTCAAAC 3

i

I’ \\
/.
/|
/C,HSOH,

s,
AN
2N
¥ N

i

5. DNA LED SPR
(a) Ethanol 90 ppm (b) Methyl salicylate 158 ppb
2000 4, .Et.har?ol T e—— N, ————s 2000 Methyl salicylate ., N
1800 _injection ~Au 1800 injection 2 —-Au
1600 Efe:/:;gnt'lon i ~sEQ1 1600 || Desorption ~sEQl
& o vapor Adsorption | ~-SEQ2 & 1400 g‘ofwater Adsorption ~SEQ2
£ B Ezg site occupigd Desorption 5 _ 1200 Bl site occupied Desorption
8= \ of ethanol 8 Zwoo {1V of methyl
g% 00 -~ molecules 8 800 (|| salicylate
k= 600 A\ J S = &0 i molecules
£ e
E 400 R ¥ 3 200
= 200
. 200
123456 7 8 9 10111213 14 15 16 17 18 19 20 0
0 ) 12 3 45 6 7 8 9 1011121314 15 16 17 18 19 20
Air Time [min.] A Time [min.]
e SEQ1/Au SEQ2/Au Au SEQT/Au SEQ2/Au
T i v T B v g Lo
6. 5 (@)90 ppm (b) 158 ppb
C ©
e DNA
DNA SEQ1, SEQ2 DNA
( 6) DNA
7 4, 12, 27, 90 ppm
158, 7 ppb
4 ppm 7 ppb




—~
QD

—

Luminance shift

2000

1500

= 1000
<

500

Ethanol

Ethanol — "
injection

N,

—~-4ppm

0123456 7 8 910111213 14151617 1819 20

Time [min.]
SAM  DNA
3
2 9
DNA

—~
O
=

Luminance shift

AL

Methyl salicylate
2000 e N
1800 H 2
Methyl salicylate ~158ppb
1600

injection

1400
1200
1000
800
600
400
200
0
-200

~7ppb

012 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20
Time[min.]

0.1 1 ppb



3 3 1 2

Hiromasa Shimizu, Takahiro Ogura, Takumi Maeda, and Shogo Suzuki 3

A Wedge-Shaped Au Thin Film: Integrating Multiple Surface Plasmon Resonance Sensors in a Single 2021

Chip and Enhancing the Figure of Merit

Frontiers in Nanotechnology 724528-1, 7
DOl

10.3389/fnano.2021.724528

Shogo Suzuki, Takumi Maeda, Takahiro Ogura, Shoma Suzuki, Terunori Kaihara and Hiromasa SHIMIZU 58

Modulation of surface plasmon resonance by magnetization reversal in Au / Fe / Au trilayer and 2021

wedge structure for achieving higher refractive index sensitivity

JAPANESE JOURNAL OF APPLIED PHYSICS SBB106-1~7
DOl

10.35848/1347-4065/abeadb

Rizal Conrad Shimizu Hiromasa Mej?a-Salazar Jorge Ricardo 8

Magneto-Optics Effects: New Trends and Future Prospects for Technological Developments 2022

Magnetochemistry 94 94
DOl

10.3390/magnetochemistry8090094

13 2 5

Hiromasa Shimizu

A Wedge-Shape Au Thin Film for Integrating Multiple Surface Plasmon Resonance Sensors in a Single Chip

International Conference on Advanced Plasmonics, Magnetics, & Magneto-Optical Technologies (ICAPMOT 2021)

2021




Hiromasa Shimizu, Shogo Suzuki, Takumi Maeda, Kohei Ito, and Kazunori lIkebukuro

50 times enhancement of the ethanol detection signal in a solid-state DNA decorated wedge-shape surface plasmon resonance

sensor

BIOSENSORS 2021 - Online 31st Anniversary World Congress on Biosensors

2021

Takahiro Ogura, Takumi Maeda, Shogo Suzuki and Hiromasa Shimizu

Enhancing the Figure of Merit in Surface Plasmon Resonance Sensors with a Wedge-Shape Au Thin Film

The 26th MICROOPTICS CONFERENCE (MOC2021)

2021
1300 nm
2022 69
2022
DNA
2020 81

2020




DNA

2020 81

2020

Shogo SUZUKI, Takumi MAEADA, Shoma SUZUKI, Terunori KAIHARA, and Hiromasa SHIMIZU

Modulation of Surface Plasmon Resonance by Magnetization Reversal in Au/Fe/Au Trilayer and Wedge Structure toward Higher
Refractive Index Sensitivity

The 2020 International conference on Solid State Devices and Materials (SSDM 2020)

2020

Co

2021 68

2021

Fe

2021 68

2021




Hiromasa Shimizu

Detection of Ethanol Gas and Study of Signal to Noise Ratio in a Au/Co/Au MOSPR Sensor

International Conference on Advanced Plasmonics, Magnetics, & Magneto-Optical Technologies (ICAPMOT 2022)

2022

Au/Co/Au

2022 83

2022

2022 83

2022

PEI

2022 83

2022




Hiromasa Shimizu 2023

Elsevier 15

Physical Sensors: Optical Sensors

https://kenkyu-web.tuat.ac. jp/profile/ja.ebaef2bd1e89b64be82d24335419d576 . htmI#H%UE7%AONIA%E 7%A%BEIEE%UASBADUE 7%BB%BE_%EB%NABUIGIEE%I6%E7




