CeHcoOpbl HA OCHOBEe (POTOHHbIX KPUCTAJIJ10B

PedpakTromMerpuyeckue CEHCOPHI.
XUMHUYECKHUE CEHCOPbI.
CMelaHHbIe CEHCOPBDI.

Yceuisienue PaMaHOBCKOI0 paccesiHus.



PecdhpakTtomMeTpuyeckue ceHCOphl.... o

1. PedbpakToMeTpuyeckKkmne CeHCopbl

CrnekTpaJjibHOE M0JI0’KeHHE CTON-30HbI B HOPMAJIbHOM
HanpasjeHun (bparrosckasi nudpaxumsi):
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J. L. Liand T. S. Zheng, Sensors and
Actuators B, 2008, 131, 190. M. Ashurov et al., Photonic Sensors, 2019.
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PechpakTomMeTpuiyecKUe CEHCOphL .

CeHcOp Ha OCHOBEe aHOAHOINo oKcmaa asiltoMUHUA
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M. Ashurov et al., Photonic Sensors, 2019.



PedpakTtoMeTpniyeckue CEHCOphl. . .

CeHcOp Ha OCHOBEe aHOAHOINo oKcmaa asiltoMUHUA
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M. Ashurov et al., Photonic Sensors, 2019.



CeHcOp Ha OCHOBEe aHOAHOINo oKcmaa asiltoMUHUA
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M. Ashurov et al., Photonic Sensors, 2019.



PedpakTromeTpuueckme CeHCophl. .

CeHcOp Ha OCHOBEe aHOAHOINo oKcmaa asiltoMUHUA
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M. Ashurov et al., Photonic Sensors, 20109.



PechpakTtoMeTpmiyecKue CeHCophl. .

CeHcOp Ha OCHOBe aHOAHOIro okcmaa asliltoMUMHUA
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Yucao muxjos: 1 - 0,2 -4, 3-10.

M. Ashurov et al., Photonic Sensors, 2019.
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XnMmnuyeckme CeHCopbl

2. XMMUnyeckKkune ceHcopbl
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DOTOHHBIN KPUCTAJLI KAK CEHCOP IVIIOKO3bI.

[Ipenen awyBcTBHUTEIBHOCTH - ~ 1 umol/L.
V. L. Alexeev, S. Das, D. N. Finegold and S. A. Asher,
Clin. Chem. 2004, 50, 2353.
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Zh. Cal et al., Anal. Chem. 2015, 87, 5013.
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_CMeuwaHHblIe CEHCOopbI

3. CMewlaHHble CeHCOopbl
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F. Wang et al., Sensors and Actuators B 2015, 220, 222.
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~.CMellaHHble CEHCOPbI

CMellaHHbI pedpaKkTo-XMMHUYECKUin
ceHcop M3 ETPTA
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CMelreHue CTON-30HbI P NMPONUTKE CMECSIMH BOAA-ITAHOJ U BOJAA-
ITUJICHIVIMKOJIb.

M.S. Ashurov et al., J. Phys.: Conf. Ser., 2020, 1461, 012009;

M.C. Amypos, C.A. Ukpamu, C.O. Kiimmonckuii. Marepuanosenenue, 2020, Ne 10, 17-23.
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CMellaHHbI pedpaKkTo-XMMHUYECKUin
ceHcop M3 ETPTA
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CMemeHne CTOII-30HbI IIPHA MPOIIUTKE CMECCAMMU BOAA-3TAHOJI X1 BOAA-

3TUJICHIVIMKOJIb.
M.C. Amypos, C.A. Ukpamu, C.O. Kimumonckuii. Marepuanosenenue, 2020, Ne 10, 17-23.
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YcuneHne PaMaHOBCKOIro paccesHus

KoMOMHAIIMOHHOE pacCesiHUE
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«l'opssuas Touka» I'KP
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YcuneHne PaMaHOBCKOIro paccesHus

P = R

YcuneHue BblHY)XAeHHOro PaMaHOBCKOro
paccesHusa B OK

Puc.3. Cxema 3KkcnepuMeHTANLHON YCTAHOBKH JUIsi BOG-
Byxaennst BKP B sxuakocrsix, BBeieHHLIX B n10phl hoTOH-
Horo Kpucranna: | — sasep, 2 — aunzsa, oKycupyonas
n3syuenue Ha obpasen, 3 - obpazen, 4 — annza, goKycn-
pYIomast OTpaykeHHOe H3JIyUeHHe HA [IeIL CIeKTPOMeTpA,
5 — cnekTpoMeTp, 6 — KoMnbOTEP

4. Anemoxamen u ap. [Tucema B XKOT®, 2015, 101, 399.
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YcuneHue BblHY)XAeHHOro PaMaHOBCKOro
paccesHusa B OK
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Puc. 4. Coexrprt BKP 58 'K, sanonnennmx Genzonom (a) m cepoyraepogom (b), npu paznuusex yraax § sepkasnHoro
orpaskenns or nosepxnoct (111). Hurencnenocts naxatxn 0.12 TBr/cv® ans Gensona n 0.14 TBr/cm® aas cepoyraepona

. Anemoxamen u ap. [Tucema B XKOT®, 2015, 101, 399.
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YcuneHne PaMaHOBCKOIro paccesHus
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YcuneHue BblHY)XAeHHOro PaMaHOBCKOro
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. Anemoxamen u ap. [Tucema B XKOT®, 2015, 101, 399.
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YcuneHne PaMaHOBCKOIro paccesHus

Why inverse opals?

- They have an ordered pore structure suitable for - SERS

incorporating metal nanoparticles and analyte. SaaEe
%8 \Analyte

- Structural cavities and channels between them
are much larger than in the opal structure.

- They can additionally enhance Raman scattering o |
due to the photonic crystal properties. \\ J
The Slow Photon Effect: zero group speed of light //ﬂ,
at the stop band edges leads to an infinite |
lws
w

e - . : : |
amplification of all types of light-matter interaction. \w,;:v

; |

(3

19



YcuneHne PaMaHOBCKOIo paccesHus

- ety

YcuneHve CcnoHTaHHOro PaMaHOBCKOrO

paccessHUA B MHBepTUpPOBaHHbIX ®K-nseHKax
(M. Ashurov, A. Baranchikov, S. Klimonsky, PCCP, 22 (2020) 9630).
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YcuneHne PaMaHOBCKOIo paccesHus
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Reflectance (a) and (b) and Raman (c) and (d) spectra recorded at different angles.
(a) and (c) Sample F4. (b) and (d) Sample F5.

M. Ashurov, A. Baranchikov, S. Klimonsky, Phys. Chem. Chem. Phys., 2020, 22, 9630. 21



YcuneHne PaMaHOBCKOIo paccesHus

Enhancement factor
due to SPE > 40!

Intensity (a.u.)

0 (°)

Normalized intensity of the main Raman peaks versus the incidence angle of the

laser beam for the reference sample (Si) and two PhC samples (F4, F5).
Dashed line corresponds to the cos?6 dependence; solid lines are given just for eye guide.

M. Ashurov, A. Baranchikov, S. Klimonsky, Phys. Chem. Chem. Phys., 2020, 22, 9630. ”



YcnieHne rmraHTCcKoro

KOM6bMHaUMOHHOIro paccesaH

CreneHb yCuJIeHUSA

Nanoparticle s
A = |Biae (@)

L
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Enhancement
Factors

«l'opsiuast Touka» I'KP
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yYcnneHve rmuraHTckKkoro

KOMbuHaunoHHoro paccesaHusa (FrKpP)

Au nanoparticles (NPs) were prepared by reduction from HAuUCI, using the Turkevich citrate
method (J. Turkevich, P. C. Stevenson and J. Hillier, Discuss. Faraday Soc., 1951, 11, 55).
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TEM image of Au NPs Absorptance spectrum of Au NPs

d=15+2 nm

M. Ashurov, B. Abdusatorov, A. Baranchikov, S. Klimonsky;,
Phys. Chem. Chem. Phys., 2021, 23, 20275.
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YcnieHne rmraHTCcKoro

KOMbuHaunoHHoro paccesaHusa (FrKpP)

Inverse
opal film

Impregnation with
the gold solution 1
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Scheme of the Au nanoparticles embedding technique.
S. Klimonsky et al., Photonics Nanostruct. Fundam. Appl., 2021, 43, 100899.
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YcnieHne rmraHTCcKoro

KOMbuHaunoHHoOro paccesHua (FKP)
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Transmittance spectra of an inverse PhC film after
a different number of gold infiltration cycles

S. Klimonsky et al., Photonics Nanostruct. Fundam. Appl., 2021, 43, 100899.
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YcnieHne rmraHTCcKoro

KOM6UMHaALNOHHOIO
100
X 80-
J
= M. Ashurov, B. Abdusatorov,
= A. Baranchikov, S. Klimonsky,
= 10 Phys. Chem. Chem. Phys.,
= | 2021, 23, 20275.
=
20 A
0 —r 1
300 400 500 600 700 800

A, Nm

Transmittance spectra of sample 1 before (black line) and after (red line) of
30 cycles of Au NPs infiltration (corresponding surface concentration of gold

is about 0.6 ug/cm>).

Wide absorption band between 550 and 700 nm is associated with clusters of Au NPs.
27



YcnieHne rmraHTCcKoro

SEM images of the cross-section of sample 2 after gold embedding:
a and c — in secondary electrons; b and d — in backward-reflected electrons.

M. Ashurov, B. Abdusatorov, A. Baranchikov, S. Klimonsky,
Phys. Chem. Chem. Phys., 2021, 23, 20275.
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YcnieHne rmraHTCcKoro

KOMbMHaUMOHHOro pacceaHus
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Transmittanse spectra of various samples
before (solid lines) and after (dotted lines)
of Au NPs embedding.

The laser wavelength is 532 nm.

M. Ashurov et al., Phys. Chem. Chem. Phys.,
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Raman spectra of the same samples
after double impregnation with 10* M MB
ethanol-based solution.

* - the main peak of the MB dye.
\ - ETPTA peaks.

2021, 23, 20275.
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YcuneHve rmraHTCKoro KoMmbmHaLmMoHHOro

paccesaHus (I'KP): paciBop
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Raman spectra for sample 2 with MB adsorbed from C = 10-® M solution (a) and
for the reference sample of 0.2 M MB aqueous solution into a quartz cuvette (b).

M. Ashurov, B. Abdusatorov, A. Baranchikov, S. Klimonsky,
Phys. Chem. Chem. Phys., 2021, 23, 20275

(the Supplementary Information). .



YcnieHne rmraHTCcKoro

KOM6MHaALMOHHOIO
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Raman spectra for various concentrations
of MB in solutions impregnating sample 2.

M. Ashurov et al., Phys. Chem. Chem. Phys., 2021, 23, 20275.

Enhancement factor
due to SPE = 20.

The total enhancement
factor (SERS + SPE):

 Isers/Nsers 105

el .
fo / Mo

(N=C;"NpSecar'h,

h = 2 um for Au enriched
layer in the sample,
hy=6umforC,=0.2M
MB reference solution).

The detection limit
for MB = 107 M.
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YcnieHne rmraHTCcKoro

koMbuHaunoHHOro pacceaHna (rkKP)
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Intensities of Raman peaks as functions of MB concentration.

M. Ashurov, B. Abdusatorov, A. Baranchikov, S. Klimonsky;,
Phys. Chem. Chem. Phys., 2021, 23, 20275.
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Raman peaks for ETPTA and MB
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(a) Raman peaks for pure ETPTA film without dye and (b) for MB on a glass substrate.
These spectra are in good agreement with the reference data.

M. Ashurov, A. Baranchikov, S. Klimonsky, Phys. Chem. Chem. Phys., 2020, 22, 9630 —
Supplementary Information.
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Raman peaks for ETPTA and MB

Molecules Raman shift Band assignment
(cm™)
998 out-of-plane bending -CH=CH,
ETPTA 1278 asymmetric stretching of C-O
1452 sym. def. vib. of =CH,
1635 C=C stretching, polarized
1681 C=C stretching, strong
1729 stretching of the -C=0
502 skeletal deformation of C-N-C
MB dye 596 skeletal deformation of C-S-C
671 out-of-plane bending of C-H
770 N-CHj stretching
1040 C-H in-plane bending
1186 asymmetric stretching of C-N
1302 in plane ring deformation of C-H
1398 asymmetric C-N stretching
1505 asymmetric stretching of C-C ring
1629 stretching of the C-C ring

Socrates, G. Infrared and Raman Characteristic Group Frequencies: Tables and charts. 3-rd ed. Middlesex. UK, 2001.
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