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MuUKpPO- 1 HAHOYACTHUIIBI

HaHo4yacTuubl:

-OcoOble dusnyeckne M XMMUYeCKUe cBoMCTBa (ONTUYECKUE, MarHUTHbIe,
KaTanntuyeckme, CEHCOpPHbIe, buornornyeckue...)

-ODopmMmunpoBaHMe cBepxpeLleTok

-lLinpokoe npumeHeHUe B Hay4YHO — UCCrieaAoBaTeNIbCKUX U NPaAKTUYECKNX
uenax (yctpoucTsa 3anmMcu n otobpaxeHuna nHpopmaumm, HaHoMmeaAULMHA,
CeHCopuKa, Katanus, poTokatanus, cynepruapodobHble NOBepPXHOCTMH,
XUMNYECKNe UCTOYHUKN TOKa, ...)

MukpoyacTuubl:

-CtpouTtenbHble 6/10KU ANS yNnopsagovYeHHbIX MUKPOMOPUCTbIX Cpea,
-HocuTtenu n «KoOHUeHTpaTopbI» HaHO4YacTUL, (KONJIOMAOCOMbI,
HaHOKOMMNO3UThbI),

-lUnpokoe npumeHeHMe B Hay4YHO — UCcneaoBaTesiIbCKUX U NMPaKTUYeCKUX
Lenax

CnocoObl nony4eHus:

-XnMmmnyeckmne metoabl roMmoreHM3aLum
-ODusnyeckme mertoasbl
-buonornyeckue metoabl
-Camocbopka (camoopraHusauus)
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MuKPOKUIKOCTHAA MAIIIMHA

a
Oleophilic Hydrophilic Oil solution
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(Gray) (Black) UV-light region
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Scheme 2. Schematic of the preparation of Janus nanoparticles based on
the Langmuir technique.
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Moaundukanusa HAHOIIPOBOJIOK

N

Luminescent-tagged Au

Orthogonal assembly on nanorods. Butylisonitrile is bound to Pt and Au
surfaces. Aminoethanethiol displaces isonitriles on gold but not on platinum.

Rhodamine isocyanate is reacted with terminal amino groups to fluorescently
label gold segments.
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Figure 2. Thermodynamic calculations of the concentrations
of all Fe?" and Fe®" species formed at different solution pHs.
Initial conditions are [Fe?"| = 0.1 M, [Fe®'| = 0.2 M. and [C]]
=1.0 M.
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HaHokpuctann
KpeMHus

«HanoxkpeMHN»

.

D. Kovalev, V.Timoshenko et al., Phys. Rev. Lett. 89 (2002)

CuHIIeTHbIH No Bpewms ot Bpewms ot % [IpoHuUKH.
KUCIIOPOX OIIbI- BBEJICHUS oOnyuyeHusi 10 | pacmaga | yacTuil B

Ta npernapara J10 32005 (ymeHbII KJICTKU:

o0ydeHus KUBOTHOT'O CHUS) 0 — Her;
(uac) (uac) OITYXOJIH l-na

1 0,5 24 30 0

2 0,5 4,5 50 0

3 0,75 24 55 0,5

4 0,4 72 60 0,5

5 4 48 70 1

1) MpenapaT MOXET NPOHUKATb B KNETKU, HO He NPUBOAUT K 3aMEeTHOMY HEeKpOo3y
B TEMHOBbIX YCIIOBUSIX.

2) AKTUBHOCTbL MNpenapaTa KoppenupyeT CO CTerneHblo ero NpPoOHUKHOBEHUs B
KNeTKn W HanuMuueM OCBeLleHUsl, YTO YKa3biBaeT Ha nNpoTeKaHue
BHYTPUKIIETOYHbLIX (POTOXMMUUYECKUX peaKkLUun.
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Surface-Enhanced Raman Scattering

MoBepXHOCTHO-YCUNEHHOEe KOMBMHAUMOHHOe pacceaHue
(cneKTpocKkonna KOMBGMHALMOHHOIO pacceaHUn).

Neonup Ucaakosuu  puropuim Camymnosuu Sir Chandrasekhara Kariamanikkam Martin
MaHpenbwtam Nanpac6epr Venkata Raman Srinivasa Krishnan Fleischmann
|
PYRIDINE / Ag

1928 2. — OTKpbITUE ABNEHUA KOMOMHALMOHHOIO
pacceaHus ceeta J/1.U.MaHgenbwtamom u
r.C.lanac6eprom (Poccusa) ana Kpucrannos

N= 1012 molecules

ol e
}

s ., .
u ) <
He3aBUCMMO OT Hux Y.B.PamaHom u b2 PYRIDINE in H,0
K.C.KpuwHaHom (UHAKuA) ana Kupkocrten. £ : N
1974 2. — pabota no nccnenoBaHUIO NUPUANHA, A {_ A i N0 molecules

1

apgcopbupoBaHHOro Ha cepebpaHoM aneKTpoae.

1000 1040
M. Fleischmann, et al. Chem. Phys. Lett. 1974. 26 (2). 163-166. 7 (en) 26



Surface-Enhanced Raman Scattering/Spectroscopy
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2018 ExoMars Rover, taking Raman spectroscopy to Mars
2010 Video-rate in vivo SRS Raman imaging by Sunny Xie
2010 SESORS reported by Graham, Faulds, Stone and Matousek
2009 Boyle and Smith awarded Nobel Prize in Physics for CCD
2005 SORS invented by Pavel Matousek
2000 TERS developed by Volker Deckert
1997 Single molecule SERS reported by Katrin Kneipp
1990s Significant increase in commercial instrumentation
1983 Enhancement of 10 reported by Richard van Duyne
1982 Use of Ag and Au colloids for SERS by Lee and Meisel
1980s CCD detectors used for Raman
1980s Fibre optics coupled with Raman
1974 Fleischman and colleagues observe surface enhanced Raman scattering (SERS)
1970s Raman coupled with microscopy
1969 Invention of charge-coupled device (Willard Boyle and George Smith)
1964 Townes, Basov and Prochorov awarded Nobel Prize in Physics for invention of the laser
1960s Stimulated Raman and coherent anti-Stokes Raman (CARS) invented
1960s Lasers used as light source for Raman spectrometers
1957-59 Light amplification by stimulated emission of radiation constructed
1953 First commercial Raman spectrometer
1950 Observation of resonance Raman (RR) spectra
1940s Invention of Raman grating spectrometer
1930s Invention of the monochromator
1930 Sir Chandrasekhara Venkata Raman awarded Nobel Prize in Physics
1928 C.V.Raman and K.S. Krishnan: discovery of Raman effect experiments on 28 Feb
1928 Landsberg and Mandelstam: independent observation of inelastic light scattering
1927 Compton awarded Nobel Prize in Physics
1923 Arthur Compton (effect): discovered inelastic X-rays & y-rays scattering in matter
1923 Adolf Smekal’s prediction of the Raman effect
1922 CV Raman’s monograph published on the Molecular Diffraction of Light
1921 CV Raman’s experiments on the colour of the sea, showing that the colour was due to molecular diffraction
1917 Albert Einstein first theorizes about stimulated emission (On the QuantumTheory of Radiation)
1871-1899 Lord Rayleigh (John Strutt) further refines his theory of scattering in a series of papers
1871 Rayleigh scattering first described

Event/discovery

Year

Fig. 1 Atimeline of events and discoveries in the history of Raman spectroscopy, Nobel Prizes marked in red (photo of Sir C.V. Raman in the sculpture park of Nehru
Science Centre, Mumbai, India, by Prof. Paul O'Brien FRS, School of Chemistry, University of Manchester).



I[eTeKTI/IpOBaHI/Ie MEJIaMHUHaA B MOJIOKE

AgNO;, uutpar HaTpua (Na;C,H,0,) [HarpesaHue po 100°C] {Lee, Meisel, 1982}
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J/InarHocTUKAa OHKOJIOIrHYeCKUX 3a00/1eBAaHUH

AgNO;, ruapoxnopupg ruapokcunammia (NH,OH-HCl), NaOH {Leopold LendI 2003}
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Laser SERS signal a Bacteria b Bacteria
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T.-Y. Liu, et al. Nature Communications. 2011. 2. 1-8.
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Fig. 10 The lock and key concept of successful SERS of living erythrocytes on USR substrates. (a) AFM image showing typical sizes of silver crater
walls concentrating plasmonic silver; (b) AFM image of silver wall surfaces with elements suitable in their sizes (“key”) for penetrating in erythrocyte
membrane invaginations (“lock™); (c) AFM image of a single erythrocyte showing nanoscale details of its external surface; the profile graph is given for
the white rectangular area, the spheres show hypothetically silver wall elements attempting to enter invaginations; (d) SERS mapping of erythrocytes on
the USR substrate and typical SERS spectra measured from different points: on a crater wall and on a flat surface.
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Figure 6. Raman mapping of the dorsal reglon of zebraﬁsh embryo (14—16 hpf) In}ected with SERS NPs. (A) Optical Image of the dor-

sal reglon of the zebrafish embryo and the markers h

areas: (1) fe (I1) hatching gland, (Ill) eye. (B) SERS In-

tensity map of the C—C vibration band from SERS NPs at 1078 cm“ (C) SERS spectra coll

as shown In panels A and B.
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Figure 9. Ch of SERS NPs embedded Inside a fully ped (48 hpf) using SERS measurement. (A) Optical im-
age of a normally developed zebrafish. The red markers areas: (I) () pharyngeal skeleton, (ill) hind-

braln, (IV) heart, (V) yolk, and (VI) somite. (B) SERS spectra obtalned from those tissue sections outlined in panel A.
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Figure 1. SERS analysis of the cellular pathway with an endocytosed gold nanoparticle. (a) An image of a J774A.1 macrophage cell taken by dark-field
microscope. The white arrow indicates a gold nanoparticle seen as a small white spot. The gold nanoparticle is taken up by endocytosis of the cell.
(b) SERS spectra, obtained from the nanoparticle indicated in panel a. Characteristic Raman peaks were observed at 977 am (assigned to the vibration mode
of phosphate), 1457 cm™ ! (vibration mode of CH, and CH3), and 1541 cm ™~ (vibration mode of Amide II). These three Raman peaks are overlaid with bars in
red, green and blue. (c) Trajectory of the nanoparticle, marked by a white arrow in panel a, obtained from the dark-field images. (d) An RGB color map of the
molecular distribution displayed on the nanoparticle trajectory. Green spots show the Raman intensity distribution of 1457 cm ™', blue spots 1541 cm ™', and
red spots 977 cm™ . The green and blue color is highlighted during the linear paths, while the red color appears during the confined zone random walk. The
spatial resolution is determined as ~65 nm, resulting from the particle diameter ~50 nm and measurement accuracy ~1S5 nm.

dx.doi.org/10.1021/n1202877r |Nano Lett. 2011, 11, 5344-5348
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