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• literally “green town”
• location: 20 km northwest of 

Moscow
• founded 1958
• center of the microelectronics 

industry 
• free economic zone
• innovations-oriented 

manufacturers
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STAFF

• 1500 employees

• 450 Teachers

• 550 Researchers

• 100 Full professors

• 300 PhDs

• 5500 Students

• 400 Doctoral & postgraduate 
students

• >1000 Annual graduates
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 Fundamental research in mathematics, physics, chemistry and electronics;

 Information technologies and telecommunications;

 Materials for micro-, nano- and optoelectronics;

 Micro- and nanoelectronic devices;

 Microsystem technology;

 Devices of fiber and integrated optics;

 Information control systems and complexes;

 Microelectronic radio systems and devices;

 Ecology and human life-support systems;

 Economics, management and marketing;

 Social and philosophical problems of science and engineering;

 Problems of general and professional education.
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Nanoporous/nanotubular
Anodic metal oxides and 

semiconductors

Thin films and
nanoclusters

Nanotubes, Nanorods,
Nanowires
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Schematic representation of the SERS effect (a) and comparison of the Raman 
spectra obtained in the presence and absence of gold nanoparticles (b)

(A) (B)
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Chemical liquid methods

TEM image of a cluster of Fe3O4 (a) nanoparticles obtained by deposition from a colloidal solution on a 
solid surface [1], SEM image of an array of gold disks (b) formed using electron beam lithography [2]

KSERS ≤ 104 KSERS ≤ 1012

Electron beam lithography
• surface contamination of nanoparticles;
• low reproducibility of arrays;
• heterogeneity of the distribution of 
particles on the surface.

• high labor intensity and cost

(а) (b)

[1] Zhaoyang Tong, et al. Sensors. – 2016. – V. 16. – P. 308. [2] Madsen S., et al. Microscopy and Microanalysis. – 2013. – Vol. 19. – P. 1554-1555.
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(A) (B)

Schematic description of the formation of 
nanoparticle arrays by vacuum thermal evaporation. 

A - deposition of material; B - vacuum annealing

Silver nanoparticles: (a) 16 nm; (b) 21 nm  

What arrays we can form:
Silver (Ag), gold (Au), copper(Cu), nickel (Ni), 
bismuth (Bi), iron (Fe), antimony(Sb) and alloys 
of these components, e.g. Ag-Cu, Ag-Au etc.
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TEM micrographs of gold nanoparticles with different geometrical parameters of arrays and 
corresponding histograms of particle size distribution

7 nm 12 nm 23 nm

Diameter NPs, nm Diameter NPs, nm Diameter NPs, nm
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Transmission spectra of arrays of Ag (a) and Au (b) nanoparticles formed on 
glass with different average particle sizes

Ag
(а) (б)

Au

Wavelength, nm Wavelength, nm
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TEM images of (A) initial and (B) annealed Ag-Au condensate with a corresponding histogram of particle size 
distribution (weight portions of Ag — 0.6 mg; Au — 1.5 mg); 

(C) Transmission spectra of (in) Ag, Au and AgAu arrays of nanoparticles (diameter ~ 9 nm);

(A) (B)

(C)
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Planar SERS substrate. The object of study is 

amorphous carbon (a-C)
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SEM images of the surface of the SERS substrate
before (A) and after (B) the deposition of a layer of amorphous carbon

Raman spectra of amorphous carbon films 
(~ 25 nm) on glass and on a SERS substrate 

at λL = 488 nm

SERS substrate design scheme
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Active layer

Reflective layer

Si-substrate

Thin layer SiO2

a-C on the glass

a-C on SERS

(A) (B)
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Fig.1. TEM images and particles size distribution histograms of silver (a) 
and Ag-Cu (b) nanoparticles arrays.

Fig.2. Selected area diffraction patterns of silver (a) and Ag-Cu 
(b) nanoparticles arrays.

Fig.3. Fragmented STEM image of the studied array of 
nanoparticles (a); EDX elemental maps of this fragment (b), 

where copper is shown in red and silver in blue.

Fig.4. Dark field TEM image of Ag-Cu particle. To build this image the 
diffracted beam corresponding to (200) planes of copper lattice was 

used. (b) Bright field image of the same particle
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Raman spectra of amorphous carbon thin films deposited on SERS structures based on 
arrays of Ag, Cu and Ag-Cu nanoparticles using lasers with the wavelengths of 488 (a), 514 
(b) and 633 nm (c); reproducibility of the SERS intensities for a-C film (1580 cm-1) on Ag, Cu 

и Ag-Cu NPs SERS substrate. The histogram shows the estimated RSD values (d).
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Raman spectra of 0.5 μM, 0.5 mM and 0.5 M of TMAO at wavelength of 514 
nm on the structure of Si \Ag\SiO2\Ag

Scheme of TMAO formation in 
the body

SERS SchemeSERS substrate lifetime
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Comparison of the literature peaks of TMAO 
and the corresponding experimental peaks

Raman spectra of human blood and plasma at wavelength of 514 nm on the 
structure of Si \Ag\SiO2\Ag
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СO2 + 3H2 = CH3OH + H2O
СO2 + H2 = СО + H2O
СО + 2H2 = CH3OH

The use of plasmonic nanoparticles in the 
composition of the catalyst may allow the 
use of "free" solar energy for:
- Water purification
- Processing of co2 into methanol, methane
-Decomposition of water into oxygen and 
hydrogen
- Decomposition of exhaust gases of an 
internal combustion engine
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TiO2+Au(NPs) TiO2+MWCNT+Au(NPs)

MWCNT+Ag(NPs)
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IR spectra of TiO2 with Au and Ag particles exposed to UV
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The photocatalytic activity of TiO2-based catalyst 
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