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YrnepoaHble matepuansi

Bcneacteue  pasnuuHbiX  TMNOB  rmMbpuamnsaumm  (sp3, sp2, sp)
cywecTByeT 60MnbLLUOEe YMCIO anfnoTPONHbIX Moandukauuin yrnepoaa:
rpacuTt (sp2), anmas (sp3), doynnepeH (sp2), yrnepoaHble HaHOTPYOKK
(sp2), rpadeHsbl (sp2) n T.n.

MoryT cylliectBoBaTh 1 Apyrne annoTponsl yrnepoaal

BO3MOXHO CUMHTE3NpOBaTb CTPYKTYpPbl, COAepXalune, Hanpumep,
KOMOUHaUUM Sp2 n sp Unu sp3 n sp yrnepoabl.

www.solinstruments.com
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Anmas dynnepeH

www.solinstruments.com
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[padeH (Graphene) pacdpuH (GRAPHYNE) pacpamH (GRAPHDIYNE)

A —" A N A W N

(pachoH (GRAPHONE) pacdhaH (GRAPHANE )
[pbaghoH - 4acTnU4HO [paghaH — NorTHOCMbIO 2UOPO2EHU3UPOBAHHbIL
rMMAOPOreHNn3npoBaHHbIN rpadeH epagheH

C: Carbon, ©O: Hydrogen
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UeM MHTepecHb! yrnepoaHble matepuarnbi?

YrnepoaHbie matepuanbl NePCcnekTUBHbI AN UCMNOMb30BaHUA B
ONEKTPOHHbIX U  OMNTOSMNEKTPOHHbIX YCTPOMCTBAX HOBOIO
MNOKONEHNs, HaxoOaT LUMPOKOE TMPUMEHEHME B PasfUYHbIX
obnacTax TEXHUKMN.

www.solinstruments.com
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[Toyemy pamaHOBCKas CNeKTPOCKONmA?
[lpenmyulecTBa pamMaHOBCKOW CNEKTPOCKOMNUA

O6pa3subl HEDOSbLLOIO pasmMepa

[MpocToTa npobonoaroToBku

Bonblion obbem nonyvaemon MHGopmMaLnm

HepaspyLiatlowmnm n HEKOHTaKTHbLIN aHann3

N3mepeHne pasHoobpasHbiX 06pasuoB (KMAOKOCTW, TBepable
obpasubl, MOPOLLKN U T. A.)

JKcnpecc-mMeTo

NccnepgoBaHne o06pasuoB MNpu BbICOKUX [OaBMEHUAX, HU3KUX
Temnepartypax u T. a.

AHanus no rnybuHe obpasua

www.solinstruments.com
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NHpopmauuns, nonydyaemas u3 pamaHOBCKUX CMEKTPOB

PamaHoBcKkasi cnekTpockonus NHdopmavuma
[Mo3numsa nuka Ctpecc
HanpsxkeHue
da3zoBbIn Nepexoq
[Monsapusauma nuka OpwueHTauus Kpuctanna
OpueHTauus nonmmepa
CummeTpus
LLinpuHa nuka KayecTtBo Kpuctanna
CTeneHb KpUCTanmnyHoCTn
NHTEeHCMBHOCTbL CopoepxaHue matepuana
KoHueHTpauusa
XapaKTepuctuyeckme 4yactoThl Pacno3HaBaHne maTtepuana

XnmMumnyeckmnm aHanms

www.solinstruments.com
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PamaHoBckasi cnekTpockonus. ictopus.

PamaHoBCckMin  adbekT (pamMaHOBCKOE paccesHue) - sBhneHune
Heynpyroro paccedaHma cBeta. OTkpblTo PamaHom B 1928.

PamaHoBckasa cnektpockonusi 6basmpyetca Ha addekte PamaHa.
B 1960-e rogbl nogseprnacb peBOOLUMOHHBIM U3MEHEHUAM MOCSIE
BHEOpPEHNA Na3epos.

Bo BTopon nonosuHe 1970-x pamaHOBCKasa CrNeKTPOCKONusi B
KOMBMHaLUNKM C ONTUYECKMM MUKPOCKOMNOM cTana UCrnofnb30BaTbCS
Ona MUKpoaHanmaa.

B 1990-x npogemMoHCTpupoBaH nepBbii paMaHOBCKUIA
KOHJbOKaribHbIN MUKPOCKOM.

B 1998 SOLAR TII (SOL Instruments), Tokyo Instruments (Tll) n
NT-MDT coBmecTHO paspaboTtanu 3D ckaHupyowmin paMmaHOBCKUI
KOHoKanbHbIn Mukpockon (Nanofinder).
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ConfOteC Confotec MR520
family .

ST

Confotec MR350

www.solinstruments.com



SO0

instruments

3D pamaHoBcKu KOHOKarbHbIN MUKpockon Confotec™
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3D pamaHOBCKMA KOHJpOKasibHbI  MUKPOCKON
NO3BONSAET MNPOBOAUTL aHanmmMa C  BbICOKOW

www.solinstruments.com YyBCTBUTEITbHOCTbIO.



SO0

instruments

PamaHoBckaa cuctema ¢ NT-MDT ACM

CCD video camera
Imaging optics

~ P~

—_ — Excitation
Beam splitter 2 ,2 = light

— Scattered

_ light

Beam splitter 1 v
W

AFM probe Objective

XYZ scanner

http://www.ntmdt.ru/afm-raman/ntegra-spectra



SO0

instruments

PamaHoBCcKkaa koHdpokanbHasag MUKPOCKOMUS.

[MpnHUMnN.

AnepTypHas aOnadparma (NUHXOS) OTCEKAeT pacCedAHHbIM CBET,

NOywmmn ot BHeOKasnbHbIX TOYEK.

[Mogxogsawmm  UCTOYMHUMK cBeTa U adodpekTnBHagd

cncrtemMa

perncTpaunmn Heodxoanmbl ANsi pPaAMaHOBCKUX U3MEPEHUN.

Analyzer == ——=1

— Detector

—-!— Pinhole
Objective é

Spectrograph

Polarizer

Laser

Filter _
beam

Z

www.solinstruments.com
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[lpocTpaHCTBEHHOE paspeLleHne

KoHdokanbHbIM curHan cobmnpaetcst TonbKo ¢ AndpakLnoHHO-
OorpaHn4yeHHoro oobbema:

Laser beam waist

HuameTtp cokycmpoBaHHoro natHa d~ 0.61 A / NA
JA/ Deph of focus rﬂy6|/|Ha CbOKyca (Dep’[h of fOCUS) DOF~ 4 A/ NA2
(DOF)
R _ 0612
Pa3peLueHune B NyIOCKOCTH Lateral NA
XY (kputepun Panes )
0.88- 4

Ry =
' n— . n? —(NA)?
(n — nokasaTernb NpenomreHna cpeabl)

AkcunansHoe paspelleHune (£2)

[MpoCTpaHCTBEHHOE paspelleHne onpeadensieTcsa ONIMHOM BOMHbI cBeTa (A),
cpenon (n) n yncnoson aneptypon obbekTmaa (NA).
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BbICOKOCKOPOCTHOE NONy4YeHNE paMaHOBCKNX
n3odpaxeHnn obpasua

THE CRISW CFIOCESS T HEp
HR110 b ’* 4 1 Sattings mode:ON |250 = ([ B33 nm £ 100:x v| 8°

I.Point I z ‘ Fast Mapping :Fast Mapping F'Ius-| Spectra | .Mapping I.Mappin Plus.l Settings|
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PMT channels
Overview | Reflected = ‘
Image 1 IReercted "
[ Image 2 [Spectra\ '] |

Rect size, pm
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YrnepoaHbie HaHOTPYOKM

YrnepoaHble HaHOTPYOKM npuBrekarT 0osbLLIoe BHUMaHe 13-3a
YHUKASTbHbIX CTPYKTYPHbIX, MEXaHUYECKUNX, TEPMUNYECKNX U
9NEeKTPUYECKNX CBOUCTB.

[MpmeHeHue:

e MuKpOaneKkTpoHMKa (HaHoNpoBoda U T. A.)

e CTM/ACM wurorsnku

e MuHnaTiopHble AaTynKM Onst O6HapYy>XEHUS1 MOSIEKYI
e [lobaBkn B baTtapeu

e [loniMmepHble KOMMNO3UTbI

www.solinstruments.com
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OﬂHOCTeHHbIe yrmepoaHble pr6KI/I. PamaHoBcKue CMNeKTpbl.

X
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g

1,0

1,5

www.solinstruments.com

2,0

2,5 Raman shift, 1031/cm

D-nuk accouunpyetca ¢ gedekramu
B CTPYKTYPE HaHOTPYOKN.
Bonbwe pedektoB B CTPyKType -—
bonee MHTEHCUBHbLIW MUK.

Mk ~1582 cm' (G-band)
OTHOCUTCH K TaHreHumanbHbIM
C-C BaneHTHbIM KonebaHusm.

RBM nuk cooTtBeTcTBYET
pagnanbHbiM KonebaHusam (radial
breathing mode).
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OpHocTeHHble yrnepogHble HaHOTPYOkN (SWCN)
Ha KpeMHNEBOW MOAJIOXKE

Sil

G-band

80

750

L

650

Raman shift, 10°1/cm

2D-band
| ﬂ
20 0 25 3,0

PamaHoBcKoe n3obpakeHue

(532 um nasep, 100 x NA0.95,
war ckaHuposaHus 40 HM)
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YrnepogHble HaHOTPYOKN B M30rHYTOM COCTOSIHUU

ACM Ttonorpadus
(NT-MDT NTEGRA Prima)

Height

141

121

101

161

Height, nm

[nameTp HaHOTPYOKN:

HuameTtp ~ 1.7 HM

2.0

X, nm
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PamaHoBCKasi CNeKTpOCKOMNsS U30rHyTou
HaHOTpyOkn (RBM konebaHue)

RBM mopa 4dyBcTBUTENbHA K AMAMETPY YriepogHON HAaHOTPYOKM.

140

2235
Vi, (e 1) = e +12.5

AnameTp HaHOTPYOKM ~1.75 nm

Raman intensity, a.u.

v

T T T T T T T I ! ! '
100 150 200 250 300 350 400
1

Raman shift, cm”
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PamaHoBCKaga CNekTpoCKONUA U30rHYyTOM YyrrepoagHou Tpyoku
(G n D mogpl)

1582.3

G-band intensity

= 1580.3

1323.3

G peak position WA;MG
2um /

T
1200 1300 1400 1550 1600 1650

Intensity, a.u.

- Raman shift, cm
(CBeTJ'IbIe TOHa COOTBETCTBYIOT ©onee BbICOKOMN Lh’:]CTOTe)

G-nWK 4yBCTBUTENEH K HanpshkeHUsM B JIOKanbHOM CTPYKTYpe YrnepoaHbIX
Tpybok. HanpsxkeHnsa moryT nosiBUTbCA BCrieacTame narmba.

B wMectax Haumbornbluen KpMBU3HbLI HabMOaeTcs YMEHbLIEHWEe 4acToThl
konebannn G-moabl. Takon caBur 4acToTbl COOTBETCTBYET AedopmMaumsam
PaCTSXKEHUSL.

[lononHuTensHO B MecTe Haubonblen KpuBu3Hbl TPybKM Habnogaetcs
yBenmyeHmne nHTeHcnsHoctTn D-nuka.
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[padpeH

CsouncTtBa rpadeHa:

TBepaocCTb

CyLuecTBeHHas TennonpoBOAHOCTb
CyLuecTBeHHas aneKkTpornpoBOAHOCTb
OnTuyeckasa npo3pavyHoCTb
Xnmmnyeckasi cTabusnbHOCTb

T. M.

www.solinstruments.com
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[TonyyeHune rpadpeHa
[padeHoBLIE 0Opa3Lbl NONy4YeHbl paccrioeHnem rpadguTa.

OnTuyeckoe nsobpaxeHue 10 um

www.solinstruments.com
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PamaHOBCKas CreKkTpockonusa rpadeHa

GRAPHENE
5
o
z
w
S GRAPHITE
-t
£
1500 2000 2500 3000

Raman shift, cm~

G mode D mode 2D mode
“— - N ?
<o { )
- —
"3 Y
1580 cmT 1360 cm! 2700 -2745 cm!

OTHocuTenbHasa MHTEHCUMBHOCTb G NUKa yBENUYMBAETCS C POCTOM Yncna
cnoes. loeHTuurkauma ogoCcnomnHoro, AByXCIoOMHOro UM MHOIOCSTOMHOTO

rpadpeHoB nposoauTcsa no 2D-mofe.

www.solinstruments.com
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PamaHoBcKas CrekTpOoCKoNuA rpadpeHOoBbIX CITOEB

PamaHoBckoe nsobpaxeHue
(MHTeHcmBHOCTL G-nuka)

6000+

4000 +

2000 -

Raman intensity, a.u.

T v T . ‘I o T
1500 2000 2500 3000
Raman shift, cm-1

OaunHapHbIn crion
2 cnos
3 cnosa v bornee

www.solinstruments.com
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C-band

PamaHoBckoe konebaHne, COOTBETCTBYIOLLEE CABUraMm
cnoes apyr otHocutenbHo apyra (C-band), Habniogaetcs
vexay 44 cm! (B o6beMHoM rpadeHe) n 32 cm-!

(B ABYXCNOMHOM rpadoeHe).

3 -1
s -42 cm
2
fe w

) 44 e g
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= \ -

g 32 \\
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Ll T I T I 1 1 1 L Ll 1
-100 80 -60 40 -20 O 20 40 60 80 100

1/N
1

Raman shift, cm”

P.H. Tan, The shear mode of multi-layer graphene
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PamaHoBcKkoe nsobpaxeHue rpadeHa
(nosuuma 2D nuka)

2 cnos
3 cnoga n bonee

E. KysHeuos, C. Tumodees, I1. lJopoxkmH NT-MDT

www.solinstruments.com
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MeTop JlatepanbHbix Cun

1 layer
O 7V
O 2 layers
Q 2
sl
Q
S ]

3 layers

Plane, um lﬂwl\‘_/\\
E. KysHeuos, C. Tumodees, M. Jopoxkud NT-MDT Position, nm

Cwuna TpeHuns Ha rpadeHe MeHbLUe, YeM Ha 30r10Te.
Cuna TpeHne ymeHbLLIaeTCs C pOCTOM Yncna Crioes.
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KenbBuH-3oHAoBaa Cunosas Mukpockonums:
[ToBEPXHOCTHbIN MOTEHLMan

3 layers

160

mV
40

Surface potential
180

1 layer

100 120

A 4

0 o5 10 15 20 25 30 3,5
Plane,um

E. KysHeuos, C. Tumodees, I. JopoxkmH NT-MDT Position, nm

[TOBEPXHOCTHbLIN MOTEHLUMAN BO3pacTaeT C POCTOM 4ucna crnoeB rpadeHa.
Pa3HOCTb NOBEPXHOCTHbLIX NOTEHUMANOB MeXay ogMHapHbIM 1 ABONHbLIM CIOSIMU
coctaBngaet 80 mV, mexay OBOMHBLIM U TPOWHbLIM - 20 mV.
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MukpokpucTannnyeckmn (amopdHbIn) rpadonT

OnTun4yeckoe n3obpaxeHune

www.solinstruments.com

) 02 03 04 05 06 07 08 09 10
um

ACM Tonorpadus

Height

PamaHOoBCKUI CNEKTP

20000 4
15000 4

10000 4

Intensity, a.u.
<]

5000 4 G

T T T T T T T T 1
1000 150 20 2500 3000
Raman shif, cm’”
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YrnepogHble BONOKOHA

YrnepogHsle (rpacdutoBble) BorlokHa UmetoT gnameTtp 5—10 MKm
A cocToAT B OCHOBHOM U3 YrriepoaHbIX aTOMOB.

YrnepogHble BOSIOKHA NMPon3BoaAT MPENMYLLECTBEHHO U3
nonunakpunHutpuna (Polyacrylonitrile, PAN).

CBoucTBa yrnepoaHbIX BOMOKOH (BbICOKasi MPOYHOCTb, BbICOKas
PaCTSXKMMOCTb, HU3KNIW BEC, BbICOKasA XMMUYecKkasa YCTOMYNBOCTD,
BblCOKas TemnepaTypHasa yCTOMYMBOCTb, HN3KOE TeMnepaTypHoe
paclumpeHmne) genatwT nx BOCTpeboBaHHbIMM.

YrnepoaHble BONTOKHa 00bIMHO KOMOMHUPYIOT C APYrMMu
maTtepuanamMmm, opMmnpys KOMMNo3uThI.

www.solinstruments.com
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[lpmeHeHne

1. Komno3nTHble maTepuarnbl
KomMnosnTHble martepuansl C yrnepoaHbiMU BOMTOKHAMM HaYMHAKOT
3amMewatb anoMUHUMA B adPOKOCMUYECKOW MNPOMBbILLSIEHHOCTH.

2. TekcTunbHble nsgenus
3rotaBnmBaloTca HATU N TKaHW.

3. MukpoanekTpoabl
cnonb3ytoTcsa Ansa U3rotToBrieHUa MUKPOINEKTPOOOB.

4. Katanus

HaHoBOsOKHa BbICTYNMAKT B Ka4eCTBE KaTaJiu3atOpOB Ha MePBbIX
cTagnax n3rotoBsJsieHMA CMHTETUYECKOIo ra3oJinHa.

www.solinstruments.com
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YrnepogHsle BONOKHA
Yp,eanaﬂ MPOYHOCTb — npeanen NMPOYHOCTH Martepumarna,
OTHECEHHbIN K €ro nnoTHOCTU (OTHOIJJeHl/Ie npeanefnia Npo4YHOCTU K

macce). [lokasbiBaeT, HACKOMNbKO MPOYHON OyaeT KOHCTPYKUMS npu
3aJlaHHON Macce.

CpaBHEHME  CBOWCTB  MHXEHEpPHbIX
MaTepuanos

Carbon fibers (T1000GB)

Carbon fibers (AS4)

Spider silk

Carbon-epoxy composite

Titanium

Stainless steel

Nylon

Brass

Copper

L o B B e e S e S B S S O B e e |
0 1000 2000 3000 4000 5000

Specific tensile strength (strength/density)
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G-nuk (1580 cm'): TpacdmToBas cTpykTypa
D-nuk (1380 cm'): HapyweHune nopsigka (Disorder)

PamaHoBckoe n3gbpaxeHune (G-nuk) Paneesckoe paccesHue
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YrnepogHoe BOSIOKHO. PamaHoBcKas MUKPOCKOMUS

Paneesckoe paccesiHne @ Raman (G-nuk) Raman (D-nwuk)

21 x 21x 7 mkm (250 x 250 x70 nukcenen)

PamaHoBCckoe un3obpaxeHne (MHTeHCMBHOCTb G MoAbl)  YrIIEPOOHbIX
BOJTIOKOH MOXHO MCNonb30BaTb AN UCCNedoBaHUA  CTEMEHU  UX
rpadouTmnsaymu.

www.solinstruments.com
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Anmas

CsoucTtBa anmasa;

TBepaocTb

YCTONYMBOCTb K AaBMEHUI0

3Ha4uTernbHasa Tepmmyeckasi NPoOBOAMMOCTb
3HaunTernbHasa anekTpnyeckasi NPOBOANUMOCTb
OnTnyeckas Npo3padvyHoOCTb

XumMmnyeckas yCTou4nBoCTb

www.solinstruments.com
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PamaHoBCKaga CneKkTpoCcKonus
PamaHOBCKME CneKTpsbl JltoMmnHecueHumus
CUHTETNYECKUX arnmasoB (NV ueHTpbl, 575 nm)

6000

] B
: AN
- 3 um §
z’. y =
) : 5 um 540 560 580 Wavelength, nm
: 53 um

T T T T T T |
1315 1320 1325 1330 1336 1340 1345 1380

CtpykTtypa NV ueHTpa

Raman shift, cm”

PamaHoBckune CMeKTpbI (FIO3I/1LI,I/IFI NnnMKa " ero |.|.||/|p|/1Ha)
HyBCTBUTEJIbHbI K Ka4€CTBY MUKPOKPUCTAslJ1oB ajiMasa.
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MHCTPYMEHT C anMa3sHbIM NOKPbITUEM.
OnTuyeckoe n3obpaxeHune

TR AT Ty Y

(i QU b"”"‘"."“"l’)"““{' 1
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VIHCTPYMEHT C anMasHbIM NOKPLITUEM.
PamaHoBcKkaa MUKPOCKOMNUS

NHTEHCUBHOCTbL NK1Ka

JItoMmnHecueHuuns
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AnmvasonogobHble nokpbiTna (DLC)

Diamond-like carbon (DLC) — knacc  amopdHOro yrnepogHoro
matepuana, KOTOpbIA COCTOUT W3 aTOMOB Yrnepoda, Kak C
anMasHbIMU, Tak U ¢ rpaddUToNoA0OHBIMKY CBA3AMM.

DLC 00OblMHO MCMNONb3yeTcsi B Ka4yeCcTBe MOKPbITUIA AONst APYrnx
mMaTepuanos.

www.solinstruments.com
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PamaHoBcKas CreKkTpoCKonus

PamaHoBckun crnekTtp nokpbitus HDD

. G-NuUK
D-nNuK

Intensity, a.u.

"

T T T
1000 1500
Raman shift, em™!

nasep 633 nm
ob6bektmB 100x / NA 0.7

www.solinstruments.com

T
2000

D-nuk (cBaAsaH cC yrnepogaMmn Ha
rpaHuue rpaduTOBbIX KPUCTaNMTOB)
nossngaeTca sBonunamn 1350 cm!

G-nuk (cBA3aH C NSIOCKOCTHbIMU
konebaHusamu rpacuta)
pacnonaraetcs Bonuan 1570 cm!

Ob6a nunka HaxoasaTcs Ha
NOMUHECLIEHTHOM (POHe.
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[TnactuHa HDD
ACM Tonorpadwus. MarHuTHasa cTpyktypa PamaHoBcKkaa MUKpocKonus
Pa3mep oedekToB KOppo3nu nnactuHel HDD (MFM namepenus)
~ 1-2 MKM

(OTHowweHue Ip/lg)

MFM Raman

nm

5 10 15 20 %5 30 35
um

OTtHoweHwue Ip/lg

CTPEMUTCS K HYMIO

ans sp3 rmbpuansaunm
www.solinstruments.com
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3aknoyeHume
PaMaHOBCKaﬂ CI'IeKTpOCKOI'II/Iﬂ/MI/IKpOCKOI'IVIFl MO3BOJIAET.

e [lpoBOaAMTb Hepa3pyLUaoLLNe UCCeaoBaHMUs MaTepranoB
e liccnenoBaTb 0ObEKTbI C BbICOKUM NMPOCTPAHCTBEHHbLIM

paspeLleHnem
e [leTekTMpoBaTb N3MEHEHUS B CTPYKTYpEe KapOOHOBbIX

MaTepuanos
e lI3yyatb pM3nyeckme cBOMCTBaA MaTtepmarnoB Ha CyOMUKPOHHOM

YPOBHE

www.solinstruments.com
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Cnacubo 3a BHMMaHue!

www.solinstruments.com



