Mnisku JleHrmiopa-bnopxerr.
HaHOTpybKu Ta iX BAACTUBOCTI.



Camo3sbopka.

Camosbopka — ue npouec agcopbuii Ta cneundivHoOro posrawlyBaHH4
MONEKYI Ha TBepain noBepxHi. Mloro pyLwiniHo cunoto € xemocopobuiq, sika

NPOSIBMSAETLCS B BUCOKOEHEPrETUYHUX peakLisax MixK agcopbaHToM Ta
agcopObyovoto NOBEPXHELD.

Po3ainatoTe 3 OCHOBHI OYHKLIOHASbHI TPYNU — NPUKPINIKOKYI, NPOMIXKHI,
doyHKLUiOHAbHI.

Mpukpinmotoui: RSIX;[(R=CH,,C,H,...), (X =CH,,CH,—-0H,Cl,...)]
Tion (RSH)
[TpoMIXKHI: CHZ,C2H4,C3H6

[ToBepxHeBI PYHKLIOHASTBHI: NH 21 F . C|, J



TexHonoria cTBOPeHHA HAHOPUCYHKY
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Pnc. 4.1. @opuuporanie HAHOPAIMEPHOTO PHCYHEA € HCHONLIOBAHIEM
CAMOVIOPSAIOTHBAIOMIEIICT MOHOMOIEKY IApHOI toieHkn [ 1|
a — OCakjIeHNe MOHOMOJICKYIAPHOTO C108; 0 — co3aHiie PICYHKA 30HI0M CRAHIPYIOMIEro
TVHHETLHOTO MIKPOCKOIA, B — OCAKICHHE MA/UTAANEBOI0O KATAMIZATOPA. I — OCAKIACHIE HIKEA

C,H, CLSi
C.H.CH,CH,(CH,0),Si

OkTageumnTpuxnopocusaH
PeHeTUNTPMMETOKCUCUIIAH
XnopMeTUndeHnnTPUMeToKCucUnaH CICH,CH¢H,(CH,0),Si

XnopmeTtungeHeTunTpuMeToKkCUcunaH CICH,C,H,CH,CH,(CH,0),Si



I'In||3|<|/| INeHrmiopa-bnogxeTtT

TepMuH nneHku JIsHrmopa—brnogpxketT (LB-nneHkn)
0b03Ha4YaeT MOHO- NS MHOTOCITONHbIE MIEHKM,
NepeHeceHHble C rpaHuLbl pasgena Boga-so3ayx (B odwem
cny4ae XnakocTb—B034yX) Ha TBepayr Nognoxky. o
CBOUM ABWXYLLIUM cunam npouecc oopMuUpoBaHNA Takmx
NNEHOK NOAYNHAETCS 3aKOHOMEPHOCTAM CamMOCOOpPKMW.
MonekyngapHasa nfieHka Ha rpaHuue pasaena Boga—Bo3ayX
Ha3blBaeTCs JISHrMIOPOBCKOMN MIEHKOMN.

f) /

[lepBble cucTtemMaTnyeckne nccrnegoBaHns MOHOCIOEB N3 aMPUAPUNbHBIX MONEKYN
Ha rpaHuue pasgena Boga — Bo3ayXx Obifin BbINOMHEHLI JIaHrmiopom B 1917 roay.
Torom nccrnegoBaHnm MOHOMOJSIEKYISIPHbLIX (TOMWMHOM B O4HY MOJSIEKYSTY) CIOEB

Ha NOBEPXHOCTU XUAOKOCTU cTano npucyxgexHue Jlanrmiopy B 1932 rogy Hobenesckown
NPEMUN MO XUMUMN.

[lepBO€E nccnegoBaHWE Mo ocaXaeHU MHOTOCNONHOMN
NNEHKN U3 ONMHHBIX LlenoYek KapboHOBOW KMCMOTbI Ha
TBEPAYIO NOANOXKY Oblfio npoBeaeHo KaTpuH bapp briogxerT
B 1935 roay. Metoq dpusnyeckoro ocaxgeHma LB-nneHok npu
NorpyxeHmn (UNu NogbeMe) B XXUOKOCTb, HA MOBEPXHOCTU
KOTOPOW HaxoOuTCcAa opraHndeckas nreHka, HasoiBaetcs LB-
ocaxaeHmneM. Ero ke Oblno n3rotoBneHo « HeBUANMoe
CTEKNo» nmMmerowlee nreHky us 44 cnoes creapata 6apums.




[ onoBHa iges metoay LB

BeuwectBa, MOHOCNOM KOTOPbIX NepeHocAaTca LB-TtexHonornen n Bsanmogen-
CTBYIOT C BOOOW (pacTBOpPSAOTCS B BOAE), CMavymBatoTcs unn Habyxatot, Hasbl-
BalOTCA rmapodPuUIibHbIMN.

BellecTBa, KOTOpblE HE B3aMOOENCTBYIOT C BOAOW (HE pacTBOPSIOTCS), He
CMayMBaloTCs U He HabyxaloT, Ha3blBalOTCS rMAPOPOOHLIMMN.

Monekyrnbl aMmpuunbHbIX BELLECTB, UCMoNb3yeMbliX B LB-TexHonornu, nmeror
0COOBYI0 CTPYKTYPY: OONH KOHEL, MOMNeKysbl ABMSAETCA rmapodunbHbIM 1 No-
9TOMY OKa3sblBaeTCH NpeanovTUTENbLHO NOrpyXeHHbIM B BOAY, a APYron KoHel,
anaeTca rmapodobHbIM 1 NOITOMY NPeanoYTUTENBHO HAaXoAMUTCHA B BO34yXe
(M1 B HENONAPHOM pacTBopuTene).

Knaccunyeckuu npumep amcpuncpunnbHoro sewiecrsa — creapuHoBas
kucnorta (C,,H;:CO,H), B KoTOpOX ANMUHHBLIN rTMAPOKapPO6OHaTHLIN —XBOCT
(C,-H;:—) aBnsieTca ruapodoOHLIM, a OCHOBHasA (rofioBHas) KapoboKCUIb-
Hasa rpynna (—CO,H) aBnseTtca ruapodunnbLHOM.

Tak kak ampupunm nmerT ognH rmapodunbHbIN KOHEL,, a APYron KOHew
rmapodobHLIN, TO OHM NPEeAnoYNTalOT pacnosaratbCs Ha rpaHuuax pasaoena,
TaKMX Kak BO3ayx-Boda Unun macro-soaa, T.e. Beget cedbst nogobHO TUNUYHbIM
NOBEPXHOCTHO-aKTUBHbIM BELLECTBAM.



OTpumMaHHS baraToLlapoBuX MiBOK

-

Puc. 8.31. Cxema popMEpPOBAHHES MHOIO-
cJIOHHBIX I1eHOK L B-Texnoa0rmen [1]
a — IIEPBOE MOTPYKEHHE, O — IEPBBIH NOTbEM:
B — BTOPO€ MOTPYXKEHHE: T — BTOPOH MOABEM

Ecnn npouecc ocaxgeHus
Ha4YMHaeTCs C rmapodunIibHOM
NOAJS10XKKMN, OHA CTAHOBUTCS
rmapodobHon nocne ocaxaeHus
NepBOro MOHOCNOS, N Taknm obpa-
30M BTOpPOM MOHOCon byaet
nepeHeceH Npu NOrpy>KeHnu.

OTOT BapuaHT aBnseTca Hanbonee
obwurm cnocobom hopmmpoBaHus
MHOIOCNOWHbIX NSIEHOK A9 aMm-
PUPUNBHBIX MONEKYN, B KOTOPbIX
rOSI0OBHblE YacTU ABMAKTCS CUSTBHO
rugpodunbHeiMu (-COOH, -PO;H,
N Op.), a XBOCTOBbLIE YaCTu
npeacTaBnstoT coboun ankurbHble
LeMOYKMN.



Moxxnusi KoMOIHaUIl LWapiB

LI ittt CA

amphiphilic <— hydrophilic head
molecule | €— hydrophobic tail

111
i

Puc. 8.32. CxemaTH9ecKOe H300pazkeHHe NIeHOK Y-, X- B Z-Tana [1]



TpaguuinHa yctaHoBKa ANA HaHECEHHS
NnniBsokK LB

I Hydrophoblc tall A

Hydrophllle head

il |

Puc. 8.33. Cxema ycTpoHcTBa 1 ocaxkIeHHs mieHok JIsarmiopa-baomxerr [1]

Ha pucyHKy npeacrasneHa cxema ycTpoucTea anga ocaxaeHus LB-nneHok. Ha atoun
CXeMe: a — BaHHa, 00bI4HO uU3rotaBnmBaemas n3 tedrioHa; 6 — aBmxywmmncsa dapoep,
NO3BOMAKOLLNIA OKa3blBaTb KOHTPOSIMPYEMOe AaBreHne Ha MOHOCSION; B -MOTOP,
KOTOpbIN OBUraet bapbep; r — namepuTernbHbIv Nprubdop, NO3BONAOLLUINA
KOHTPONMpOBaThb AaBlfiEHME HA NOBEPXHOCTWN BOAbI; 4 — DanaHcupyoLlee yCTPONCTBO;
e — MOTOp C peayKToOpoM (KOpPODOKOM CKOPOCTEN); XX — TBepaas rnoanoxka. boinm
paspaboTaHbl 1 gpyrne yctaHOBKWU C ABYMS 1 Doriee BaHHaMU s OCaXOeHus.



MeTtopa Jlenrmiopa-Landgepa
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Puc. 8.34. ®opMHEpOBaHHE IICHOR

MeTonoM JI>armrwopa—Illaadepa

[pyron meton co3naHusa LB-
MHOIOCITOMHBIX CTPYKTYP — FOPU30H-
TarnbHbIM METOA NOABEMA, KOTOPbIN bl
paspaboTaH JlsHrmiopom u Landepom B
1938 roay. Metopg LWandepa noneseH
Ansi ocaXXaeHus O4eHb TBEPAObIX
(>keCTKkuMX) nneHok. B aTom metoae
CHa4yana popmMupyeTca cxxatbli MO-
HOCIOW Ha rpaHuue pasgena Boga—
Bo3ayx (1, puc. 8.34). 3atem nnockagd
NoaSIoXKa pacnonaraeTca ropusoH-
TaribHO Ha NfiIeHKy MoHocnos (2, 3, puc.
8.34). Korga ata nognoxka noa-
HUMaEeTCs BBEPX U OTAENSETCH OT
NOBEPXHOCTN BOAbl, MOHOCIIOU
NepeHOCUTCS Ha NoasioxXky (4, puc.
8.34), coxpaHsasa, TeEOPETUYECKU, TaKoe
Xe HanpaBneHne Mmonekyn (X-tvn).



Byrneub — OCHOBa XUTTA Ta
CMPOBUHA A/19 HAHOTEXHO/10TIN

Pue. 3.2, Cxemaru-
yeckoe niobpane-
Hue s-opbutanu (a)
w p-opbutany (6)

IIEKTPOHLI
t—

L-o6oJ104Ka
Sapo
6 NPOTOHOB

(6 neiirponos
aas nzotona 12C)

K-o6oJtouxa

Puc. 3.3. Cxemarnueckoe naobpaxeHne anexTPOHHO! CTPYKTYPbI
aroma yrnepopaa 8 OCHOBHOM COCTOSIHUK

6)



[i6bpuamnsauia SP3

Puc. 3.5, (a) Terpasgpuyeckasn KOHpUrypaumns yetbipéx sp’ rmBpuaHbix opbuTaneit

aroma yrnepopa. (6) Terpaanpusieckas KOHUIrypauUus YeTbipéx o-Censen yrnepoa-yrne-

POA B KpucTanne anmasa. (e) TeTpaanpuueckas KOHPUrypaumus YeTbipéx OAUHAPHbIX
C-H cBnasen B Monekyne metana (CH,)



[i6bpnansauis SP?

a)

-

2p opOuTANH 1eNI0KANHI0BAHHBIX o)
$p2- 6~ CBA3L NIEKTPOHOB

SAnpa atomos
yraepona

U 7 ITnockocTs & opbuTaneh

Puc. 3.6. (a) Cxemarnieckoe uaobpaxeHue Tpéx sp® rubpuaHsIx opbutanei aroma

yrmepoaa, pacrosiokeHHbIX B 0AHOW NNockocTu. (6) Cxematuveckoe uaoBpaxeHue

Sp° rMBpuaHON CTPYKTYpPb! rpacuTa; O-CBA3MU B NNOCKOCTY rpaceHa, 1 2p opbutanm
AENoKanu3oBaHHbIX 3NEKTPOHOB NepPneHaUKYNAPHLI 3TOW NNOCKOCTH



[i6bpnansauis SP*
AnkeHun, KapbiHu

a)
H H
Ny
i €
/
H H

Puc. 3.13. Monekyna atunena. (a) Paasépryras rpacduyeckas chopmyna.
(6) Cuctema o- 1 TI-CBA3EN



beH30nU
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Puc. 3.9. Monekyna Gensona. (a-6) PassépryTeie rpacdmyeckne Qopmynsl Asyx W3o-

mepos Bexsona (ase n3 ATy npeansHbix hopm Kexyne—[lsioapa). (6) B cospemenHoil

XMMUMECKOW NUTEpaType TI-CUCTeMY [enOKanu3oBaHHbix 3NeKTpoHoa obo3Havalor
Kpy*KOM. (2) CncTema o-Censen u TI-cansen B monexyne 6exsona



baXO/NHI COTU

Muenuubie CoTe — OIHA U3 CaMbiX COBEDIIGHHLIX

Puc. 3.8.

W M8 HaleR Nnanare

KOHCTRYXUM

Puc. 3.7. Kpucrannuueckan crpyxtypa rpadura



Puc. 3.11. Kparkue rpacudeckue (hopMynbl HEKOTOPbLIX apeHos. BeplunHamm wectu-
yTONbHUKOB 0B03HaueHb! napsbl C-H. (a) HadTanuk, (6) aHTpaueH, (8) kopoHeH, (2) osaneH

(4n+2) menekTpoHH  Bemson CgHg (=1) Hadranin CioHs (n=2) Amnrpanen Cy, H,, (n=3)



Monekynn BUCKY-BOWL

ve
QO

Puc. 3.12. Kparkan rpacuyeckan hopmyna kopaHHyneHa, CaoHio
C,,H C,.H
20 10 487124 CeoHso

BapT i JlIoyToH cuHTe3yBanun kopaHHyneH B 1966 p.
A B 1970 poui Engsn Ocasa nepenbayme ctabinbHICTb
monekynu Cg,



Monekynn BUCKY-BALL

OavH 13 60-TH aToMOB AROFHas cBsmb (C=C)
yIaepoaa

oAHHapHas cBsb (C-C)

Puc. 4.1. Monekyna Cgo (a) » chyT6onbHbIi MsiY (6) B hopMe yeeusHHOM uKocaagpa,
(8) XMMKyeckue CBs3n Mexay atomamu yrriepoaa 8 monekyne Ceo



BiakputTta dynepeny C, (1985 p.)

faponba KpOoTo — aHMIiNCbKUIN BiAOMUN BYEHUM
B 061aCTi MiKPOXBUAbOBOT CNEKTPOCKONIT Ta
pagioacTpoHOMiIi (NpautoBaB B YHIBEPCUTETI
CacceKc, AHrnif)

Piyapa Cmoni — amepmnKaHCbKUN BYEHUM B
obnacTi nnazameHHUXx meTtoaiB GopMyBaHHSA
KnacTepiB TYronaaBKMX meTaniB (yHiBepcuteT
Panca B XblOCTOHI)

PobepT Képn — amepurKaHCbKMN BYEHNI
(yHiBepcuTeT Panca B XblOCTOHI), AKMIN BUBYAB
dopMyBaHHA KNnacTepiB HaniBNpoBiAHWUKIB.



MeTtopa Pivapaa Cmoni

Nazep

He r

Macc-
cnekTpomeTp ]

Bpauwarowuiicn
rpadiToOBBLIN SUCK

Puc. 8.2, Uictounuk a4na nonyueHus KNacrepHbiX Ny4KO8 TYronnaskuX 3NEeMEeHTOB Mme-

TOAOM nasepHoro ucnapenua [21]. B yrnepogHbix 3KkCnepuMeHTax Mcnonbaosanacs

MAWCHL B BUAG MEANIEHHO Bpawalowerocs rpaMToBoro AucKa, MTo obecneuusanc

BLICOKO® Ka4ecTso obnyuaemoi nosepxHocTy. MMnynsc ucnapsiowero nasepHoro us-

NyNeHWs C ANUHON BONHLI 532 HM, ANUTENLHOCTLIO 5 HE U aHepruen 3040 mOx doxy-

CvpYeTCA Ha NOBEPXHOCTLb rpadmra. MIMnynbCHoe CONNO NponyckaeT renwit yepes
3Ty 30HY UCNapeHun



Pe3ynbTaTh cnocTtepeKeHb

Manaormr
Peryasavop Toxa
—_———
AHuDOupyesMmie
# -~ MACTHIGI
(aTosmy,
KIRCTEPRT,
MOTEKYIILI)
KoywexTop \
YexopHuTesn.
JlerexTop

Puc. 8.3. MNprHuMniansHan cXemMa Macc-CneKkTpoMerTpa

,

o B ey e
8 12 16
a.e.

Puc. 8.4. Macc-cnekTp aromos yrnepoaa



dyvnepeHoBUN paa

Tabnuua 12.1

BO3MOXHbI@ (C TONONOIMYECKOW TOMKM 3PEHUA) MOMNEKyNbl
uKocasgpansHsLIX (hynnepeHos: ux rpynnsi CUMMeTPUK 1 auameTpsl d [26]

Mousnexyna Cp Ipynna CHMMETPHH d, A
Cao Iy 3,97
Cso Tn 6,88
Cls I 7,94
Ciao I 10,50
Cido T 11,91
Cao Iy 13,75
Cis I 14,31
Ciao In 15,88
Cisi 1 17,30
Cazo | 18,19
oo iE 19,85
Ciis I 20,63
Csso I 21,00
Cao 1 22,10
Cao In 23,82
Crao [ 24,15
Crso I 24,79
Cseo [ 26,03
Cito L 27,50
Coio I, 27,79
Cogo I 27,79




bakmiHcTep Pynep

Buckminster Fuller was a world-renowned architect, math-obsessed designer, and
affable weirdo. He died in 1983, but Fuller is still remembered fondly today for his
geodesic domes and his three-wheeled cars. Despite extensive historical interest in the

man, his FBI file has never been made public. Until now.




PiI3HOBMAN HEBENUKUX

MO1eKyN pynepeHis

Puc. 5.6. PaszHoBHIHOCTH dy/l/IepeHOB



[iraHTCKi MOneKkynun pynepeHis

Puc. 12.11. MNpumepsb! ruraHTckux ynnepeHos
C ukocaagpanbHon cummetpuen: Ciao, Coso, Coso



Puc. 12.10. Crpyktypa monekynsl Cyo: ase nonyceps! Cyy pasnensiotcs KonbLuom

U3 NeCATH QONONHATENbHBIX aTOMOB (&), COCTARNAN MHOrorpaHHuk ¢ 12 NATUYTONb-

HbiMK U 25 WeCcTUyronkHbiMK rpansamm (6). Ua-aa BLITAHYTON, BNUakon kK annuncounay,
dopmet Monekynbl Cyp OHa Nonyunna Hasanue «perbubons (8)



Mepepizn monekynm C,,

c. 14.5. 3ybuarsie (armchair) (a) » auraaroobpasubie (zigzag) (6)

Pu
cpeabl hynnepeHa Ceo



BiakpunTTa BYyrneuesmx HaHOTpPYbHOK

Cymio |gxima BnepLue npogeMoHCTpyBaB B
1991p. B XXypHani Nature CTpyKkTypy
GaraToCTiHHOI BYrreueBoi Tpy6ku

Puc. 12.13. Mpespauiexve bakmuHcTepdynnepeHa B yrnepoaHyto HaHoTpybKy C no-
MOLLLIO NOCReAoBaTenbHoro Aobasnenus aksaTopuanbHbix Koneu 3 AecAT! atoMoB
yrnepoaa: (a) Ceo, (6) Cro, (8) Ceo, (2) yrnepoaHas HaHoTpyoka C1o00000



OAHOCTiIHHI Byrneuesi HAHOTPYOKM (CNT)

Carbon atom Covalent bond

Covalent bond

Hexagon

Pentagon

LimniHapmnyHa HaHOTpPY6OKa 3 LnninapunyHa HaHOTpYybKa 3
BIAKPUTUMM KiIHLAMN 3aKPUTUMU KiHLUAMM



OpaHoOCTIHHI Ta 6araTocTiHHI CNT

Carbon nanotubes can occur as multiple concentric cylinders of carbon atoms, called
multi-walled carbon nanotubes (MWCTs) and shown in the following figure. Logically
enough, carbon nanotubes that have only one cylinder are called single-walled carbon
nanotubes (SWCTs). Both MWCT and SWCT are used to strengthen composite
materials.




OTpMMaHHA Ta NPOMUCNOBE
3aCTOCYBAaHHA HAHOTPYDOOK CbOroaHi
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BnactusocTi ByrneueBmx HAaHOTPYOOK

KocmidyHun nigpt 3a Bepcieto NASA



Xipa/sibHICTb HAHOTPYDOOK




Kputepil 4nA HaniBNpoBIAHUKOBUX
Ta MeTaNiYHUX TPYOOoK
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armchair z71g7ag

~
s (n,n) armchair

g=0 - metallic tubes

Im=n|=3p+q when g=+1 - semiconducting tubes




IHAEKCK XIPaNbHOCTI

(FEEFETAOC
252292 S
523252088
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Graphene sheet map showing the chirality
of various metallic and semiconducting

SWNTs with Ch from (0,0) to the shown

SWNT chirality.

with lattice chiral vector Ch and tube

structures of a (4,2) SWNT
axis T.

Schematic illustration of the



Ocobnunsocti cnekTpa ana 2D, 1D 1a 0D cTpyKTYp

A) 2D graphene B) 1D nanotube C) oD fullerene
4 4 4
E E E |
conduction band unoccupied unoccupied
( |’ subbands orbitals
ied
8888 valence band chgp“i’d (:,c:,?'g;
subbanas
— > —> >
r k K density of states degeneracy

Schematic representation of A) a 1D section of the 2D band structure of graphene, B) the
formation of 1D sub-bands in a carbon nanotube by restricting the wave vectors in
circumferential direction and the resulting electronic DOS displaying van Hove
singularities at the sub-band minima, and C) the set of discrete energy levels arising from
the 3D confinement in Cg,.



Band-Gap of SWCNT
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OTpuMaHHA BYI/ieueBuUx HaHOTPYOOK
(HaMbinbLW NnowmpeHnn cnocib)
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[lpoMmmncnoBa yCTaHOBKA
AYroByUM PO3pAa0OM

—_—

PHc. 5.50. CxeMa 371eKTPOIYToBoii
YCTAHOBKH /ISl HOTy'IeHHSA
HAHOTPYVOOK
1 — rpadHTOBEIH aHOA: 2 — OCaIOK.
COAepKALTHH HAaHOTPYOKH:
3 — rpa(HTOBEIH KaTOd; 4—yCTPOHCTRA
114 aBTOMATHYECKOT O MOIePKaHHA
MEKIeKTPOIHOIO PAacCTOSHHA Ha
3aJaHHOM YPOBHE: 5 — CTeHKa KaMephbl.
CTpelIKaMH [IOKa3aHEl HalIPaBIeHHS
[IPOKAYHBAHHA BOIBL, HCIIOIB3YeMOH 111
OXJTaKIOeHHA.

[lyroBun pospag
BiAbyBaeTbCA Npu Hanpyrax
25-30 B,

ryctuni ctpymy 100 A/cm?
| PO3PAOHOMY MPOMIKKY
1-2 Mm.

[MpnbnunsHo 90% macu Ha
KaTodi — ue HaHOTPYOKM.
BoHu goopmytoTbes y
BUrNALI NyYKiB 3
aiameTtpom 50 MKM

Ta JoBXUHO 40 MKM



EnektponitTudyHmnn meton,
OTPUMAHHA HAHOTPYOOK

J7151 371eKTPOJIHTHYeCKOro CHHTE3a HaHOTpYOoK
1 — xuaxui 3nexTpoant: 2 — rpadHTOBEIH aHO
C OTBepCcTHEM: 3 — rpadyHTOBEIH KaTox: 4 — meds;
5 — KBapueBas TPYOKa: O — TPYOKH 4714 IPOKavHBAHHA rasa; /
— MenHsle GuIaHns! § — YIIOTHATEIBHEIE KOTbLA



OTpuMmaHHA ByrneueBux
HAaHOTPYOOK (MeToAa na3epHoi
abnauii)

Jiy4 nazepa ——p %ew%%tz?o
He o —Pp MUAWEHL OXNAXKAEH ABH

1200 °C neunb



OTpMMaHHA ByrneueBux
HaHOTPYOOK (MeToa XiMiYHOro

OCaKeHHA)
KBapuesas amnyna._ MRS SaRiiT A il
VICTOYHUK YINIEPOAE gt o
(ra3) | K rasa
: \ \
3 18] |8 bk i OOpasel
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KaTaniTMyHUmM meTton OTPUMAHHSA
baraTollapoBuX HAHOTPYHOK

noanoxka

Puc. 5.51. CxeM KaTAJTHTHIECKOI0 CHHTE3a
MHOTOCJIOHHBIX HAHOTPYOOK
a — HCXOHad JacTHIAa MeTalla Ha IMOIT0KKeE,
0 — pa3IoKeHHe YIIIEBOIOPOIa,
B — auGdy3HA yIiIepoaa CKBO3b MeTall H POCT
CTE€HKH HAaHOTDVOKH.



“CamoKaTHUN” mexaHi3m
KaTaniTUYHOro poCcTy HAaHOTPYDOOK
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KaTanitTuyHe BMpoLLyBaHHA HAHOTPYOOK

C.Hy Cofl

Ve

Catalyst Support

View of (10,10) armchair nanotube (white ball-and-stick atomic structure) with a
Ni (or Co) atom (large black sphere) chemisorbed onto the open stage.

The metal catalyst keeps the tube open by “scooting” around the open edge,
insuring that any pentagons or other pentagons or other high energy local
structure are rearranged to hexagons (310 °C).

The metal catalyst atom can not prevent the formation of pentagons at 1200°C.



Cxemun cenapyBaHHA CNT

S(geD)
Squeeze
—_—
\7'1— M (soln.)
(a)

(b)
Centrifugation z M (soln) H L Mix gmﬁusio? @Swaraﬁgnk@) . @
S (gel)

Sy =

SWCNTSs SWCNTs  Elusion M(soln) S (geh)
in gel in gel buffer
© (d)
Mix Permeation Separation
+ = > —_— %‘ +
SWCNTs  Gel M (soln.) S (gel)
dispersion

(e)
(a)Model of MS separation using agarose gel. Red, semiconducting SWCNTs; beige,
agarose gel matrix; green, metallic SWCNTs; yellow, SDS(sodiumdodecyl sulfate). (b)
Freeze and squeeze. (c) Centrifugation. (d) Diffusion. (e) Permeation.
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TexHonoria obroptaHHA CNT
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(8,6) Nanotube wrapped by three PFO(polyfluorene) chains (represented as blue,
red, and yellow structures) forming helices.
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(a) Chirality map of SWCNTs selected by polymer wrapping. In yellow the SWNTs
selected are underlined; the color of the dots inside the hexagons indicates which of
the polyfluorene derivatives (color code used for the chemical structures) is able to
select the nanotubes. (b) Chemical structure of the polyfluorene derivatives used:
PF6, PF8 (commonly known as PFO), PF12, PF15, and PF18. (c) Structure as
obtained by molecular dynamics simulations of three PF12 chains wrapped around
a (12,10) nanotube after 10 ns at constant-pressure in toluene solution.
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CopTyBaHHA Ta BugineHHA CNT

i e 3
1,100 1,300
Wavelength (nm)

il o

(@) (b)

(a) Schematic of SWCNTs surrounded by surfactant and their sorting. (b) Picture of
SWCNTs after separation and the optical absorbance spectra. SWCNTs were sorted

evidently.
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3irHYTI HaHOTPYOKK

iiHoi (§) HaHOTpPYOOK

(a) 1 ogHOCTO

HHOH

Pac. 5.30. H3o0paxennsa H30THYTHIX MHOTOCIO

H MOJeJIb H30THYTOH CTPYKTYPHI (B) [6]



EnekTpoHHI npunaaun

a)

A 0

Ineprun

Merann Harwb NoaynpoBoaMuK
8) Puc. 14.19. MNoNesoR TPANIUCTOP HE NONYNPOBOAHKKOA0N HasoTpyGre. Hanorpybra
NEXUT Ha CNOE HIONATOPA (KBAPL) B KOHTAKTE C ABYMA CHEPXTOHKMMM METANNVNECKH-
MU INEKTPONBMH, B KANECTBE TPETLErD INEKTPOAA (38TBOPA) MCNONLIYETCA NOANOWKS
0 1 kpemuun [108)
300 +
Haro1pybea <
~ 200 1
A $i0s. M 100
° -
S p— >
o B R ] JRIN JE T |
/ KB
V. Oumd

Puc. 14.18. (a) Varnb yrneponHon HaxoTpyOxu 3a cueT BBeaeHwn pedexta acomu-
YTONLHUK-NATUYTONLHUKY, () BNUAKKME uarnba HaHOTPYORM Ha IHEPIHI0 NOABMKHbIX
ANEKTPOHOB, (6) BLNPAMNAIOWMIA avoa LOTTKM Ha M3OrHYTOW HaHoTpybke. HawoT-
pyGKa NEXWT Ha HENpPOBOASIIEA (KBAPUEBOW) NOANONXE B KOHTaKTe ¢ Asyms  Puc. 14.20. MpuBopHan CTPYKTYPE ANA MIMEDOHMA YABNBHOM ANEXTPAIBCKOND CO:

CBEPXTOHKAMM NPOBOAAMM NPOTMBNEHUA MHAMBHAYSNBHBIX HAHOTPYBOK HETHIPEXKONTAXTHEM cnocoGom [110]




HaHOTpPaH3MCTOP Ha HAHOTPYOL|
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Pruc. 5.44 TloaeBol HaHOTPAH3SHCTOP Ha MOJIYNIPOBOIHNKOBOH HaHOTPYOKe [7]
a — CXeMa HaHOTPaH3IHCTOpPa. © — 3aBHCHMOCTD NPOBOJAMOCTH HENH HaHOTpaH3HcTOpa G
OT moTeHHATa 3aTEopa U



HaHOTPYOKM HA FTHYYKUX NigKNaaMHKaX

Z4e \, S 3-amino-
| o L propyltrieth
Si sub, [——— oxysilane

Backgate (A PT E S)
(a)
Electrode (Pd) CNT monolayer

[' AN

Pl AR (ﬁ}"'\ )
s e A iy

Flexible substrate ‘_:‘ iy M ?':!'.. LY,

Gate metal (Au)

Gate metal (Ti)

— Gate dielectric (Al,0,)
(b) (c)

-
v,
A
-
— -

Typical structure of SWCNT-TFT. (a) Schematic diagram. This type of TFT is
fabricated on silicon wafer.The silicon substrate works as the backgate and SiO2
works as the gate dielectric. (b) Schematic diagram 2. The other type of TFT is
fabricated on flexible substrate like polyamide. §c) SEM image of a TFT fabricatseéd
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on silicon substrate with SWCNT network'as'its channel.



Prmtmg technology TFT based on CNT

Print CNT film
y

\ y Print st layer of (2) '
\ Ag electrodes \

CNT
solution

Gate electrode for
top gate device

Si
S/D electrodes

Print ionic gel dielectric

3
Lonic gel | J
PEI/LiCIO,

Print 2nd
layer of Ag
electrodes

(4)

Schematic for fabrication process of a SWCNT-TFT by ink-jet printing. The whole
device was fabricated by printing. First, a layer of silver ink was printed on the
substrate to form source and train electrode.The silver layer was sintered at a
temperature of 180°C to obtain low resistance. Then SWCNT solution was used as ink
to print the channel. After that, another layer of silver ink was printed to improve the
contact between SWCNT and silver electrode. Finally, the gate dielectric and gate
electrode were fabricated.
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TFT TpaH3ucTtopun Ha citkoBux CNT
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Drain current and transconductance versus voltage characteristics of SWCNT-
TFTs.

There is a peak in the transconductance curve, and it suggests a near linear
subthreshold slope. When drain voltage is small, the device shows a linear
relationship between drain current and voltage. With the increase of drain
voltage, it shows semiconducting characteristics and acts as a P-type transistor.
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Macusu niHinHo snopaakoBaHmnx CNT

(@)

Langmuir—Schaefer
assembly of full-
coverage aligned
semiconducting CNT
/S 5 = = arrays. (a) Schematic
o T mmae—— of the Langmuir—

cy¢cles

Schaefer assembly
process flow. (b)—(d)
SEM(b), AFM (c), TEM
(d) images of aligned
nanotube arrays on
substrates.
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EnektpnyHe snunantoBaHHA meTtanesux CNT

Interdigitated
VMR electrodes

Aligned
CNTs

(a)

VMR electrode thickness

Backgate oxide

Silicon backgate

(b)

Minimum metal pitch =

Width
of VMR
electrodes

Aligned
i’—"V CNTs
=

(c)

Viewof VLSI compatible Metallic CNT Removal (VMR) structure. (a) Top view. (b) Cross-
sectional view. (c) SEMimage (top view). The high voltage is applied to the interdigitated
electrodes. The silicon backgate with an appropriate voltage turns off the
semiconducting CNTs. Metallic CNTs between digitation will breakdown.
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N-type TFT TpaH3I/|CTOpl/I Ha CNT

\l[gned CNTs
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(a)—(c) Schematic of N-type transistor from reference, respectively. (d)—(f)
Representative transfer characteristics of N-type transistor corresponding to
transistor structure (a)—(c). In order to achieve nanotube transistors with n-type
behavior, metals with small work function need to be used.
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HaHOTPYOKM Ha OpraHiyHMX NigKNaanHKaXx

(1) Deposit parylene-C

(2) O, plasma

LLLLy)”
B

(3) Spin PR
)

(4) Expose and develop PR
N O O N .
$SPLIEPPLPLPLIL ISP LIPS IS S 2o

PSP ILIIII IS s

Silicon
[Z] Parylene-C

(5) Assembly of SWNT

(6) Strip PR
(7) Peel off parylene
B

Lk

Schematic drawing of the direct patterning of
SWCNTs onto a flexible substrate. The
parylene-C film was disposed by O, plasma
for 30 s to change hydrophobic surface into
hydrophilic and defined microchannel by
optical lithography. Then dipped the chip into
aqueous SWCNT solution and pulled it up
slowly with a speed of 0.1 mm/min.
Photoresist was removed by acetone after
completing dip coating.The flexible parylene-
C SWCNT film could be peeled off from the
substrate.

Optical microscopy image of an integrated
circuited consisting of several dozens of
SWCNT-network transistors on a thin
polyimide sheet.
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HaHomexaHI3MIN

HAHOTPYOKAX

Prc. 534 Yepsanaa nepejava
Ha HAHOTpYOKax

Prc. 5.33. 3y6uaraa nepexaqa
Ha HAHOTPYOKax

Kauruiesep

S Ocrpue
Vraeponuas HaHOTPYOKa

Prc. 5.37. Cxema pasMelieHnsa 0QHOCTORHOM
HAHOTPYOKH HAa KaHTH.JIEBepe ATOMHOIO CH-
JI0BOTO MHKPOCKONA



HaHoaBTOMODINb.
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Puc. 4.8. CtpocHue HaHOaBTOMOOWJISI



EkcnepmmeHTanbHMM 3pa3oK

nnnnn Y .
. »

S A RS NI
. r r
ba ot »

Puc. 4.9. HapomaurHa e3JT Ha MOBEPXHOCTH M3 30J10Ta



KpOKoBUK aKToaToOp

Puec. 4 24 Monenb IaroBOro
akTioaropa Ha BGaze DTA



HeByrneuesi HAHOTPYOKW

K uncny HeyrnepogHbiX HAHOTPYOOK, NOSMYYUBLUMNX LUMPOKOE pacrnpocTpaHeHme,
OTHOCATCA HaHOTPYOKkM coctaBoB B-C-N, C-N, B-N. HaHoTpy6ku 13 Hutpmnaa 6o-
pa BN nogpasgensatorcda no dgpopme Ha umnuHgpuyeckme (cnupanesngHole,
Nf1aBHO N30rHYTble, B dOpMe CPOCTKOB MO BHELLHEN NOBEPXHOCTH,
TponHMKOBbIE); bambykoobpasHble (B BUAeE nocrnenoBaTesibHOro CoMeTaHus
LUMNUHOPUYECKMX HAHOTPYDOK NepeMeHHOro anameTpa) n KoHmdeckme (B dopme
YCEYEHHbIX KOHYCOB, BCTaBEHHbIX APYr B Apyra).

Takke WMpoKo pacnpocTpaHeHbl HeyrnepoaHble HaHOTPYOKN Ha OCHOBE
xanbkoreHngos MoS,, WS,, NbSe,, WSe,, MoTe,. Becbma nepcnekTuBHbLIMU B
MPaKkTUYECKOM OTHOLLEHUUN ABNAIOTCA HAHOTPYOKN HA OCHOBE Anxriopyaa HUKens
NiCl,, nmetoLLero cnoncTyto CTpyKTypy, 0COBEHHOCTLIO KOTOPOW ABMSAETCH
deppo — 1 aHTUPEePPOMarHUTHbLIN TUMbI CIMHOBOTO YNOPALOYEHUS BHYTPU U
MeXay CNosiMM COOTBETCTBEHHO, @ TakKe NonynpoBOAHMKOBbIE HAHOTPYOKU Ha
ocHoBe CuO, CuS, CdS, CdTe, ZnTe.

OcobbIn MHTepec NpeacTaBnsalnT MHOTOCIONHbIE NOMYNPOBOAHMKOBbLIE
HaHOTPYOKM, B HAaCTHOCTU, ABYXCINOWHbIE SiGe-HaHOTPYOKN, a Takke
HaHOpPYIoHbl Ha ocHoBe INAs/GaAs u SiGe/Si.



Ha cboroaHi Bsce!
NAKYHO 3A YBATY!



[lncnnei Ha OCHOBI BYrneueBmnx TPyoOoK

BHAMMbBIN CBECT

b TIOMHHOGDOP

&
avon
A f * ? f * * T (anomuHnesasn
donbra)

- — WICKTPOHbI

"“I""" " I I" HAHOTPYOKH
*L- Karoa

Puc. 14.21. Cxema aucnnesn, paboraowero
HA OCHOBE ABTOANEKTPOHHON IMUCCUN U3 HAHOTPYBOK




CeHcopu Ha OCHOBI HAHOTPYDOOK

Cu peaonarop
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Prc. 5.49. Cxema rasoBoro HaHOCEHCOPa, B KOTOPOM aJcopOLHS aTOMOB rasa
HAa HAHOTPYOKAX MPHBOJIHT K H3MeHEeHHI0 YacToThl Ko.1ebaHuil pesoHaTopa [6]



KBaHTOBI APOTUHKI Si, BUpOLLEHI METOAOM
na3sepHoi abnauii, Wo BUKOPUCTOBYHOTbLCA
B AKOCTI CeHCcopIB




3anoBHEHI HAHOTPYOKN
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HaHoTpybKM MOryT 3anonHATLCA
camMbIiMW pa3HOObpa3HbIMU
mMartepuanamMmu, B TOM Yncne
mvetannamu (Rh, Pd, Pt, Mn, Co,
Fe, Ni, Sc, La, V, Ce, Gd, Zr, Y,
Tiv gp.), a TaKkke nx
coeguHeHnammn (puc. 5.54).

Puc. 5.54. Yraepo3sar HAEOTPYOKA, 3aN0IEeHEAR ORCEIOM caMapra Sm,0, [6]
Macmrabeas xeTza 10 Bx

Prc. 557 HagocTpyRTYpA, COCTORMAN B3
Yr1epoIE0H EAEOTPYOKE B BEKANCYIB-

poBaEEOrO B Hee §yanepena Cuy{13]

HaHoTpyOKkn moryT 6bITb MCNOMb30BaHbI NPU
N3rotToBneHnn batapeek Ha OCHOBE NUTUS,
KOTOPbIN TakKe MOXXHO MOMELLAaTb BHYTPb
HaHOTPYy6OK. K yncrny HeoObIYHLIX MPUMEPOB
3anosiHeHMa HaHOTPYDOOK OTHOCUTCS BBEAEHNE
B HUX (pynrepeHoB. B npakTtnyeckom
OTHOLWEHNWN NPeacTaBnseT UHTEPEC
3arnofnHeHne HaHOTPYDOK BelecTBaMu
Bronornyeckon nNpupoasbl, B 4HaCTHOCTN,
nekapcTBEHHbIMU NpenapaTamum.



HaHoTpybKa 3anoBHEHa HaaANPOBIAHUKOM
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Puc. 5.55. HapoTpyOHOE KANCYIHPOBAHHEE

xapbnna TasTana TaC
MacmrabHas mxana 10 ;v



Cxema eNneKTpOoNITUYHOI KOMIPKU ANA
3aNO0BHEHHA HAHOTPYDOOK BOoAHEM

Enektponit KOH

~~4

Prc. 5.56. Ciema 31K TPOXAMHTeCKOH A9eiikH
A4 3aN0IHeHHA YI.IepoJHEIX HAHOTPYDOK
E0JOPOIOM
1 — HCTOIHHEE MHTAEHA, I — OTPHOATELHEIR
ATeKTpo, NOKPHITEIH YTIepOIHEMHE HAHOTPYOKAMH,
3 — MOTOAHTETEHEIH 3TEKTPod, 4 — JIEKTPOMHT
(pomE®Id pacTeop KOH)



3anoBHEHI pynepeHn

Pric. 5.9. DH105ApATLHBIH KOMILIEKC Py 510, DugooapaabHbIil KOMILIEKC
La@Cs, Li,@Cso



JleryBaHHA ¢pynepeHis

Puc. 15.2. Nervponarue gynnepexon: (3) oryTperree (a1aodiynnepens),
{6) NErMPODANKE IAMELLEHHEM

N~cit,
-
(&}
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N6/

Puc. 15.3. Monoxynaphan CTPYKTYPa npoH3BOAHLIX Ceo, KOTOPLIC MSNONLINOTCA O
CONHEHLIX INEMEHTAX: (@) METHNODEA adyap [6,6)4perun-Cr-GyTHNOBOR XHENOTH
(PCBM); (6) Tpanc-3 Cea: (8) @a2adiynnepoua; (r} xetonaxram



HaHownpuuw

Puc. 14.22. (a) NuneTka C yrnepoaHoi HaHOTPyOKOW Ha KOHYUKE. CoeaviHeHue nuner-
Ki C TPYDKOW repMeTUyHO 3aKpensieHo ONTUYeCcKUM Kneem. (6) Beepexue HaHownpuua
8 knetky [115]



