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HNHHOBALIMU B METAJUIYPI'UA

AHHoTanus. B npencraBieHHON cTaThbe MPOBOIUTCS TEOPETUUYECKOE MCCIIETOBAHUE
BO3MOYKHOCTH B3aMMOJIEMCTBUS OHOTO U3 PACIIPOCTPAHEHHBIX BEILIECTB B MPUPOJAE — yIJIe-
KHCIIOTO ra3a — ¢ MOJu(pUIpBaHHBIMHU (DYHKIIHOHATEHBIME KapOOKCHIILHOW M aMUHHOM TpyTI-
namH yriiepoIHON HaHOTPYOKH U GopoyrieponHoi HaHOTpyOku Tumnia BCS. B crarke npoaHna-
JTU3UPOBAHBI PE3yNITAaThl B3AUMOJICHCTBYSI U ITPOBEICH CPABHUTENBHBIN aHaIH3 Y3 PEKTUB-
HOCTH COPOIIMOHHOT0 B3aMMO/ICHCTBHUSI HAHOCHUCTEMBI C MOJIEKYJION YITIEKUCIIOTo ra3a. JlaHsl
pEKOMEHJallMY JaJbHEHIIIEro UCII0Ib30BaHUs PE3yIbTaTOB B KaueCTBE OCHOBBI JUISl CO3/1a-
HHSA BBICOKOYYBCTBUTCIIBHOIO CEHCOPHOIO yCTpOﬁCTBa HOBOI'O ITOKOJICHUS AJIs1 BBISABJICHHS

MHKPOKOJIMYECTB BCHICCTB.

KuroueBble ciioBa: HAHOTPYOKH, CEHCOPHBIC YCTPOICTBA, MOJIEKYJ/Ia YIJICKHCIIOrO Ta3a,

COpOIIMOHHOE B3aUMOJICHCTBHE, MOTU(DUKALIHS.

BBenenmne

OnHO¥ U3 COBPEMEHHBIX MPOOJIEM pa3BHU-
THSI TEXHOJOTUH sIBIIeTCsl pobiemMa dHepro-
coepexxeHUsT U SHEProdPHEKTUBHOCTH HOBBIX
MPOU3BOJICTB U UCIIOIB3YEMOT0 000PYIOBaAHHUS.
Kak mpaBuiio, BEICOKOTEXHOJIOTUIHOE 000py/I0-
BaHME MOTPeOIIsieT OOMBIIOE KOJIMYECTBO IIEK-
TPODHEPTHH, YTO BEJET K Pa3InYHBIM pecypc-
HBIM 3aTpaTaM. B ducne Takux BaKHBIX YCT-
POWCTB MPHUCYTCTBYIOT U OJIHU M3 Hanbolee BO-
CcTpeOOBaHHBIX B HACTOSIIEE BpEMs CEHCOP-
HBIE YCTPOHCTBA Pa3lIMYHOTO THUIA, KOTOPHIE
W CIONB3YIOTCS ISl OOHAPYKEHHUS M UICHTH U -
Kali¥ BEIIeCTB B Pa3iIU4HBIX cpenax. OHu
MOTYT MPUMEHSATHCS I 00eCTIeueHUsT IKOIO-
THYECKOT0 MOHUTOPUHTA, JIJIsl KOHTPOJIS 3arpsi3-
HEHHOCTH BOJIbI U BO3/IyXa, ONpE/eNeHrue uc-
TOYHHKOB NMPOMBIIUICHHBIX BBIOPOCOB H JIJIs
JIPYTUX LETeH.

OnHO U3 TOL00HBIX U BaXKHBIX 00J1acTEN
MPUMEHEHHS] CEHCOPHBIX YCTPOHCTB — 3TO 00-
JIACTh KOHTPOJIS 3arpsI3HEHUS BO3yXa B IOME-
meHusX. [IOMUMO KUJIBIX U MPOU3BOJCTBEH-
HBIX ITOMEIICHU 0COOCHHO aKTyabHbIM OyIeT
SBJIATHCSI KOHTPOIb W MOJIEP)KaHUE YHCTOTHI
BO3/lyXa B MEIUIMHCKUX YUPEXKIACHUSX, Naja-
TaxX UHTEHCUBHOMW Tepanuu, OOKcax JJisi HOBO-
POKJCHHBIX, a TAKXKE JIJIs TIOJICPKAHUS YCII0-
BHI B 1a00paTOpUAX JJIsi IPOBEJCHUS HCClle-
JloBaHUW. B HacTosiiee Bpems 1Jisi BBINOJHE-
HUS Ha3BaHHBIX 3aJ]lad BO BCEX 00NACTAX WC-
MOJIB3YeTCsl JIOBOJIBHO 3HEPro3aTpaTtHoe 000-
pynoBaHue (pa3iWdYHBbIE Ta30aHAIHU3ATOPHI,
CHeKTpalibHble TpUOOpsl U T. 11.). [losTOMy
HEOOX0/IMM TIOMCK HOBBIX PEIICHUH U CO3/JaHue
HOBBIX HEJIOPOTHX YHUBEPCATBHBIX CEHCOPHBIX
YCTPOHUCTB, 3HEProdPeKTUBHOCTh KOTOPHIX

34

Oyzer obecriednBaTHCS MPUMEHEHUEM TTPHHIIH-
MMHaTbHO HOBBIX MaTepualioB, B TOM YHCJE, B
KayecTBE CEHCOPHBIX JAaTYUKOB.

HUccnenoBanus, mocBAIIeHHBIE HCTIONH30Ba-
HUIO yIIIepoqHbIX HaHOTPYOOK (YHT) B kauecTBe
JaT4YMKa JJIs ONpeNeNeHrs] pa3iuyHbIX Ta30B,
JOCTATOYHO OOIMpHHI [4; 5; 6; 7; 9; 10]. OnHa-
Ko em¢ He ObUIa pAaCCMOTPEHa BO3MOKHOCTh HC-
MOJIb30BAHUS TPAHUYHO-MOJAUPUIIUPOBAHHBIX
¢ynkuroHanpHbIME Tpynnamu YHT ans uaen-
TU(QUKAIMHA MOJICKYJ Ta30B.

Panee OblTM TIPOBEICHBI HCCIIEAOBAHMS,
MOCBSIIICHHBIE COPOIIMOHHOMY M CEHCOPHOMY
B3aUMOJICHCTBUS MOJUPUIIUPOBAHHBIX HAHOC-
TPYKTYp Ha OCHOBE YIJIepo/ia B OTHOIIEHUH aTO-
MOB ¥ MOHOB IIEJOYHBIX MeTaimoB [1;2; 3; 11].
OTH HCCleOBaHUs JOKa3all HaJW4nle BBICO-
KOIl 4yBCTBUTENBHOCTH HAHOCUCTEM K MUKPO-
KonmuuecTBaM BemiecTB. OHU MOTYT cO3/1aBaTh
MPEANOCHIIKH K PAaCIIUPEHUIO THIIOB JETEKTH-
PYIOIINX CHUCTEM U BUJIOB OIpENENseMbIX Be-
mecTB. [logoOHBIE TeOpeTHYECKHE HCCIENIO-
BaHUS paHee HE BHIMOJIHAINCH, YTO OMpeness-
€T aKTyaJIbHOCTh MaTepuana, mpeacTaBIeHHO-
ro B CTaThe.

Pe3y.11 bTaThbl U 06cym11eﬂne

[IpoBeneHHbIE paHee UCCIENOBAHMUS, TO-
CBALICHHBIC T'PaHUYHOMY MO):[I/I(l)I/I]_[I/IpOBaHI/IIO
YIIIEpOHON HAHOTPYOKH aMUHHOM TPYIIIION, Mo-
Kazanu oOpa30BaHHME CTAOMIIBHOTO XUMHUYECKO-
ro koMIuiekca [8]. Jlist u3yueHuss cCopOLMOHHOIO
B3aMMOJICHCTBUS MOJIEKYJIbI YTIIEKHCIIOTO ra3a ¢
KOMIIJIEKCOM «yTliepofasi HaHOTpyOka — aMHH-
Has TpyNIa» ObLIO BHITOTHEHO MOJICITHPOBAHUE
nporecca MPUCOSIUHEHHS MyTeM TOIIaroBoro
MPHOJIMKEHHS HCCIIEyeMO MOJIEKYITBI K Kpae-
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BOro aToMy ()yHKIIMOHAJIbHOU rpymisl (puc. 1).
[To pesynbraTam uccienoBanus ObUIA MOCTPOE-
HBI KPUBBIE, TIOKa3bIBAIOIINE OOIIYIO KApTHHY B3a-
uMozeicTBus (puc. 2). AHaIU3 Pe3yIBTaTOB I10-
KazaJl, 4TO IPUCOSTHUHEHHE MOJIEKYIIBI ITPOHCXO-
IUT 0e30apbepHO. YCTaHOBJICHHOE PacCTOSHHE
B3auMoJelicTBus 2 E 1 aHEeprUs B3auMoaeHCcTBUS
1,59 eV nokasbiBaeT Hamuuue cliaboro BaHaep-
BaaJIbCOBOI'O B3aMMozeicTBUs. Takoil ThIl B3au-
MoJIeHicTBHSL 00ECTIEYUT BO3MOKHOCTH MHOTO-
KPaTHOT'O UCIIONB30BaHUS ITOJJO0HOTO CEHCOPHOTO
yCTpoHCTBa O3 ero pa3pyIieHHs Wi W3MEHEHHUS
€ro CBOWCTB, YTO MOIJIO ObI IIPOU30MTH B CIIydac
00pa30BaHMsI XAMHYECKOH CBSI3U MEX]Ty HAHOCH-
CTEeMOM U HCCIEAYeMbIM BEIIECTBOM.

3akJiloueHnune

Hecmorpst Ha BBICOKYIO MOMYIISIPHOCTH HC-
CJIeZIOBaHM B 00JIACTH CEHCOPHBIX CBOMCTB Ha-
HOTPYOOK, paHee He ObUIO NPUBEICHO TEOPETHU-
YeCKUX 00OCHOBAHUMA, MTOATBEPIKICHHBIX KOMITb-
TEPHBIMH pacdyeTaMH 3JIEKTPOHHO-3HEpIreTHIeC-

HccnenoBanue B3auMOIEHCTBUS YIIEKHCIIOTO ra3a ¢ MOAU(HUIIMPOBAaHHBIMU IPyIIIaMU HAaHOTPYOOK

KHX XapaKTEPUCTUK COPOIMOHHON M CEHCOPHOM
aKTUBHOCTH HAHOTYOYJISIPHBIX MaTEPUAIIOB, BKITFO-
YaIOIMX KOMITBIOTEpPHOE MOJIENM POBAHME B3aMO-
JICUCTBUS MKy MOIU(DUIIUPOBAHHON YTIICPOXK-
JTHOH HAHOTPYOKOH M MOJIEKYJIaMH ra3oB (B TOM
YHCcIie YIIIEKUCIOro ra3a). Takke crosiias J10-
BOIBHO OCTPO MpoOieMa OIEHKH KadecTBa BO3-
JlyXa M MOMEIIEHUSX, TIO3BOIISIET CYIUTh 00 aKTy-
aJIbHOCTH JAHHBIX UCCIICIOBAHIMN.
Brimonnennslie uccneoBaHus JOKa3bIBAIOT
pean3aIuio cnadoro GU3MUECKOro COpOIIMOHHO-
0 B3aMMOJCUCTBUS MEXKIY HaHOCUCTEMOM, CO-
CTOSIIIICH U3 YIIIEPOIHOM HAaHTPYOKU, TPaHUYHO-
MOIU(UIIMPOBAHHON AMUHHOM TPYIIION, H MOJIe-
KyJIOH YTJIEKUCIIOTo ra3a. DTO MO3BOJIAET TOBO-
PHUTH O BO3MOKHOM CEHCOPHOM B3aUMOZEHCTBHH,
KOTOPOE MO3BOIIUT HCIIOJIE30BATh MOA00HBIN KOM-
TUIEKC [Tl OOHAPYKEHUS MUKPOKOJINYECTBA BeE-
mecTBa — yriekuciaoro raza. Ha ocHoBe 3Toro
MOYKHO C/INIaTh BBIBOJI, YTO MOIU(UIIMPOBAHHBIC
YIIIEPOJHBIE HAHOTPYOKH MOTYT SIBISITHCS DJIe-
MEHTaMH JIaTYMKOB JJIsl ONpEAeieHNs KauecTBa
BO3/yXa B IIOMEIIEHUH, BHICTYaTh B KaueCTBE

Puc. 1. Monens MOTU(HUIIMPOBAHHOW aMUHHOW TPYIIIOHA YIIIepOIHON HAHOTPYOKH
[P B3aUMOJEHCTBHUHU C MOJIEKYIIOH YITIEKUCIIOTO ra3a

E, eV

2,5 3 3,5 q 4,5

r, A

Puc. 2. DHepreTuueckas KkpuBas B3auMoaencTBus cucteMsl Y HT-aMunHas rpynmna ¢ monekysnoit CO2
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30HJI0B KAHTWJINBEPOB ATOMHO-CUJIOBBIX MUKPO-
CKOIIOB U JIPYI'UX YCTPOMCTB.
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INVESTIGATION OF THE INTERACTION OF CARBON DIOXIDE
WITH MODIFIED FUNCTIONAL GROUPS OF NANOTUBES !

Lev V. Kozhitov

Doctor of Sciences (Engineering), Professor,
Department of Technology of Electronic Materials,
National Research Technological University “MISIS”
kozitov@misis.ru

Prosp. Leninsky, 4, 119049 Moscow, Russian Federation

Irina V. Zaporotskova

Doctor of Sciences (Physics and Mathematics), Professor,
Director, Institute of Priority Technologies,

Volgograd State University

sefm@volsu.ru

Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation

Natalia P. Boroznina

Candidate of Sciences (Physics and Mathematics), Professor,
Department of Forensic Science and Physical Materials Science,
Volgograd State University

boroznina.natalya@volsu.ru

Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation

Sergey V. Boroznin

Candidate of Sciences (Physics and Mathematics), Associate Professor,
Department of Forensic Science and Physical Materials Science,
Volgograd State University

boroznin@volsu.ru

Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation

Vladimir V. Akatiev

Senior Lecturer, Associate Professor,

Department of Forensic Science and Physical Materials Science,
Volgograd State University

sefm@volsu.ru

Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation

Abstract. The article presents a theoretical study of the possibility of interaction of one
of the most common substances in nature — carbon dioxide — with modified functional carboxyl
and amine groups of carbon nanotubes and borocarbon nanotubes of the BC5 type. The
article analyzes the results of the interaction and provides a comparative analysis of the
efficiency of the sorption interaction of a nanosystem with a carbon dioxide molecule. The
performed studies prove the implementation of a weak physical sorption interaction between
a nanosystem consisting of a carbon nanotube, a boundary-modified amine group, and a carbon
dioxide molecule. This allows us talking about a possible sensory interaction that will allow
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using such a complex to detect a micro amount of a substance-carbon dioxide. Based on this,
it can be concluded that modified carbon nanotubes can be elements of sensors for determining
the quality of indoor air, act as probes for cantilevers of atomic force microscopes and other
devices. Recommendations are given for further use of the results as a basis for creating a
highly sensitive new-generation sensor device for detecting micro-quantities of substances.

Key words: nanotubes, sensor devices, carbon dioxide molecule, sorption interaction,
modification.
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