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I/ICCJ'ICZ[OBaHI/Ie COp6IlI/IOHHI:IX CBOICTB YIIICPOAHBIX HaHorrpy601< JUB1 OYMCTKH BOABI OT HCOPIraHUYCCKUX HpI/IMeCGﬁ

AnHoTanusi. [IpoBeneHbI uccienoBaHus aacopOIMOHHBIX CBOMCTB YIJICPOAHBIX Ha-
HUpr60K 110 OTHOUICHUIO K HECOPTaHNYCCKHUM MOJICKYJIaM. BrimonHeHs! TCOPECTUYCCKHUEC KBaH-
TOBO-XMMHUYECKHE PacueThl B3aUMOJIEHCTBHA HanboJiee paclpoCTPaHEHHBIX MPUMECHBIX
MOJICKYJI B BOJIE C YIIICPOIHBIMUA HAaHOTPYyOKamMu. [TocTpoeHbI poduIu MOBEPXHOCTH ITOTEH-
LMaJbHON SHEPTUHU B3aUMOJIEW CTBUS MOJIEKYI (COMEH KalblMsl, MAarHUS ¥ HaTPHs) C TIOBEPX-
HOCTBIO YITICPOIHON HAHOTPYOKH. I10Ka3aHO MOJI0KUTEIBHOE BIMSIHKE YITICPOAHBIX HAHOCT-
PYKTYp Ha MPOIIECC OYUCTKH BOIBI OT HEOPTAHUYIECKUX TIPUMECEH.

KaroueBsle ci1oBa: copOuus, yriiepoaHble HAHOTPYOKH, KBAHTOBO-MEXaHHUECKHE Pac-
YCThI, OUMCTKA BOABI, HCOPraHUYCCKUC ITPUMECH, COJIM Marduus, COJIM KaJlblWs, COJIM HaTpH.

W3BecTHO, YTO yriiepoiHble HAHOTPYOKH
HUMEIOT YHUKAJIbHBIE COPOIIMOHHBIC XapaKTepH-
CTUKHU [8]. DTO CBs3aHO B MEPBYIO OYepedb C
OUYEHb BBICOKOH yIEeJIbHON IOBEPXHOCTBIO, IPU-
Cyled JaHHBIM CTpyKTypam. IIoBepXHOCTH
YIJIEpOTHON HAHOTPYOKH (KpOME TOT0, 4TO HMe-
€T YHUKaJIbHbIe COPOIIMOHHBIE CBOMCTBA) 00J1a-
naeT OOJBIIMM KOJNMYECTBOM JBOWHBIX YTIie-
poaHbIX cBA3el. Hanmuue nocieaHux AaeT Bo3-
MOXKHOCTb K B3aHMOJICHCTBHUIO C pa3HOOOpa3-
HBIMH MOJIEKYJIIPHBIMH KOMIUJIEKCaMH, YaydIla-
oIMH copOLnoHHYIO0 crtocobHocTh YHT. D10
MO3BOJISIET MPUMEHSITh UX B KauyecTBe COpOEH-
TOB ISl OYUCTKH BOJ OT BPEOHBIX IPUMECEH,
TaK Kak ynorpeOiieHue BOJbl C HECOOTBETCTBY-
FOIIMM HOPMaM COJIEBBIM COCTABOM MOXET CIIO-
COOCTBOBATh Pa3BUTHIO Pa3IMYHBIX 3a00JeBa-
Huii. [ToMuMO 3TOT0, OT UCITOJIL30BAHUS YKECT-
KOM BOABI MOXKET CIIOMAaThCsl MOTPEOIsAomas
BOAy ObITOBast TexHuKa [1].

[IpoBens aHanu3 coBpeMeHHBIX (QUIBTPOB
JUISL OYMCTKH BOJBI, MOKHO 3aMETUThH OOIIHit
HEJAOCTaTOK — OHU OYHIIAIOT BOAY TOJIBKO OT
OMpeNIeTIEHHOTO TUMa 3arpsisHeHui. s noctu-
YKEHUSI HAMJTYUIIIeTo pe3ybTara Hy)KHO IPOBec-
TH MHOTOCTYIEHUYATYIO MPOIEIypPy C TOMOIIBIO
pasHbBIX BUJOB (DUIBTPOB, YTO OYEHHb PECYpCo-
€MKO M 3aHHMAaeT JIOBOJIbHO MHOTO BPEMEHH.
VYraepoaHble HAHOMATEPHUAIBI TO3BOJIAT PEIIUTh
JaHHYIO MTPOOJIEMY.

OnHM MOryT OBITh UCIIONB30BAHbBI B Kaue-
cTBe (UIBTPOB, MPHYEM TaK K€, KaK B cllydae
ajicopOIum, cBOMCTBa (PUIILTPOB MOTYT OBITh Ha-
MIPaBJIEHHO W3MEHEHBI PUCOSTNHEHNEM PasIIHy-
HBIX QYHKIIHOHATBHBIX rpyil. [ unpododHas npu-
poia yIIeponHbIX HAHOTPYOOK OIpeesieT ux
cnaboe B3aMMOJICHCTBUE C MOJIEKYJIaMU BOJIBI,
co3liaBasi yCJIOBUS JJISl e CBOOOJHOrO MpoTe-
KaHus. MI3BeCTHBI MOMBITKY aHAJIN3a UCITOJNIB30-
BaHHUS YIIIEPOIHBIX HAHOTPYO B KadecTBe (PHITh-
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TPOB IJIA OYUCTKHU BOAHO-3TAaHOJIbHBIX cMecen
OT TOKCHYHBIX NMpUMecei [3], a Takxke — uccie-
JOBAaHMUA 110 OYUCTKE BOJbI OT ITIAaTOI'CHHBIX MUK-
pOOpraHu3MoB (IPOCTEUINX, OAKTEPHil, BUPY-
coB) [7] u opranoocOpHBIX MECTHUINIOB U3
BOJHBIX 00pa3ioB [6].

BrInTONHEHBI TEOPETUYECKHE paCUYEThI
HCKOTOPLIX HCOPTaHUYCCKUX NPHUMECHBIX MO-
JIEKyJ, cojepkauuxcs B Boje, MetogoM DFT.
Jiis ananu3a ObUTH BEIOpaHbl HanboJIee pacipo-
CTpaHECHHbBIC HEOPTaHMYECKHE BEIIECTBA, KOTO-
pble Hanie APYTUX BCTPEYAIOTCS B NMUTHEBOMH
Boxe [2; 4; 5]:

— xnopun kaneiusg CaCl2, xmopua Maraus
MgCl, , xnopun natpus NaCl;

— kap6onar kanpuus CaCO,, xkapOoHat
marnus MgCOj;

— cynbdar xkanpuus CaSO,, cynbdar mar-
nus MgSO,.

HccnenoBansl mpoliecchl a1copOIMOHHOT0
B3aMMOJICHCTBUSI BEIOPAHHBIX HEOPTaHHMYECKHX
MPUMECHBIX MOJIEKYIT K IOBEPXHOCTH OJHOCIION-
HBIX YIJIEPOIHBIX HAHOTPYOOK THIa (6,6). [Tomy-
YCHHBIC paCUYCThI ITOKa3ajnu, 4ToO I[aHHbIﬁ pann-
yC KPHBH3HBI YIIIEPOJAHBIX HAHOCTPYKTYp 00ec-
MeYnBaeT BO3MOXKHOCTh aKTHBHOTO a/IcopOIu-
OHHOTO B3aMMOJICHCTBUSI ¢ HEOPTaHUYCCKUMHU
MOJIEKYJIaMHU 3a CYET ONHOIEHTPOBOTO TMEPIICH-
JMKYJSIPHOTO B3aUMOJICHCTBUS, TO3BOJISIONICTO
pean30BbIBATH MHOXKECTBEHHYIO aJICOPOIIHIO.
JlaHHOE CBOMCTBO IO3BOJISIET JCNaTh BHIBOJBI O
ToM, criocobHa 1 YHT 3¢ dexktuBHO OUUCTHTH
BOJY OT BPEAHBIX IPUMECEH.

[ponecc agcopOIMKM MOJETUPOBAIICS TO-
marosbiM (paBHbM 0,1 A) npubnmxenuem He-
OpraHu4ecKruX MOJIIEKYJ K ITOBEPXHOCTHOMY aTo-
My yriiepoja HaHOTpPYOkH. ['eomerpuueckas
CTPYKTypa CUCTEMBbI ONTHUMHU3UPOBAIUCH HA
KaXXJIOM IIare, Mocjie 4ero ObLIN MOCTPOCHBI
OHEPICTUUCCKUE KPUBBIC CUCTEMBI ITOJIYUYCHHBIX
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KoMIutekcoB. [locne aHanmM3a 3HEPreTHYecKUX
KPHUBBIX YCTaHOBJICHBI T€OMETPUYECKUE U DHEP-
TFeTHYECKUE 0COOCHHOCTH aICOPOIIMOHHOI0 B3a-
HUMOJIENCTBUS.

Hexoropbie Monenu acopOIOHHOTO B3a-
MMOJICHCTBHS YIIIEPOIHOW HAHOTPYOKH C HEOp-
raHWYECKUMHU MOJIEKYTaMH TPENCTABICHBI Ha
pucyske 1.

PaccunTanbl 3HEpreTHYECKIE KPUBBIC B3a-
UMOJICHCTBYSI TIP ONTHMH3AINH TTOBEPXHOCTH
HaHOTPYOKH (puc. 2—8). OCHOBHBIC T'€OMETPH-
YeCcKUe U DHEPTeTHYECKUe mapamerpsl ajacopo-
I[UW IPUBE/ICHBI B TAOIHUIIE.

YcraHOBIIEHO, YTO ajcopOIus peanusyer-
csl JUISL BCEX CITy4aeB B3aUMOZICHCTBHUSA YIIIEpO.I-
HOW HAHOTPYOKHU C HEOPraHWYECKUMH MOJIEKYIIa-
MHU. DTO WUTIOCTPUPYETCS HATMYUEM MHHUMY-
MOB Ha KPHUBBIX, HAXOSIIUXCS B 00JIACTH OTPHU-
LaTeIbHBIX 3HAYCHUM.

Takum 00pa3oM, BBITIOIHEHHBIE KBAaHTOBO-
XMMHUYECKHE PacuyeThl JIOKa3ad QakT aacopOriu-
OHHOTI'0 B3aUMOJICHCTBHS YIVICPOIHON HAHOTPYOKH
C HEOpraHWMYECKHMHU MPHUMECHBIMU MOJEKYJIaMHU
BOZIBL. YTJIEpOIHBIE HAHOTPYOKH MOTYT HCIOB30-
BaThCs B KavyecTBe (MIBTPOB JJIsi OYMCTKH BOJIBI
OT IIPUMECHBIX HEOPTaHUYECKHX BEIIECTB.

Puc. 1. Monenu aacopOirionHoro B3aumoeiictsus Y HT ¢ HeopraHHIeCKUMU MOJIEKYJIaMH:

a — ¢ xkapbonarom kanbims CaCO,; 6 — ¢ kap6onarom marans MgCO,
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Puc. 3. Duepretnyeckas kpusas Bzaumonerictaus cucteMsl «Y HT — CaCO,»
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Puc. 5. Duepretnyeckas kpusas B3aumoneictaus cucrembl «Y HT — MgCl»
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Puc. 6. DHepreTuyeckas KpuBas B3auMonenucTBus cucteMsl «Y HT —MgCO,»
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Puc. 7. DHepretuueckas Kpusas B3auMonencTsus cucteMsl «Y HT —MgSO »
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o
L~
/

r : 1, A
32 3T

0 ; .
1 \ 2,2 2
05 7 , )7

N ——

Puc. 8. Duepreruyeckas kpusas Bzaumozeiictsus cucteMsl «Y HT — NaCly»

OcHOBHbIE MapaMeTpPbl aICOPOLUMOHHOI0 B3aMMOeiiCTBUS YIJIEPOAHOH HAHOTPYOKH (6,6)
¢ HEOpPraHM4YeCKUMH MPUMECHBIMH MOJIEKYJAMH BOJbI

[TpumecHbIE MOTEKYIIBI r, A Eqy, eV
CaCl, 3,0 -243

CaCO3 2,6 - 1,29

CaS0Oq4 2,6 — 1,08

MgCl 3,1 ~0,29

MgCO; 2,2 1.4

MgSO, 2,2 ~ 1,62

NaCl 2,4 -0,92
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Abstract. Studies of adsorption properties of carbon nanotubes with respect to inorganic
molecules have been carried out. Theoretical quantum-chemical calculations of the interaction
of the most common impurity molecules in water with carbon nanotubes were made. Analysis
of modern water purification filters shows the general disadvantage of all modern filters —
they clean water only from a certain type of pollution. In order to clean water from a wide
range of different pollutants, it is necessary to carry out multistage purification, with different
types of filters, which is very resource intensive, and takes quite a long time. Using carbon
nanomaterials as filters will solve this problem. For the study, the most common inorganic
substances were chosen, which are most often found in drinking water: calcium chloride
CaCl,, magnesium chloride MgCl,, sodium chloride NaCl, calcium carbonate CaCO,,
magnesium carbonate MgCO,, calcium sulfate CaSO,, magnesium sulfate MgSO,. Processes
of adsorption interaction of selected inorganic impurity molecules to the surface of single-
layer carbon nanotubes of type (6,6) were investigated. Surface profiles of potential energy of
interaction of molecules (calcium, magnesium and sodium salts) with surface of carbon nanotube
are constructed. The positive effect of carbon nanostructures on the process of water purification
from inorganic impurities is shown, meaning the possibility of using CNT as a filter for water
purification.

Key words: sorption, carbon nanotubes, quantum-mechanical calculations, water
purification, inorganic impurities, magnesium salts, calcium salts, sodium salts.
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