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The last decades discovery of new structural
versions of carbon - carbyne, fullerenes,
nanotubes etc. dictates necessity of search of
formation laws of carbon materials structural
versions. The scheme is necessary which would
allow to classify various structural updatings. This
classification - should explain the existing variety
of structural updatings of carbon and predict new
carbon allotropes. The classification scheme of
today is based on definition of a hybridization
degree of carbon atoms making carbon materials
[1]. Graphically this scheme represents an
analogue of the phase diagram of threefold
systems, with the basic hybridization types sp, sp’,
sp> appropriate corresponding to carbyne, graphite
and diamond located on its top. The given scheme
does not satisfy to the above requirements, as the
points on this diagram doesn't have unambiguous
sense. These points are possible treat as specifying
the ratio of carbon atoms which are in the sp, sp”
and sp’ of hybridization states, or as the
information on the average hybridization of all
atoms included in structure of any carbon
material. However many carbon materials consist
carbon atoms in several various hybridization
states, and not only in sp, sp> and sp’, but also in
states with intermediate degrees of hybridization
sp™. For such structures the classification does not
work.

The solution of this situation is that the
separate classifications - first, structural states of
carbon allotropes, secondly, hybridization states
of a separate carbon atom are necessary. For
construction of the first diagram it is necessary to
abstract from an opportunity of existence of
various (not discrete) intermediate hybridization
states of carbon atoms and to consider that there
are only three structural states. And structural
states of a separate atom is determined by quantity
of covalent bonds (2, 3 or 4) which it forms in the
appropriate structure. Then any point on such
threefold diagram of states will give the

four next atoms for the appropriate structural
updating (fig.1).

It is necessary to introduce the second diagram
for classification of states, in which there can be a
separate atom of carbon (fig.2). The difference in
states of atom in various hybridization states
consists in a mutual spatial arrangement of 4
valence orbits and their size. Therefore
classification scheme should unequivocally set
this configuration. If we assume, that the sizes of
valence orbits are not independent variables and
accepting an axis z as orientation of one of
valence orbit, it is enough to have to six variables
for the description of orientation of three others in
spherical system of coordinates. Therefore it is
impossible to take advantage of the traditional
diagram of threefold systems [1] for its
construction. It is possible to simplify
classification in this case if we consider atom of
carbon in a states intermediate between three
basic. Actually it is possible to imagine transitions
sp — sp>, sp — sp, sp° — sp° and return
transitions. During transitions the corners between
valence orbits can accept different meanings and
transition can be carried out on various
trajectories in space of six variables, however
simplification is possible if as take the valence
orbits form basis. Valence orbits can have the
symmetric or asymmetric form, in the sp state two
valence orbits are symmetric and two are
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Fig.1. Scheme for classification of carbon
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asymmetric, in the sp® state - one is symmetric
and three asymmetric, in the sp’ state - all valence
orbits are asymmetric. Therefore intermediate
states of atoms can be divided into two classes -
states with one symmetric valence orbit and states
where completely symmetric valence orbits are
not present. We shall call intermediate states
between sp and sp” as the first class, between sp”
and sp’ the second. As a result the diagram of
classification of atomic states should be linear.

The offered scheme of classification allows to
classify accurately all known structural versions
of carbon materials like carbyne, graphite,
diamond, fullerenes, nanotubes, technical
materials (carbon fibres, cokes, carbon soot etc.),
new structural updatings (peapods, fullerene
condensates and polymers, graphynes, nanotubes
polymers, glitter and honeycomb structures,
clathrate, cuban etc.). Besides it is possible to
predict new carbon structures with its help, which
is shown on an example of graphyne fullerenes
and graphyne nanotubes [2].
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KIIACCU®PUKALIUA YTJIEPOAHBIX CTPYKTYP
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OTKpBITHE B TOCIEIHHE AECCATUIETHS HOBBIX
CTPYKTYpHBIX ~ pa3HOBUAHOCTEH yriepoma —
KapOuHa, (QyJUIEpeHOB, HAHOTPYOOK JUKTYyeT
HEOOXOOUMOCTh  TIOMCKAa,  3aKOHOMEpPHOCTEH
(hopMHPOBaHHST CTPYKTYpPHBIX Pa3HOBHIHOCTEH
yIiIepoaHbIx MarepuanoB. HyxHa cxema, koTopas

MI03BOJIMIIA OBl KJ1acCH(PHUIIUPOBATh
pasHoOOpa3Hbie  CTPYKTYpPHBIC  MOJH(HKAIIUH.
TpeboBanus K KiIacCH(PUKAMA — OHA JOJDKHA
OOBSCHSITH CYIIECTBYIOIIEE MHOT000pazue
CTPYKTYpPHBIX ~ Moau(ukanumid  yriepoga U

MpeCcKa3biBaTh HOBBIC YIJIEPOIHBIC AIIOTPOIIBL.
Cy1iecTByOIIas Ha CErOAHS KIacCU(PUKAITUOHHAS
CXeMa OCHOBBIBACTCS HAa OIPEHICICHUU CTCICHU
rubOpuIM3anuu YIACPOHBIX aTOMOB,
COCTaBIIIIONINX ~ YTIIEPOJMHBIC MaTepuansl [1].
I'paduueckn sTa cxema mnpencrtapiser coboi
aHasor (pa3oBol qUarpaMMbl COCTOSIHHS TPOWHBIX
CHCTEM, B BEpIIMHAX KOTOPOW PACIIOJIOKEHBI
OCHOBHBIE THUIIBI THOPUAM3AINU SD, sz, Sp3
COOTBETCTBYIOIINE KapOWHY, TpauTy M ammasy.
JanHast cxema HE YAOBJIECTBOPSIET
c(hopMyTUPOBAaHHEIM BBIIIE TPEOOBAHUAM, TaK
KaKk TOYKM Ha DOTOW JMarpaMMe HE HMEHOT
OHO3HAYHOTO CMBICJA. OTH TOYKH MOXKHO
TPaKTOBATh KaK 3aJIAI0IINE COOTHOIICHHE aTOMOB
YIIIeposia HAXOAMMXCS B COCTOSIHUH SP, SP° U SP°
ruOpuausanuu, b0 Kak WHPOPMAIHIO O
YCPEMHCHHOW  CTEMEeHH TUOpHIU3alMd  BCEX
aTOMOB  BXOJSIIMX B COCTaB KaKOTO-JIHOO
yraepoaHoro  marepuana.  OnHaKo — MHOTHE
YIIEPOIHBIC MAaTEPHAIBl COCTOSAT U3 YTICPOIHBIX
aTOMOB HE B OJIHOM, & B HECKOJIbKUX Pa3IMIHBIX
THOPUIN3UPOBAHHBIX COCTOSHUSX, NpUYEM He
TOIBKO B SP, SP° M SP°, HO M B COCTOSIHHAX C
MPOMEKYTOUYHBIMH ~ CTETICHSAMH  THOpHIU3AIAN
sp”. Hanpumep, B monekyne C;y UMeeTCs MATH
Pa3IMYHBIX AaTOMHBIX MMO3UIUH COOTBETCTBYOIINUX
pasHbIM THOpuaM3anusaM. JIs TakuxX CTPYKTYp
KJaccuuKamus He padoTaer.

BrIxos U3 3TOM CUTyalMy 3aKII0YaeTCs B TOM,
YTO HEOOXOMUMBI pa3fieibHbIC KIACCUPHUKAINU -
BO-TICPBBIX, CTPYKTYpPHOTO COCTOSTHHUSI
YIJICPOJHBIX aJNIOTPOIIOB, BO-BTOPBIX, COCTOSHHS
rUOpUIN3alUU OTACIBHOIO YIJICPOJHOTO aTroMma.
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Hns MOCTPOEHUS nepBoit JuarpaMMbl
HEOOXOAMMO abCTpParupoBaThCs OT BO3ZMOXKHOCTH
CYILIECTBOBAaHUS pPa3NU4YHBIX (HE IHUCKPETHHIX)
MPOMEXKYTOUYHBIX ~ COCTOSIHMM  THOpUAM3AIHH
YTIIEPOAHBIX aTOMOB M CUUTATh YTO CTPYKTYPHBIX
COCTOSIHUM TONbKO Tpu. I[lpuueM CTpyKTypHOE
COCTOSIHHE OT/AEIBHOTO aTOMa OMpeAeNsiTh IIo
KOJIMYECTBY KOBAJIEHTHBIX CBsized (2, 3 wmum 4),
KOTOpeIe OH o00pa3yeT B COOTBETCTBYIOIICH
ctpyktype. Torma miobast Todyka Ha Takod
TpOMHOU JuarpaMme COCTOSIHUS JIacT
OIHO3HAYHYI0 WH(POPMAIMIO O COOTHOIICHHUH
aTOMOB yrjiepoja OOpa3yIOIIUX KOBAJECHTHBIE
CBSI3U C JIBYMs, TPEMsI WU YETBIPbMs COCETHUMU
aToMaMH JJII COOTBETCTBYIOWIEH CTPyKTYpHOU
Moaudukanuu (puc.l).

anmas, Kyoan

tdynnepeHorbie
MOTMMepEI

2IUmep

cTeKnoyrnepoa
KECPUIN

TpEMEpDI Cigp

KOKCbI, yrnepoiHble maMepsl C 5

BOMNOKHa, caXxa

peacpan-4 epahan-2

3 epadan-]  KPMCTannuTG padur,
KapGHH ‘epa;baﬂ 7777777 pagi KOKCOB W ¢ty mnepensr,
epagranogyiiepe Het, yrnepoaHblX  panotpy6Ki,
2paganoesie BONOKOH TeanayIsl
Hanompy KU
Puc.1. Ilpemnmaraemas cxema CTPYKTYpHOI

KJIACCU(UKAIINHA YTICPOTHBIX MaTepHUajoB IO
COOTHOIIEHHWIO  aTOMOB  OOpa3yommx B
Marepuasic 2, 3 win 4 KOBaJCHTHBIX CBS3U
(KypCcHBOM — THIIOTETUYECKHE CTPYKTYPHI).

Bropyro amarpammy COCTOSIHHSI HEOOXOAMMO
BBECTH I KIAacCH(OUKAIUK COCTOSIHHH, B
KOTOPBIX MOXET HaXOJUTHCS OTAEIbHBIA aToM
yrieponaa (puc.2). Paznmuuns B
THOPUIM3UPOBAHHBIX COCTOSHUSIX 3aKIIFOYarOTCS
pa3HOM B3aUMHOM MPOCTPAHCTBEHHOM
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COCTOSTHHH YTJI€POJAHBIX aTOMOB.

pactonioxkerHun 4 opburtaneii m uX pasmepe.
[Mosromy knaccuduKaMoOHHasE cxXeMma JIOJDKHA
OJTHO3HAYHO 3aJaBaTh 3Ty KoH(puryparwuo. Eciun
JIOTTYCTUTh, YTO pa3Mepsl OpOUTAICH HE SIBIISIFOTCS
HE3aBHCUMBIMHU TIEPEMCHHBIMH W TPUHHMAs B
KaueCcTBEe OPHEHTAINH OJHON U3 OpOHTaieil och z,
TO JUIA ONHCAHWS OPHUEHTAlMHA TPeX OCTaJbHBIX
OTHOCHTEIHHO OCHOBHOM B CPepUUECKOM cUCTEME
KOOpIWHAT JOCTATOYHO IIECTH MEePEMEHHBIX
(puc.2). IlosToMy BOCHONB30BAaThCA T €€
IIOCTPOCHUSA TpaAULIMOHHON JMarpaMMon
TPOMHBIX cucTeM [1] HEBO3MOXHO. YIPOCTUTH
KJIACCHU(UKAIIMIO B 3TOM CIIy4ae MOXKHO, €CIH
paccMOTpeTs aTOM yIiepoJa B  COCTOSHUHU
MPOMEXKYTOUHOM MEXKIY TpeMs OCHOBHBIMHU.
JleificTBUTENNPHO  MOXXHO  IPENCTaBUTH  cebde
TIEPEXOMIBI SP—>SP°, SP—>SP°, SP°—>Sp° W 0OpPATHbIE
nepexopl. B mporecce mepexoqoB YIIbl MEXITY
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OpOUTANISIMH MOTYT NIPUHUMATH pa3Hble 3HAYCHUS
U CaM IIEPEXOoa OCYLIECTBIATHCA IO PA3JIMYHBIM
TPACKTOPHSIM B MPOCTPAHCTBE IeCTH
MEPEMEHHBIX, OJTHAKO €CIH 32 OCHOBY NPHHATH
¢dopMmy opOuTaneil TO BO3MOXHO YIPOIICHHE.
OpOutamu MOryT UMETh (HOpPMYy CUMMETPUYHOMN
100 aCUMMETPUYHOW TaHTENH, B COCTOSIHUU SP
IBe  opOWTanM  CHUMMETPUYHBIE W JIBE
ACUMMETPHUYHBIEC, B COCTOAHUHU sz - OJHa
CUMMETpUYHAsT U TPH AaCUMMETPUYHBIC, B
COCTOSHHMH Sp° - BCE OPOMTATH aCHMMETPHUHBI.
[TosToMy TpPOMEXYTOUYHBIE COCTOSIHUS aTOMOB
MOXKHO Pa3feiuTh Ha JIBa KJAacca - COCTOSHHS C
OJTHON CUMMETPUYHOIN OpOUTANBIO U COCTOSIHUSA, B
KOTOPBIX TOJIHOCTHI0 CUMMETPUYHBIX OpOHTanel
HeT. [lepBBIM KJIACCOM HA30BEM COCTOSIHHS
IPOMEXKYTOUHbIE MEKIY Sp M Sp°, BTOPHIM -
MeXITy sp° M sp’. B pesynbrare amarpamma
KJIaCCI/I(bI/IKaIII/II/I aTOMHBIX COCTOSIHUM JOJI’KHA
OBITH TUHEHHOH (pHC.2).

[pennoxxennas cxema KIacCU(pUKAIIN
MO3BOJIIET ~ XOPOHIO  Kiaccu(UIMPOBaTh  Bce
W3BECTHBIC Ha CEeTOJIHS CTPYKTYpHBIC
Pa3HOBUIHOCTH  YIJICPOJHBIX  MATEPUANIOB -
KapOuH, rpadur, anmas, (bymepeHsl,
HaHOTPYOKH, TEXHUYCCKHUEC MaTepHUaITbI
(yrnepogHble BOJOKHA, KOKCHI, CaXH W T.I.),
HOBBIC CTPYKTYpHBIE MomaupuKanuu (I1earmoisl,
(GyJUlepeHOBbIE  KOHICHCATBI U IOJUMEPHI,
rpadaHbl, HAHOTPYOOUYHBIC MOJUMEPHI, TJIIUTEP H
XOHEKOMO CTPYKTYpHI, KIICCPHUTHI, KyOaHBI U T.JI.).
KpomMe Toro, ¢ ee TOMOMBIO  MOXKHO
MPEJICKa3bIBaTh HOBBIC YTIJIEPOJHBIC CTPYKTYPHI,
4TO  MPOJCMOHCTPUPOBAHO  HA  MpUMEpe
rpadanodymiepeHoB 1 rpadaHOBEIX HAHOTPYOOK

[2].
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