YINEPO — 3MIEMEHT 6O/MIEE PaBHbI UEM APYTINE




* 1. Yrnepog Bo BCenneHHOU
e 2. Yrnepoa B 3emne

* 3. MaTtepunasbl Ha
OCHOBe yr/epoaa

* 4. [lpyMmeHeHune yrnepoaa
* 5. iccnepoBaHue yrnepoaa s NeB PAH



Yrnepopa BO BCeNeHHOW

Yrnepog nmeeT ABa
CTabu/IbHbIX U30TONA —
12C n 13C.
CopepxaHue aTnx
N30TOMOB B NPUPOAHOM
yrnepoge paBHO
COOTBETCTBEHHO

98,93 % 1 1,07 %.
13BeCTHbI Takke 13
PaaNOaKTUBHbIX
n30TOMNOB yrnepoaa (ot
8C 0o 22C), N3 KOTOPbIX
oanH — 14C —
BCTpeyaeTcs B npupoae



http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BF
http://ru.wikipedia.org/w/index.php?title=%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4-12&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4-13&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4-14
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Kocmunyeckasa pacnpocTpaHeHHOCTb : 1-
Bopaopoa, 2-INennn, 3-Knucnopoa, 4-Yrnepon
HaxoXaeHue B KocMoce: MeX3Be3aHas MNbifib,
MEeTeopuTbl, KOMETbI, yrnepoaHble 38e34bl U

nnaHeTsbl (rpadut, animas, opraHnyeckme u
HeopraHnyeckme coeiuHeHns).




YrnepoaHasa mexssesaHas nblib

KocmMunyeckad
Nbifb
HacbllleHa
HaHOoa/IMa3amu, |
«CMPATAHHbLIMN
BHYTPU
yrnepoaHbIX
«JTYKOBULL»




AnMa3sbl B Heipax HentyHa
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Benbii kapnuk (Lucy) B co3Be3anu LleHTaBpa nmeeTt S4po agnameTpom
3000 KM, cocTosLlee N3 KpUcTasiMvyeckoro yrnepoaa (anvasa)



MeTaHOBO-3TaHOBLIE 03epa Ha TuTaHe




Yrnepoa B 3emsne

CopgepxxaHue yrnepoaa B
XoHppuTax = 3 %, B 3emne ot
0.1% po 1.5% (g0 cux nop He
N3BECTHO!)

Anmas, rpaguT, WWYHINT, Yrosib,
TOpd), HEThb KapboHartsbl
(Ca,Mg,Fe)CO,, meprenb
Yrnekucnein ras CO,

MeTtaH CH,
Knatpatbl meTaHa [H,O0+CH,]

Yrnesogopopabl C H,. .,

OpraHnyeckue BeLlecTBa C-H-
O Nl



Known carbon species

MgCO; or CaCO; ... or CO,



O6HaxXeHue N3BEeCTHSAKa B pe4yHOWN Ao/nHe

3BECTHSAKOBbIN Kapbep



YT0MbHbIN Kapbep




HedTAaHoe
MeCTopoXaeHune



Knartpartbl MeTaHa
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— Clathrates represent major flow K
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and oil pipelines com . Vel
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— Found in terrestrial marine
sediments and permafrost

— Source of global climate change 7= %
— Potential energy resource?




Similar amount of methane generated
here as from the rest of the Waorld Ocean
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MaTtepuasbl
Ha OCHOBe yriepoaa

MotorOiI
H] I: o
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[Mbpuansauns 3/IEKTPOHHbLIX COCTOAHUN
yrnepoga

| sp3- aszima3s, c(eekca2o0Ha/IbHbIU
asimas).

jig“;_f Eﬁd sp?- epahum, epagheH, bysiepeHsbli
38057 m | HRHOMPYO6KU.
2.20 o
5 56 c SP - JIUHeUHble CMPYKMYypbI
[He]2s2p? (kapO6uHbl).
arbon
1% sp3/sp? nonnumepusosaHHbIe

pysiepeHbl, aMOpPOHbIU ya/1epoo.



YHuKanbHoe NnosioXeHue B Ta6n|/|u,e: cepeavHa nepBoro
3alOoJ/IHEHHOTO nepuoaa

Ty
ot P R e ) I S NEPHONHYECKAA CHCTEMA XHMHYECKHX 3JEMEHTOB = ==
K2 3 2 s .M. MEEIEJIEEBA L i
k|1]s® [ BO0A0POA T - TERMA
v Y Vi VI
12 o L2 [V () PR e PR 1 & r e 5 i |1
100797 r |__sm® #p | =4 I | #a@ I LT Ep | sfugw g | wedd |40026
A £ “\‘ THTHA . kssmm [ [GED A307 HCNOPDA T0P 10 HEOH
28 [L]2]]p" e 1 62 | & B3 55-,,. B 0.0 " ep 213 | Tep N B15 T 1618 | e 19 ,zpeNe 20-2
- 6,939 9,0122 10,811 12,0111 14,0067 15,9994 18,9984 20,183
RNE uummt lzumun wn " (D) m e - [T . 2
3| s [tlz/=@ 3 ,,M n [ YR I A | e 2 [ Cl 337 |amp Ar ©
B ¢ af| o8 24,312 28 G 32,064 * 35,453 30,948
AR [T pee mmnum 2 RAARHA mu WAPTAREL, xFe
C[2 [S]5F A T 244 I8 o C ie| 5 g #Co
AMLE pola®| e 39,102 40,08 6 4 50,842 rslm 549881 28 Ni
N4 |s?|p® :&B s L 29 303 CENEH BPOM KPHATOH .
5| s Cu - as.sa Z" B b O Se w [ - 18 [ 80, 8284
6354 65,3766, 78,96 W s (79900 83,80 o 3
(AR ?mum mmn ) (T3] P mum,lz»‘12 TERHELKH 4 Ru’
L[z 8 % 8 sr 6-58 b ol 0408 2|t wh, c i3 s Rh
M3 [=2]p0[dn 85,47 [ 5762 I 92,008] 97.98 100 9594 L] 46 Pd
51 N4 [ [l m tmsvu“ 106 108 u,umis 1:." r"'l-l EFD-‘I:[- TENYP WA WCEHOH %
DEEEER R agh | no-n2 (H o 21, 123 ,,P.T 129-128 53,=Pn 27 [ 128132
107,870 n3, 14 16 112.40| 114 12.ﬂ11 127,60 e 128 130 196,9044 131,30 134 136
RNE (G 5 GAPHA - TAKTAR BONbEPAN PERMA % %08
L2 L 133 W m 134128 2 2 4 24 13:13_4 W agh| 185 a4 nlr
B BN N 132,905 15734 2 2 180948) w5 18385 1862 » Pt
S I P i [ /4;' 300070 ™ PIYIE e S p 2 anmuui RS- smmu I sﬁmumn = al
0| 5[ £ |p8at d! SHJ 9 197 gge | 198-202 s — e — 209 oo Ib 210-214 Y 215 stpt 216-218
Ple s i 196967 4 so038| 207 1 1 aofie 1) hossso LD 204.942° w |e09gsn 201 = |,
1: ; 5__ STWMILIIH 88 PAIRR o 2 AKTHHAR 558 % sm’m%q IKATAHTAN m wmmm Wmdlim 108 E-Os'
10 2 ¢ 220-224 225 14l zse—m rge | 271,278 2 o i 109 E-Ir
EIES 5t s E & , I #td
HEID {,F 7 22 2 60 us m* 271098 E-Hi’ ETa™" E W fs "J E-Re 1o E-Pt
BT {m" WAOTOTO = snwmm ugmnm m:unlum = ﬂammn %unmnnl i tl%mm“ ﬂiﬂ!mull =
Plo|#o%@) [or e 1] g (| 288-202 for et 203 ;
p 42 pt 204-208 | ;zpn . 19 30(!—304 siph 305 306-310
L[58 I op E-Au"| » EHg ETI EPb « | E-Bi “E-Po E-At "E-Em
w W PR I 0 waE HEDAHN 0 (T BT EBrrlmlﬂ o g AN
56-58 & s C g |60-62, 64 NI Adv Ko @ e 14 g | 42146 S2h wst, 1ol 5212 147, 148450 s | 151, 153 E w7 | 154138 !n‘ﬁﬁ
OH.SWI 5871 2 140,12 I .Jmm s 150 14424 5" |52 1M 50.35! ulﬁl.w 160 157.95
E . PYTERMI POARA 0 nmwm“ Tmnss P mbmle 162 184 EC 168 WTTEPEHA BHOTEWR
E 98-102 g 103 agi |104-106,108 o |2 159 ’I.bllsadwm 160-164 apo[ 165 5m|||T 166-168 sz T gl'llI 170-174 am| 178 g
101,07 102,905( 1o 1064 58,924 16250 164,830, 10 187,26 “I 176 M08 mee 17487
g - DCMA nmnn 10 102 rllllnTl'in_J|8 ni TopuA 90 [ ngl e YFAH :uluunnaa i mmnni mmlﬁ 0 :mlm
EIBE-IGE}.E i@ 19,193 lr 4 o 10 Pt 312 225-050 ‘Ih s B I:h;.,.,n 252—&5.236U e M,ed.,.m—m MRI e |241.243 M 4 zu-z;sotn,w
198 1 8 L0o6, 234 238,08 237048 244* 4&001‘@;.mm
E 76" mlltl& JKAHPHAN lﬂiﬂ o Immlﬂo . imml mnmn ainmrzimﬁ” 250, 35t wuu;ao e utmm::“ laga ekt pglE) 4 (mmm it o
218280 247 ; -958°
agm| 2 sugm | 282-286 g ¥ | 247 m e 248- 252 w| 258 o I 254-258 a|  (259) | (260-264) )6»”‘ |2asa L ph
m  F-08 EIfS| =  EPt | M"l e rsw il -hzés’s, e (r2) () (260 l W%m




PekopaHas aToMHast NI0THOCTb, BO3MOXHOCTb Pa3/InYHOM rmopuan3saumnm

cubic diamond

Bnarogaps yHUKasIbHOMY
NoIoXXeHuo B Tabnmue
MeHaeneesa yrnepop
crnoco6eH hopmupoBaTb
OrPOMHOE YNC/I0 CTPYKTYP.
CoefMHeHus yrnepoaa c
BOZOPOAOM 1 APYTUMY
NErKUMn a1ieMeHTamm — ,
opraHuyeckue sewectsa. 7 >>TO T
3BecTHO yXXe cBbile 30 © '
MW/I/TMOHOB OpraHmnyeckmnx
BELLECTB, T.€. NPON3BOAHbIX
YIN1€BOA0OPOAOB 1 «BCero» 300

TbICAY HEOPraHNYeCKNX SP
coeINHEHWUI O=0—0
O=0=0

cumulene polyyne
carbyne carbyne



70
60
50
40
30
20

~ 10

(cm®/mole)

m

500
400
300
200

K (GPa)

800

200

E_(kd/mole)

PekopaHada NJIOTHOCTb 3HEpPrum B

YI/IEPOAHbIX MaTepuasiax

100 -

600
400

Atomic number

- '| -
SR z
T e e \. l\o II' . _'
s
__ .d [ ] . lv. __
—H———t—+—+—+—+—+—+—+—+—+—+—++
EL. ]
| Ru .-'"'.
- Fe Mo, Rn | +P]
| B Ta |
.'\ CrieNi No «Pd %
Bel |, S TV | ]
L |'I ‘ P .I. o #. Il j
e e T
L E; Nb T TaI{gOS _
1 Ru | *

L BTI|| 5 .\{CONi Mo o .I i
ool f‘xy.,-f"' RS
| .\ [ |
L . . e o Y | o

e ! | U
e o %, 0, % A
0 10 20 30 40 50 60 70 80

G & B (GPa)

Bulk modulus, K

5“\‘\‘\www“

T
L B
.o
I ./.:z:i
100 + ‘rfx
b ,:6}.’
F L]
F .___..O.J,"‘.
r LR LY
10 E .!/. /’/. .
r [ L.
: " b .
e e
- .o o s-and p - elements
1 . ¢ B modulus
e 0 ¢ G modulus
' L L PR | ' ' ' MR |
0.01 0.1 1

PNV (electron-molefcms)

C(diamond)

% 5 10 15 20 25 30 35 40 45
Energy density, E/V



Moaynb cxxatusa 1 NAOTHOCTb
yrnepoaHbiX MaTeprasioB

@ sp’-sp’ phases
3D C_, polymers
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@ a-C experiment
O 2D C_, polymers experiment
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New Metallic Allotropes of Planar and Tubular Carbon




Anmas — NA0THOCTb 3.5 r/cM3, AN3NEKTPUK
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TpexmepHble KOBaJIEHTHbIE CTPYKTYPbI yriiepoaa

AnmMas

PHYSICAL REVIEW B VOLUME 57, MUMBEE. 10

Possible high-pressure phase of diamond

5. Sera,* G. Benedek, M. Facchmetti, and L. Miglic

MnoteTnyeckne sp? casbl

PHYSICAL REVIEW B VOLUME &2, NUMBER 23 15 DECEMEBER. 2000-1

Solid Cy4 as hexaclathrate form of carbon

FIG. 2. Relmed Ty hexaclathrate structure with sp° bonding
for all aroms obtamed using the GTBMD scheme. The smmomre
contaming a pair of C atomns moeach “‘hole” between C38 cages
has perfect D, synuunemy and is the most stable of all clathorame:
considered in this work. For clanty of illustration only one Laver i
shown.

1 MARCH 1908-T1

PHYSICAL REVIEW B VOLUME 52, NUMBER I1 | DECEMBER 1995-1

Theoretical stability limit of diamond at ultrahigh pressure

5.1 Clark, G, ). Ackland, and J. Crain

FIG. 2. Mlustration of the 83 structure of carbon, The crystallo-

FIG. 1. Left panel: bet-4 crystal stucture with the additional bonds (in black) considered in the rebonding procedure. Right panel:

resulong crystal stucnue of tol-16.



[MOpuaHbIe TMNOTETUYECKNE SP>—SpP3 CTPYKTYPbI

(3.0) — hexagonal diamond

3.0)ft4.m

FIG. 2. The honeycomb structures: (a) all sp° (3.0) honeycomb
structure {hexagonal-diamond), (b) mixed (3,0} and (4.0) structure,
(c) mixed (3.0) and (4.0)ab structure, (d) (4.0) structure, (e} AB-
stacked {4.0)ab structure, {f} {5.0) structure, and (g) (6,0) hexagonal
structure. All except (6.0) can be obtained from buckling
orthorhombic-graphite.

Put. 2, Tinorernseckan crpyerypa kprerann [Cuypl. (10

FI. 2. The most stzble polymesic Cy solid (Polyl) obtained
using the GTEMD relaxation.

Puc.l. Isymepisie cTPYETYPhE (Caolaws © MEMKAICTEp-
HEIMH CBAIAMH open-|242], momfmrypaoua A (a), W o
wonebananmed open-[242] B “CABMHYTHIX" MEHKIACTED-
Hyx ceAsed, wopdurypanna B (b). Dneprun ceran dya-
mepesos AE = 6.118B/Ca (a) n AE = T.0828/Caxo (b)



TpexMepHble KOBaJ/IEHTHbIE CTPYKTYPbI yrnepoaa
[Mnotetnyeckne sp? dpasbl

G. Jungnickel, et al., Phys. Rev. B 57,
R661 (1998)

VOLUME 68, MUMBER [5 PHYSICAL REVIEW LETTERS 13 APRIL 1992

Predicted New Low Energy Forms of Carbon

Michael O'Keeffe, "!” Gary B. Adams," and Otte F. Sankey"’

el (4]

FIG. 1. Perspective views of the relaxed purely :p* bonded
strucrures S (2 and BCTE (cdi showing the S-membered mnes
(a,ci, the channels (b,d), and the three-dimensional network charac-

(=1



TpexmepHble KOBa/IEHTHbIE CTPYKTYPbI yriaepoaa

[MnoteTnyeckmne sp? pasbl HA OCHOBE rpapeHoBbIX
NOBEPXHOCTEN C OTpMUATEIbHOW KPUBU3HOW

k -! -‘;ﬁ:-: AT

_ --f..'-.._‘-'

FIG. |. One double-layer cut from the Chex structire, as seen

from the (111} direction. Atoms are shaded according to dis-
I:&n.-ml fram viewer. The view cuts through a plans of boads of
the diamond struciure, Tubes protreding toward viewer would
be connected 1o the next double layer in ibe full structure,




HaHoTpyOKa

dynnepurt -C,,

Robert Floyd Curl, Jr (August 23, 1933)
was awarded the Nobel Prize in Chemistry
in 1996 for the discovery of fullerene. He
shared the Prize with late Richard Smalley
of Rice University and Harold Kroto
(University of Sussex, UK).
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CummeTpuna oyTo0/IbHOro MsYa —yceueHHbIn nkocasaap,
20 WecTnyronbHMKOB, 12 NATUYTro/1IbHUKOB




HaHoKnacTepHble 1 MOJIEKYISiPHbIE GOPMBbI
yriepoaa

®ynneput Cy,
NAOTHOCTb 1.7
r/lcm3, :
" noJsiyripoBoOAHNK ¥ & Y
W(wens 1.538), g d/
TBepgocTb 0.1 e
[MTla




YrnepoaHbie Knactepsbl

HaHoanmasbl (AeTOHaUMOHHbIE, Ikocasgpunueckume u
KoCcMunyeckme un ap.) a/IMa30Mno00HbIe HAHOUYKaCTULIbI

TR RS W
l..l PR TAT AT

FIG. I.  Electron diffraction pattern (top lefty, power spec-
trum (bottom lefty, and HRTEM picturc of the cdge zone of a
collection of nanodiamonds.

FIG. 1, Structure of (u) Cao the core of ihe icosahedral Pue. 2. Ciea — CTapTOBRR MOICIH HESCTPHYS 0K SMa 300 0-
tetrahedrally bonded structures, umi (b)) Cien, the smallest such ,U:CEHI:D'. HAHEYACTIL: o — CII:-:I | ':'EJ:I o— C'IIJZIHBJJ CHpaRa —
] a a

structure with Tourfold coordinated inner atoms, In (bl the
durk cirches are the 2 atoms of the core, the shaded ones are P, OOTHMIIRPOBAHHELE TEOMETRNIE. DFTB—FB:HC"I’H.

the atoms of the second lourlold shell, and the white anes are

the &0 surface atoms,
uzuxa Teen[oro Tena, 2007, Tom 40, pan. 2

VoLUME 70, NUMBER 19 PHYSICAL REVIEW LETTERS 10 MAY 1993 AtomHan CTpyKTypa CcTabunNbHOCTL K 3NeKTPOHHOE CTPpoEeHne
— s

New Model for lcosahedral Carbon Clusters and the Structure of Collapsed Fullerite WKOCaspu4eCKNX HaHOANMa30B N1 OHNOHOB

Linda Zeger and Efthimios Kaxiras

‘VOLUME 50, NuMBER 3 PHYSICAL KEVIEW LELLEKS 24 TR 03

& AH Enauun, AJT. Meanosckui
Quantum Confinement and Fullerenelike Surface Reconstructions in Nanodiamonds

Jean-Yves Raty," Giulia Galli,' C. Bostedt.' Tony W. van Buuren,' and Louis J. Terminello"



YrnepoaHble KnacTepbl: HAHOOOPYY — MUHUMAasIbHbI

cermMeHT HaAHOTPYOKK R

~ Carbon Nanohoops
Shortest Segment of a Carbon Nanotube Synthesized

MATERIALS SCIENCES DIVISioN & MoLEcuLA®R FOUNDRY
RESEARCH HIGHLIGHT o8-1

C. Bertoezi, Director, Molecular Foundry (5100643-1682, Materials Sciences Division (510 486-4755), Berkeley Lab.

An example of the shortest possible carbon nanotube: a “nanohoop” of benzene rings. Figure shows such molecules,
called cycloparaphenylenes; one with 9 such rings (above nght}, and one with 11 nngs {above lefi).

Synthesis of cycloparaphenylene requires the bending of U=<z>=ﬂ
a stnng of benzene nngs—which normally resist bending
—into a hoop. The calculated strain energy is + Tiep;
considerable, and increases with decreasing ring size: 3,

28, and 47 kcal/mol for hoops with 18, 12, and 9 benzene |_©_|
urits, respectively. By carefully selecting small molecule

precursors (right), sirain was built up sequentially during n=5,8, 14
the synthesis, and rings with 18, 12 and 9 benzenes were diamefers of 1.2, 1.7.and 2.4 nm,
obfained in good yield (>35%). ek
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DHAO0 KOMMNJIEKChblI MeTas1/IoB U HEMEeTaJ/1/10B C
doynnepeHamum

BnaropogHble rasbl, Weo4YHO-3eMesibHble, d- 1 f-meTan bl U nx
HUTPWUAbI U Kapouabl



3K30 KOMM/IEKChI METAUIIOB C ddy/1IepEHAMMU

CBepnpoBOAMMOCTb

33 K-Cs,RbC,,
38 K — Cs,C60 (noa paBneHnem)






[InpakoBCKME «PEPMUNOHLI» B rpageHe

E.(q) ~%v,|q

g(q) :(]2 !/ (2m) Wallace, 1947

DNeKTPOHHbLI TPAHCMNOPT B rpadeHe onuvcbiBaeTcs
PEeNATUBNCTCKNM ypaBHeHeM [rpaka. 3apsi)KeHHble HOCUTeNn B rpaq)eHe
BeAyT cebs NoA06HO PENATUBNCTCKMM 4acTMLAM C HY/1IeBOW MaCCOM NOKOSA U
3G PEKTUBHOM «CKOPOCThR tBETax K.S. Novoselov, A.K. Geim,

et al.2005



ONEKTPOHHaA CTPYKTypa:
rpagouT, animas, rpac

PHYSICAL REVIEW B
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FlIG. 1. Band structure of la) & sanghe layer of graphite, (b di-
amond, and refesred 1o Er of graphite.
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J. Robertson
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Department of Physics, University af Surrey, Guildford, Surrey, GU2 SXH, United Kingdam
(Received 22 August 1986)
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Electronic and atomic structure of amorphous carbon
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OaHOMEpPHbIE N KBA3NOAHOMEPHbIE Yr1epoAHble CTPYKTYPbI

OAHOCTEHHbIE Y MHOTOCTEHHbIE HAHOTPYOKM
pa3/IMUYHON KNPasibHOCTH

(5.5)  (10,10) (20,20 (40, 40)

(11,11) {14 7)

Fig. 2. Computer-generated mmages of single-wall carbon na-
notubes: (a) (11,11) armchair type, (b) (18,0) zig-zag type, and

(c) (14,7) helical type. The numbers in parentheses are the chiral
indices."

4 cios
v Towizns

8 coioes

opmanun VHT no sausnnes il Ban-
= s ¢ noainomkoit [63]: (a) aedopmanns
BO3pacraer no mepe yeeianwdenns guamerpa YHT, (0) aedopmanns
Muorocaolinsx VHT yMeHBIIACTCH 110 Mepe 3aM0MHEHHA BHYTPCHHHX
CIOCE.

(n,0) zigzag

~
(71,) armchair



OJHOMEPHbIE U KBA3NOAHOMEPHbIE YIePOAHbIE CTPYKTYPbI

YrnepogHbie Lenoyku
n3 rpadgoeHa

KapouH

Q. O
St d
- =(=C=C=),= C= =C:C=n:
% © % "o

¥
Deriving Carbon Atomic Chains from Graphene

Chuanhong Jin,"* Haiping Lan,® Lianmao Peng,™* Kazu Suenaga,™ and Sumio lijima'®

Crabunmnsayms kaponHOBbIX
Lenoyek NpuMecamm



OaHOMEpPHbIE N KBA3NOAHOMEPHbIE Yr1epoAHble CTPYKTYPbI

[padpeHoBbIE NEeHTHI OOHOMEpPHO NoNMMepPU30BaHHbIE
doynnepeHsol

FIz. 1. The schemafic view of the anuchair nbbon (a) and zig- = 5 =
zzz nibbon (b) with H terminaton. Large selid circles indicare car-

bon atoms and small opes mdicare the hydrogen atoms. The width
parzmester N, and NV, are defined in the teot.

PHYSICAL REVIEW B VOLUME &2, NUMBER. 24 15 DECEMBER. 2000-11 \@

Graphitic ribbens without hydrogen-termination: Electronic structures and stabilities

Fig. 2. Fragments of periodic quasi-1D stachares with dif-
ferent mumbers of carbon atoms: (a) Cgy + C[2]-1D seruc-

f‘, . ,ﬂs % Hm mre and (b} Cgg + C[3]-1D strucmze.

FIZ 2. Awmic smctre of amorphous flm obtained by
deposition of beams with bimodal mass dismrmbuton in the
range 1-23 atoms and 4§-120 atoms with relative weight 5:1
[sample (a)] and 1:10 [zample (b)), respecuvely.

Puc. 2. enoann {Cag e ¢ MEMBIACTEPHEIME CHAIAME OpEn-
[24+2] {a), [242] conammm (b)) 1 “HCHPHBASHHEIMH" CBAZA-

. VOLUME 83, NUMBER 4 PHYSICAL REVIEW LETTERS 26 JuLy 1999
i (c), 8 TAme menodEH ¢ RomOueanmed open-|2+2 n
|242] conaeft (d) w open-[242] # “HCKPHBIEHHLIE" CHA-
sedt (2). Dueprum caaam AE $yAlepeHcs B NEODMRAX PAE- Growth of Nanostructured Carbon Films by Cluster Assembly
Hel 359838 /Cao (&), 2.20838/Cw (b}, 3.51138/Con (c), ) D. Donacio,' L. Calombo -+ B. Milani ! and G. Benecsl’

2.9738B/Cag (d), 3.6305B/Czo (e)

Mucema B ARITD, Toum 86, Beaan. 7, c. 418 - 423 @ 2007r. 10 ampean
YeroituuBoeTh Henodek H3 dyanepeHos Cap

JT. A, Onewos™, H. B. Jassizos, A, H. Hosinsaes



OZIHOMEpPHbIE U KBA3MOAHOMEPHbIE
YrNepoaHble CTPYKTYpbI

VOLUME 92, NUMBER 24 PHYSICAL REVIE

Fullerene peapods

Observation of Ordered Phases of Fullerenes in Carbon Nanotubes

Andrei N. Khlobystov,"* David A. Britz," Arzhang Ardavan? and G. Andrew D. Briggs'

PHYSICAL REVIEW B, VOLUME 64, 115420
Electron diffraction study of one-dimensional crystals of fullerenes

K. Hirahara,"* S. Bandow.! K. Suenaga.1 H. Kato.> T. Okazaki.? H. Shinohara.” and S. Iijimal’z*4

T N g B

: R d
P SO L e e R R et e ""‘*’"'

e e e%t% oNe% e e ue® ﬂ

FIG. 1. (a) HRTEM image and (b) its schematic illustration of

an individual fullerene-encapsulated single-walled carbon nanotube ) . )
[(Ceo)n@SWNT], the so-called peapod. (¢) A general view of the FIG. 2. HRTEM micrographs and schematic representation of

fullerene-encapsulated nanotubes of (ScyCay), @ SWNTs. {a), by Cen@DWNTs zigeag phase; (c),(d) Cgpy@SWNT chiral
phase; (e),if) two-molecule layer phases

R N ]



@ ['paduT NpH BLICOKMX aB/IeHHAX

Raman spectra of graphite
single crystal

="
1500 1700 1900 VY, em

Light can be seen through
graphite single crystal at
pressure ~ 20 GPa

Structures of graphite and amorphous carbon

Goncharov, Makarenko, Stishov, 1989



HaHononmkpucTasiM4eckunii anmas u3 rpadura

Figure 1 Sintered polycrysialline diamond synthesized by direct corversion of graphite. a, Optical micrascopic image of a sample o the syrthesized giamond
b, ¢, Transmission electron microscopy revials that this diamend material consists ¢f minute crystels that are 10-20 nm across (b) and of larger, elongated (100200 nm) crystals, which are evident in
anaiher ragion of the same sample (c). Scele bars, 50 1. Insets, elzctron-diffraction petterns of each crystal type, obtained using a deam size of 40C nm.

(about 0.7 mm in diameter and 0.3 mm thick)

F U ~ - . - e . rr .




HaHononmkpucTannnyeckuii anmas u3 rpadumra




Pressure (Mbar)

AnMa3 nmoja faB/IeHUEM
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J.H. Eggert et al. 2010



[lpumeHeHune yrnepoaga




PaanoyrnepoaHbii aHa1n3
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CBepxTBepable matepuasibl




Man made diamonds: Bnepsble GE B 1955 1. ( ASEA 19531 ?).




KpynHble BbICOKOKa4YeCTBeHHble MOHOKPUCTa/1/Ibl CUHTETUYECKOro ajimasa

TGk |||\\\\\’\\\
w1 2
Kpuctannbl CUHTETUYECKOro ajimasa

Maccoii o 6 kapart
Cunounpckoe otrgenenne PAH, NHCTUTYT reosiorum u MMHepanorum

Kpuctannbl anmasa llb Tnna



MaTtepuanbl 4n51 3N1EeKTPOHUKN

@ Ploasa do nol louch?

LIBETHOW AMC/IEN U3 HAHOTPYOOK U
NnepBbIN TPAH3UCTOP 13 rpadeHa



KOMNO3UMOHHbIE MaTepuasibl




Kamepbl BbICOKMX AaBNeHWiA MerabapHoro agnanasoHa

Diamond Anvils




ilccnheposaHusa yrnepoaa s MBI PAH
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AnMasHble KOMNO3NUWNOHHbIE

MaTtepuasnsbl (2005-2010)




CeepxnpoRogampe aJiMasbl, IerupoeanHbLIe Gopom (2003-2010
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BhipawmsaHne n moanukaums userta
MOHOKpucTannos anmasa (2000-2010)




Yrnepoa-yrnepogHsie KoOMNo3nUMOHHbIE MaTepuasibl Ha
bonbLwom lNpecce NOBA PAH
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AryT wycnoBHON HIRATRI C CBOETD
HIITATHOT G [OJI0KEHHA Ha ocH «1-1s

IVIA HAMIAGHOCTH PAIMEDOE H PAsMEeLle-
HHA nopst do = 1.2 wa
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HMuanerp nopet dy paBeH IHAMETPY MIVTE.
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HeopraHunueckuii CUHTE3 YyrneBo4o0poAoB B
N®BA PAH (2002-2010)

PeannsoBaHa
3KcnepumMeHTa/ibHasA mogesib
oGpa3oBaHus He(pTU B
YCJ/IOBUAAX BEPXHEN MAHTUMU
3emnu. B cucrteme u3
HeopraHU4Yeckux
KoMmnoHeHTOB CaCO3-FeO-
H20 npu P=3-5I'Tla n T=1100-
1500 K cuHTe3upoBaHa
cMecb yrneesoaopoanoB
aJIkKaHOBOr 0, a/IKEHOBOIO "
apeHoOBOro psanoB




“Every ten or fifteen years since the late
1800’s, ‘experts’ have predicted that oil
reserves would last only ten more years.
These experts have predicted nine out of
the last zero oil-reserve exhaustions.”

C. Maurice and C. Smithson, Doomsday Mythology: 10,000 Years
of Economic Crisis, Hoover Institution Press, Stanford, 1984.




SKcnepuMeHTa/IbHOe 0GopyJOoBaHUE:

kKamepa KOHAK ¢ repmeTnyHon ns1aTUHOBOW aMMy /10U




Peakunsa HeopraHM4yeckoro cmHTesa
yry1eBoa0poa0B
AcTouHuKM yrnepopa:
Okcup yrnepopa (CO,), rpadut, anmas, kapboHatbl (MgCO,,CaCO,)
AcTouHMKK BOpopona:
Boa, 6MOTUT, MyCKOBUT
BoccTaHoBUTeNbHaA cpena:
[pucyTtcTBue okucu xenesa FeO
Tepmobapuyeckue ycnoBus:

T=1200 K, p=30 k6ap — 100 km
T=1500 K, p=50 k6ap — 150 Km

nCaCO, +(9n +3)FeO +(2n+1)H,0 —
nCa(OH), +(3n+1)Fe,0,+C H, .,



CuHTe3 uget B 2 cTaguu: Ha NepBoU cTaguu rnpu BbICOKNX
Temneparypax v gaB/ieHHUAX U3 UCTOYHUKOB Bogoponaa u
yrnepona CUHTe3UPYETCA MeTaH; Ha BTOPOU CTaguu npu
MeL/IEHHOM OXNaXKgeHuu rnog gasJieHUemM U3 MeTaHa
CUHTE3UPYIOTCA b0JIee TAXerble yriieBogopoabl —
“methane path”

C +3Fe +3H,0 — CH, + 3Fe0O +H, (2)
CH,+CH,— C,H, +H, (3)
CH,+C,H,— C,H, +H, (4)

CH,+CH,—CH, , +H, (5)



JKcnepmMmeHTasibHble pe3ynbraThl

Yrnesoaopoa KoHueHTpauma (M3 Ha 1000 TOHH

p = 50 k6ap p=30k6ap | “Benbin Turp”

T =1500 K t=1200 K (BbeTHam)
CH, 130.2 570 124.6
CH, 13.3 17.9 13.5
CH, 13.4 16.2 0
C.H, 8.1 5.9 8
C_H, 19.7 20.6 0.1
i-C,H,, 0.4 0.5 1.6
n-C,H,_ 4.7 1.9 3.5
i-C.H,, 0.9 0.8 0.4
n-CH, 2.7 1.6 6.2
i-CH,, 0.3 0.1 2.1
n-CH,, 1.4 0.4 2.3




YrneBoaopoabl Npy abruoreHHoOM CUHTE3€e MOryT
thopmMmpoBaTbCSA Ha rPaHNLLE MAHTUM N 3eMHOW KOpbI

Petroleum deposit Natural gas deposit

Sedimentary layer

Granite layer




Deep Carbon Fluxes

Plata

Saa laval

e

T T
i e
%

—
e

T

Trench ~

=

_ Oceanic crust
5

Uthniip here

Asthenospheara:
wiaak, hot

Wat partial mealting of
ceaanic crust croates
magma




PaboTtbl OB PAH
CTUMYyNMpoBasn
opraHu3aLnto KpyrnHoro
MeXayHapoaHOro npoekra
“Deep Carbon
Observatory” c
domHaHcnpoBaHnem B
COTHW MWU/INOHOB
N0NNapos.

Deep Carbon Observatory

Deep Carbon Observatory

Get Involved

Newsletter
(hittp://deo ol ciw.edu/userieqister)
To join the DCO network
and to receive periodic
email notifications
highlighting the progress of
the DCO and participation
opportunities, please sign
(hitp://dzo ol ciw.edu/usarfragistar)
up to receive DCO
communications

DCO Newsletters
{http://deo ciw.cdudconewslettars
http://dco.ol.ciw.edu/fac)

Announcements

Deep Hydrocarbon
Research Opportunity:

|.ciw.eduliod dition)

The Alfred P. Sloan
Foundation approves
funding for the Deep Life
proposal

hitps:fideo gl.ciw.cduldeeplifesioanprog

Deep Carbon in
the News

Researchers in the

DCO Reservoirs & Fluxes
Directorate studying the
recent volcanic eruption

(http://dco gl.ciw. in

12/5/10 9:57 AM

GEOPHYSICAL LABORATORY
Carnegie Institution of Washington

Achieving transformational understanding of carbon'’s chemical and biological roles in Earth's Interior

News Events Sponsors Resources

Search the Site 'p]

Upcoming Events
DCO Union Session
httpe/ . ciw, i =
2010-union-session-agu) and
Town Hall Meeting
(http-//dco gl ciw. edu/december
2010-town -hall-agu) at AGU
14-15 December 2010
San Francisco, California

W e

e
RESERVOIRS & FLUXES

DEEP LIFE

Carbon Cycling in the
Deep Crustal Biosphere
18- 2011

{httpc/iden ol ciw. 1

>_
&
wn
o
=
w
=
(8]
-]
(9]
S
(1]
>_
= =
oa.

University of the Free State,
South Africa

What is the Deep Carbon Observatory?

The Deep Carbon Observatory (DCO) is a mulnd\sclplmaw international initiative

to g a 1ding of Earth's deep carbon cycle,
including its poorly constrained reservoirs and fluxes, the unknown role of deep
biology, and unexplored influences of the deep carbon cycle on critical societal
concerns related to energy, environment and climate.

E Asked Q i about the DCO (hitp::

al.ciw.eduffag)

See here

{hitp:/fdco gl.ciw edu/svents/upcoming-
events) for more upcoming
events

Science Highlights

Microbiology of the Deep Ocean Crust

99 (2010,
BF DED43CT0FFF 182A3884326F 10B ambra01?

arlicleURI=info% 3Adoi% 2F10,1371%2Fiumal.pone.0015388) reports—for the first time— Past Events
microbiological data from the gabbroic layers of the ocean crust, up to 1,300 meters Reaching the Mantle
below the seafloor. The samples for these analyses were obtained from the Frontier: Moho and
Integrated Ocean Drilling Program Expeditions 304 and 305 to the Atlantis Massif neaBeyond, A Three-Day
the Mid-Atlantic Ridge. Read more Workshop Co-Sponsored
(hito:/fdeo ol.ciw s cean-crust) by IODP and DCO

A recent paper Mason et al., PLoS ONE

(it /fwenw, plo sone. ationList

Indonesia

it ilren ol diuw aduinews idann.

file:///Users /sergeistishov/Desktop/Carbon/Deep%20Carbon%200bservatory.webarchive

9-11 September 2010

(g ol ciw

Novel Carbon Structures 2?;;??::&;?

' Institution of Washington
Although pure carbon expresses itself in diverse forms— o "
including graphite, diamond, fullerenes, and graphene—the S5 -
structure of an unusual superhard form of graphite created
in high-pressure experiments in 2003 has remained

!-.-. elusive. Two teams of theorists with independent lines of

Page 1 of 2
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International Executive
Committee
John Baross, University
of Washington, USA
Taras Bryndzia, Shell
Oil Company, USA
Rixiang Zhu, Chinese
Academy of Science,
China
Vincent Courtillot,
Institut de Physique du
Globe de Paris, France
Adrian Jones,
University College
London, UK
Barbara Sherwood
Lollar, University of
Toronto, Canada a
Eijl Ohtani y Tohoku Front Row - Adrian Jones, Connie Bertka, Taras Bryndzia, Barbara Sherwood Lollar; Robert Hazen

Univers ity Ja pan Back Row- John Baross, Sergei Stishov, Russell Hemley, Eiji Ohtani, Yingwei Fei, Claude Jaupard
’
Sergei Stishov, Russian
Academy of Sciences,
Russia
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