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Graphite in an Apollo 17
Impact Melt Breccia

A. Steele,™ F. M. McCubbin,® M. Fries,® M. Glamoclija,* L. Kater,® H. Nekvasil®

R. E. HANNEMAN

H. M. STRONG lthough condensed ozame phases coatmg

F. P. Bunpy lunar fines have been previously reported

D 24 FEBRUARY 1967 (1), stuches of carbon m hunar rocks could

Hexagunal Diamnmls in Meteorites: Implications not wdenhity discrete carbon phases, except for

. carbides and solar wind mplanted carbon [e.g.,
Abstract, A new polymorph of carbon, hexagonal diamond, has been discovered N . " g
in the Canyon Diablo and Goalpara meteorites. This phase had been synthesized (£ :Ij Here, we report on the detection of discrete
recently under specific high-pressure conditions in the laboratory. Our results | Tu I[iFllu: micrometer-sered @"dphi[uplm:r,u:!-; withm
provide strong evidence that diamonds found in these meteorites were produced | | Anolla 17 i + brecci:
by intense shock pressures acting on crystalline graphite inclusions present within 411 AP N I,

the meteorite before impact, rather than by disintegration of larger, statically This !-ﬂl.'l‘.l'[.lll_‘ (72255) was collectod tom land-
i theori fe, ) - - - s
grown diamonds, as some theories propose shide matenial at Taums-Littrow. It 15 an aphanitic
Graphite Whiskers in CV3 Meteorites | | "Permet breccia 0. 9 wi & drk, fineguince
P equigranular crystallme mamx contammg larger
Marc Fries* and Andrew Steele clags. The younged matenal contamed m the sam-
Graphite whiskers (GWs), an allotrope of carbon that has been proposed to occur in space, have ple s dated to ~3.84 = 107 years ago, which s the
been discovered in three CV-type carbonaceous chondrites via Raman imaging and electron age II-,'-:I@I_ﬂ io the Seromitats lFI‘.I]:'.In.’l.[ basm
microscopy. The GWs are associated with high-temperature calcium-aluminum inclusion (CAl) ) = '
rims and interiors, with the rim of a dark inclusion, and within an inclusion inside an unusual SCIENCE VOL 329 2 JULY 2010

chondrule that bears mineralogy and texture indicative of high-temperature processing. Current
understanding of CAl formation places their condensation, and that of associated GWs, relatively
close to the Sun and early in the condensation sequence of protoplanetary disk materials. If this is
the case, then it is a possibility that GWs are expelled from any young solar system early in its
history, thus populating interstellar space with diffuse GWs. Graphite whiskers have been
postulated to play a role in the near-infrared (near-IR) dimming of type la supernovae, as well
as in the thermalization of both the cosmic IR and microwave background and in galactic center
dimming between 3 and 9 micrometers. Our observations, along with the further possibility

that GWs could be manufactured during supernovae, suggest that GWs may have substantial

effects in observational astronomy. SCIENCE  VOL 320 4 APRIL 2008
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Konpao I'ecuep
1516-1565 .

Cambiu cTtapbiv KapaHgaw. 1630 r.

* B 1565 rony Hemeuko-mBenuapckuii Harypaauct Koupaa I'ecHep nepBbim
U3rOTOBMJI MMCHbMEHHBIN JOKYMEHT, B KOTOPOM rpapur BMeCTO CBUHIIA ObLI
BCTaBJICH B ICPeBAHHBIN Jep:xarTe/ib. HazBanue rpadgura " npoucxoaur ot
rpevyecKoro ¢JioBa- ''mucarn'.

I'padurt npuines B o01ee ynorpedsjieHue, Korga KpynHoe MecTopoxIeHue
rpajgura 061710 0OHApYKeHO B AHIINM B 1564 roay. I'padgur ocrasisi 6oJiee
TEMHBIN CJIe/l, YeM CBUHEL, HO OH ObLJI HACTOJILKO MATKUM M XPYIIKHUM, YTO OHA
HY:KAaJicd B Aepaxarese. Ha nepBoix nopax nmajoyku rpagpura ObLIu
3aBepHyThl B HUTKU. Ilo3aHee rpadur ObL1 BCTaB/ICH B ICPEBAHHY IO MIAJI0YKY,
KOTOpasi ObL1a 10101 BHYTPHU! Tak nosiBUJICS IepeBAHHBIM KapaH/IAIll.



Cambtu 0010100 KApaHoaut
Guiness-10.06.2016

Jom Mouapra, 3aasu0ypr

Ampura OypmaH, BMECTE CO CBO€M KOMaHAOM COCTOAIIEH U3 4&\ \PEX JCCATKOB
CIICIIMAJIUCTOB PEIIM CAeIaTh caMblii OOJIBIIION B MUPE Kapa . Y HETO0 3TO
JEUCTBUTEIBHO MOJTYYHUIIOCH, BE/Ib COMIACHO M3MEPCHUAM JUIMH, apaHjalia
cocTtaBuia 23 MeTpaI Kcraru, oauH TOJIBKO JAaCTHUK 371eCch Becut 90 KI/IJIOFpaMMOB!I

o Ilpusblunyio Ham wieCmuzpanHyio oopmy Kopnyca Kapanoauia npeoyioxycus 6 konuye 19
eexa zpagh Jlomap ¢hon @abepxkacmi, 3amemus, Ymo KapanHoauiu Kpy2io2o ceueHus
YACmo CKamwvl8armcs ¢ HAKJA0HHBIX NOGEPXHOCHIEN 0/l RUCbMA
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MOCKOBCKHMI Ir'OCYAAPCTBEHHbI YHUBEPCUTET
uvenu M.B. JOMOHOCOBA

XUMMWYECKHUA ®AKYJIBTET

IMPHUKA3 i
A, Lesa /s 2010 Mockaa Mo 25j .

O cospannn guanana kadenpbl XHMIYECKoli TEXHOJIOTHH M HOBBIX MATEPHATIOB

1. Cornacuo pemensio Yyenoro copera xuMnyeckoro dakyiasrera or 11 nexaGpa 2009 ¢
UEBIO CO3/aRus Y9eOHO-TEXHOIOrHYECKHX IMHMHA B NPAKTHKYMAX 0 HAHOTEXHOIOTHAM
T BHIMONHERNA NTaGOPATOPHBIX, KYPCOBBIX, AHIIOMHBIX H yIeOHO-HCCTEMOBATENRCKIX
paboT, TIPOXOWJIEHHA y9eGHO-MIPOM3BOMCTBEHHOR M MPEUMMIVIOMHOH  NPAKTHKH
CTYACHTOB, MArHCTPOB H acllHPaHTOB.

TTIPUKA3BIBAID:
1. Cosnate dumman xatenpsl XHMHYECKOH TEXHONOIMH M HOBBIX MAaTEpHAloB

xuMugeckoro axymerera MY mv. M.B. Jlomorocosa.

(%]

Onpenenure MecTo Haxoxaenus Gummana no agpecy 142181, Mockosckan obi.,
Mogonsekuit pation, r. Kimmosck, yn. 3apoackas .2 Ha Gase HMuCTHTYTA HOBBIX

YrAEPOJHEIX MATEPHATOR H TexHomorui.

L

Hasnauuts pykopoautenem dunnana aongrta Moxosa C. T
4., YTBepHuTh NONOKEHHE O GHAHANE KahEapsl XHMHYeCKOH TEXHOIOTHH H HOBBIX
MATEPHAIOE Ha Baze HHCTHT}'T’d HOBBIX YIJIEPOJHBIX METEPHANIOE H TEXHONOrHH

(ITpunoxenne Ne 1).

Dexan xumuyeckoro hakyiasTeTa
AKATEMHK (“-_7&?3% — Jlyurn B.B.

Cornacosano:

3am. aexana no yuednoii pabore

npodieccop \ Kyspmenro H.E.
TIpoexT npHKasa BHOCHT: \ll'\

3as. kadenpolt xumuuecKoi |’ \

/

TEXHOJIOTHH H HOBRIX MATEPHAIIOR

npopeccop Agnees B.B.
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Ilepeotit 6 mupe ynueepcumem

1

ECTh ACHOE osiynygg b, NPOCBEILEHYE

""Hayka ecmb sicHOe no3HaHnue ucmunsl, ' /lep3ait 3namsp"

npoceewienue pazyma'’ héﬁmnry \
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N HoBoCMBMPCKKMA
rOCYAQPRCTBEHHDLIM
UHHWBepCKMTeT

*HACTOALAA HAYKA

""Mbt ne coenaem eac ymuee,
Mbl HAYy4uUm eac oymams '’

«Ynueepcumem -
meou waz 6 oyoyuiee!»
S

"MbI He cOennaem sac yMHee,
Mbl 0a0uM eaM 3HaHus
MbI Hay4um e8ac dymamb"

Maiunsl OJKHBI pad0TaTh.
JIronu HOJKHBI AyMaTh.
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«[Tmexpyi»
«Przekroj »

[TaxHyTh KOJIOACOH, UMEThH KOJI0ACY,

€CTh K0JIOACY -TpHU Pa3HbIC BEIIU. ITEC PADUK -

HAYRA H ;RH31
R 2 e

Mapoan Jiiig

o

————
1f
T

H B 2n 24
_ gm0 ——0—o—s
- v‘ ___q a d

Joygs Crmmemb, p0 GR0MR T MACamy Houww (A >u) Hacngugiag

il { ad i “ LA O gtk it b,
coonlmembinng U e Pyaen ptnetae . Frad i g Py S 4
ﬁ_{,-.l_,'k toutghns araostt C IBGIEME R w 20T agauss

" H.C.F. 06 II Mf"“ i ‘p[{"'" % J’y.-’n-. _f,@) : %

g =2 i . (I
| G A P e B v e 270000 J
& 'j'.g"z _ ML p 1‘)( i“ * i“"" i {M“Wk“q,'ﬁd it 0 @
[ER PR 4 , (I,
s " ] ‘ . PAHBAL Wt |
Li-iu-}'h-‘ =W Tewsnss catmsnnt (7} J—.ﬁm wrnis 4 fug :Xfe., 2@ @ U ey
| . LR J 4 . ; -{-E-“- he STy o
!‘ _ = : . gt vf_c'l(hn-!a_‘..} ta) 4 AOAMPALAL CRCREAY aiiars fpribions i
1 Cuptrbnd o ubj 2
3 Yoo hp T
y -l —é_,P',‘_ + £ )-{\:\ﬁ‘g ;
1 ixg ~dnny i
.._._J,mi: =}$[€ e 4.-"'13‘&3 iy
Clicmena wai-mkk' (1) wamkion stmpaditabis Juscnnd mossiy
MOGR, KOTHS Gemagamunahmy w) e e ymnal Jradn Mg
i
¥ oy

28 —w'M TRfoien
-2 B, ﬁ_ﬁ"u}"m/ =g (&)

o ~ .
3 J‘\“‘f“"’;""‘ (V] oAl (fu.«:a:ﬂmn: it ad e gad T80mEmMA
o aandanin W, Juaunt nocasgrint gazue ght jeasamanar femgy crumhs
codomdtaunn tacmom WO, w o !
—
! { I 12 LRSI
r —_— — th’
- 2
)8\

Wi T B e L
Hpucymcmeoeamb Ha JieKuuu, nucambp KOHcCneKkm u y.ﬂ’lem% peailbHoO
UCNO1b306amb NoAyueHHble 3HaARUuA mpu pazuvie eewiu. U.C.I



@.Oeol’lOJlOJfCHuK IMnupuima

- YrteHue penaeT yenoBeKa
3HAaWUM,
6606,&,6 — HaxopA4YUBbIM,
d NPUBbLIYKa 3anUcbiBaTb —
- TOYHbIM.
. (®paHeHnc bakoH)

1561 -1626rr. flopmpem /I. Banoepoanxa

EDQHCI/IC B3KOH BbIIC/JIHECT HCCKOJIBKO IIYTCHU ITOJVICHUA 3HAHUN .

e "Ilymwp nayka'' — 30aHNSA NTOJIY4arOT U3 YHUCTOIO pa3syma,
palMoOHaIbHBIM CIIOCO00OM. JIpyruMM clioOBaMH, MayTHHA TIJIETETCS U3
MbIciier. KoHkpeTHbIe (hakTOpbl HE OEpyTCsi BO BHUMAHHUE.

e "Ilymob mypaeva' — 30aHus ONMYyYarOT yepe3 ONbIT. BHMMaHue
CKOHIICHTPHUPOBAHO TOJILKO Ha cOOpe (PAKTOB M JJOKA3aTECIIHCTB.
OnHako 0CTAETCSl HEMOHATHOM CYTh.

e "Ilymw nuenwvt' — naeanbHbIA CIOCO0, KOTOPHIA COCTUHSIET B Ce0€
XOPOIIME Ka4eCTBA U NAyKa U MYyPaBbsl, HO B TO K€ BPEMS JIUIIEH UX
HegocTarkoB. Ciieays STUM MyTEM, BCe (PaKThl U JOKa3aTeIbCTBA
HEOOXOIMMO MPOIYCTUTh YePE3 MPU3MY CBOEIO MBIIUICHUS, YEPE3
CBOH pa3yM. M TOJILKO TOrJa paCKpOETCA UCTUHA.




AxaneMuK

Bepemaruu
Jleonug PegopoBuY
(1909— 19771T.)

«OTEI[ » COBETCKHUX
CUHTETHYECKHX ATMA30B

AxaneMuK
BonbdxoBru
Cemén HMcaakoBuu
(1896— 1980rr.) Munyao6penus

IIpodeccop Aeaees B.B.



MMUMPOBBIE PEKOPIbI ®U3UYECKUX CBOVCTB

YITIEPO[, kaKk HU OAUH 3NeMeHT, obrnagaeT YyHUKarnbHbIM CMEeKTPOM Nopoun
AnamMeTpanbHO NMPOTUBOMNOSIOXKHbLIX CBOUCTB:

JTIUJIEKTPUK U METAJLI
CBEPXTBEPBINA U CBEPXMIATKUN
TMOJIYITPOBOJHUK U MOJYMETAII

TEILIOU30JIATOP U JIYUIIHUU ITPOBOJHUK TEILIA




®EOEPAJIbHOE NMOCYOJAPCTBEHHOE BIOIXKETHOE
YYPEXXOEHUE HAYKW

UHCTHTYT ®U3UKH BLICOKUX JIABJIEHUI
um. JL®.BEPEI[ATHHA

POCCHIICKOI AKAJIEMUH HAYK
(MPBAO PAH)

akaneruk Bepeuariad N9

1909-1977rr.

v Imm

BBICOKOYHCTHIN CHHTETHYECKUIT MOHOKPHCTAJLI ajiMa3sa (2.7 kapara)

KpynHbiii cHHTEeTHYEeCKH cJ1200/IeTHPOBAHHBIN 00POM
MOHOKPHCTAJLI aama3sa (1.43 kapara)

KpynHblii CHHTETHYECKHHA CHJIbHOJIETHPOBAHHBIN 00poM

MOHOKPHCTAJLI aama3sa (3.79 KapaTa)



Cmutcon TenHaHT Vunesm Bosutacton Anryan Jlopan JlaByasbe
1761 -1815 rr. 1766—1828rr. 1743-1794r.

B 1797 rony Tennat BMecTe CO CBOMM aCCUCTEHTOM Y WibsiM Xau BoiutacToHOM TpUBOIUT
JI0Ka3aTeNIbCTBA, YTO OPUIUIMAHT COCTOUT U3 YUCTOTO yriaepoaa. OH OKUCIISET OJUHAKOBYIO MACCy
rpaduTa ¥ aimasa, nojyyas JIMIIb MPOITYKTOM OKUCIEHUs olnHaKoBoe konnuecTBo CO,,.

B 1803 rony TeHHaHT B OcTaTKe OT paCTBOPEHHUS ILUIATUHBI BBIJICIISIET HOBBIE DJIEMEHThF—
VPUINAN U OCMHUAKN

B 1803 rony Yunesam Xang Bonnacton oTkpsUl nmayuiaaui, B 1804 roqy — poawii .
XUMHYECKYIO0 IPUPOAY ajiMas3a BIEPBhIE YCTaHOBWI B 1772 roxy A. JlaByas3ee ¢ COTpyAHUKaAMMU.

[IprnoOpeTsi HECKOIBKO aIMa30B HAa CBOM COOCTBEHHBIE CPEACTBA, OHU HAKAJIUIU UX JI0
TEMIIEPATYPbl TOPEHHUS, ITOCIJIE YETO ONMPEACITUIIA COCTAB MOJYYNBILETOCS Ta3a.



KumoOepiuroBas TpyOKa — BEPTUKAIIBHOE WIIH
OJIU3KOE K BEPTUKAILHOMY I'€0JIOTHYECKOE TEJO,
oOpa3zoBaBIlieecs MPHU MPOPHIBE TA30B CKBO3b
3eMHY10 Kopy. KumbepnauToBas TpyOka 3amoiHeHa
kumMoOepuToM. I'eosoruueckas CTpyKTypa u
COMYTCTBYIOIIME TOPHBIE MTOPOJIbl Ha3BAHBI 11O
uMeHu ropoga Kumoepiu B FOxHo# Adpuke.

fone ! Erosion Lewvel
Washed-back Tutf Ring osin

Fects i Depth (km)

Craler |: g .
Fird
05
10 Jagersfontein
Diatrems
Kimberley

Boat

I

CxeMa 00pa3oBaHUsI KUMOEPIUTOBOM
TpyOKH TPHU B3PHIBHOM M3BEPIKECHUU
ByJIKaHa C U300paK€HHbBIM MarMaTu4eCKUM
0YaroM.
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Buicokas
Temneparypa
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Huzkan

PacTywmin kpuctann
Jktiy TeMnepartypa

[Ipoiiecc BbIpaluBaHusi MOHOKPUCTAIIJIOB ajiMasa Ipu BbICOKOM Temmeparype (okoio 1500 °C,
C HY’>KHBIM T'PaJIi€HTOM) 1 BbICOKOM JaBieHuu (50—70 Teic. aT™M.). [ MapaBiIndeckuii mpecc
00XXHMMAET CIEIUAJIbHBIN KOHTEHHEP, BHYTPU KOTOPOIO HAXOJUTCS METAINIMYECKUM pacilyiaB
(>kenie30, HUKEJb, KOOaNbT U 1Ip.) U rpadut. Ha mojyoxke pasmeniaercsi oJJHa Wil HECKOJIbKO
3aTPaBOK — HEOOJBUINX KpUCTAUIOB aimasa. CKBO3b KaMepy MPOTEKAET AICKTPUUECKUI TOK,
pa30rpeBarollni pacIuiaB 10 HY)KHOUM TeMIleparypbl. B 3TUX yCIIOBUSX METAJUT CIYKUT
PACTBOPUTEJIEM U KaTallM3aTOPOM Ipoliecca KpUCTAILIM3AllMK YIJIepoia Ha 3aTpaBke B (popme
anmasa. [Ipoiiecc BbipaluBaHus OAHOTO KPYIHOTO MJIM HECKOJIBKUX 00JIe€ MEJIKUX KPUCTAILIOB
niurcs 12—13 cyTok.
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[Nognoxka

boiiee nemeBbil NpoLECC OCAKICHUS ajiMa3a U3 HOHU3UPOBAHHOW YITIEBOAOPOAHOU ra30BOU
cpenbl Ha noaioxke, pazorperoit 10 600—700°C. [{ns BeipaiiuBaHs MOHOKPUCTAJIIIOB

¢ nomoibio CVD TpebyeTcs anMazHasi MOHOKPUCTAILINYECKAsI MOJI0KKA, BhIpAIllCHHAs

¢ nomompro HPHT. Ilpu ocaxxnennu Ha KpEMHUMN WJITA TTIOIMKPUCTATUIMYECKHAN ajiMa3

MOy Ya€TCA MOIUKPUCTAIUINYECKAS TIIIACTUHA, UMEIOIAasl OTPAHUYEHHOE IPUMECHEHHNE

B AjieKTpoHuKe U onTrke. Ckopocth pocta — 0T 0,1 10 100 Mmxm/4. TonmiuHa miacTiH 0OBIYHO
OrpaHu4eHa 2—3 MM, IO3TOMY BBIPE3aHHBIE U3 HEE AIIMa3bl MOYKHO MCIIOJIb30BATh B KAYECTBE
IOBEJIMPHBIX, HO UX pa3Mep, Kak MpaBUIIO, HE IIpeBbIaecT | kapara.



HPUPO/IHBIE AJIMA3bBI C BKNIDYEHUEM

Hukinw3 — uckonaemovie 0CIMAHKU HCUBO20 op2anuima, nonasuielo 6 AHMApPL.

HHKITFO3- AJIMA3 2?22 +— MOXHO = 413143 C BKIIFOYEHHEM IQ‘ ?



Kap0oHa/10 — CKpBITOKPUCTAININYECKUE MUHEPAJTBI,
COCTOSILIME UX aMOp(HOro yriieposa u rpadura, UIMEIOT
HelnpaBwibHYI0 (hopmy u pazmep ot 0.1 1o 1 kapara,

XOTS U3pPEJIKa BCTPEUAOTCS U 00Jiee KPYMHBIE IK3EMILISPHI.

bopT — MENKO3€pHUCTHIN KPUCTAILI
TEMHBIX OTTEHKOB ¢ MHOTOYHCIICHHBIMU
BKJIFOUCHUSIMU rpadura.

Yamie Takue ajqiMa3bl HEMPO3pavyHbl, TEMHO-3EJICHOTO WJIH
Cepo-4epHoOro 1BeTa. IX MOBEpXHOCTh MaToOBasl, OJeCTsIIasl.

Baiacel UMEIOT IPEUMYIIIECTBEHHO OKPYIIyI0 popmy. OTHOCSITCSA K arperaram paauajibHO-TyYUCTOrO
crpoenus. x paagnyc nocturaet 10 20 mm, pexe a0 70 Mm. bammacel moiayrnpo3padyHbl, HHOIIA

BCTPEYAOTCS HEMPO3PAUYHbIE U MPO3PaUyHble KaMHU. bileck MaToBbIN K sipkuii. Okpacka cepas,
yepHAad. ReIeHOBaATAS .



ITPUPOJHBIU AJIMA3

Bug ceepxy

1 — nnowapgka;
2 — rpaHb KOPOHbI,

3 — BEPXHWUW KJIMH KOPOHBI;

4 — HuxHMe (NapHble)
KNMHbA KOPOHbI,

OI'PAHKA

Kanetra B Buae

Buoe npncpwnh Kopona 9% MNOLLAOKN

Pynawer .~
MaeuneoH .~

5 — KNUHbA (NapHble)
NaBuUNbOHa;

6 — rpaHb NaBUNbLOHA;
7 — kanetta (Wwwn);

8 — pebpo;

9 —vy3en
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Kanerta
(kMnesas NWUHKA)

1— nnouwagka,

2 — rpaHb TPeTLero gpyca
KOPOHBI;

3 — rpaHb BTOPOro Apyca
KOPOHbI;

4 — rpaHb nepeoro gpyca
KOPOHGI;

5 — rpadb YeTBepTOro Apyca
NnasuNbOHa;

6 — rpaHb TReTLEroD Apyca
NnaBuMNbLOHA;

Kanerra B Blie
nnowank9

7 — rpaHb BTOPOro apyca
NaBUNbOHa;

8 — rpaHb NepBoro Apyca
NaBUNbOHa;

9 — kanetTa (kmnesas
NUHKA);

10 — cpes3 (yronok);

11— pebpo;

12 — y3en
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nponssoacrso: «NMAPAMAOA»

e Kak n3BECTHO, CAaMBIM I[ICHHLIM KAMHEM BO BCE BpEMEHA
cuuTajcs anMas. Kaxercs, 4To oH BoOpall B ce€0s KpacoTy
BCEX JIparoleHHbIX kaMHer 3emin. Kak o0pa3Ho roBopuil
OJIMH U3 3HATOKOB JIPAroleHHOCTEN — PYCCKUM MUCATENb
A.N. KynipuH: «2TO CBET COJHIIA, CTYCTUBIIMKUCS HA 3€MJIE U
OXJIAXKAEHHBIKM BpeMeHeM. OH urpaeT BCEMU LIBETAMH, HO
OCTAETCA IIPO3PAYHBIM, TOYHO KarlIsi BOAbD. HEBEPOSTHO, HO
(baKT: CTOUT TOJbKO NOMECTUTh HACTOSIINN OPUPOJHBIN aJIMa3
B IIPO3PAYHBIM CTAKAH, HAIOJHEHHBIM BOJIOM, KAK OH

IPONAaJacT M3 BIJIA, CJIOBHO PACTBOPSSCH B Bogﬂoﬁ cpeze.




JIBHKEeHbSI HET, CKa3aJ Mmyjapen Opaaarblid.
JIpyroii cMoJ14aJj U CTaJ Npea HUM XOAMUTh.
CuibHee ObI He MOT OH BO3Pa3UTh;
XBAJIWJIM BCe OTBET 3aMbICJI0BATHIIA.

bpunauanm
«YUCMOTL 600D




e Fcmo mpu eeuiu, coelamo Komopbsle Heo0bluailno mpvduo:
caomamsv cmaib, PACKPONUNINTD AJIMAa3 U ROZHAMb CAMO20 ceosl.
) "

exnapauyusa nezagucumocmu CIIIA,
Koncmumyyua CLIA
Bepcanvckuit mupnuwtit 0o2oeop 1783 zooa

TonpKo OH MOAIIKCAI BCE 3110Ky1\QTa

BPEMA-/IEHBI'H |

» benmxamun OpaHKiInH

1) BBen o003HAYCHUE 3aPSJIOB «+» U «—»

2) moKa3aj 3JIESKTPHUCCKYIO MIPUPOTY MOTHUN

3) npemnoxuia B 1752 I. IpOeKT MOJHUEOTBO/IA

4) wn300pén B OudoxanbHble ouky (1784)

5) B 1742 romy n300pén 3¢(HEeKTUBHYIO SKOHOMHUYHY O
MaJIorabapuTHYIO MeYb

6) BBIABHHYJ HACIO AJCKTPUUECCKOTO ABUTATES

7) TPUMEHMII IEKTPUUICCKYIO UCKPY JIJIs B3phIBA IMOpOXa

8) OOBSCHWI MPUHIIUI ACHUCTBUS JICUICHCKON OaHKU

9) ycoBepIIeHCTBOBAJ CTEKIISIHHYIO TapMOHHUKY

10) pazpaboran cucTtemy ympaBlICHUs BpeMEeHEM

11) cobpan oOmupHbIE JaHHBIE O IITOPMOBBIX BETpPax

(HOpa-ocTax) U MPEAJIOKUAI TEOPUIO, OOBSICHSIBIIYIO

UX TIPOUCXOXKICHHE

12) ipoBoOAMII H3MEPEHUST CKOPOCTH, ITUPUHBI U TITyOMHBI

[onedcTpuma, 1 3TO TEUCHHUE, HA3BAaHHWE KOTOPOMY Aall

benmxkamua @paHkianH, HaHeceHo Ha KapTy (1770r.).
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b. CDpaHKJ'II/IH b. CDpaHKJII/IH «b. ®paHKINH MMOIy9aeT 3apsi
AIEKTPUUYECKOTO TOKA ¢ HEOECH
K. Trormecu (ok. 1785r)  A.Maprun,1767Ton

' Jlennn Kapueru: «Eciu Bbl XOTUTE MTOJYYUTh MPEBOCXOIHBIE COBETHI O TOM, KaK
oOpaniarbCs ¢ A0AbMHU, YIIPABISATH CAMUM COOOM 1 COBEPIIIEHCTBOBATH CBOU
JIMYHbBIE Ka4€CTBA, MpouTuTE aBToONOrpaduto benmkamuua @paHkiuHa -

' OJIHY W3 CaMbIX YBJIEKATEIbHBIX UCTOPUH KUHUY.

' Pemiennem Becemuproro Cosera Mupa nms benpxkamuna @paHKIMHA
BKJIIOUEHO B CIIMCOK HamOoJee BhIIAIOIIMXCA IpeicTaBuTener YenoBeuecTa
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KAK JKE TA
BEJTb AJIMA3
CAMBIH
KPEIIKHH.

"Ecim monoXuTh aaMa3 Ha HAKOBAJIbHIO, CMOYHUTH €0 KPOBBIO KO3J1a
1 YIApUTh MOJIOTOM - TO M HAKOBAJIbHS M MOJIOT Pa3JIETATCS Ha KYCKH,
a aJiMa3 OCTAHETCS HEBPEAUMBIM'', - TaK IIOBECTBOBAJIM 00 ajaMase
OoJiee THICSYH JIET Ha3aJ 3HATOKU KaMHEH.



B /1715 OLICHKH KaueCTBa
6pI/IJIJII/IaHTOB IIPUHATA
cucteMa «4 Cx»

Clarlty YUCTOTA,
i Color -mBer,

| i

M B B Carat - Bec B kaparax.
3-KAMERD
XPYITRHI

OxaHoil U3 JIIOUMBIX KHUI MOEr0 OTPOYeCTBA CTAJIa KHUIa «AJIMa3 — KAMEHb
XPYIKHI», MOJAPEHHAS MHE HA ICHb POKACHUSA, KAXKETCHA, B 1€CATH JIeT.
IIoMHI0, YTO OTKPBIB, HE CMOIJIA S OTOPBATHLCH OT ee cTpaHui. U cKoJIbKO pa3
sl IepeYruThIBAJIA ee.



«For discovery of fullerenes.»
1996r
«For groundbreaking experiments regarding the two-dimensional
material graphene»
2010r
s dmopepaghen  C,F,— 0<E;<53B — C,H, I'paghan

R O
' ZzZZii e

-
Pl Pl o H{
s e A A iR

T r T e P et e e N e S FwEw

- o o oy WL i -

i = B =,
T R L e
q

- -
SO
e e e r e L e R
PRI STS T ] AL AT R N
-

YenepodHas
dynnepeH HaHompyb6ka pagpum




a LETTERS TONATURE

C,: Buckminsterfullerene
H. W. Kroto', J. R. Heath, S. C. O’Brien, R. F. Curl
& R. E. Smalley

Rice Q I and D of Chemistry and Electrical
Engineering, Rice University, Houston, Texas 77251, USA

During experiments aimed at und ding the mechanisms by
which long-chain carbon molecules are formed in interstellar space
and circumstellar shells’, graphite has been vaporized by laser
irradiation, producing a remarkably stable cluster consisting of
60 carbon atoms. Concerning the question of what kind of 60-
carbon atom simcture mnght give rise to a superstable species, we
suggest & a polygon with 60 vertices and
32 faces, 12 of which are p 1and 20 h 1. This object
is I as the football shown in Fig. 1. The Cg,
molecule which results when a carbon atom is placed at each vertex
of this structure has all valences satisfied by two single bonds and
one double bond, has many and app to
be aromatic.

The technique used to produce and detect this unusual
molecule involves the vaporization of carbon species from the
surface of a solid disk of graphite into a high-density helium
flow, using a focused pulsed laser. The vaporization laser was
the second harmonic of Q-switched Nd:YAG producing pulse
energies of ~30 mJ. The resulting carbon clusters were expanded
in a supersonic molecular beam, photoionized using an ¢xcimer
laser, and detected by time-of-flight mass spectrometry. The
vaporization chamber is shown in Fig. 2. In the experiment the
pulsed valve was opened first and then the vaporization laser
was fired after a precisely controlled delay. Carbon species were
vaporized into the helium stream, cooled and partially equili-
brated in the expansion, and travelled in the resulting molecular
beam to the ionization region. The clusters were ionized by
direct one-photon excitation with a carefully synchronized
excimer laser pulse. The apparatus has been fully described
previously®”’.

The vaporization of tarbon has been studied previously in a
very similar apparatus®. In that work clusters of up to 190 carbon
atoms were observed and it was noted that for clusters of more
than 40 atoms, only those containing an even number of atoms
were observed. In the mass spectra displayed in ref. 6, the Cq
peak is the largest for cluster sizes of >40 atoms, but it is not
completely dominant. We have recently re-examined this system
and found that under certain clustering conditions the Cg, peak
can be made about 40 times larger than neighbouring clusters.

Figure 3 shows a series of cluster distributions resulting from
variations in the vaporization conditions evolving from a cluster
distribution similar to that observed in ref. 3, to one in which
Cgp s totally dominant. In Fig. 3¢, where the firing of the vaporiz-
ation laser was delayed until most of the He pulse had passed,
a roughly gaussian distribution of large, even-numbered clusters
with 38-120 atoms resulted. The Cg, peak was largest but not
dominant. In Fig. 35, the vaporization laser was fired at the time
of maximum helium density; the Cq, peak grew into a feature
perhaps five times stronger than its neighbours, with the excep-
tion of C,o. In Fig. 3a, the conditions were similar to those in
Fig. 3b but in addition the integrating cup depicted in Fig.2
was added to increase the time between vaporization and
expansion. The resulting cluster distribution is compietely domi-
nated by Cg, in fact more than 50% of the total large cluster
abundance is accounted for by Cgp; the Cy, peak has diminished
in relative intensity compared with Cg, but remains rather
prominent, accounting for ~5% of the large cluster population.

Our rationalization of these results is that in the laser vaporiz-
ation, fragments are torn from the surface as pieces of the planar

* Permanent address: School of Chemistry and Molecular Sciences, University of Sussex,
Brighton BN1 9QJ, UK.
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Fig. 1 A football {in the
United States, a soccerball)
on Texas grass. The Cg
molecule featured in this
letter is suggested to have
the truncated icosahedral
structure formed by
replacing each vertex on the
seams of such a ball by a
carbon atom.

graphite fused six-membered ring structure. We believe that the
distribution in Fig. 3¢ is fairly representative of the nascent
distribution of larger ring fragments. When these hot ring clusters
are left in with high-: ity helium, the equili-
brate by two- and three-body collisions towards the most stable
species, which appears to be a unique cluster containing 60
atoms.

When one thinks in terms of the many fused-ring isomers
with unsatisfied valences at the edges that would naturally arise
from a graphite fragmentation, this result seems impossible:
there is not much to choese between such isomers in terms of
stability. If one tries to shift to a tetrahedral diamond structure,
the entire surface of the cluster will be covered with unsatisfied
valences. Thus a search was made for some other plausible
structure which would satisfy all sp? valences. Only a spheroidal
structure appears likely to satisfy this criterion, and thus Buck-
minster Fuller's studies were consulted (see, for cxample, ref.
7). An nnusually bcaunful (and probably unique) choice is the
tr ic depicted in Fig. 1. As mentioned above,
all valences are satisfied with this structure, and the molecule
appears to be aromatic. The structure has the symmetry of the
icosahedral group. The inner and outer surfaces are covered
with a sea of = electrons. The diameter of this Cg, molecule is
~7 A, providing an inner cavny which appears to be capable
of holdmg a variety of atoms®.

ing that our h structure is correct,
there are a number of unponam ramﬁcauons arising from the
existence of such a species. Because of its stability when formed
under the most violent conditions, it may be widely distributed
in the Universe. For example, it may be a major constituent of
circumstellar shells with high carbon content. It is a feasible
constituent of interstellar dust and a possible major site for

Vaporization laser

Irtegration cup

Rotating graphite disk

Fig. 2 Schematic diagram of the pulsed supersonic nozzle used
to generate carbon cluster beams. The mtegraung cup can be
removed at the indi d line. The ion laser beam (30-
40m] at 532 nm in a 5-ns pulse) is focused through the nozzle,
striking a graphite disk which is rotated slowly to produce a smooth
vaporization surface. The pulsed nozzle passes high-density helium
over this vaporization zone. This helium carrier gas provides the
thermalizing collisions necessary to cool, react and cluster the
species in the vaporized graphite plasma, and the wind necessary
to carry the cluster d through the inder of the nozzle.
Free expansion of this cluster-laden gas at the end of the nozzle
forms a supersonic beam which is probed 1.3 m downstream with
ati f-flight mass sp
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Fig. 3 Time-of-flight mass spectra of carbon clusters prepared by
laser vaporization of graphite and cooled in a supersonic beam.
Ionization was effected by direct one-photon excitation with an
ArF excimer laser (6.4 eV, 1mJ cm 2). The three spectra shown
differ in the extent of helium collisions occurring in the supersonic
nozzle. In ¢, the effective helium density over the graphite target
was less than 10 torr—the observed cluster distribution here is
believed to be due simply to pieces of the graphite sheet ejected
in the primary vaporization process. The spectrum in b was
obtained when roughly 760 torr hellum was present over the
graphite target at the time of laser vap The enh
of Cog and Cy, is believed to be due to gas-phase reactions at these
higher clustering conditions. The spectrum in a was obtained by
these cluster th i and cluster-cluster reac-
tions in the “integration cup’ shown in Fig.2, The

LETTERSTONATURE =

example, ballene, spherene, soccerene, carbosoccer), but we
prefer to let this issue of nomenclature be settled by consensus.

We thank Frank Tittel, Y. Liu and Q. Zhang for helpful
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was supported by the Army Research Office and the Robert A.
Welch Foundation, and used a laser and molecular beam
apparatus supportcd by the NSF and the US Department of
Energy. H.W.K. acknowledges travel support provided by
SERC, UK. J.R.H. and S.C.O’B. are Robert A. Welch Predoc-
toral Fellows.
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High-resolution solid-state
NMR of quadrupolar nuclei

Eric Oldfield, Hye Kyung C. Timken,
Ben Montez & R. Ramachandran
School of Chemncal Sciences, Umversuty of Illinois at

Urbana-Ch 505 South Math Avenue, Urbana,
Ilinois 61801, USA

Quadrupolar nuclei are the most abundant nuclear magnetie reson-
ance (NMR)-receptive nuclei in lhe Earth's crust, and in many
amorphous ials of tech (such as zeolite
catalysts, ceramics and alloys), and have thus been intensively
studied'™”, Of particular interest is the ability to resolve and
quantitate the various types of sites p t in a given {al
Here we present a very simple, yet we believe powerful, approach
towards the resolution of chemically non-equivalent sites in solids,
which combines a conventlonal high-field spin-echo NMR method

of cluster species in the especially stable Cg, form is the prime
experimental observation of this study.

surface-catalysed chemical processes which lead to the forma-
tion of interstellar molecules. Even more speculatively, Cg
or a derivative might be the carrier of the diffuse interstellar
lines’.

If a large-scale synthetic route to this Cq, Species can be found,
the chemical and practical value of the substance may prove
extremely high. One can readily conceive of Cg, derivatives of
many kinds—such as Cg transition metal compounds, for
example, Cg Fe or halogenated species like CygoFgo which might
be a super-lubricant. We also have evidence that an atom (such
as lanthanum® and oxygen') can be placed in the interior,
producing molecules which may exhibit unusual properties. For
example, the chemical shift in the NMR of the central atom
should be remarkable because of the ring currents. If stable in
macroscopic, condensed phases, this C, species would provide
a topologically novel aromatic 1 for new b hes of
organic and inorganic chemistry. Finally, this especially stable
and symmetrical carbon structure provides a possible catalyst
and/or intermediate to be considered in modelling prebiotic
chemistry.

We are disturbed at the number of letters and syllables in the
rather fanciful but highly appropriate name we have chosen in
the title to refer to this Cg, species. For such a unique and
centrally important molecular structure, a more concise name
would be useful. A number of alternatives come to mind (for

with the resol of the ‘quadrupole shift’

h*7, We d lication to the lete resol-
ution of both the /2, 3/2) lnd (3!2 5/2) transitions of the 7'Al
nuctel in a of and i alums

(KAKSO,);'12H;0 and NH.AI(SO.), 12H,0).

The major problem in spin-echo studies of most quadrupolar
nuclei in solids is that a series of echoes is usually obtained®’.
Solomon first reported® the refocusing of first-order quadrupolar
interactions using two radio-frequency pulses of the same phase,
and Butterworth® was able to differentiate quadrupolar from
purely magnetic interactions in various alloys. However, this
approach is not particularly useful for minerals and other non-
metailic materials, where large magnetic inhomogeneities are
absent.

Fortunately, however, Bonera and Galimberti'® and Weisman
and Bennett'' showed that considerable enhancement of the
‘desired’ 2r echo could be achieved by introducing a 90° phase-
shift between the two radio-fr pulses M
Weisman and Bennett showed (for nuclear spin I =5/2) for lhe
special case of a 90.-7-454¢ pulse that the li
of the 27 echo (central plus quadrupolar conlnbuhon) was
maximized, while the “allowed’ 3/2r plus 37 echo amplitude
was minimized''. In practice, the 27 echo is often the only one
observed'!, and we show here that the Fourier transform of the
echo can yield an essentially undistorted (1/2, -1/2; 1/2, 3/2;
3/2, 5/2) powder spectrum.

Figure 1a and b show the ?Na and *’Al spin-echo spectra
of NaNO, and KAI(SO,);-12H,0, obtained at magnetic field
strengths of 8.45 and 3.52T, respectively, the response of the
potassium alum being obtained in the presence of *H dipolar




Nobel Lecture, December 7, 1996 DISCOVERING THE FULLERENES  Richard E. Smalley

Figure 1. Photograph of the research group that discovered the fullerenes at Rice University in September of
1985, Standing: Curl. Kneeling in frong, left wo right; (' Brien, Smalley, Kroto, and Heath.

=2 https:/www.nobelprize.org.
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HazBanue «dyiiepen» ObUIO JAHO B Y€CTh U3BECTHOTO
aMEPUKAHCKOr0 apxurekropa bakmuncmepa Dyuaepa,
PEUIOKUBIIETO CTPOMTh aKYPHBIC KYIOJI000pa3HbIE

KOHCTPYKIOHMH COUCTAHHUCM ITH- U ICCTUYT'OJIbHHUKOB.

B karasiorax XMuMUY€CKUX PEAKTUBOB BeIIECTBO Cyy IMEET Ha3BAHUE
OakMUHCTEpP(YJIEpEeH, XUMUKH Yallle Ha3bIBAIOT €r0 MPOCTO
dysiiepenom. Ecth u Apyroe oopasHoe Ha3BaHUE — (PYTOOJIEH.
CXOACTBO C IMOKPBIMIKON (hyTOOIBHOTO Msiya oueBUAHO. CyIIeCTBY€ET
ere ruopu1 00oux Ha3BaHUN — 0aKHOO.I.



Xapb.lil; pOTo
1939- 2016rr.
) «Mctopus otkpbiTus Cgy He MOXKET OBITh IPABHILHO OLIEHEHa 0e3
~ yuéTra KpacoTsl (DOPMBI STOM MOJIEKYJIbI, KOTOpas 00yclIoBIeHa €€
HEBEPOATHOU cUMMeETpUei. JIpyron BakHbIN (DaKT, CO3AAIOLINN aypy
BOKPYT 3TOW MOJIEKYJIbI, CBA3aH C €€ HA3BAHUEM
OakMHUHCTEepdyIepeH <...>. B¢c€ 310 npuaa€t Hallel 21eraHTHON
MOJIEKYJIE Xapu3My, KOTOpas ouapoBajia yYE€HBIX, IPUBEJIA B BOCTOPT
oObIBarenen, 100aBuIa YHTy3Ma3Ma MOJIOJIBIM B X OTHOIIEHUHU K
HAyKE M, B YaCTHOCTH, IpHJIaJia CBEKEE NBIXaHUE XUMUI).




The Nobel Prize in Physics 2010
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Andre Geim Konstantin Novoselov
Prize share: 1/2 Prize share: 1/2

Photo: U. Montan

The Nobel Prize in Physics 2010 was awarded jointly to
Andre Geim and Konstantin Novoselov

"for groundbreaking experiments regarding the two-

dimensional material graphene”
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Graphite flakes

‘Scotch tape’ procedure, reported by Novoselov and Geim in 2004.
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Andre Geim with his wife
Dr Irina Grigorieva,
daughter Alexandra and
1985 Nobel Laureate in
Physics Klaus von Klitzing

Konstantin Novoselov with his
wife, Dr Irina Barbolina, after
the Nobel Prize Award
Ceremony in Stockholm,

10 December 2010.
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Graphite, tape roll and graphene transistor. The items were donated to the Nobel
Museum by Andre Geim and Konstantin Novoselov in Fxttps: fliwww.nobelprize.org
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OnTmyeckne cBOVICTBa rpadpeHa

E. [I. O6pasioba, M. I. Petbun, I11. A. Obpaszijob

[TponyckaHHE, %0

0 25 50
PaccTogHHE. MKM

Puc. 5.9. (a) Izo0paxeHHe mno-
BellleHHOro o0pa3na rpadeHa. co-
Jep/Kallero OIHH H [OBa CJIO4.
(o) CmexTp mpomyckaHHa Tpade-
Ha. TeOopeTHUeCKHe  IOJCUeTEL
H SKCHepHMeHTAaTbHEIE IaHHEIE.
(g) Cxema npollecca penakcallHH
3TeKIPOHOB: TIi COOTBEICTIBYET
BHYTPH30HHOH pelTakCalHH. T —
MesK30HHOI [81]
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B. B. Aspees, M. A. logyHoB, C.Tl. UoHog,

0. X. H., Npodheccop, reHepanbHbin 0. X. H., Npocpeccop, 4nexd CoeeTa K. (p.-M. H., AOUEHT, 4neH CoBeTa
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h.1.3 Teepabie corcrhie MATEPHATLI H HX HETEPKANATHI

Knaccul meepdux crioucmaslx mamepuaios

CiioucTsIi MaTepHuaJl

Dopmy.ia

1. He3apsiskeHHbIE CJIOU
(a) Hzonamopwi
I'nunbl
KAOJMHUT, TUKUT
CepJIeHTHH

Inanua HuKe st

(0) dnexkmponposooaugue cnou
I'pajpur

I[HX&JIBKOFCHI/I)IBI MmePEXOaHbIX METAJIJIOB

Oxcudocharsl merainiios (1V)
2. 3apsiKeHHbIE CJI0H
(a) Anuonnwie cnou

I'nunbl
MOHTMOPHJIJIOHUT
CAIIOHMUT
BEPMUKYJIUT
MYCKOBHUT

B-Oxcna anroMUHUS-HATPUSA

OKkcuabl NMEePEeXOAHbIX H IEJTOTHBIX
METAJIJIOB

(0) IHonoxcumenvno 3aparxcennvle ciou

I'maporajabHUT

ALSi,O,(OH),
Mg,Si,O,(OH),
Ni(CN),

C

MX, (M =Ti, Zr, Hf, V, Nb, Ta, Mo, W, X = S, St
Te)

MOPO, (M =V, Nb, Ta)

Na, (Al, ,Mg,)(5i,0,,)(OH),
Ca,,Mg,(ALSi, ,0,0)(OH),
(Na,Ca), (Mg, Li Si,0,,)(CH),
KAL(AISi,0,,)(OH),
NaAl,;0,;

M'XO, (M! — meaounoii merana; X = Ti, V, Cr,
Mn, Fe, Co, Ni)

[Mg,AlL(OH),]CO,-4H,0



1 .MHTepkainupoBaHHble cOeIMHEHU rpaduTa 5.Kpucrannuyeckue coeiMHeHUs rpaduta

2.CoenuHeHus BHEIPEHUsI B TpauT 6.JlamuHapHbIie coeIMHEeHU rpaduTa
3.CrnoucTtelie coeiuHeHus rpadura 7.CoenuHEeHUs BKJIIOYEHUS B rpauT
4.KnarpaTHble coeiuHeHus rpadura 8.MexcioeBble coenMHeHus rpaduTa
Graphite intercalation compounds
[oHopbI rPAOUT AKuenTopbl
FANNOreHVNAbI
LLLEJTIOYHbIE METAJ1J10B
META/Tbl B
C%ZH’*‘ S~ FAJIOTEHBI
LLEJIOYHO-
3EMEJIbHbIE —
METAJIJ1bl MHTEPrAJionabl
PEAKO3EMEJIbHbIE / &%\
METAJI/1bI KUCNOThbI
AMODOTEPHOCTH
- 4 +
+A ) AT XHUMCTOUKOCTE : 9 A mmm) .
= TepMOCTOMKOCTD +
X03AUH i

X0O39UH bt L
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|c=d;+(N-1)-d, C,0AICL 1, ;

| — mepuox HAEHTHYHOCTH
d; — ToJmMHA CJ1051, 3aM0JTHEHHOTO HHTEPKAJISTOM
d, = paccTosiHMe MeKAYy CJIOSIMH B HCX0/HOI MaTpuue (15 rpaduta d,=3,354)

N — Homep cTrynenu(4uncyao rpag)eHoB MeKay OJMKANIIUMHU CJI0SIMHA
UHTEPKAJIATA)



Pure & Appl. Chem., Vol. 66, No. 9, pp. 1893-1301, 1994,

NOMENCLATURE AND TERMINOLOGY
OF GRAPHITE INTERCALATION COMPOUNDS

(IUPAC Recommendations 1994)
HANNS-PETER BOEHM!, RALPH SETTON? AND EBERHARD STUMPP?

3.3. The carbon layers

The term "graphite" designates a mineral as well as an allotropic form of elemental carbon
and its crystal structure. In graphite, planar sheets of carbon atoms, with each atom bound to
three neighbors in a non-compact, honeycomb structure, are stacked regularly, with three-
dimensional order (3). "Graphitic carbon" is only applicable to materials which give rise at least
to a modulation of the hk reflexions in X-ray diffraction. It is therefore not correct to speak of
"graphite layers" when meaning single, two-dimensional carbon sheets. Even the terms "carbon
layer” or "carbon sheet” are inappropriate.

The suffix -ene is used for fused polycyclic aromatic hydrocarbons, even when the root of
the name is of trivial origin, e.g. naphthalene, anthracene, coronene, etc. A single carbon layer

of the graphitic structure can be considered as the final member of this series and the term gra-
phene should therefore be used to designate the individual carbon layers in graphite intercalat-

ion comgaunds (see "Note a"}.

NOMENCLATURE AND TERMINOLOGY OF GRAPHITE

INTERCALATION COMPOUNDS.
nthetic . REPORT BY A SUBGROUP OF THE INTERNATIONAL COMMITTEE

Sy Metals, 11 (1985) 363 - 371 FOR CHARACTERIZATION AND TERMINOLOGY OF CARBON

AND GRAPHITE ON SUGGESTIONS FOR RULES FOR THE NOMEN-
2 1 3
HANNS-PETER BOEHM', RALPH SETTON* AND EBERHARD STUMPP CLATURE AND TERMINOLOGY OF GRAPHITE INTERCALATION

COMPOUNDS
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