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ABSTRACT

Ceo molecule, the Buckminsterfullerene, has generated great interest because of its unique

molecular structure and of superconductivity exhibited in its alkali-doped solids.

We have investigated the molecular stacking and crystal structure of Ce thin crystals formed

on amorphous carbon film. The Cg powder which was chromatographically purified was

dissolved in benzene. The thin crystals of Ceo were observed with a 300 keV transmission

electron microscope. Electron diffraction analysis and direct imaging of its molecular stacking

were carried out. It was found from this work that the molecules of 10.0 A diameter are arrayed

hexagonally on substrate surface and 8.7 A lattice planes are quite often found in several types

of ED patterns, which can never be explained with a fcc model. Therefore the structure of Ceo

thin crystals is hep, although we cannot fully exclude the possibility of co-existence of hcp and

fce.
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Ax datoll Hslod gh-g o7} o] Foixxz it
Cso7}' olF= AA Fx oAFT2A] Kritschmers&
Hato] XRD(x-ray diffractometry) 243 TEM
(transmxssmn electron microscopy) 2. & - E] &
SAED (selected area electron diffraction) 245 %
slo]  Cootz
ing) T+2% o|&rtxw ¥ 13t glow (Kriatschmer ef
al., 1990) Wragg, Wang, TongS-<& 7t7} Zo] EIS
2] (Wragg ef al., 1990), &4 X2 (Wang ef al.,
1991), Si(111) 719} (Tong et al., 1991) $loliA Ceot=
close-packed T+%& o| &ty ¥ u3tx o}, Snyder

< CaF. 713t Slol 3o Afebd e &
AFM (atomic force mocroscopy) 3 XRD £ oz 5
E] £58 Coo 7]3H9] o 8ko] gl LEHOﬂ/H fce (face
centered cubic) TFZE o]Fcin xuda glew
(Snyder ef al., 1991), Dravids :r_-f‘rﬁ,} Ceoube] A+
HollAd fec F+FEF o] &8 SAED patterne g 2g ut
3] eH(Dravid et al., 1991),

disordered hcp (hexagonal close pack-

i

Flemirig_‘.:_ ﬂ%%i}
go 2 odojAl Co W2 F43 fec T2EF o5&
B a3t oh(Fleming et al., 1991), Mackay‘_ &
Ceo2l XRD 242 72X ¥] Ce= fcc®) hep &7}

—?_’—Xﬂlﬂﬂ Ueta Bgkow o] A7t Flemingd] 74 7}
o2 o] F£ &7t Co A A9 interstitial siteol] EAY
sted fec/hep &3 AA F2E A3 41717 wtol
2}ar ®.9kth(Mackay ef al.). g3 Li¢t Wilsong&
GaAs(110), Au(11l) 713t $lollA Cez 71532 33k
< plo] dbo} ztzl distorted close-packed structuret
mobile hexagonal array3 o|&cta ®aslgdoh(Li
et al., 1991; Wilson ef al., 1990) .

| Zolls Codl 2 F27F 2ol &gk AH
o] &&iAlx gle}, Yannoniet Tyckot Ced 2% ¥
3o w2 NMR (Nuclear magnetic resonance) ¥4
o 2 Hg Cg rotatione| &5 740l wlg} So]ES B
23t 9 oH{Yannoni ef al., 1991; Tycko et al.,
1991). AL X-Alol o3t #ut 3)
AEAo g HE] Cepe #-2ol4& sc(simple cubic) T+
ol 7} 249K H¥ fec FEE Uit Awlol7}
tial B u3lx ek (Heiney ef al., 1991).

G ] ‘]—‘C— aEvlEaHy Yo g F431A
Coo®l A-ollXe] AA F2F &3] Lol 4
(B éf’o% A9 F2] ke vl AA whaut o

]r

Heiney® 1235

2 B o

e el i H

]

2

ol
o
L2 o
N

T4 Coothe] 952 AAEE 44417 HRTEM (high
resolution TEM) A7t 2z} 3]Ad 2o g Hel AL

4 Ceo?t ol ¥ AA T2E sAsisich

MZ o gy

2 Qo4 AR Cee  Krdtschmer
(Kratschmer et al., 1990) 3} 7to] —eljslo]E A=
PAAA wbEer] 43 Certe 471 Hsled A
= ela A9 (soot)-2 diethyl ether® hydrocarboni
A7 B tolueneo B 2447} %9k Soxhlet F535}o]
olg] /Y fullereneso] i3+ <

ol e FA dFuvel FAAA, FAAR FA AT
o) }o} &4 2 n-hexaned AME-3F 48] Z 20l g 732}y
Hog w7 Cotbs Lokt Cod 5+ FT
-IR7 A#EA7|E AHSshe] #hldtgd

s0 > 74 AL benzene L-ollof) .‘r_o] 43} Coo
TEM A A ukel v]AA Blial 9ol 2A mqu 34 PR

o4 benzene &g FWAA ukEdch Co 9F- 4
Aol o514 e, 4= vid, Az A Aue J_-ESH
% F384d240]7 (Hitachi H9000) <& 300KV
7t Aol A dAsledet, SAED #jEl-& Ay &4
< U] e ok 1 ymeo )2 AW o4 Agich
ZAA T Snke Ax 33 ez P ol Ay
Az 74 3 hexagonal close packing (hep) 3o
Al ¢/a=1.6332 8dsled, hep +%9 fec 7ol of
A o] EA o w whAE 4 Qe (hkDW % dpas Al
Absted AYA Ael vimde

o},

to =%

o ox

)

ol
fu
*

i

?ﬁ

BE1=E ‘IT»‘J:——S}S{?\

Fig. 1 4 Fig. 2% &4 AA% Yo 4= g2 Ceo
ZAEe ¥Hes ¥oFn ek Fig. lelxe
Kritschmers (Kratschmer et al., 1990)«] 75-»]-94- dy
o} six-fold tHA Q&
\;H =] o?:

% ®wolx glek, 4k Fig. 2—‘5 x]x]ujL .?49,] "/HE: B
«MW TAE Coool e 245w dendrite 27 A
A% A 2717 10 pm oA He E AHEE o 5
2 gt oleldh gk AAES Jelvt Z)E A Eol

zt
FEDRRERD



Song et al. :

RBAE = 270 9dled Auld Ao|c},

Fig. 3~Fig. 112 o] % ¢k A 52 e o4& o
2712 #ele] SAED selSolc), QJal dzpu) L gke
ZAATe] dddel FAFH o, AHe Weg /]G]
A egtet. AAs A Aelvic 4ol 5 477} oz
71 s 71 2A o2 S S o) 3 e}, o|:
Ceo B-A15o] ’b£ A AabalollA] 22k A © & hexago-
nal packingg o] 5] ¢k& 24& FA3-S ou|g)c},
4§24+ o] Bl A4 F25 (o] vhAlel4] A-B-A-B
-+ Thepal#d 32 A-B-C-A-B-C----: fccal#) & o}

3 £3) sol Fig. 39 AA54 el oz s
& o2 AFT Cu H42) A4S 10,048 ¢ 4

U, o] Az ofn] Wt sl e} dA]gc}, Fig.
39 SAED #elg £ ¢dFoll4 close-packed hexago-
nal 247+ 459 on zone -2 [0001]2 gl
shoirt, o] slEle ghe Aol ofa] Bgol4] sab b
o] vtehdt HelzA Kritschmers (Krdtschmer ef
al., 1990) 9] 742} Dravid% (Dravid ef al., 1991) )
Cro®l 7A-9-ok w9 fAlslic}, 9o Ha)7tz] o}
BEA g PR L AT oe) a2 wFy
= chotat Jello] SAED el o] Fig. 4~Fig. 110l 1}
et 9},

Coo7} o] 5= AAF2E A AF3at uke} o
hep +2& =& fce(face-centered cubic) +Z2 23
S odeh, & Ageld odoln) gk AHE] A T
27} heplA feeql#) 2Hels)r) 9lsked SAED sjelo
2 FE| od2 wdzbA3) hepet fec mwlof| A o) 2" o g
T3 W7HAS wlwdle] ®gke}l, Table loll: 3lAA
Fig. 3~Fig. 11l A&} 71 Z w7bA a,, az, as?t 7
g 3 A71E Role 5A AA dla) W% 5o
2 Au(ll)HE AH3ld 243 425 el o)
S P B IR g - =T I P B = B S B B e R
2 2A A7 §8S A Jeh &, a=a,=
as(Fig. 3, 4, 6, 8), ai=a,>as(Fig. 7,9, 10, 11) =g
3 ai>a=as(Fig. 5)o]ck, Table 20}+= heps} fec =
A5 wbgo] of mello] tisl AAl 3] Aol 4] AL 4 )
= AAEF o5 =mHAAE Aslelo] +E31G0.
hep B w2 o] 4}# ol hep packing e & 715:3t3 c/a=
J(8/3)=1.6332.2 3o} a=b=10.0A, c=16.334,
y=120"9] AA wH4F ARSI, fec 2L a=

©:

)
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14.2A0 8 49l Table 1¢] 425 AAE B Cy
Sk AAEL 8.7A7 8.249 AAHE sz gle
u] o= sl ko] 7)ol glojME uk= A} 8,74 3" A
< 23lch o] 8.7A 31H AL Table 2¢] Az &
W fcc Rel@e o] 15 Wb hep ZHlof4]
+ (100) ¢ (—110) 3]A"o) sdsl= Aolc}, upebA
Coo oFE AAL fcc +2E 7lAE Zo| o} hep
TEE 7, & o dwbdez FHE ay, a,, as
7} 8.7A, 8.2A 2712 EA8 4 $E 9ovZ pseu-
do-hep 72E5 74 Qlrks sizoh

Table 1. The largest lattice parameters measured
from the electron dffracton patterns of Fig. 3
~Fig. 11.
Fig. No. a; (A) az a; 5A spot

3 8.74 8.74 8.74 5.02

4 8.74 8.74 8.74 —

5 8.72 8.22 8.22 —

6 8.62 8.32 8.32 —

7 8.66 8.66 8.27 5.05

8 8.67 8.67 8.67 5.00

9 8.61 8.61 8.32 5.03

10 8.72 8.72 8.22 5.02

11 8.64 8.64 8.55 4.99

measurement error is less than+0.08 A

2 24+ Fig. 3~Fig. 119] A4 sl@ Aol A Ho]
£ A 3" A71E Adeele A2 gk o]zt
Q- A Axr)gdete] ol A7 (Yannoni et
al., 1991; Tycko et al., 1991) A Ce ¥A}S0] Ax}
AollA slxgbeta slAlut, 2 APA gl WAL
ZE AR AR AZ)7h A2 & He R Mol Ch
Aol ARl AR AR Y (F, oyl

EA) Aoz A=A,

AAZE AL 4+ glone, & o e o) A3
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Table 2. Calculated interplanar spacings for the Fig. 12,13, 14= Ce 9k A A 9] A} v]F-& el
models of hep and fec 1 9leh, Fig. 120145 8.7A9) AxpudSo] 60°¢) 7o
hep fec 2 g AES YR Qo) oleld AL £3 &
(hk) d (A) (hkl) d (R) A A ggkon, shiel gk AAue] ZEA AR
001* 16.330 100* 14.200 AEe] wjdo] s EA)3g ReJFa 9o}, &ha
—110 8.660 110* 10.041 Fig. 13014 &= 8.2A A= (002) % 5.0A A== (110)
100 8.660 m 8.198 o) £Ao 2 iR B Wty ARL ¥oejZm glor),
002 8.165 200 7.100 7|5 Az} Aste 44 A £ g}, Fig. 14=
—111 7.651 210* 6.350 7__.!2}_/‘]_}. };\g Oi 7‘21»5‘}_ %%}2}7} E.gc}-%l CGO %}:
011 7.651 211* 5.797
o .A 4 2 ] L= =2 FLAL
102 5.941 291+ 4.733 A= oz widsl Cp HAES vepilz g
003* 5.443 300* 4.733 o},
—210 5.000 310* 4.490
110 5.000 311 4.281 2z =z
—211 4.781 222 4.099
111" 4.781 320* 3.938 o ul ol ol "
—113 4.609 321 3.795 22viEaels] ez gl AAs AL Co ¥
103 4.609 400 3.550 s benzene"ﬂ oA ohA] w] A 'R} flollA ab
—220 4.330 322+ 3.444 E Coo Ok AASL foo F2F 247 83 hep 25
200 4.330 410* 3.444 73 A}\%-% 15 ow, o]k e nre oFalEo] C
-122 4.264 411+ 3.347 ©AH FEE focd ool Al s Az a2 o)
112 4.264 330 3.347 o
—221 4.185 331 3.258 )
021 4.185 420 3.175
004 4.082 421+ 3.099 REFERENCES
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FIGURE LEGENDS

Fig. 1.
Fig. 2.

Ceo thin crystals showing dendrite growth.

Ceo thin crystals formed on amorphous carbon film.

Fig. 3~11. Several types of electron diffraction patterns of Cg thin crystals.

Incident electron energy: 300 keV

Camera length: 300 cm except Fig. 8 (200 ¢cm)

Fig. 12~14. High-resolution lattice images of Cq thin crystals.



72 Korean J. Electron Microscopy Vol. 21, No. 2, 1991




Song et al. . crystal structure of Gy




, No. 2, 1991

Vol. 21

on Microscopy

Kovean J. Electr

74




Song et al. :

crystal structure of Ceo

75




