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Figure 5. A band integrated intensity of AD-SWNT bucky
paper as a function of pressure, normalized to its value at

0.5 GPa (hex = 515 nm). The lines are guides to the eye. The
inset shows the ratio of the A band to T band integrated
intensity. The abrupt discontinuity near 2 GPa is apparent in the
insert since the discontinuity in the T band intensity is not as
pronounced as that of the A band. Reproduced from Ref. 50.
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Figure 11. Peak positions as a function of pressure for the
Raman spectra of AD-SWNT bucky paper shown in Fig. 10.
Peak positions of (a) three components of the T band up to
10 GPa, (b) the second-strongest component (1568 cm~! at
0 GPa) and (c) the most intense component (1594 cm~"' at
0 GPa). Solid (open) symbols represent data for increasing
(decreasing) pressures. The straight lines at 0-10 GPa are
linear fits to the data. Models I-1ll in (c) refer to the calculations
of Venkateswaran et al.%2 in the range 05 GPa. Possible
structural distortions of the nanotube cross-section®” are
sketched in the inset. Reproduced from Ref, 38,
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Figure 8. Wavenumber vs pressure for tangential modes after
Peters et al.3* The three tangential peaks are represented by
circles, squares and diamonds, respectively. Open (closed)
symbols indicate data taken on pressure increase (decrease).
Reproduced from Ref. 34.
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Figure 1. Linear dependence of the trigonal nanotube  Figure 2. Morphological evolution of nanotube under
lattice constant on applied hydrostatic pressure. The  increasing pressure.

volume compressibility of 0.024 GPa~! was obtained

for nanotubes of 14 A diameter. The solid curve is for

calculated lattice constant,
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FIG. 1. (a) Single-walled carbon nanotubes form hexagonal
close-packed structure. The lattice constant, a, equals the sum of
the short nanotube diagonal and the intertubular gap. (b) Lattice
constant of the trigonal nanotube lattice vs pressure as mea-
sured by in situ synchrotron x-ray diffraction. Compressibility
of 0.024 GPa' is obtained.
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Figure 4. Pressure dependence of the band gap obtained from the electrical resistance on

temperature dependence above 200 K. The band gap increases with pressure initially followed

by a sudden drop at 1.5 GPa. The insets illustrate the morphological evolution of the cross-section
of nanotubes at various pressures,
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FIG. 1. One-dimensional x-ray diffraction profile of SWNTs
from the (1,0) planes of the two-dimensional triangular lattice at
various pressures. (a) 1.4 GPa, (b) 5.1 GPa, (c) 10.2 GPa represents
the records on increasing pressure while (d) 7.2 GPa and (e) 0.5
GiPa correspond to the decreasing pressure.
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Appendix

Al BEA—FRUFT/Fa—TNURLOXR BEHEAEOL I aL—2a Y

FEHICBED SWNT (EBEDNHHBREZH5THTHDO 1 AKLAKDF 22— DfERMEDOR
WD) TIEAR TR Lz L 9 1e3y KU ERSROEPTABIEI S D (KA, Zh
IR RAHTT ) Fa—T0K A2 (ZOKIEF 2—THBIENY TFTTR) OXHiz
TR T DD ThH D, BOEEFHZT UL SWONT 1X 2 RN HIE T2 & DITE
BixbroEFa—THEHRLT2—THRBEELI-LDICRD, ET, ZOXIRKETIZE
WT X BOBEBRE I DL IR END A I 0, B O THIVUZHENIE TN O T
ArE & AR F OBELRF 2 D ER F 2 IRET D22 &N TE 5D, LaL, SWONT N Rz
BOTCHE~ OREFFEEZHETDHZEEARARETHD, T/ Fa—T33EIERA0
ATV T 4B LERLRRDIDICMZ, HWT 7 FAT—LANETTHLDOTEBED
T a2a—TRIFIERAZEZANTNDETHA, LB TEE OO X 5 ITHEER
FEROLZEFRETHS, LoL, TNERUC LS R —RITF ) B—RW5EE LT
TIZREER LT\ 5D, Z3UE C60 DNV T FEERTh 5,

C60 Z—DDJRF DI HITEZD LNV TFEERITER—XE FTIX fee THD, 2720,
E<HOBNTVWD EHICZDIREETIL C60 IZmETHHEHAL TR Y | FAAEOREIXT
X720, ZOMBEXED LY ITRENTZNE VD & IRBIFFDERIRICESNIFEL T
WD EZBZXZED XD AR FOBELR 72 RO TE ISR 25 L, =
D X 9 BRERIRIC 7B O DA DO FEELIR F X BRI v LB TR 2 &
NTELH[A], T/ Fa—T7DEEIEEmERIEZ L TWDDTIXRWOIEDR, D EDY
WZIZ T v F LAV 2T =g LTS EEZIIT C60 LRRRERX TN TE D, T/ F
2 — 7 OGEITITARRICR TN —ERIC oM L TN D EEZ 2T 0bIT T, 205505
FHGELR X ME Ny v VBT D, RICE TR B0 DIy RLOREmET
Do N RVITHE DN 100 AFREE D SWONT TTE TWD DT, A T DORUT D 720,
W ORHRICBWTEA 722 &b 100 AL EIZWA TS O T v BT T V& B O X
b ND, Thbb\WbWwbH 7Ty 7OiEAIZRET 5 & 2 A TOREHTHEEIHI S i
% (LA, HEEBEAONREREDILNVILH D), ZiuTxt LT SWONT /3 RAVE T
N TEZICEDNEN T 0RO T ORFNIWSTET THLDOTT v =BE@EIEN 20 AR
DEFD, MAT, Fa—TRONHMBRELEBETDHEETFAEN LoD LebDTIER
WD, BRBILEHAL LIEEITRMFFRES L 2D, ZOZEREHFRIFEO T I 2 L
—2a VETIBRICED I DI EN D NEE 2D, B ORMSOEAIZIXEIPT &0 25
BT 5 q ONLE (AESESEPTA) 2k, ZONME TOMER T2 ROEENTE
Ve b HAURHMESCHEHHROSZEE L EEbA L LIZY I a2 b—y 3 VIZIXEN DK
THEBELEN, EARMIZIZEICENZFIET IV, 2Tk LT SWONT /N> RAVDEAITIE,
FPEIFRENDNVEVICR D, ZNEED L I ITHAAT N E WD Z ENRRIETH D03,
FLIE Thess [A2]I272 5T (2bo7e2b V) 77 v 7&M (KA-2 O FERERDD &
WED) ZWET D qE2HICH T A TR GAHE LA TR0, KA1 OBEAHFO



simulated & BN\ L ZAICHHEN RA DN NN T 7 v 7&MEE2MRETD q 22D, Z0
itk 2 I T AR EFENT I A BT &35, 200 v ZAREEIZHE N Y &L E
B bROTMEER T (K A-1 O—F FOH) 2HiTE5bE5 2 L CRITKFEOY I 2 b
—ay (M A1 OBEATOMB) 21T-oTW5b, Fa—T71%, BRE 7 ZABEBOENE
Pl NTG A= L%, TNOERITEBMICEN L TEIEO Y I 2 b— 3 U&7,
BlA-1 IZFZNTHRLS HoTWVDHIEIHITEEE Y, ZARBEAETTNL, AfRTRLIZEIIC
HEVEMERET LV ET T L CHERIZARVE 5 2ENT 50T,

ST, MA-1 ZATHL2NULT<ONY T8, BEAHOREONE L B — 27 OfLE I
—HLTWERFA, ZHIFHEERTORLEOEELZE L HITZIT TVDINLTT,

8 N
a )
=
Q
2
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=]
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S 2,
~
N
2
R2)
=
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=
(S|
scattering factor
0 1 2

Q (4nSin0/n) /A"

X A1 (k) EH &Sz SWONT Ay RAOEPIKE, (EAH) v
ab—va =TIy irE (f{EE) . (T) HEXy AT
A R & 7= i IR 1



A-2 SWOCNT /N> RAOREIK, FRERDS BT RS
TS5,

B C60 DA FIEERF

C60 NEHMEEL TS (HEIWNESUE LAV I T—a v DREIZHD) ETHERF
BERF S, [FERRDRICEI-RFBEFOMERFOMELY, hiL 0 ROBRIK
RNy)LE# j, ZRAVTROELSIZRE S, (P. A Heiney et al, PRL, 66, 2911, (1991))

S,(s) = 60 f.(s)j,(QR) = 60 f.(s) sin(QR)/QR
C_T.RIZCOO0DFDFE.s=sinB/1.Q=4r1s,

f()FRRIFEFORHERAFT
f(s)= 2 a exp(-b,s"2) +¢
a, =231, a,= 102, a, = 15886, a, = 0.865
b, =20.8439, b, = 10.2075, b, = 0.5687, b, = 51.6512

c=0.2156

DEIIZFREBNFET , (International Tables for Crystallographer)




B SWCNT D4 FiE&ERF

C60 MEZLERY, BHEELTWVEWLWNSU A LA VI T—a v DIREIZHDIEER
DN FEERF S, IFAFEKDOFRIZESF-RFREFORMERFDOMELY ., Tl 0
ROMBRYEILEH J, ZHVNVTROKIIIZRE S,

Su(s) = f.(s)J,(QR)
CCC RIFFA—TDHEE . s=sinB/A.Q=4rs,

f()IIRFRFDEEEF(C60 NIEESHR),

C60 MIRKA V)L ERLTY  SBFTMIZEF LRV T, FAIEEMEERENOHETINS
[Numerical Recipes in CJ(W. H. Press ) &S Z(CHESTE TS &IZLELT-,

[A1] S. J. Duclos, K. Brister, R. C. haddon, A. R. Kortan, F. A. Thiel, Effects of pressure and stress on C60
fullerite to 20 GPa, Nature, 351, 380, (1991).

[A2] A. Thess, R. Lee, P.Nikolaev, H. Dai, P. Petit, J. Rpbert, C. Xu, Y. H. Lee, S. G. Kim, A. G. Rinzler, D.
T. Colbert, G. E. Scuseria, D. Tomanek, J. E. Fischer, R. E. Smalley, Crystalline Ropes of Metallic Carbon
Nanotubes, Science, 273, 483-487, (1996)




