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o VECTZEATR
(1) EEMASTHIE R = TR T 61 Ell Rotenberg AE i HY 1€ 3C Science
313,951(20060) 5 [ % BN A R EE S FE TAERFR © “BREMEL - EZKR
e - AEFBRLEY - S8  BEaEEES > EVNIFSERIAR - b
SIS soo0” - “Carbon-based materials such as carbon nanotubes (CNTSs),
graphite intercalation compounds, fullerenes, and ultrathin graphite films exhibit many
exotic phenomena such as superconductivity (1 - 3) and --+”

#5183 (1), Z. K. Tang et al., Science 292, 2462 (2001);
Q) LEAIBfEREFEZSFY I, C. Charlier 8 A{E Rev. Modern Phys. 79, 677-732 (2007)
el it - “FRIAE A (Wang, Tang et al., 2000) {E AIPO4-5 J#A4HFL

(NEELY 1.3 A) it 7/ NERIVREEYRIRE (EEZ4 A) - d/NYE

X LR BE AR R E A NI S (Tang et al, 2001 ) ZXFEAYA FHE R ©
4 A MFEAZE NEEOAAERIPRIRE 2 2 A 3 MaRErvEEty «(3.3), 4,2),
(5,0) » VFEHEISYE Y B — M R - WX L g R b Ay R R M
1T TRANEAINGE & --- “Ultrasmall radius single-wall carbon nanotubes (diameter
of about 4 A) have been produced by confining their synthesis inside inert AIPO4-5 zeolite
channels (with inner diameter of about 7.3 A) (Wang, Tang et al., 2000). The diameter of
these tubes gives them many unusual properties such as superconductivity (Tang et al.,
2001). Such a narrow distribution of diameters around 4 A reduces the potential carbon
nanotube candidates to three: the (3,3), (4,2), and (5,0). The properties of these ultrasmall
tubes have already been extensively investigated by ab initio simulations."

#5183 Tang, Z. K., Lingyun Zhang, N. Wang, X. X. Zhang, et al., 2001, Science
292, 2462.

#5183 Wang, N., Z. K. Tang, G. D. Li, and J. S. Chen, 2000, Nature 408, 50.
(3) Science FEETILL “This Week in Sceince” HYFZ= highlight T iZHFRAAY TAE -
XELRE]  WENEAEEAL RS D T ERE A 04 PURATE 4 e
SRURE - Hrs S CRYSLIREEETR - XA R EEA PRI E A SR
HESEAREDY 15K » bR EfURE SR ARESES 7 - " Tanget
al. (p. 2462) have grown individual single-walled carbon nanotubes just 4 angstroms in
diameter 1n the pores of a zeolite crystal and present transport and magnetic data verifying

their superconductivity. Moreover, the very small diameter and 1solation of each nanotube



results in a superconductivity transition at 15 kelvin, well above that observed in the
bundles.”

This Week 1n Science, editor summaries of this week's papers - Science 29 June 2001:
2393.
(4) EEEININILAS Mauricio Terrones FRAEMA RPRIRE I KB Lt
18 Annu. Rev. Mater. Res. 33, 419(2003)FF 18« “Eeir R EAVHIEHI IR E T
B AT 0.4 PR epEERE 1F 20K JREDI TV SIS » FE R T HIE
SLT/NERREEURE B SR R o NI - 45 (BN TE) e
DHAEHYHT4FE" - “More recently, a Chinese group reported that SWNTs of 4
A’ In diameter, embed- ded in zeolite matrices, superconducting below 20 K (Figure 43)
(189). The authors also carried out statistical mechanics calculations confirming the
possibility of superconducting within SWNTs of narrow diameters (189). Therefore,
dimensions (diameter and chirality) can really modify the electronic properties of
nanotubes.”

#7583 189. Tang ZK, Zhang LY, Wang N, Zhang XX, et al. 2001. Science 292:
2462 - 65
(5) PURBRENERF S » AT M. S. Dresselhaus 2% AAEMA VSR
% Phil. Trans. R. Soc. Lond. A 362, 2065 (2004) H5 [t @ “FiT »F 5 A (Wang et al.
2000 A A AFLC AR 0.74nm) il H T AIAY SREEGNRERE ( EEEZY 0.4nm) ©
XS AN R BELRE B IR A S E VR - B — 2R SR (Tang et al.
2001) « EBAEAVER AR > (X ELPORIRE HA 3 Mgyt © (3,3), (4,22
J2(5,0) o X ESE AN REE RVIERRIE AW V2R AMBTSE 7 -~ “Recently,
ultra-small-diameter SWNTSs (diameter ca. 0.4 nm) have been produced by confining their
synthesis 1nside 1nert AIPO4-5 zeolite channels (with inner diameter of ca. 0.73 nm) (Wang
et al.2000).The ultra-small diameter of these tubes gives them many unusual properties,
such as superconductivity(Tang et al. 2001). Such a narrow diameter distribution (ca. 0.4
nm) reduces the potential candidates to three: (3, 3), (4, 2) and (5, 0). The properties of
these ultra-small-diameter tubes have already been extensively investigated using ab initio
calculations, since the small unit cell of these tubes allows such accurate calculations to be
carried out” .

#5183 Tang, Z. K., Zhang, L., Wang, N., Zhang, X. X, et. al. 2001. Science 292,
2462 - 2465.

#5183 Wang, N., Tang, Z. K., Li, G. D. & Chen, J. S. 2000 Nature 408, 50 - 51.
(6) FHEEMNILAFZEE Ying Liu F ALE Science 294, 2332 00DV EFGH ¢



SRS | HlE AR ISR RS mEROR ERY— KBk - MXE X E - Al
SR RE 2012 (WHFTE SRR REITRY) IRARTSRAVE 2t
Bl " - “Experimentally, the preparation of doubly connected superconducting samples
of dimensions on the nanometer scale challenges the existing technologies. In this regard,
superconducting carbon nanotubes [20] are a promising candidate for such studies.”

#E511632: [20]. Z. K. Tang et al., Science 292, 2462 (2001).
(7) Kun Gao 2 AT J. Phys: Condens. Matt. 19, 486210 (2007)HYZE S| FH T % HBA
HI—ZFIHFE1e 30 B g [HZHIPARTAT 6 163 (Ref. 6-11) Bfi5d ¢ “H M 1998
FLK » 0.3-0.5 FRAVEAIPURIRE RS T RERFRAVERTI[6-10] » Frald
AT 0.4 9K REERREHVE SRAMEIVABI[11] - BoE TN —25 FRBEGNK
& B S g AR G EAYEE DIERUMAHSE 7 - “Since 1998, ultrasmall carbon
nanotubes with diameters in a range of 0.3 — 0.5 nm have attracted much attention [6 — 10].
In particular, the discovery of superconductivity in 4 A diameter nanotubes in zeolite
matrix [11] has initiated both experimental and theoretical investigation of this kind of
SWCNTs [13 - 16].”

#5183 [6] Tang Z K, Sun H D, et al. 1998 Appl. Phys. Lett. 73 2287; [7] Sun H
D, Tang ZK, et al. 1999 Solid State Commun. 109 365; [8] Tang Z K, et al. 2000 Physica
B 279 200; [9]L1 Z M, Tang Z. K. et al 2001 Phys. Rev. Lett. 87 127401; [10] Jorio A,
Filho A. G., DresselhausG., et al., Tang Z. K., Saito R. 2002 Chem. Phys. Lett. 351 27; [11]
Tang Z K, Zhang L, Wang N,Zhang X X, et al. 2001 Science 292 2462.
(8) EEGPRBIF AR SYEMZE 0 T. Roussel A » fEHAHFTIESC Phys.
Rev. B 76, 235418 2007)% [ 1LA “Structure of narrow-diameter single-wall carbon
nanotubes grown in AIPO4-5 zeolite” MBS EWHZE T1ZHFIR A 4K FLE H
1Y 0.4 GPREBBERENZEMIRIETIE HH5IH T %A 16 RiZBIAIHERITEIES -
TEE—RE N H E—MAZFE AR X 2. 2 RH7E 160 SEEF L < ZHAHTAH
RERE TR 2NV EIC IR B 7 — A A ARSIt P & -
(9) Ivanka Milosevic ZE A A —R I THE L X (Phys. Rev. B. 72, 085426
(2005)5 [H TZHAIA RN TAERY 13 B3 {2518 B A48 7 1ZHI ATt
FETAE (ZIRXH5 IS ESCRR4-13 0 15] 0 DU ([36-37] » 3991% B AR 2%
TAE) - fEE—Ri1e 5 [HE—MAZR AR 2 ZRHFEIeC 0 Bor TR
ZHIA— 255 TAE S R4 -
(10) HAREERFH I Hisanori shinohara {EMIAVERATZAHILIESL ACS Nano 4,
5807Q010) FPFpT ©+ “ERATRAE AN B EERE ST HE I O B RHIROR - (ESHA T
FERB AN RIREITAE BT s 8 SR R H S S AR R RO T RE



- “The present technique may also provide opportunities to extract ultra-narrow
SWCNTs embedded in other supporting materials such as zeolite.28 The 1solation of such
narrow SWCNTs allows us to investigate their intrinsic transport properties related to
superconductivity as well as exotic electrical and optical natures with strong quantum
confinement.

W5 e 28. Lortz, R.; et. al.; Tang, Z.; et al. Proc. Natl. Acad. Sci. 2009, 106,
7299 - 7303.

REEEXTEHFE

1. “Superconductivity in 4 A Diameter Single Walled Carbon Nanotubes” , Z. K. Tang,
L.Y. Zhang, N. Wang, X. X. Zhang, G. H. Wen, G. D. L1, J. N. Wang, C. T. Chan,
and P. Sheng, Science 292, 2462 (2001).

2. “Single-walled 4 A Carbon Nanotube Arrays” , N. Wang, Z. K. Tang*, G. D. Li
and J. S. Chen, Nature 408, 50 (2000).

3. “Polarized Absorption Spectra of Single-Walled 4 A Carbon Nanotubes Aligned in
Channels of AIPO4-5 Single Crystal” , Z. M. Li, Z. K. Tang*, H. J. Liu, N. Wang,
and C. T. Chan, R. Saito, S. Okada, G. D. L1, J. S. Chen, Phys. Rev. Lett. 87, 127401
(2001).

4. “Properties of 4 A carbon nanotubes from first-principles calculations” , H. J. Liu,
C. T. Chan, Physical Review B 66, 115416 (2002).

5. “Mono-sized Single-wall Carbon Nanotubes Formed in the Channels of AIPO4-5
Single Crystal” , Z. K. Tang, H. D. Sun, J. N. Wang, J. S. Chen and G. D. Li, Appl.
Phys. Lett. 73, 2287 (1998).

6.  “Polarized Raman Spectra of Single-wall Carbon Nanotubes Mono-dispersed in
Channels of AIPO4-5 Single Crystal” , H. D. Sun, Z. K. Tang*, J. Chen, and G. Li,
Solid State Commun. 109, 365 (1999).

7. “Resonant Raman Scattering of the Smallest Single-Walled Carbon Nanotubes™ , Z.
K. Tang, J. P. Zha1, Y. Y. Tong, X. J. Hu, R. Saito, Y. J. Feng, P. Sheng, Physical
Review Letters 101, 047402 (2008).

8.  “Superconducting characteristics of 4 A carbon nanotube — zeolite composite”
Rolf Lortz, Qiucen Zhang, Wu Shi, Jian Ting Ye, Chunyin Qiu, Zhe Wang, Hongtao
He, Ping Sheng, Tiezheng Qian, Zikang Tang, Ning Wang, Xixiang Zhang, Jiannong
Wang and Che Ting Chan, Proc. National Acad. Sci. 106, 7299 (2009).
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(#3: Polarized Absorption Spectra of Single-Walled 4 A Carbon Nanotubes Aligned in

Channels of AIPO4-5 Single Crystal”, Z. M. Li, Z. K. Tang, et al., Phys. Rev. Lett. 87,
127401 (2001))
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(#6: Polarized Raman Spectra of Single-wall Carbon Nanotubes Mono-dispersed in

Channels of AIPO4-5 Single Crystal”, H. D. Sun, Z. K. Tang, et al., Solid State Commun.
109,365(1999))
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(#4: Properties of 4 A carbon nanotubes from first-principles calculations”, H. J. Liu, C. T.
Chan, Physical Review B 66, 115416 (2002))
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I, Lotz Ro# Wwalle, have been informed that my paper about ultrathin carbon nanotube
property research published previously (I am the first author of the paper) has been used as the
supporting materials for the application of the STATE NATURAL SCIENCE AWARD 2017,
P.R. CHINA. The title of the application is “Discovery & property study of ultra-thin single-
walled carbon nanotubes”. I have no objection to this application.

(#8: Superconducting characteristics of 4 A carbon nanotube—zeolite composite”, Rolf
Lortz, el al., Proc. National Acad. Sci. 106, 7299 (2009))

Lortz Rolf
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