&
HELT ml kI FB =l Bl &S

BB NAKT SR E R

,', Carbon Nanoforms and Applications

Maheshwar Sharon
Madhuri Sharon




Carbon Nanoforms and Applications

Eﬁﬂqm*ﬁg?&&nﬁb »

Maheshwar Sharon .

Madhuri Sharon



B -01-2010-4563 5

Maheshwar Sharon, Madhuri Sharon
Carbon Nanoforms and Applications

ISBN. 978-0-07-163960-6
Copyright © 2010 by The McGraw-Hill Companies, Inc.

All Rights reserved, No part of this publication may be reproduced or transmitted in
any form or by any means, electronic or mechanical, including without limitation pho-
tocopying, recording, taping, or any database, information or retrieval system, with-
out the prior written permission of the publisher.

This authorized Bilingual edition is jointly published by McGraw-Hill Education (A-
sia) and Science Press. This edition is authorized for sale in the People's Republic of
China only, excluding Hong Kong, Macao SAR and Tajwan.

Copyright © 2010 by McGraw-Hill Education (Asia), a division of the Singapore
Branch of The McGraw-Hill Companies, Inc, and Science Press.

IREUITR . REH AT ST . XA B AR B AR ) B 40 AR LUE T 7 AR 42
B, AR O AR FEE., F4 R, REHEIRIEE RS TR R AL,
ARBUER M - AR CEROEE B IR A AP ML AR, RS
FULPRAE 4 A AL BB N (RS ISR A TBOX U T 98 48

ARATO 2010 BER A /R CEMD HF AR A A SHE IR TE .
RBHEWNE McGraw-Hill AF Bt TR ENBHEE.

EHBEMS B (CIP) {15

BRI TE & & H /i B = Carbon Nanoforms and Applications; 3 3C/(EI) ¥ 48
(Sharon,M.) %3, —JbET . Bl H IREL, 2010. 8
ISBN 978-7-03-028452-5

1.0 1.0 II.OBm-9keE-R-2E3x V. DTB383
Fh AR A B 50 CIP BOE#% 7 (2010088 147084 5

TG . wEe EXR/ it KR
#H@mait Ah Rt T

& 3 3 B » R
R KRB E 16 5
R B4R : 100717

http://www. sciencep. com
HFRARY LA ML S PR
g R R AT &R T 2
20104 8 A% — AR FFAR.B5(720X1000)
2010 4 8 F SE— K IR Ep7K .34 3/4
EN¥:1—2 000 ¥ . 700 000
EH:118.00 7T
(U7 Ep e i (e A, B4t 17 TR0



g i

BEBINEAEENTE, USHEREETERAFNATEMNYHZ
h, HEMRAVYNESTE. TEEIARENEETHITRE, BT AR
%, MR BHSRG R BN E ARG BEL, MENREIRA BN
B R WENERESE AR, EAMAMNKEEETMEX. BE
1985 AE BRI B $hUA B0 R IR 1991 ELIBARBE N AN, TR N E IR
RE AR, ZEGKI R TRIEE.

BT ERMGEKIESZSN, AMIABSRI T B LB SHBRAKITE . Bk
HIBRAUKEE . 4 APRIOIRIURA .. BIRNRAKEE. RETENOG2RS.
KRR, B THASRMPORES RGN, RAHSFHERNEE, BAZ
BRI P . FRATEA B 60 MBRIE TR EHRIESK C60, LHTmKrt
S, S, Ak, ¥, W, ERFOEARTRNMANR. MEERH
BRAkE, BARKIRENYEAL R, RIEREER/NAE RIS
RT3 S R, HRRRABBRNTREED . WIMAKERRS
TRF YRR, RS AMER TS T, AT I aErE R s s AR E
FOR, R EA SR E N S AR 2 B, BEHN AR 2. M, AT
ATFHEAORE L., BENE., BT . B RAZRSEHE; £EW T, o
BRI FHlE R T, B, BRARAES. SHEEZSME. BEREME.
PEEARE, B RARHIURBI BT T . AN e B R R e T A A B 4 K
LE, ERTEARIRENRES, S RAHIRRE S A 6k, s
—HER MR . RRBIRE BT A MK BB 41 BRI AR R ZR R W] RN
AP RERMABHEETT, W URDREWERA KR RISt E38 4. ak
WRAR . BHE. BETRIE., BB, Bk, MAPRE N FRGEREGS
Fo FA AR AR S S S 12t ] R T 5 R WL R R B R HSORE R, 2004 AR DGR
W R R R T A A BRI IE, SUSBRPURED R BT ST R T — B
BrEt. ABAmTAAEBRA TR, BREMEENE, ERERBR TS0, £
Ay, MEREARE TR KA RN .

BRAUK TR il & BOR FT AU R BB URBAR B R R T H 28 k. A
BT EZ Tl B BRI 27 EE T LU T2, BIVRT AR A B 3 o i ik
PACESMUIANE: . B TR B SRR . R D RBOLE R
o RUETHREARNE, WHASBRGR, tuin s U s A U 5 4 R
HIBRAORBEME 8, ERTRESZBIME; MR ARTIRE T LICE &



PR, [BRDRMBIMEEEE . RIHRAAREA . Rk B Ll R
o H 5 T B ER A R L . ISR AR AR FIECE s bt~
R R O R R, RIS RS T IIRR . FiiE. RRE. IESH
BREKFTEL

(RIARTE S RERA) —F, EREXHE AT EMYRIE Bk
ARG, IATTARE— B REMPORRBT IR R, NI — PR A
IR AT BRAT AR BT 2 F i RRAY, AR X 24 A R i — 28 R BN
KA ORISR BTN NG, BERESER, BESTMN AR, B
Uz, BARE, IEREARE, CEVBRYG. IR BT T
FHULGMTAEEE, 5l T—RIIFRE, XBTHEHE. BB 7. R5E%
B HARAE . RIS BTN L. B AR Tk NS Rk ot
FERHE TR BT REMREMBIRE SAERBOR . oy — iR E AR
GORAPRHRGE T I R Z R R AR

HBHT 5 kY. B—FONAT EHRAAEE, GEERA MR
6. BB, BREYE. SE. BER. BRIDRTEL BRIKE . JUOKBER. 90K
HupsE,

55RO B T BRGURA RIS T Bk . AR ARG R A KL . E
AR T BRI AAFSMUTIRE . ohBOtERTIRE . GFEHEE. W)
KA BRIBRAORADE 6 & 2R B RAMFRE M. ER—ROE, 8
S GRAT R B TR AR (&R / KN SANLER) 1T T IEReA
RLELE . FUH T SR G RN B BRGDRIE S RO . Dh st S
WA BB AS, RURMAMGRATHRAMENSE. R, 248
WA T ARARAIRE G, FAT. SRIM. JFRm. BRI, BERRIME &1
BGURAR FT BTG B BRGRTE S R ENA . &F, ERXAA THAE
SRR SR AR R 7 s, XX IR B R IHIBB B RCFI R, AR ERE IR AL
T— AR A AR AR

BN G TR R R E . ERAH THERE
SEFRMAE. AMETEME. XA, BTSRRI T
SATREAFHEMEELSR . BRE|ME TR BN — LT 28E, G
HRSE, BRNMERE. REDE. RASR, KARKAYK. AFNSHBET
RGP R GRS

EBIE AN B THRAAB RN, XERBEAEBHRIZ—. EEN
FTEHBE T RS SR, S, KMaath, BRgass. M. %
B BARBEAS TN A . REAE T HRRE NS TR0 S REAN
R R e b IR AR, Fh2R. DUBRS R BRYIKAT BHE A AR R 5
BREHENRARE, Bt FREEETRBRAKS RGN MEfrE. &



FERGCEAOR (RS . BT, B8, BIESO MR R E. S
WM, RN R KR KBTI A AR, BRAOKARHE
R O A R R RIBRAT A AR KPR AR M SR . RS WP
HORTEASE . AR SR R AR BOR K PH AR LA SO R A2
W R bR B A R R R R B BB R S R R SR Rk
TR R B AR BRKIRE P s GBS A TAR R . BRATREA TAE RS
HIR A MRS CNBREHER . E A RRIHRAED . b R
HE R, WEHMERR . WEOMER, RAMELEEE. DNA RS,

BUE — BB T AR E M R E PR, XREAS N IEHREE
RIRHZ AR R AR RS, WREEEERRRMNEZ —, AEERIFRAR
Y. i, o, E. ALUEE . MEBE. WWTRIEY, WAB TR
MR A AR A . RN T AR SRR M AR B RTE A Y R G R
BIE:; BROUDKMPRITEA Y R G FMRE, WSHHA. Kk, Wt EYH
2. T AGS MRS BADREDRHERT G MIR PR TTER, Rl
Kb B AR R RO . AR, AR RIS AIGS T
IR REIT . S BT RITRCR I S RN R G AT AR ORI R
Wy BROKAORZEM TS ERORLA, BRAUKADRIIB SRR difh. EeE
M. FEZGYIHNE T M5 R AT REAEFEMIIRIA; BRAUKAP R STREALR , nakan
ABORLR ERTERE . RIEEWRRIMER, BB AEYERNEER. K
B E SR YA T AL, X I N A AR AR A S RN, ANk i
fo. AEYIRBAHHER . RPOKEREN . BEAKRSERNYE . REHH
P15 BRAUKATRHE R YRR TR . 0 E SRR GRS Y
FARCAR PR A R, BRAOKRE R EXNE . SRk, ARk R
T RIEAEYISRAY, SREFIRTIRRLA B R R aRAE . R4 A
A AR AES; R ER THEEAEESRR, SEAENT
ERAARIR. ALUT R MRATA T, RV R AR KB RGRE T F;
WREEHENNT, SEMERITHRIONRIIGT . FUREZRMILE. BN
KRAETE M 2GR 7 TH NS

G ERTR, EBMNHNAER L, BARRBART L5 EEHRHK
FORLGHI & . RetE . SEBRRLAIAATR . SR, b TR RBTSET7 AN STk A9 BR
i, ARAEPH—LL SRR BRGUKA R A7 B0 . BRGUR KB MK A AT
RGN, ZAAEHRER T 20 T RGO RIIES . AR
HERBESHBRARIER, REAPRBEARTHE N —AGRNSEA.

BRACKBTRLIT R B B T4 B ORGSR R R R R TR AR, TER KRR
JE LB RERFFAE AMIE, FERACE T~ k. M, BT, REUR. . GR%
PRI KR RER ., TTRBUL, 78 21 4, BRAKPIRME R



RMTHEEM R Z —, TWERSFHR L, BRAZFMA DHERICERHER, &
A BRI RFT— R IETTRAME S PR R BRI . AEBRIURA X
— KRB WA IR EA D P KRR, TSR,

& E
KEARTITKFHEL b TEFR



FF

1990 48, M AMISREEBREHRE Co /- FRHME BN, I B 7T IR
SR BRARH A WU ERAL 25 O T A HETR RS, —FRBEIR T W EEERA IR, Bl
HEAEATMA WATEYZ —BRIORER R T . EEHULRIRER R
PLIFFRE T B B R P S 3T TUR, DO BRATBHRT ST T K RE, [
W I T e AR R BRI

BAREHBARAKRENRAZSEH 20 K%, HHPIRBRMNBIAT X
TEMWREFH AR, ERIALFWAMTEFTERR. XEHETAAR,
BV, FBLE, XEFTHORAE S, MBI WA R TR
L,

AHAA—RIEEHNETRNEANZESCERBUERIR, i T X
FRTEE & AN AR AT 8 BAEKIE, HH 2t — B HEax B T R AR T 1Y
X —S NIRRT B . A B EREAAEAEN A MR
IR

ARG T MR Y T EN A RAFETR . BB HRSURIEAT TR
NEBEAA, HHTX RN, S ARSI R BB B B WAL Sk
AIRIHR,

T

Harold W. Kroto 54k
W IUREIRIGH
165 B3k M 57 K2
EMAEYER

(HHE #)



XFEE

Maheshwar Sharon 72 & LA Rl H T K 8BARE S, 3 HE CSIR #l
UGC M %% . M HAiRENERPIEIFRB L E R ENFRBIE, FRE—
AR EEARBEFE L, ZFOAE 16 A2, 150800 FARBE MR
ARARFFEHHR . ERZMFRBEETRY, Sharon HERE—-FFHRHR
HBBHKRBERANEE. MEERIF¥S. BUEESHBEGA, EXPERR
+. EREERTRI A BRI S R R .

Madhuri Sharon H#j2HEEKENFREPEH, S.LCE S KEHKK, —
RERENATRWKERGRAFTNERE K, XEHES —-Fi L4 r=makit
B ENEF T AHRES., iR E Gulic =4/ F R B B2 B e E
SR TVWARAFRMES., FEARLERENFORHEE, Sharon B+ IEHSME
i) B BATE K AR 18 AR A Rl UL A 755 R R

(EHBE #)



T

Al

TERFTR I & REARR R, RKRBEARE B — N EREWBIIT . RS
HEF S KT AR B SR AR S TREPT A RE, XHRBER
fhxtTREE L. BT E . BERN—EABC TR MBS
RRVEBARIE, Blings . BeikeHiR, BIEXAEH, BARARTER
G R 2 S ‘

BRAKM R R EE WA RS AERE . RIEMNAH. RIOMBET AT
HBECRT RS, HATRER RN AT IHHEN AR & R A BR SR BN, B
ZKATRIRT R P TR N R R AR, FEAEXSTHAR R R
RN FIRTR, (HE—RMR, EAARKR, BFERIIEHRINHE AR
%, BENREAEYHREE, FIUEEYBRARREMAIE, BAKHEIERT
AT sk, EnTHT SRS . BHMEEIT. AKELSE.

K FRHRAKBHES R FTURBINL A, AT BB AREAR N — T EEAR
oy, WERAXERER LT, TREBRLMB LT RAPAKBZRENRA S, B
2~3 BERENBRIKMBR . GFEULEE, SXA BRIKTESRHRA)
RABALEN . ABFRFHR T HFIEBHERPRIBL, 7 HZR—F X%
MIBGHAT /RSB . TR T o ABRAUKG MR p BRI, AMEENIAS
RAIEM KL, EITHE T SHOKBRARE, BT ARA ERNRAIE .

BRENAKH BRI — D BB EM P&, HERMA T ILAETRN
WHRAKADEHE & AR RIBOR . A 45t 40 38 — SR ARG 9K AR BT R 8¢
AR BAILADETIE TR RIS EACEN T, RralR b, #gt
RS, S, BRI, BB TR URERMETHNN . HAE
WHEAE TP EEY RETRINA, BIaE LR RCT BN E
A 2R L RBRGOK Y R TUR TR . ARS8 T BARARHE N A SZ
2R DL RN BB RAA ¥ 7 A 2 At O TR A AT BE A

Maheshwar Sharon #§%
Madhuri Sharon 8-

B K

(EXFE F)



Foreword

en macroscopic amounts of the molecule C; and other

fullerenes suddenly became available in 1990 and it was pos-

sible to probe the chemistry and physics of this unique mate-

rial, one of the most fascinating and surprising spin-offs was the discovery

of the nanotubes, which are the elongated cousins of the fullerenes. The

fullerenes and nanotubes have given rise to vast new areas of carbon

materials research. Not only did the discoveries shed totally new light

on the structure of carbonaceous materials on a nanoscale, but they
have also opened up vast new vistas of advanced materials behavior.

Although some 20 years have now passed since the original discov-
eries and vast amounts of new knowledge have been learned, there is
still an infinite amount that is still not understood, and the fascination
with these materials is almost as great now as at first. Indeed, the amaz-
ing promise of these novel materials in advanced tensile properties, as
well as electrical and magnetic behavior, has still to be realized.

This book contains an excellent range of chapters covering much
of the present state of our knowledge, and it will undoubtedly cata-
lyze new studies, resulting in the development of further new
understanding of pure carbon atoms, an amazing materials science.
The book covers areas of fundamental science as well as analytical
techniques and applications.

The fascinating promise for biologic advances is also covered.
The chapters in this compendium provide an ideal introduction to
the field and give a clear overall understanding of the strategically
exciting field of carbon nanoscale science.

Sir Harold W. Kroto

Nobel Laureate

Florida State University

Department of Chemistry & Biochemistry
Tallahassee, Florida 32306-4390

Tel: 850 644 8274

Email: kroto@chem.fsu.edu

Web: www.kroto.info or www.vega.org.uk
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Preface

research and developing technologies for their applications.

Many universities around the world are initiating postgrad-
uate courses leading to MTech, MSc, and PhD degrees in various
areas related to nanotechnology. Scientists have been developing and
working on nanomaterials of various types of metals, such as tung-
sten, colloidal gold, and silver, but among these materials, carbon
nanomaterials (CNMs) appear to take a lead in their applications.

The important areas are synthesis, characterization, and applica-
tion of CNMs. The application of CNMs as an electron field emitter is
almost at the verge of being developed as a technology for flat-screen
displays used in computers and other devices. Storage of hydrogen
and the development of fuel cells and supercapacitors using CNMs
are also becoming very promising areas; very soon they will also
become reality in their application in developing electric-driven
vehicles. Because carbon is biologically compatible, CNMs are attract-
ing attention for their application in biotechnologic systems such as
drug delivery, treatment of malignancy, purification of drinking
water, and so on.

Thus, considering the applications of CNMs in various disciplines
of science, they are very likely to become a major part of nanotechnol-
ogy. The syllabi of many nanoscience courses leading to MSc, MTech,
and PhD programs include CNMs in two to three course papers.
Keeping this in mind, it was thought appropriate to write a book
called Carbon Nanoforms and Applications.

The selection of writers for the book was done very carefully. All
of the authors who have contributed their chapters for the book are
scientists working in their areas for several years. They have detailed
their experiences in their chapters.

The book starts with a description of various forms of CNMs and
deals with the necessity of developing a new classification of carbon,
discussing why nanoforms of carbon are found to possess p-type
character even though they are intrinsically pure and why they show
high reactivity compared with macrosized particles.

Nanotechnology has become one of the essential topics in
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Preface

Synthesis of CNMs is an important part of this technology; hence,
several chapters are devoted to discussing various techniques used
for the synthesis of CNMs, Techniques that are normally adopted to
characterize these materials have also been included. A few chapters
are devoted to discussing the physicochemical applications of CNMs,
with special emphasis on fuel cells, supercapacitors, hydrogen storage,
microwave absorptions, electron field emission, and lithium batteries.
Other chapters are devoted to the application of CNMs in biosystems.
For example, there are chapters on treating malignancy, delivering drugs,
and antimicrobial activity of nanocarbon. Other optics covered are car-
bon nanomaterials as a scaffold for tissue culture and the possible role of
nanocarbon in neurodegenerative diseases.

Prof. Maheshwar Sharon
Dr. Madhuri Sharon
Mumbai, India
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