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olZE Uk FH AHWHT I 54, 2) U= F
B 7538 A, 3) &i(enzyme) 7113} nlol o Al
A, 4) A (antibody) 718t WA AN, T8]3 5) A
=% H 74 oz Ausua v 53 4y
= outele AN #E ATE THH YA
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2. B4 U4k 5E(CNT)

g4 Uk F8E k90| E(graphite)7} Eol
Arolled-up) T+Z2EH 1 F27F EA uglA
Table 1 3 o] SW(Single-wall) CNT, DW(Double-
wall) CNT, MW(Multi-wall) CNT, CNF(Carbon Nano-
Fibe2 FA Y=z oy, FHIZ9+ Carbon
Nanosphere, Nanoshell 5 T-%3 o2 FHER B
a8 gt o8HozE Yk FrE FI(Cu)
Hoh 2 A=A S 7HAH, tololZ=HT} 73
T, B8] SW CNT & W34 (helicity)o] wah wHE
A, =AHA 43L& AL Ak EF Aspect
raio 7} 2™, RH9 7|53 E B3t W 5
2ol BFAZEM AT & drt
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Table 1 Characteristics of different CNTs

Type Characteristics
0.3~2.0nm Dia., 200~400nm length;
SWCNT [grown by catalyzed CVD and other
methods
2.0~4.0nm Dia., 1~50 micron length,
grown by CVD of methane over cobalt
DWCNT nano-particles supported on porous MgO
nano-particles
10~50nm Dia., 1~50 micron length,
MWCNT grown by CVD
70~200nm Dia., 50~100 micron length;
walls are at an angle of 20degrees, carbon
Carbon Nanofrvstal structure, produced as a vapor by
Fiber(CNF) l4ecomposing  hydrocarbons ~ with  a
Pyrograf HI Jcatalyst, hydrogen sulfide, and ammonia,
trade name |4ifferent grades: PR-24-LHT LD; PR-19
LHT LD; PR-24 PS HD

3. B4 L §2cCNDQ 4F

24

12

L FEE AN E e A )
o}3 WrAW (Arc Discharge), 2) 31374 Z2hy
(Chemical Vapor Deposition; CVD), 3) & o] A o] &#
o] d(Laser Ablation)2.Z & F o} o] e
o8 WL 2ifin Qo 7|BHS=E oy
HHe 22 2ToA g, dudd #3h AL
Balsled A7 v4 94AE A, YA, 32E
9 Euljol] $EAAH UYx FHE AGA7A A
Zg=zvt 3}8t7]4d FZH(Plasma Enhanced
Chemical Vapor Deposition; PECVD)S o]&3}H 7l
A Y FHE FHEE ¢ & WHe & vx
FEE AAE & At v cvD & °¢]§-3t4,
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E¢Eo] Qe ek, 14XE9 A ¥ (aligned)
Ux FEE 4ZAA 4 A3, Scale-up ©] 7Hs3
7} MEe Ux FEE ool JeHER oiF A
g 4 drh

Fig. 1 oA HE upe} o], B ojd A+ 1
F2 AANA 71 1 v FB ool g A%
NZ AAAR] A7 2FE o|Fo] Uit dew,
i Ao 7HsA S Ao E i skt

Y FEE AN BEd wg BT F
ol AEE 722 UE ¢ oy, 2EdHY
Ui FBE A X 2 (post-processing) S AHA,
233 <04 A= (Screen-Printed Electrode)©] -t =
A2 Fee MFo2 nlole AAo A2

o cvD Y PECVD & AR 3719 vx
E ERAEE AYUE AME AFTE 5+ do

®
Fig. 1 CNT Array: (a) 11 quarters of coins were stacked
along with CNT array and (b) UC symbol of CNT
array

4. BA e 8E(CNDQ 7|53

Aol Uw BH7l wlole MME AMLH7|
AeiME, WA vUx FERE  RH FAY
(amorphous) Btau H, ILE F9o F& |
& AAET Hg FAHAA] das EFoE,
g =74 7led biet #Zo] v FERE
34712 &4, A, DNA, RNA, PNA 53
AAF violQ ¥AE Y FEO TFZEH
A AXe §A4E 7Aoo gtk ol Uy
FEe Ux FHE 7|53 Agsd, Y=k
Zgh(defect)yE TEC AMEHA Yx FEY
3 EAL US F I vk [FERE 4A E
zuh} 74E A A sk, 7184 7] (carboxylic
group)-t ©}F17](amine group)% 2 71E71E WE
T 9en, ol HAHsA BAAA 'A, FA,
DNA, RNA,PNA, @91 £8 Ux FEI 72
g A F Aok FHFAFETS o EFYU

Age o848 Fr J3, Zz Hto] E(Polypyrole)

W ORIz g8 2 omy N
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ol i} Zdog#llFE(Poly Ethylene Glycol; PEG)
SS9 ZYnz mygozx duides EY £
A th

5. ®7\3g Ao ot CNT &4 MM

A7)818r WAle] 9Jg Ui.upele AlAE 9t
oA AwE wiet Zo] &
(analyte)7} AA & =
A, o] 938 B3l AMRE A
t}h oleig BYEL S
2l Amperometric & o] &3l HAEE 4+ Yot

F N N
-~ 7° i Ven o
cH, N EDC s
/7 X
EEEEEE-COOH WS-
\_1
O sonNa —C\

HO-——NB JH

o i -

J © Sulfo-NHS o :
MC\ o\ S0,Na
e wam—C
oo V-
LBlx ) —

[
(b)

Fig. 2 Functionalized CNF and strategy to immobilize
GOx on the open-end of CNF
ol nlole AME UEV] HHANE, & F
oA 7led wiel o] Ak, HA, @A T A
S olgde Ux FHE AEA =Hoh 1
28t Fig. 2(a)st #o] vx-steoly 2 do] g

WA FIE A8 7] (carboxylic group)E ATt} o]

oflt

H3 e Fre sEA™7])E Fig 2b)l A9k 2
o]  1-ethyl-3-(3-dimethylaminopropyl) Carbodiimide
Hydrochloride (EDC) #< 3&&Ed & o] &3y &
AZAE & deH, o EEW AHFaa
(Glucose Oxidase, GOx) Z< HA, T+ &), DNA
/RNA/PNA 5& Uk Fro TF A + 3
ot

Glucose
Glucose Oxidase ( Ox. ) Redox
Protein
CNF
Electrode
Gluconic Glucose Redox + e
Acid Oxidase (Red. ) Protein

Fig. 3 Enzyme-based biosensor mechanisms for the
glucose biosensor

Fig. 3 & ®& vx AFE o83 a4 A4
o] AFAA AE BFi ot ga Y Fol
B(CNF) 2 @] =3 AsassE T4 Al
A L vlo]l AAE EED(glucose)S Tpd
2ed Agaavt 9ESA HIz, ksl
(H,0)& A43tA dt} o8& Fiksleis o
H AR o] AE HoFH Eo] WA AAE
=T Potentiostat WL o9} Zol UgE A
£ AFEr] g wHolth ole I AYE
oFy HARFE FHSE Ao, 1 AF wel 4

= EA3 AR e E2F o] HE Heolth

Potentiostat ©] & 25 =(working electrode), &
ZIME Yx-rtol AIME 7IE ASH ¥ wdle
FE 2 AEE wAG] Asty Rx ASE
Tt ARE 2AAEA Adse 9E8 &

ATt

K

Fig. 4 Potentiostat electrical circuit for an electro-
chemical cell with current to voltage converte

Fig. 4 £ #FUl& vlole AME 93 A 719
Aoz TFAE Potentiostat I ETAL RAF
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Aok dBALTE A2 FEFVE B wd F
Z5m, FAl Al FZ7)E 7|E A S(reference
electrode) . ZHE] A2 FE7]9| feedback T} ©]
opgo] oM 7IE AFFH AT HAF Aol
T 488 "ol 2A €.

o] 2138t Amperometric AAE Uk-dlole HF
o QA Aere PAsked, 1 AF FE 24
goan &9 £ ASFsur e 2=
(analyte)?] 4 ZAE = vt A= AFHA
oA & o, A7 F& APHoR FHo| E7}

53le] Fig 4 oA Zo] & el ARE AYLe
2 W3l Current-to-Voltage HBE7E A A 3ok
30, gEo] Axr] AH 9 60Hz Y o= F
& 237 93 EHE AAIslo ok ).

olglg 7]E Jde ulgoz s, FAHoE
A& 715s vtolQ MA A|AHE Fig. 5 oA B
= uke} Zo] %33t o] Lab on a chip 7|5k
9] g4 vz EH nvlo]@ AA, Potentiostat, PDA,
SF 52 (Bluetooth) FA1XE, National Instrument
ALe] CF Card(Model: CV6004) 2 PC & FAH o]
1o, PDA & PC 25H %% & ol Potentiostat
o2 ¥xEF 4& AFsn oA EFFE FA
BES 539 d<d pc BYHY 1 AT} o
EhtA "o

oje} ol ddE Fx AN & A=
FE9) stk AA JEd 29 HHHHE T
e g 4% FHFS Foste AME
o] ¥ Ho|t}. Ux FEY dAY ZWHH A
=9 1fF 5L °]839 Fig 6 oA e vk

1. Biosensor

2. Potentiostat

3. Data Aq.
Card 0\‘

wol, 4% w%e) wo PP e WAL

KN

A Al A (noninvasive sensor) 7REol A sgFolt) 3
= ZhA(stratum corneum, 5~20 pm), 3 ¥ (epidermis,
50~100 pum), #3](dermis, 0.25~4.0mm)E TAEHH,
wef Ui Fusk wvel 2% pEe GRHo
2 AE9% & Avhd AAZA Jbs4ol At
g Aol ol ZIAMA AdRa ol 1}
= R 839 s5t Fashth olsh ol
dte] dojd A AA EA(bloodyde] HAE
Aot vlwate] 1 AAE o T

Nanotube Glucose
Sensor

Fig. 6 CNT biosensor to detect glucose on skin

olgt e dz AW R Axge A7
st wrAle] ThE wlolo A, FhE 4, INT 2
Zuz A4 B9 2UEE SASE A7
gale) AMN Hgel AgAda ¥ 5 9

.

2 o b

¥ Simple Blustaath Clignt.vi Front Panel *
e [ Cowrste Tochs Bowse idow teb

BRI e P ke

Fig. 5 Integrated biosensor-wireless system: 1. BioNEMS Biosensor, 2. Potentiostat, 3. CF card, 4. PDA, 5.
Enabled Bluetooth, 6. USB Bluetooth, and 7. PC with LabVIEW Developed PDA and PC software panel
for bluetooth data acquisition for remote Glucose measurement
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6.CNT HY MM % J[EF MM

71&9l 84 (Clinic) 7 AHdiagnoses)ol|A] A&
= delo] A (Enzyme-Linked Immunosorbent Array;
ELISA), AP S 3 4 ¥ (Radio-immunoassay) 2
7199 % W4 o Al ©](Electro-phoretic immunoassay) 7
HE& 7tAo] Har "xp7b $ol FRdted A7k
o] 2 A= ©H] gt

HIoe v FRE o]&8 1788 AAME
TSt asta A&EA AHE €& F I
WAt elut gFAel7t B gl(label-free) WY
AA7F el 7R ¥ AgelA AH FH47E
3H(Point-Of-Care Testing; POCT) tnlo] 22 &5
31 QUthFig. 7). olE A vx=fFr ojge] WA
7 SWCNT 7|vke] HAAEHEJA2E]  (Field-
Effect Transistor; FET) W4 0.2 g 4 A}

olg{ gt WY AAE vYxFrd EXT FAE
Baste] 435112 3t & Y(antigen) © ¥
W, dyExy dxAol Wile AL A48
Roltt, olejgk W& o]t ¥ I2FE A
Ao A, EuE5 AA, dHglol 9 lo]d
ARE] ol27] 7HA] Bgg AAE AT Fol
o|# g AAE 7|Ed E7lsHE FviaHE
2% 71 dolX ZF AWy 2SS THs

A st Aot

i

O iy H | o orlr mo o

Fig. 7 CNT multiplex electronics biosensor and Inset on
the right side show how DNA and antibody can be
immobilized

T3 vx FHo 5A4% )H Y (aptamer)t
29 1 &8 2. ¥ S (oligonucleotide) & F& 3},
DNA u} RNA 59 53 & (sequence) & HE
8= AAME 7)€% PCR(Polymerase  Chain
Reaction)& AT 4 siv A AFHAAZ A

g Foltt, YrFEHo siRNA (Short Interfering
RNA)L oFE] Al 2 3 2F (Antisense Nucleic Acid)E &
Haste dsle AERES AdEz oz AA3 =
A 2} 8 ¥ (Gene-therapy) = &&o] AF= th.

Fig. 8 & Zo] vxFre 73183, 7|4 &
A71H BEAEE o)8F AX 9 2F(tssue)H} UE
Hol2g AFE + Av AT MEE o] o

Fojx L Qv

N A A

e Collpaod meenﬁ

CNFs Bundles type IV

CWIhNGE
Figure2

(b)
Fig. 8 Vertically aligned CNT array for interfacing
neuron cell: (a) Schematic Diagram and (b) SEM

image

53 M gue]l ARALG Aol s

AFE ATRI] ALE Fdo] AFFIT. of
d¢ AFe Axe] 2714 F4L the Aboze]

A EAE F A B oyEl, A S(stimulus)S
2 47} QoA Ag Aol

7. Ltke-HIO|2 HA RIZA D@ F

ol g yic-upol Al el AR glojA, 7]
57] 4ol A B3} 5o 7 wAdN 5
e AFHoz ANse Aol Fadd £,
FAY A= v 7 (Scanning  Electron  Microscopy;
SEM), ¥#3% HX& v (Transmission Electron
Microscopy; TEM), ol WA &4F X-4 #2]7](Energy
Dispersive X-ray Analysis; EDX, or EDS), 9x}& =] %
(Atomic Force Microscopy; AFM) &< )¢} X-4



ror

SYUSHIX A 253 115

November 2008 / 20

3 A 2534 7] (X-ray Photoelectron Spectroscopy; XPS),
2t9HE 47| (Raman  Spectroscopy; RS), FAIEIEH
& 1] 7 (Scanning Tunneling Microscopy; STM), 2] il
Azt FHoM B Y| (Fourier Transform Infrared
Spectroscopy; FTIR) 59 AH|E HA3] o]&3fok
gkt

E ulole AP Bog FI FuHQl, Tx
A ¥ 33 297 A(Confocal Fluorescence Microscopy),
G5 4AA S 3 #97 X (Two-photon Excitation
Microscopy), BIE Sl s % %A (Total
Internal Reflection Fluorescence Microscopy; TIRFM)
TE Z g&sjor v} EF blole AAIF 2F
S A% 3HA $18t] ELISA, Western Blot 52 &

2 AAH(particles)”t ol EJLH A
7180l BEHHsH & o= WE
A Hu, U=RE 5 U= AEE Fo FAE
d o g olF Ak wiEHA ¥euin A
Ak HZ U AEY Ale]=o] gk A|x¥H
?l BAo] FAHT 9 o8 H £L 23
ottt ¥ ¥roE iyl ¥ ¥ T (BBB, Blood
Brain Barrier)E 3% ¢ dvtal 424 o O
YA Ux A5 APEH ATE = AHEES
AHa o] k- S A AAEa AP op &n, 2~
22 O g wEY Tl Aol FasteE A
zhg e}

8. MMUE|CHEte| Lk HIO|2 MM AR

o] =+ A1) 14 Bl o) & (University of Cincinnati; UC)
2 vie]e iAo oA et B8 Clark 9 A4l
olg} & 4 9121, Willliam Heineman & S0 %
Center for Biosensors & Chemical Sensors A ®}
ol2. AAe g ATt BFFHoE JPH
. E3 3}slF et alo = Membrane ME7F oA
Z ulo] o] #A&EIF Membrane ©] THEO] A il
=3
UC o= Institute for Nanoscale Science and
Technology 7} oA %A 2 g4 gA4L o
Ao v uvx ZFH NEEHI doH, F4F
s A5 AAH ol o]&3 nlole AME
Adsta vl B dxdde] A4EH AFHdAE
D AR Ux EF9 AZF, 2) o Y= EF
< 7¥e U §-A < F(nano-fluidics) E i =

rok

f g

T{<(nano-medicine) 7]1&< o] &%k WHEE =L A
HA ol BHE I, ) AMEE Us AZE o
£3 Implantable tx=-vlo]2. AA 4) X V&S
o] &3 A} 2.2 High Throughput A @FA A, 5)

o]o] tdt Systems Biology and Physiology © th3F
A7TE FI Fo vt

¥ 3F, Peixuan Guo ¢} Carlo Montemagno 7} %4
o] Fo] HAF3E Nano-medicine AE7} glew,
Phi29 DNA packaging motor 9} -2 Z+E motor
proteins = o] &% AA e} dFoolE HIIES
drata ok Ed dAAFEgHdE dFFHus
2] BioMEMS AlE]7} 9131, Andrew Steckle X7}
FE7iate] vlole AANE ATstn Ut A
Paul Bishop 47 2 HE T &7
Hol 2 AME S

NNAESIHY I
Eddars GROI A 5 Al (Particle
Image Velocimetry; PIV)E ©]§3 Yx=¢AE 4
gt wpole AME WL Folth

UC 9] College of Medicine 1A= 778 A3
WAS NA H2=2 AEsgen, v R
gHE HEor JfEG Fuo|rlx stk EF
MA HiadFS= FAE Cincinnati  Children’s
Hospital & &3 #EF 4+ 2 Biomakers =4
I ad g XN5E A7 ATk

rl

293y,

9. D|2HS| Lic-HIO|2 HA

Fig. 9 Nanorobots which consist of sensors, molecular
sorting rotors, fins and propellers. The blue cones
shows the sensors ‘touching’ areas

el AME AA A7 AsS AL
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oA A2F ZF%E(sensitivity), A4 (selectivity) 5
o AL BAd 2A HA™FA 7= AFY AA
7h EE Aoz Btk £ # =2ddMe 4
FEA FRHA, Fig. 9 & 2L Yx=Z ENano
robots, Nanobots, Nanoids EE+=, Nanites &} £3) o
e ATF= "I E o]l AYPEH: Qr).
Ui Abo]2 ] A7 4 SEA8E JHAIEA F
H BEE EAT ¢ Jud, A oA 7o

7] vhole A oA
JeRHE o839 TEY A4 43, dulex
A, AT AS L RA SRR e Az

w7 REdA nAY A 8 BEE
: A718H% Z1we) vhe w
ol A4 el HE Az e AAUE o
o] A7 e ARy

% 7|

University of Cincinnati 2] William R. Heineman,
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