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IR A BT ey fe sifeTgs (SnO,) waersoie (functionalization) gRT Vbl &AR
HIe= -Hregd (single walled carbon nanotube, THSERIUAC!) &1 Hda- &Hdl (responsivity)
H GUR BT I BRAT & | §9 S Bl U & oy AsgIod ST sifaargs AR M
T 4 ® 0.5 Urdied ¥ 20 YGIUH Aigdl (concentration) @ HHIR TRTAGR gRT IR
(Pristine) 3R SnO, HHRITIgSS UHSEYUAC! Bl Hdar Ahar &1 TANTHS WU A HeaT
far 3 21 30 UMY @1 ugEE AT (detection limit) & 1, 3N & Yo MREd wigar &
Aud # HER BT gfoRe uRade (resistance change) Ufd Ade &l fvar ar| o=\ ufafear
(peak response) U &_+ & &, JAI/AEAR (UV/IR) & HIH H ATdY W SFART TR
IIF AT AT | I8 W ®U A <@l 17 & o7 ifaarss dag deed  (asegue] W dl
HIGTATAT BT JEAR I DT BIH BRAT & | SET T ghg 41 BLIGaRM & T3 3R JEaR T8
&9 & AIH W UG g A Ol Gl 3 | e ifaIss haRMasss TaSeUAc] H Aggior
STgifaargs 19 W B U st § MRes &1 gorm § R&badl 2189 (recovery time) &H Rl
AT ST S T el I AR D wU H ST | 39D A1 81 I ey, WAl Bl gy
(differential response) @1 SIMGRI & oY THSYUACT 1 HHR &1 IUARCT A1 IR vl
g1 o 5 uftRe ofafsar & 9e7 (NH,, RS 99) ofik @5 8 @ffefiers NO, %)
ERT ST 37 © | Fae=eiiat i SR gRT R¥1@, SeRT a1 Janrener uRaer # effieRe 1
BT Figdl § FE BT BT Rbfs fhAT ST ol § IR 39 YBR ARG T9T R 919 &
Sur fhy ST A § |

ABSTRACT

The present research aims to improve the detection of environment prevalent gases NO, and
NH, by functionalization of single walled carbon nanotubes (SWNT). The response of pristine
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and SnO, functionalized SWNT has been
experimentally studied by step wise exposure
of 0.5 ppm to 20 ppm of NO, and NH, gases.
With a detection limit of 30 ppb, the sensor
was exposed to a certain concentration of the
gas and resistance changes were recorded per
second. After achieving peak response, it was
recovered to baseline by exposure to UV/
IR. It has been categorically observed that
SnO, functionalization serves to improve the
sensor response. This observed increase can be
attributed to formation of nano hetrojunctions
and improved surface area. Recovery time was
seen to be markedly reduced for functionalized
SWNT exposed to NO, and hence enhances its
application in ambient enviormnment. This work
highlights the importance of surface decoration
of SWNT in improving its morphology and
adsorption capacity. This also presents the use
of SWNT to differentiate gases as represented
by increasing resistance response (for reducing
gases like NH,) and decreasing resistance
response (for oxidizing gas like NO,). The work
can find potential applications in areas prone to
sudden upsurge in hazardous gas concentration
like leakage, industry or laboratory ambience.
An efficient detection of changed concentration
can be recorded and preventive timely measures
may be thus taken.

ST & Uhd QAR PEd  AHedd,
IRTT iR BRMaEss AHicyd, 19 Hdad,

Hde2ieldT, IrdTaRyT § i eRe I
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BH AR ATUAH Y Hdad & wT H 5D
SUATATT &1 BRIAT © | AHIcd & Seldgii-h
TOT I RIS ardERe & gfd 37id
HaeTfer B € (3) 1 N & HuUD H W
R I B R A AHIcgd & G I
(charge) & TFIARYT (transfer)g™ &I o8 A
SoldG e Ul H FelTd ATl & [STId! avis
H 98 9 HWdsd & w9 § W fHy S
2| fUod ¢ <@ I deP Yhd AR
HeA He@ (SWNT) iR a8 IaR &1
e (MWCNT) @ 39& gRafid WUl &l
N Fded & ©9 H UIT X B & (4) |

PR BT H Bhs $H WeF Tdh d8d
g1 Heayul favy € | 9rarEaRer H§ Aie 19 o
P AT AfRATSS, ARSI Sls IRITSS,
IR, R 8T8 Sffegs (CO, NO,, NH,,
SO,) T @M ¥ 3fdF A= H B W bS]
R ARG 3R IMuRce R STerdl & |
ST IO @ QYR WX ATSEIoE S8
sifgdrge I &1 Aigdr 1.5 4digH — 2 qdigd
IR Udh @R SAM ofdll 3faf) dh U1 Hdl
2 O SR Sq9- WReg Heel SIHRaAr 8
|l & | Affa A3 7 sEifar 9 @ "ge
B AMEAWHAT B & | 3NeNfre gHga #,
HW D GF, SWD B AU, IO gl
gl | ATgeroT Sle Sifdargs 3iR SrHif=r
@ Algdr geRE A # uga dadl € |
AR H 97 I B Aigdl YHIUH e R
B AIcd Bl I Fdgd B w©I H TN
PR DB |

R MY oid, IReT Ushel AR dre
TAIcE 3R e SifIsS haRMASsS HIa
SATCIE BT I ATGT DI AT BT ST Bl
2| e I § IR @ TS e
Adg &1 ATl T 3R $1 (XRD) 9 394
W gR1 - fbar | DRed toeeyuael
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IR e Jifese BRMAETS THSUAC]

P ATSCIOE S8 Jifaarss iR M= i
B IUh H ATHR 19 RO &1 e fhar

a1 | g uRRufdet § ura v Reaia &1

3R f@at (Pd, Au, Ni) dT #ed 3ifaarss
ERT BEF ~HIcgd B BRAARSS [ S
®I T4l oI T & | ST Ue 3 (Zhang et al, 6)
grT fbd 77 sy § —~OH—, —~COOH— ¥

fIeqa Jaicie faeemor 3R Repas cgH &1
3 yd faar wTar 2 |

Aifeca Jderor

9% UC 3 (Hua Bai et al, 5) @& 91e
HdeToT H Tl dF Ts & & UleliR, AHIbsdex
g Hed JATaTgs WX MURT I Iav fdRer
3R AR PRI & &3 H 9gd & SuIrl
frg gv €1 e A9 Hdgw & fou S=
HITeledr iR ReR yeeiH are-ia faRmany
g (1-3)| dsf® =i fevdmel & e #
RGP B D AIHE H B HIA dred =1
U] TR STeTRT HTed e I/ AR
TR RO 2Y R IR 7 (4) | S8 URA 6]
IR RS wU W ARy |@ag 19 9
% U SUYeH € | PIE AHIcyd, Udhd QAR
3R FgAIAR Ml WEET § Y & © (1-3) |
IgAIaR BIE- @ DI TGURA AT D
BRI I USHd H_ 1 fohar 1dfdd SIfed
g, o SureTeR Rl # Udhd SaR HTed
AT BT wAfedr & TS ¥ (4) |

ST UT 3T (Zhang et al, 6) & 3MeT U
H garr N W) o9 MR 49
S Hue # M € Al gl SRS 3% e
(Density of States), eMlufaR iR wfeRwer #
gRads 3T 2| AR TR THe=gUe! &
g |as ¥ ¥R fedd B8Rl € | heRMas e |
I AAIed B R TS R AHRIHAD
T9d B IOl D! IR AT H IR
R AT ® | SIRIIFRE  (Aroutiounian, 7)
T WY AT H i Ut o b
Grefigefiel™, o1q =1 ol S Ueifeam, Miee

IAE DI BISSIfhfeld g9 7T, S &4
JMUIfAd ao drell I @ Imeaei= @& forw
91 9 SuYgeh Bl | g~ Ue 37el (Hyunju et al,
8) 3fR uferdi vc aral (Ellison et al, 9) &
I YT H SMHIAT 3R Ao SIsATRSS
9l & Ha9ed @ foy $1ea AHleg@ W) 39
R & FI ¥ AY B [RAR A Iga b
TAT 2| G YT 3T (Xu et al, 10) 3R 37verm
Uc 31 (Apeksha et al, 11) @& &l # fafa=
gRRfoal & s9 91 &1 9B Aigdl |
SR g1 IR S9d GRS YHTT g 1Y
21 g U 31l (Hyunju et al, 8) & =g H
HARATSSS Hled Acgd R SFHIFAT 3R
AISeioE Sseifaarss il @ fhforeeae=
(physisorption) @I ST AT g | HaATIY
Ue 37T (Kanchanatip et al,12) @ 2Ner H SR
fFar T 8 3 N Thd AHiegd & oAl
H ANE WHlcyd dsal & A1 fehameierdr
feareh 2|

ST AT ' haRHaseree @I fhar
3R Hdgdl Wy &1 Y ue Sifed
fqw 2, ord: R fhd oM arel Wi g1
U 9HEE ¥ W RIS B 9adl § 1 BAR
e # AR ok o sifarss BRMaESs
THSYUAC! Hagdhl B I HdaTeierdr
JATTHS AETTT IR HIIAYOMCAT BT fageiyor
fopam T 2|

UAONcHD  ferazor

i Taseguae! a9’ @ forg,
garh fafd (13) & AR HIe Aley2= A8
TF ¥ (Carbon Solutions Inc., USA) & UTSsX
ST IWANT fHar | 05 M UM USSR B
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100 fAclicr SEfMusa wHHES (DMF) #

T P& & 31X IGT AT IR AR eI 34!

el 47 3R g9 a1 °¢ & forv et Aifviae
farar T |

ISEECRINESIIGII NG (SnC1,-2H,0)
DI W W RS d_ad AAGU @I
g far war| fed sifaxargs =+ wo (0.2
A 7)) & g # s g8 raeeguEce)
(20—32 +9I Hex Diameter) ¥ NIIN®
fafey g1 ST TAT| SHS 918 gABI dagH
fheged &Rd 39 UlelldpEe A+ (AR
AT =0.2 AIZHT HIER) & HUR BellAT 1T |
U<l Fdg & ARG b1 fAfead et A
WFgRDIdT (HoribaJovinYvon micro Raman
spectrophotometer) d T 3R $I (XRD)
g1 fhar w1 | gkt 9 (Cu-Ka, 99 ofer =
154 A) & gRT WheRT TTa 20 = 10-70° &
forv urssR fehae™ Waer forar |

THSUAS] I HER Bl 400° S
Jfeaad R 10 e @ forw 1 fasar am |
goaciMed Us 3R TO-5 TS} o1 M @
AR ERT ¥US Y Y| ASQO I &6
qQrareR fRER d91 @ fog N SR B

§g JUBRY H by Q| | TN PN D
qgHE (25°C) iR Aféies Jmear (Relative
Humidity) (40—48%) W &y TU| R &
iR § §eelld Pl <@H & foly HecHIex
(fluke — 289) WiIfdh 98 AR ©, SKIATA
frar T | WART fB U SUBRN B SRRl
o 1 o g = 2

T IR B IR (PCB) 8% WR o1 &R
T IR H T A7 @R S9d 978 WIRTHS
i B SEd D H ARIT TAT| FE g
AR D1 TggioH (N) I & U H ey
IR S AT 737 | S¥a 978 fafa= Argar
(05 WiTA —20 WdGH) & MEI=ET 3R
Ageioly Sgdfdgs I & Gudb H AT
T N YA® B gare EEd (mass flow
controller) §RT fRif3a fHar war| -ggom
Srsifarse iR M il & Hus & 91
AR B JHAZT WR a0 o @ oy hen:
Jdl /3MEIR T &1 warT fhar ar| 4
gfoRIeT 14565 fb. 3 (k-ohms)—2.0863 fab.
M & I/ urm AT gd wEus (14) 9 Ry
F & IR 9 fScar fafie a1 qomr o
T Sfe 30 U gl WY

o 1: IR Y BRI H SUATRIT TR RITIT
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ufRume 3w ==t

22 IRes toha AR A AHIed IR
fe sifaargs Haercsse Had AHlcd &l

T T

foa 3: feT sifaaTgs AIHUI BT TR R S
(XRD) Ye+

fed  slfearss Baeolsse  TdASegUAC]
P GREAT B AT B AR b U H A
WaeRpdl BT Sua fhar | fam 2 #

feEm U W Wagd d§ BRMAES
TaSeqUel § MR & gt 7 1 /1
U BT 0.015 H 0.072 g7 (1570cm™
T 2800 cm™' TR YT Uieh T SYJIT 0T

% forg fam M &),

BEA Adc@ W fed oifearss &
BRSO P fhar &7 goriar & |

oz 3§ fod sffrargs @ =41 HON BT
TR R ©1 (XRD) e+ fammr m g,
RS9 fe1 3ifaaTgs & I BN BT AMHR
20 —30 4T HIex (nm) HGT 7|

wRd o ¥ AR iR fe sifavrss
HRMEASTS UASIUAC! I M
IR TSSO SEAfRITsS 41 B HHAR
Aigar 05 WdgH—20 WHTH & WD H
FRT AT IR AdeTfierar &1 el
o v | ufoerd ddeeiear e &

forg <3 forg 9= &1 v faar =

(Rgas_RO)
R

0

% HdeTerdr = x 100%

A A R, TAHSD T B SuRef
H Haae @I R emdar € 9 R
B JgURAfT H VR emar g1 WA
A U AR A & o eR, R
IR HRMASTS TASRUAC! Bl IRACH
ddeTfielar &1 dR SHUMH b gRT
AggrIoT srsaifearss (R 4) sk =T
(ferzr 5) Tt @ fafd=1 Argar & forg gwria
T

CRLES B ©° P I 6 [ AV
THSRUAC] IReT & o urd H SATaT
REEENIrC i
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(oxidising) ¥ & | ¥E I HUD H A
UHSIUC] ¥ el Bl Fhid &R IHD|
gfoRIeTd e\ ar &l &8 @<l & 9 R. /R

air gas

H AR ghg TR BKl 81 BhaRFagse

THSgUAel (32=0.0159), MReT &I o= A
ST AT (31=0.0137) fewam €|

g 4 TEcioF SsdliNIsS i igdl
IR & A1 Hdad B ufaerd Adaierdr

EERIEMERRS ESIESIESRIRRSIES]
uRad+a g9 it R R /R

o 5 smAfRT N Aigar gRada & AT
S A R SR R 7 omifva e wigar aRad 9 A
B 6 % RReT ok R afeiEs I R R

hRMAESE Tasudel & i R f 7 4 OReT iR weEfiss
Rair/RgaSﬁ AZCIN SIifaITgS 4 Aigdl TASSRUAEl B e R R, /R, Eal
& W yefEd fhar T g1 o fbe dEd oMt N digar & e yelda fear
AR ST 0NN b fAU AT BT SMbed R smiftrr v YSRIT (reducing) T €1 T8

AT AT | AL SIS MRNDRD TS UAS] BT A G PR ST TR
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gAdT Bl F3l <l ©, e aRvmM w@ey
R, /R H AR B s gsdl B 1 I
e ATET & ATAR hRMATSSS THSYUTC]

(B2=0.0007) @I T deg MR (31=0.0004)
@ G H Th IR R | e B

HARAZoS TASgUAe! H AT iR
Ao STseifaTss aF! i & forw Mifkes
D JAN H Af¥d TG BT HeET T
Frar B fr fea sifages waemfenee 9
I ~HIcd o1 |ag gfg 9 -l geloiaR
P ST D HRUT I USANE HRA DI &HaT H

9f& g8 2

B 37T

BaEeraa SEaifess

[y
wn

=
=]

% Responsivity {Hag=THIET)
R 1
(=]

W

=

0.5 1 2 5 6 8 10 2
Gas Concentration { @ Wge,Trfesr |

o= & Il &1 Aigan g e Aladrgs
HARASSS YASYUAC] Hdad & %

Fdg-refrerar

o

a8 # fewm WU aR—sU™ H
hRMAgSE  (dseguac! W S
IR AECIoE SEARISS T B U %
HIETRIedT &1 g Q@ s © | 39 NG
A YA BIll © [ haRTdIgss THeagUe]
AT I B o H AgIo SIsaliadgs
9 & foy Smer dageid ¢ |

forar 9 # AEcioA SRS N B
forg i1 wigar @ Reeadr erzw e ARke
IR BRMAESTS TaSUAC! aFl & fofg
ferr 1 B | UAd Aigdl R hRMFARTS
THeeuAe]  fIRed @ o § &9 Read
TIGH UM AT ETdifh I i @ forg
9 UBR BT B el AT |

forseet

BN JJEYN # AN gRT ORes ok
e oifRIsS BaRMESS Uhe QIaR HIe-
AHICd TR JMIFAT 3R ARgIo SRRiags
1 T HaGTRINedT BT 3eIJT T ol Bl T
2| foa sifause wRMaEss TaSeyUAc]
fIRed @1 Joim H SureT Hag=eld Uiy g
21 U I @ FHH Aigar (05 UndwH) &R
a1fdres digar (20 4divd) <M1 @ forg DiRked
@ gorT H 9B I AW & w0 H ufafted
B B |

BRFAESE  JaeeyuAel & forg
R, /R, @4l & Aigdl 9% 7 AR o
Jom | AfAd WY BT AEEr A s ara
DI YA HRAT & b Hdad H ddg dfg d
|dE U g3 © | IR ¥ U §Y SIel
@ AR ASgIoM Srsdifaargs i & foy
hRMASSS THeguTel § ORked &1 e
H daed MNerdr o AfRBTH TIIaN 7.46% T,

o o: Ao SEeifaTgs I HigdT d
Ypa¥] T4

Safh MmN & forv ifdedq sgiaw!
0.65% & | TR eTHdT BT HH BT (ATSeIo
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SIENRIES N & AUS H) AT TeAT (SMET=ar
9 & S H) TAT % FIGTLTAT BT U,
CHSRUACT 19 HAR Bl A= 4l T gereh
PRA D AT b wY H IAACT bl Al g
=

TR WY BRI A gs Al g0 Bl ©
o HaRMAEvS TASRUACT SMIT 49 B
Jor T H AIsgioM Sssifadss M & forg
ANfd® Hae-ele | M N @ i
Aigar (>17 @UYH) ardrEaRer # SO 1Y
Al B §S TP JFAT BT S Fhdll &, Saib
Ageloly STsdfaaTss I &) 3ifdd  Aigar
BT ATAM BT qRBA B | BRFAIZTS
THSRUAC, SgIoM Sssifaargs i &
P9 9§ AOd e digar & forg 9gd &
Haeeiier iR Suarf 9 IR 2| Difkes @
J T H haRdgsS TSUAC] BT Rabpasl
crsH HH BT Wl BSOS gRT Adg Bl
Jgad! @I $RIT HRaT g | TR & Rifya
qraraRer H RpaR) ergd WReAar | &H fdhar
ST AT & STdfd 98} & araraRer § R
TISH T 89 ©0 F  HH 8T HRARTS
T AR & SUAIATAT derdr 2 |

SR LT M -4 A A 5 A7) B I =B |
BHRMAESS AR ®I I TSHd B Bl
gadr § W 3l 8% © | BRI o
BT A8 A Ble HICyd & db e
@rcRrra SRR & Harg) H A 9T arar
2| g W9 Gdfa forameil @ wevawy fod
JATFATES HRMATSTS THSIUAC] I IR
P FHdeTeerdT H 8™l <@l TS | rsATe+
P SIfed ufser @1 o= Sgifde At
(Adsorption isotherms) (15) R foR ¥
AT AT & A BT vy 7|
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