
9

'kks/k vkys[k / Research Article

,dy nhokj dkcZu uSuksVîwc ¼fçfLVu vkSj fVu vkWDlkbM QaD'kuykbT+M½ 
dk okrkoj.k çnw"k.k xSlksa ds fy, laosnd ds :i esa ç;ksxkRed vè;;u 

Experimental Study of Pristine and SnO2 functionalized Single Walled 
Carbon Nanotubes as gas sensors for Environmental hazardous gases 

jpuk dqekj1] lhek xqIrk2 vadqj vkuan3] uh:4 

Rachana Kumar1, Seema Gupta2, Ankur Anand3, Neeru4

1, 2 Associate Professor, Department of Physics, Kalindi College, University of Delhi
3 Assistant Professor, Department of Physics, Kalindi College, University of Delhi

4 Centre for Nanoscience and Technology, Jamia Millia Islamia, Delhi, 
Solid State physics laboratory, DRDO, Delhi

Corresponding Author : 2 Seemagupta@kalindi.du.ac.in 
1 rachnakumar@kalindi.du.ac.in, 3 ankuranand@kaindi.du.ac.in

lkjka'k 

 çLrqr 'kksèk dk mís'; fVu v‚DlkbM ¼SnO2½ QaD'kuyÃts'ku ¼functionalization½ }kjk ,dy nhokj 
dkcZu uSuksVîwc ¼single walled carbon nanotube] ,lMCY;w,uVh½ dh laosnu {kerk ¼responsivity½ 
esa lqèkkj dk  vè;;u  djuk gSA bl mís'; dh çkfIr ds fy, ukbVªkstu MkÃ v‚DlkbM vkSj veksfu;k 
nksuksa xSlksa ds 0-5 ihih,e ls 20 ihih,e lkaærk ¼concentration½  ds Øeokj ,Dlikstj }kjk fçfLVu 
¼Pristine½ vkSj SnO2 QaD'kuykbT+M ,lMCY;w,uVh dh laosnu çfrfØ;k dk ç;ksxkRed :i ls vè;;u 
fd;k x;k gSA 30 ihihch dh igpku lhek ¼detection limit½ ds lkFk] xSl dh ,d fuf'pr lkaærk ds 
laidZ esa lsalj  dk çfrjksèk ifjorZu ¼resistance change½ çfr lsdaM ntZ fd;k x;kA pje çfrfØ;k 
¼peak response½ çkIr djus ds ckn] ;woh@vkÃvkj ¼UV/IR½ ds laidZ esa ykdj bls cslykbu ij 
okil yk;k x;kA ;g Li"V :i ls ns[kk x;k fd fVu v‚DlkbM lrg la'kksèku  ,lMCY;w,uVh lsalj dh 
laosnu'khyrk dks csgrj cukus dk dke djrk gSA ns[kh xÃ o`f) uSuks gsVªkstaD'ku ds xBu vkSj csgrj lrg 
{ks= ds ekè;e ls çkIr gqÃ ekuh tk ldrh gSA fVu v‚DlkbM QaD'kuykbT+M ,lMCY;w,uVh esa ukbVªkstu 
Mkbv‚DlkbM xSl ij fd;s x, ç;ksxksa esa fçfLVu dh rqyuk esa fjdojh Vkbe ¼recovery time½ de ik;k 
x;k tks fd mls ,d dq'ky xSl lsalj ds :i esa n'kkZrk gSA blds lkFk gh ;g vè;;u] xSlksa dh i`Fkdrk 
¼differential response½ dh tkudkjh ds fy, ,lMCY;w,uVh xSl lsalj dh mi;ksfxrk Hkh  çLrqr djrk 
gSA tSlk fd çfrjksèk çfrfØ;k ds c<+us ¼NH3] fjMwÇlx xSl½ vkSj de gksus ¼v‚Dlhdkjd NO2 xSl½  
}kjk n'kkZ;k x;k gSA laosnu'khy xSl lsalj }kjk fjlko] m|ksx ;k ç;ksx'kkyk ifjos'k esa gkfudkjd xSlksa 
dh lkaærk esa vpkud mNky dks fjd‚MZ fd;k tk ldrk gS vkSj bl çdkj fuokjd le; ij cpko ds 
mik; fd, tk ldrs gSaA

ABSTRACT
 The present research aims to improve the detection of environment prevalent gases NO2 and 

NH3 by functionalization of single walled carbon nanotubes (SWNT). The response of pristine 
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and SnO2 functionalized SWNT has been 
experimentally studied by step wise exposure 
of 0.5 ppm to 20 ppm of NO2 and NH3 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 
SnO2 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 NO2

 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 NH3) and decreasing resistance 
response (for oxidizing gas like NO2). 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.

eq[; 'kCn% ,dy nhokj dkcZu uSuksVîwc] 
fçfLVu vkSj QaD'kuykbT+M uSuksVîwc] xSl laosnd] 
laosnu'khyrk] okrkoj.k esa gkfudkjd xSlsa 

Key words: Single walled Carbon nanotubes, 
Pristine and Functionalized nanotubes, 
gas sensor, Responsivity, Environmental 
hazardous gases

ifjp;

dkcZu uSuksVîwc dk vfèkd lrg&vk;ru 
vuqikr ¼surface to volume ratio½ vkSj [kks[kyh 
uSuks lajpuk] xSl ds lks[kus vkSj HkaMkj.k ds fy, 
vkn'kZ gS ¼1&2½A budh mPp laosnu'khyrk vkSj 

de v‚ijsfVo rkieku xSl laosnd ds :i esa budh 
mi;ksfxrk ntZ djkrk gSA uSuksVîwc ds bysDVª‚fud 
xq.k muds jklk;fud okrkoj.k ds çfr vR;ar 
laosnu'khy gksrs gSa (3)A xSl ds laidZ esa vkus 
ij xSl d.kksa vkSj dkcZu uSuksVîwc ds chp vkos'k 
¼charge½ ds LFkkukarj.k ¼transfer½gksus dh otg ls 
bysDVª‚fud xq.kksa esa cnyko vkrk gS ftldh otg 
ls og xSl laosnd ds :i esa ç;ksx fd, tkrs 
gSaA fiNys dqN n'kdksa ls oSKkfud ,dy nhokj 
dkcZu uSuksVîwc ¼SWNT½ vkSj cgq nhokj dkcZu 
uSuksVîwc ¼MWCNT½ o muds ifjoÆrr :iksa dk 
xSl laosnd ds :i esa vè;;u dj jgs gSa (4)A 

dksjksuk dky esa QsQM+ksa dk LokLF; ,d cgqr 
gh egRoiw.kZ fo"k; gSA okrkoj.k esa ekStwn xSlsa tSls 
dkcZu eksuks v‚DlkbM] ukbVªkstu MkÃ v‚DlkbM] 
veksfu;k] lYQj MkÃ v‚DlkbM ¼CO, NO2, NH3, 
SO2½ lhek js[kk ls vfèkd ek=k esa gksus ij QsQM+ksa 
ij foijhr vkSj vkifÙktud vlj Mkyrh gSaA 
vuqlaèkku çek.kksa ds vkèkkj ij ukbVªkstu MkÃ 
v‚DlkbM xSl dh lkaærk 1-5 ihih,e & 2 ihih,e 
vxj ,d LoLFk balku yach vofèk rd xzg.k djrk 
gS rks mldks Üolu LokLF; lacaèkh chekfj;ka gks 
ldrh gSaA lhfer ek=k esa veksfu;k xSl dh euq"; 
dks vko';drk gksrh gSA vkS|ksfxd bdkb;ksa esa] 
dpjs ds <sj] moZjd ds vklikl] mRltZu cgqyrk 
{ks=ksa esa ukbVªkstu MkÃ v‚DlkbM vkSj veksfu;k 
dh lkaærk gkfudkjd lhek esa igqap ldrh gSaA 
okrkoj.k esa bu xSlksa dh lkaærk ,dk,d c<+us ij 
dkcZu uSuksVîwc dks xSl laosnd ds :i esa ç;ksx 
dj ldrs gSaA 

çLrqr 'kksèk ys[k] fçfLVu ,dy nhokj dkcZu 
uSuksVîwc vkSj fVu v‚DlkbM QaD'kuykbT+M dkcZu 
uSuksVîwc dh xSl ekius dh {kerk dk vè;;u djrk 
gSA jklk;fud fofèk ls rS;kj dh xÃ uSuksVîwc 
lrg dk fo'ys"k.k ,Dl vkj Mh ¼XRD½ o jeu 
LisDVªk }kjk  fd;k x;kA fçfLVu ,lMCY;w,uVh 
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vkSj fVu v‚DlkbM QaD'kuykbT+M ,lMCY;w,uVh 
dks ukbVªkstu MkÃ v‚DlkbM vkSj veksfu;k xSlksa 
ds laidZ esa ykdj xSl fjLikal dk vkdyu fd;k 
x;k gSA nksuksa ifjfLFkfrvksa esa çkIr xSl fjLikal dk 
foLr`r rqyukRed fo'ys"k.k vkSj fjdojh Vkbe dk 
vè;;u çLrqr fd;k x;k gSA 

lkfgR; losZ{k.k

ckÃ ,V vy ¼Hua Bai et al, 5½ ds 'kksèk 
losZ{k.k esa ppkZ dh xÃ gS fd i‚yhej] lsehdaMDVj 
o esVy v‚DlkbM ij vkèkkfjr xSl lsalj varfj{k 
vkSj okrkoj.k fuxjkuh ds {ks= esa cgqr gh mi;ksxh 
fl) gq, gSaA ,d xSl laosnd ds fy, mPp 
laosnu'khyrk vkSj fLFkj çn'kZu okaNuh; fo'ks"krk,¡ 
gSa ¼1&3½A oSKkfud bUgÈ fo'ks"krkvksa dks è;ku esa 
j[kdj dejs ds rkieku esa dk;Z djus okys uSuks 
çkS|ksfxdh ij vkèkkfjr dkcZu uSuksVîwc xSl lsaljksa 
ij fujarj 'kksèk dj jgs gSa (4)A budh iksjl lajpuk 
vkSj jklk;fud :i ls fuf"Ø; lrg xSl lks[kus 
ds fy, mi;qä gSA dkcZu uSuksVîwc] ,dy nhokj 
vkSj cgqnhokj nksuksa lajpuk esa ik, tkrsa gSa ¼1&3½A 
cgqnhokj dkcZu uSuksVîwc dh cgqijr lajpuk ds 
dkj.k xSl ,MlkscZ djus dh fØ;k vR;fèkd tfVy 
gS] vr% T;knkrj 'kksèkksa esa ,dy nhokj dkcZu 
uSuksVîwc dks çkFkfedrk nh xÃ gS (4)A 

>kax ,V vy ¼Zhang et al] 6½ ds 'kksèk i= 
esa crk;k x;k fd xSl lsalj tc fuèkkZfjr xSlksa 
ds laidZ esa vkrs gSa rks budh MsaflVh v‚Q+ LVsV~l 
¼Density of States½] FkeksZi‚oj vkSj çfrjksèk esa 
ifjorZu vkrk gSA vkerkSj ij ,lMCY;w,uVh ds 
fy,] xSlksa dh ckbaÇMx ,utÊ vfèkd gksus ds dkj.k] 
os lrg ls èkhjs fMl‚cZ gksrh gSaA QaD'kuyÃts'ku ls 
dkcZu uSuksVîwc dh ckbaÇMx ,utÊ ij ldkjkRed 
çHkko dh otg ls mudh çfrjksèk {kerk esa lqèkkj 
ik;k x;k gSA vkjkS'kfu;u ¼Aroutiounian] 7½  
ds 'kksèk vè;;u esa vkxsZfud inkFkZ tSls fd 
iksyh,Fkhyhu] èkkrq uSuks d.kksa tSls iSysfM;e] xksYM 

vkSj fudy ¼Pd, Au, Ni½ rFkk esVy v‚DlkbM  
}kjk dkcZu uSuksVîwc dks QaD'kuykbT+M fd;s tkus 
dh ppkZ dh x;h gSA >kax ,V vy ¼Zhang et al, 6½  
}kjk fd;s x, vè;;u esa –OH&] &COOH& ls 
lrg dks gkbMªksfQfyd cuk;k x;k] ftlls de 
vk.kfod otu okyh xSlksa ds vkMlksI'kZu ds fy, 
Hkh os mi;qä gksaA áqUtq ,V vy ¼Hyunju et al] 
8½ vkSj ,fylksa ,V vy ¼Ellison et al] 9½ ds 
'kksèk i=ksa esa veksfu;k vkSj ukbVªkstu Mkbv‚DlkbM 
xSlksa ds laosnu ds fy, dkcZu uSuksVîwc ij xSl 
lsalj ds :i esa 'kksèk dks foLrkj ls çLrqr fd;k 
x;k gSA Dlq ,V vy ¼Xu et al] 10½ vkSj vis{kk 
,V vy ¼Apeksha et al] 11½ ds dk;ks± esa fofHkUu 
ifjfLFkfr;ksa esa bu xSlksa dk okaNuh; lkaærk ls 
Åij c<+uk vkSj muds gkfudkjd çHkko crk;s x, 
gSaA áqUtq ,V vy ¼Hyunju et al] 8½ ds 'kksèk esa 
QaD'kuykbT+M dkcZu uSuksVîwc ij veksfu;k vkSj 
ukbVªkstu Mkbv‚DlkbM xSlksa ds fQftvclksI'kZu 
¼physisorption½ dks n'kkZ;k x;k gSA dapukfri 
,V vy ¼Kanchanatip et al]12½ ds 'kksèk esa çLrqr 
fd;k x;k gS ;s xSlsa ,dy uSuksVîwc ds xBuksa 
esa ekStwn uSuksVîwc caMyksa ds lkFk fØ;k'khyrk 
fn[kkrh gSaA

tSlk Kkr gS fd QaD'kuyÃts'ku dh fØ;k 
vkSj laosndksa ij çHkko dk fu"d"kZ ,d tfVy 
fo"k; gS] vr% fujarj fd;s tkus okys ç;ksxksa }kjk 
bls le>us esa enn gkfly gks ldrh gSA gekjs 
'kksèk esa fçfLVu vkSj fVu v‚DlkbM QaD'kuykbT+M 
,lMCY;w,uVh laosndksa dh xSl laosnu'khyrk dk 
rqyukRed vè;;u dj dk;Zç.kkyh dk fo'ys"k.k 
fd;k x;k gSA 

ç;ksxkRed fooj.k

 fçlVhu ,lMCY;w,uVh çkIr djus ds fy,] 
iwoksZä fofèk (13) ds vuqlkj dkcZu l‚Y;w'ku vkÃ 
,u lh ¼Carbon Solutions Inc., USA½ ds ikmMj 
dk mi;ksx fd;k x;kA 0-5 fe- xzke ikmMj dks 
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100 fe-yhVj MkbfeFkkby QksekZekbM ¼DMF½ esa 
?kksyk x;k vkSj bls nks ?kaVs ds fy, vYVªk lksfudsV 
fd;k x;kA 

 fVu DyksjkbM lksY;q'ku ¼SnCl2-2H2O½ 
dks veksfu;k ls fjMîwl djds uSuksd.kksa dks 
çkIr fd;k x;kA fVu v‚DlkbM uSuks d.kksa ¼0-2 
fe- xzke½ dks ?kksy esa lLisaM gqÃ ,lMCY;w,uVh 
¼20&32 uSuks ehVj Diameter½ ls jklk;fud 
fofèk }kjk tksM+k x;kA blds ckn bldk oSD;we 
fQYVªs'ku djds bls i‚yhdkcksZusV esEczsu ¼iksj 
lkÃt+ ¾0-2 ekbØks ehVj½ ds Åij QSyk;k x;kA 
çkIr lrg dh lajpuk dk fofèkor vkdyu jeu 
LisDVªksLdksih ¼HoribaJovinYvon micro Raman 
spectrophotometer½ o ,Dl vkj Mh ¼XRD½  
}kjk fd;k x;kA ,Dl &jst+ ¼Cu-Kα, oso ysaFk ¾ 
1-54 Å½ ds }kjk LdSVÇjx ,axy 2θ ¾ 10&700 ds 
fy,  ikmMj fMÝSD'ku LisDVªk fy;k x;kA 

,lMCY;w,uVh xSl lsalj dks 4000 fMxzh 
lsfYl;l ij 10 feuV ds fy, xeZ fd;k x;kA 
bysDVª‚fud iSM vkSj TO-5 gSMj ysx lksus ds 
rkj }kjk laidZ cuk, x,A ukbVªkstu xSl dk 
okrkoj.k fujarj cukus  ds fy, xSl lsalj dks 

xSl d{k ds vanj j[kk x;k vkSj lkjs vè;;u blh 
can midj.k esa fd, x,A lHkh ç;ksx dejs ds 
rkieku ¼250C½ vkSj lkisf{kd vkærk ¼Relative 
Humidity½ ¼40&48%½ ij fd, x,A lsalj ds 
çfrjksèk esa cnyko dks ns[kus ds fy, eYVhehVj 
¼fluke & 289½ tksfd cgqr laosnu'khy gS] bLrseky 
fd;k x;kA ç;ksx fd;s x, midj.kksa dh O;oLFkk 
fp= 1 esa fn[kkÃ x;h gSA

xSl lsalj dks ihlhch ¼PCB½ gSMj ij yxk dj 
xSl pSEcj esa j[kk x;k vkSj mlds ckn ç;ksxkRed 
xSlksa dks mlds laidZ esa yk;k x;kA lcls igys 
lsalj dks ukbVªkstu ¼N2½ xSl ds laidZ esa ykdj 
çfrjksèk dks ukik x;kA mlds ckn fofHkUu lkaærk 
¼0-5 ihih,e &20 ihih,e½ dh veksfu;k vkSj 
ukbVªkstu Mkbv‚DlkbM xSlksa ds laidZ esa yk;k 
x;kA xSl çokg dks çokg fu;a=d ¼mass flow 
controller½ }kjk fu;af=r fd;k x;kA ukbVªkstu 
Mkbv‚DlkbM vkSj veksfu;k xSlksa ds laidZ ds ckn 
lsalj dks cslykbu ij okil ykus ds fy, Øe'k% 
;woh@vkÃvkj ySai dk ç;ksx fd;k x;kA xSl 
çfrjksèk 1-4565 fd- vkse ¼k-ohms½&2-0863 fd- 
vkse ds chp ik;k x;kA iwoZ 'kksèki= (14) esa fn, 
lw= ds vuqlkj xSl fMVsD'ku fyfeV dh x.kuk dh 
x;h tksfd 30 ihihch ik;h x;hA

fp= 1% çLrqr 'kksèk dk;Z esa mi;ksfxr ç;ksxkRed LFkkiuk
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ifj.kke vkSj ppkZ

fp= 2%  fçfLVu ,dy nhokj dkcZu uSuksVîwc vkSj 
fVu v‚DlkbM QaD'kuykbT+M dkcZu uSuksVîwc dk 

jeu LisDVªk

fp= 3% fVu v‚DlkbM uSuksd.kksa dk ,Dl vkj Mh 
¼XRD½ iSVuZ

fVu v‚DlkbM QaD'kuykbT+M ,lMCY;w,uVh 
dh lajpuk dh fo'ks"krk dh tkudkjh ds fy, jeu 
LisDVªksLdksih dk mi;ksx fd;k x;kA fp= 2 esa 

fn[kk, x, jeu LisDVªe esa QaD'kuykbT+M 
,lMCY;w,uVh esa fçfLVu dh rqyuk esa ID@IG 

vuqikr dk 0-015 ls 0-072 c<+uk ¼1570cm&1 

o 2800 cm&1 ij çkIr ihd dk mi;ksx x.kuk 
ds fy, fd;k x;k gS½] 

dkcZu uSuksVîwc ij fVu v‚DlkbM ds 
QaD'kuyÃts'ku dh fØ;k dks n'kkZrk gSA 

fp= 3 esa fVu v‚DlkbM ds uSuks d.kksa dk 
,Dl vkj Mh ¼XRD½ iSVuZ fn[kk;k x;k gS] 
ftlls fVu v‚DlkbM ds uSuks d.kksa dk vkdkj 
20 &30 uSuks ehVj ¼nm½ ekik x;kA

çLrqr 'kksèk esa fçfLVu vkSj fVu v‚DlkbM 
QaD'kuykbT+M ,lMCY;w,uVh dks veksfu;k 
vkSj ukbVªkstu Mkbv‚DlkbM xSlksa dh Øeokj 
lkaærk 0-5 ihih,e&20 ihih,e ds laidZ esa 
yk;k x;k vkSj laosnu'khyrk dk vkdyu 
fd;k x;kA çfr'kr laosnu'khyrk fudkyus ds 
fy, uhps fy[ks lw= dk ç;ksx fd;k x;k 

% laosnu'khyrk ¾ 
¼Rgas-R0½ x 100%

  

       R0

lw= esa Rgas ç;ksxkRed xSl dh mifLFkfr 
esa laosnd dh çfrjksèk {kerk gS o R0 xSl 
dh vuqifLFkfr esa çfrjksèk {kerk gSA ç;ksxksa 
ls çkIr vkèkkj lkexzh ds vuqlkj] fçfLVu 
vkSj QaD'kuykbT+M ,lMCY;w,uVh dh ijlsaVst 
laosnu'khyrk dks ckj Mk;xzke ds }kjk 
ukbVªkstu Mkbv‚DlkbM ¼fp= 4½ vkSj veksfu;k 
¼fp= 5½ xSlksa dh fofHkUu lkaærk ds fy, n'kkZ;k 
x;k gSA 

nksuksa gh fp=ksa esa QaD'kuykbT+M 
,lMCY;w,uVh fçfLVu ds vuqikr esa T;knk 
laosnu'khy gSA
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fp= 4% ukbVªkstu Mkbv‚DlkbM xSl lkaærk 
ifjorZu ds lkFk laosnd dh çfr'kr laosnu'khyrk

fp= 5% veksfu;k xSl lkaærk ifjorZu ds lkFk 
laosnd dh çfr'kr laosnu'khyrk

fp= 6 esa fçfLVu vkSj fVu v‚DlkbM 
QaD'kuykbT+M ,lMCY;w,uVh dh xSl fjLikal 
Rair@Rgas dks ukbVªkstu Mkbv‚DlkbM xSl lkaærk 
ds lkFk çnÆ'kr fd;k x;k gSA csLV fQV ykbu 
cukdj nksuksa lsaljksa ds fy, Lyksi dk vkdyu 
fd;k x;kA ukbVªkstu Mkbv‚DlkbM v‚Dlhdkjd 

¼oxidising½  xSl gSA ;g xSl laidZ esa vk, 
,lMCY;w,uVh ls vkos'kksa dks fudky dj mldh 
çfrjksèkd {kerk dks de djrh gS o Rair@Rgas 
esa yxkrkj o`f) çnÆ'kr gksrh gSA  QaD'kuykbT+M 
,lMCY;w,uVh ¼β2¾0-0159½] fçfLVu dh rqyuk esa 
T;knk  Lyksi ¼β1¾0-0137½ fn[kkrs gSaA

fp= 6% ukbVªkstu Mkbv‚DlkbM xSl lkaærk 
ifjorZu o xSl fjLikal Rair/Rgas  

 

fp= 7% veksfu;k xSl lkaærk ifjorZu o xSl 
fjLikal Rair/Rgas

fp= 7 esa fçfLVu vkSj QaD'kufyT+M 
,lMCY;w,uVh dh xSl fjLikal Rair@Rgas dks 
veksfu;k xSl lkaærk ds lkFk çnÆ'kr fd;k x;k 
gSA veksfu;k ,d jsMwÇlx ¼reducing½ xSl gSA ;g 
,lMCY;w,uVh dks vkos'k nku djds mldh çfrjksèk 
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{kerk dks c<+k nsrh gS] ftlds ifj.kke Lo#i  
Rair@Rgas esa yxkrkj deh fn[kkÃ iM+rh gSA csLV 
fQV ykbu ds vuqlkj QaD'kuykbT+M ,lMCY;w,uVh 
¼β2¾0-0007½ dh Lyksi oSY;w fçfLVu ¼β1¾0-0004½ 
dh rqyuk esa ,d ckj fQj ls T;knk gSA 

QaD'kuykbT+M ,lMCY;w,uVh esa veksfu;k vkSj 
ukbVªkstu Mkbv‚DlkbM nksuksa xSlksa ds fy, fçfLVu 
dh rqyuk esa vfèkd Lyksi dk feyuk çekf.kr 
djrk gS fd fVu v‚DlkbM QaD'kufyt+'ku ls 
dkcZu uSuksVîwc dh lrg o`f) o uSuks gsVªkstaD'ku 
ds xBu ds dkj.k xSl ,MlkscZ djus dh {kerk esa 
o`f) gqÃ gSA 

  
fp= 8% xSlksa dh lkaærk o fVu v‚DlkbM 
QaD'kuykbT+M ,lMCY;w,uVh laosnd dh % 

laosnu'khyrk

fp= 9%  ukbVªkstu Mkbv‚DlkbM xSl lkaærk o 
fjdojh Vkbe

fp= 8 esa fn[kk, x, ckj&Mk;xzke esa 
QaD'kuykbT+M ,lMCY;w,uVh ij veksfu;k 
vkSj ukbVªkstu Mkbv‚DlkbM xSlksa ds çfr % 
laosnu'khyrk dh rqyuk fn[kkÃ xÃ gSA bl vkjs[k 
ls çekf.kr gksrk gS fd QaD'kuykbT+M ,lMCY;w,uVh 
veksfu;k xSl dh rqyuk esa ukbVªkstu Mkbv‚DlkbM 
xSl ds fy, T;knk laosnu'khy gSA 

fp= 9 esa ukbVªkstu Mkbv‚DlkbM xSl ds 
fy, xSl lkaærk o fjdojh Vkbe vkys[k fçfLVu 
vkSj QaD'kuykbT+M ,lMCY;w,uVh nksuksa ds fy, 
fn[kk;k x;k gSA çR;sd lkaærk ij QaD'kuykbT+M 
,lMCY;w,uVh esa fçfLVu dh rqyuk esa de fjdojh 
Vkbe ik;k x;kA gkykafd veksfu;k xSl ds fy, 
bl çdkj dk #>ku ugÈ feykA

fu"d"kZ  

gekjs vuqlaèkku esa ç;ksxksa }kjk fçfLVu vkSj 
fVu v‚DlkbM QaD'kuykbT+M ,dy nhokj dkcZu 
uSuksVîwc ij veksfu;k vkSj ukbVªkstu Mkbv‚DlkbM 
xSlksa dh laosnu'khyrk dk vè;;u o rqyuk dh xÃ 
gSA fVu v‚DlkbM QaD'kuykbT+M ,lMCY;w,uVh 
fçfLVu dh rqyuk esa T;knk laosnu'khy ik, x, 
gSaA ;s xSlksa dh de lkaærk ¼0-5 ihih,e½ vkSj 
vfèkd lkaærk ¼20 ihih,e½ nksuksa ds fy, fçfLVu 
dh rqyuk esa csgrj xSl lsalj ds :i esa çfrf"Br 
gksrs gSaA 

QaD'kuykbT+M ,lMCY;w,uVh ds fy,  
Rair@Rgas  o xSlksa dh lkaærk xzkQ esa fçfLVu dh 
rqyuk esa vfèkd Lyksi  dk feyuk Hkh blh ckr 
dks çekf.kr djrk gS fd laosnd esa lrg o`f) o 
lrg la'kksèku gqvk gSA ç;ksxksa ls çkIr gq, MkVk 
ds vuqlkj ukbVªkstu Mkbv‚DlkbM xSl ds fy, 
QaD'kuykbT+M ,lMCY;w,uVh esa fçfLVu dh rqyuk 
esa laosnu 'khyrk dh vfèkdre c<+ksrjh 7-46% gS] 
tcfd veksfu;k xSl ds fy, vfèkdre c<+ksrjh 
0-65% gSA çfrjksèk {kerk dk de gksuk ¼ukbVªkstu 
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Mkbv‚DlkbM xSl ds laidZ esa½ ;k c<+uk ¼veksfu;k 
xSl ds laidZ esa½ rFkk % laosnu'khyrk dk vuqikr] 
,lMCY;w,uVh xSl lsalj dh fofHkUu xSlksa dks i`Fkd 
djus ds lkèku ds :i esa mi;ksfxrk dks Hkh n'kkZrk 
gSA

çLrqr 'kksèk dk;Z ls ;g Hkh çekf.kr gksrk gS 
fd QaD'kuykbT+M ,lMCY;w,uVh veksfu;k xSl dh 
rqyuk esa ukbVªkstu Mkbv‚DlkbM xSl ds fy, 
vfèkd laosnu'khy gSA veksfu;k xSl dh vfèkd 
lkaærk ¼>17 ihih,e½ okrkoj.k esa mRiUu xaèk ls 
Hkh dqN gn rd vuqekfur dh tk ldrh gS] tcfd 
ukbVªkstu Mkbv‚DlkbM xSl dh vfèkd lkaærk 
dk vuqeku djuk eqf'dy gSA QaD'kuykbT+M 
,lMCY;w,uVh] ukbVªkstu Mkbv‚DlkbM xSl dh 
de ls vfèkd çR;sd lkaærk ds fy, cgqr gh 
laosnu'khy vkSj mi;ksxh xSl lsalj gSA fçfLVu dh 
rqyuk esa QaD'kuykbT+M ,lMCY;w,uVh dk fjdojh 
Vkbe de gksuk Hkh QaD'kuyÃts'ku }kjk lrg dh 
csgrjh dks bafxr djrk gSA ç;ksx'kkyk ds fu;af=r 
okrkoj.k esa fjdojh Vkbe ljyrk ls de fd;k 
tk ldrk gS tcfd ckgj ds okrkoj.k esa fjdojh 
Vkbe dk lgt+ :i ls  de gksuk QaD'kuykbT+M 
xSl lsalj dh mi;ksfxrk c<+krk gSA

uSuks gsVªks taD'ku ds xBu dh otg ls 
QaD'kuykbT+M lsalj dh xSl ,MlkscZ djus dh 
{kerk esa Hkh c<+ksrjh gqÃ gSA QaD'kuyÃts'ku ls 
gqvk lrg la'kksèku dkcZu uSuksVîwc ds odZ QaD'ku 
¼iksVsaf'k;y cSfj;j dh ÅapkÃ½ esa Hkh cnyko ykrk 
gSA bUgÈ lc lacafèkr fØ;kvksa ds QyLo:i fVu 
v‚DlkbM QaD'kuykbT+M ,lMCY;w,uVh xSl lsalj 
dh laosnu'khyrk esa csgrjh ns[kh xÃA vkMlksI'kZu 
dh tfVy çfØ;k dks fofHkUu lS)kafrd e‚Myksa 
¼Adsorption isotherms½ (15) }kjk foLrkj ls 
le>uk Hkfo"; ds 'kksèk dk fo"k; gSA

rduhdh 'kCnksa dh rkfydk

charges vkos'kksa
Comparative rqyukRed
Concentraion lkaærk
Detection limit fMVsD'ku fyfeV
differentiation i`Fkdrk
Experimental ç;ksxkRed
Functionalization QaD'kuyÃts'ku
Multi walled carbon 
nanotube

cgq nhokj dkcZu 
uSuksVîwc

Nano Hetero 
junctions

uSuks gsVªks taD'ku

Polycarbonate 
membrane

i‚yhdkcksZusV esEczsu

Pristine single walled 
carbon nanotube

fçfLVu ,dy nhokj 
dkcZu uSuksVîwc

Raman spectrum jeu LisDVªk
Reducing jsMwÇlx
Relative Humidity lkisf{kd vkærk
Resistance çfrjksèk
Response çfrfØ;k
Sensitivity laosnu'khyrk
Surface improvement lrg la'kksèku
Vacuum filtration oSD;we fQYVªs'ku
vkHkkj

çLrqr 'kksèk&i= ds ys[kd] M‚- lhek fouk;d 
¼funZs'kd ,l,lih,y½ vkSj M‚- fidk >k ¼oSKkfud 
th] ,l,lih,y] MhvkjMhvks½ dks uSuks VsDuksy‚th 
xzqi] l‚fyM LVsV fQftDl yscksjsVjh] MhvkjMhvks 
esa çk;ksfxd lqfoèkkvksa rd igqap dh vuqefr nsus ds 
fy, èkU;okn nsrs gSaA
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