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lkjka'k 

dkcZfud vdkcZfud ysM gSykbM isjksoLdkbV vius mPp çdk'k&vo'kks"k.k&xq.kkad rFkk yxHkx 
1-5 eV ls 2-0 eV ds ifjorZuh; ÅtkZ cSaM vUrjky ds dkj.k çdk'koksYVh; ;qfä ds fy, mi;qä gSA  
fdUrq gSykbM isjksoLdkbV vkèkkfjr lkSj lsyksa esa rkih; vLFkkf;Ro vkSj ueh losanu'khyrk fo|eku gS] 
tks lsy ds LFkkf;Ro vkSj n{krk dks çHkkfor djrs gSaA  bl 'kksèki= esa] lkSj lsy vuqç;ksxksa ds fy, 
prq"d veksfu;e èkuk;u vkèkkfjr ysM gSykbM isjksoLdkbV (CH3)4NPbI3-xClx ds la'ys"k.k dh fjiksVZ 
çLrqr fd;k x;k gSaA foftcy&vYVªkok;ysV o.kZØe (UV-Vis) ds LisDVªksLdksfid vè;;uksa ls la'ysf"kr 
isjksoLdkbV dk v‚fIVdy cSaMxSi 2.61 eV çkIr fd;k x;k gSA  (CH3)4NPbI3-xClx vkèkkfjr isjksoLdkbV 
lkSj lsy esa bysDVªku vkos'k ifjogu dks lqxe cukus gsrq TiO2 o èkukRed vkos'k ifjogu ds fy, 
PEDOT:PSS dk mi;ksx fd;k x;k gSA lkSj lsy dh fMokbl lajpuk ikjEifjd n-i-p çdkj dh gSA  
FTO@c-TiO2@(CH3)4NPbI3-xClx@PEDOT:PSS@Al dk vksiu lÆdV oksYVst ¼Voc½] 'k‚VZ lÆdV 
djaV MsfUlVh ¼Jsc½vkSj n{krk Øe'k% 0.5 V] 6.7 mA@cm2 vkSj 2.09% gSaA bu ifj.kkeksa ls LFkkfir 
gksrk gS fd prq"d veksfu;e èkuk;u ;qä ysM gSykbM isjksoLdkbV (CH3)4NPbI3-xClx dk mi;ksx LFkkÃ 
çdk'koksYVh; ;qfä;ksa ds fuekZ.k gsrq fd;k tk ldrk gSA

Abstract 

Organic Inorgnic lead halide Perovskites are promising photovoltaic materials with high light 
absorption coefficient and tunable band gap of 1.5 to 2.0 eV. But these materials are thermally 
instable and moisture sensitive. In this paper, we report the synthesis of lead halide perovskites 
(CH3)4NPbI3-xClx with quaternary ammonium cations for solar cell applications. The UV-Vis 
spectroscopic studies revealed that the optical band gap of synthesized perovskite is 2.61 eV.  
(CH3)4NPbI3-xClx based Perovskite solar cell was fabricated in ambient conditions by usingTiO2as 
electron charge transport material and a PEDOT: PSS as hole transport material. The architecture 
of fabricated solar cell is conventional n-i-p type device structure. The open-circuit voltage (Voc), 
short circuit current density (Jsc) and efficiency of FTO/ c-TiO2/ (CH3)4NPbI3-xClx / PEDOT:PSS/  
Al  are 0.5 V,  6.7 mA / cm2 and 2.09 % respectively. These results shows that lead halide perovskites 
with quaternary ammonium cations can be used for fabricating stable photovoltaic devices.
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1- çLrkouk

isjksoLdkbV lkSj lsy ij yxHkx 14 o"kZ ls Hkh 
de 'kksèk vofèk esa tks ifj.kke çkIr gq, gSa] og lkSj 
lsy ds xq.kèkeZ ds vuqdwy o vkn'kkZRed gSA lkSj 
ÅtkZ dks fo|qr~ ÅtkZ esa ifjoÆrr djus dh mPp 
n{krk vkSj lkèkkj.k o lLrh QSfczds'ku rduhd ds 
dkj.k gh ;g lkSj vuqlaèkku dk dsUæ Çcnq cuk gqvk 
gSA bldh fo'ks"krk,a] tSls mPp vo'kks"k.k xq.kkad 
¼High Absorption Coefficient½  ¼yxHkx 105 
cm-1½ ¼1½] vfèkd folj.k yEckÃ ¼large diffusion 
Length½] rhoz xfr ls vkos'kksa ds vyx&vyx 
gksus dh çfØ;k  ¼fast charge separation process½] 
bysDVª‚u o gksy ¼charge½ dh vfèkd ifjogu nwjh 
¼long transport distance of electrons and holes½] 
cSaM varjky VîwusfcfyVh ¼band gap tunability½ 
¼2½ vkSj bysDVªkseSXusfVd LisDVªe ds foftcy o 
vYVªkok;ysV o.kZØe ds vfèkdrj Hkkx esa vo'kks"k.k 
{kerk ¼broad absorption spectrum½ dk gksuk gSA 
fofHkUu isjksoLdkbV ;kSfxdksa esa dkcZfud&vdkcZfud 
gSykbM isjksoLdkbV Hkh lfEefyr gS] ftldk 
lkekU; v.kq QkewZyk ¼molecular formula½ABX3 
gSA blesa A ,d dkcZfud èkuk;u ¼organic cation½ 
tSls CH3NH3+, B ,d èkkrq èkuk;u ¼metal 
cation½ ¼tSls Sn2+or Pb2+ bR;kfn ½ vkSj X ,d 
gSykstu _.kk;u ¼tSls F-, Cl-, Br- or I- bR;kfn½ 
gSA isjksoLdkbV feFkkby veksfu;e ysM vk;ksMkbM 
¼CH3NH3PbI3½ dks lcls vfèkd mi;ksx  esa yk;k 
x;k gS] ftldks la'ysf"kr djus ds fy, dkcZfud 
;kSfxd feFkkby veksfu;e vk;ksMkbM ¼MAI½ dk 
mi;ksx djrs gSa] vkSj eq[; ysM lkYV PbI2 ;k 
PbCl2 gksrk gSA

loZçFke 2009 esa] fe;kldk vkSj muds 
lg;ksfx;ksa }kjk yxHkx 3.8 % dh n{krk fjiksVZ 
dh xÃ FkhA blesa v‚xZuksesVy gSykbM isjksoLdkbV 
¼CH3NH3PbI3½ dks MkÃ&lsaflVkbT+M lkSj lsy 
¼DSSC½ vkÆdVsDpj esa MkÃ ds :i esa ç;ksx 
fd;k x;k Fkk ¼3½A  rhu o"kZ ls de le; esa 
gh ekbd yh] gsujh LuSFk vkSj muds lkfFk;ksa  
}kjk Mh,l,llh ¼DSSC½ ds rjy bysDVªksykbV 
dks Bksl gksy ¼charge½ ifjogu ijr ¼hole 
transport layer½ }kjk çfrLFkkfir djds 9.7% 
i‚oj :ikarj.k n{krk çkIr dh xÃ ¼4½A  bl 
;qfä esa] mp-TiO2 dks Spiro-MeOTAD dks Øe'k% 
bysDVªku VªkaliksVZ ys;j o gksy VªkaliksVZ ys;j ds 
:i esa mi;ksx fd;k x;k FkkA cqj'dk vkSj muds 
lkfFk;ksa ¼Burschka et al.½ us laosnh—r vkÆdVsDpj 
esa nks&pj.kh ysiu  çlaLdj.k dk ç;ksx djds 
15% ls vfèkd lsy n{krk dh  rduhd çLrqr 
dh x;h Fkh ¼5½A >ksm o vU; lkfFk;ksa ¼Zhou at 
al.½ }kjk ,d Iysuj gsVªkstaD'ku isjksOldkbV  lkSj 
lsy esa pktZ VªkaliksVZ ys;j esa okgd ¼carrier½ dh 
xfr'khyrk dks fu;af=r djds 19.3% n{krk dks 
fjiksVZ fd;k x;k Fkk ¼6½A ;kax o vU; lkfFk;ksa 
¼Yang et al.½ usa baVªkeksY;qyj ,Dlpsat o =qfV dks 
fu;af=r djds Q‚ÆefeMhfu;e ysM vk;ksMkbM 
¼FAPbI3½ fuÆer lkSj lsy esa yxHkx 20% ls 
Hkh vfèkd n{krk çkIr dh FkhA blesa Iysuj fFku 
fQYe vkÆdVsDpj ij ç;ksx gqvk Fkk ¼7½A  orZeku 
esa] isjksoLdkbV ¼dkcZfud vdkcZfud gSykbM rRo½ 
lkSj lsy esa yxHkx 25% rd dh dk;Z{kerk dks 
fjiksVZ fd;k x;k gS ¼8½A brus de 'kksèk dky esa] 
n{krk dh bruh o`f) vkdÆ"kr djus okyh gSA 
lgt çkS|ksfxdh çfØ;kvksa ls cuk isjksoLdkbV lkSj 
lsy de ewY; esa] lqxe o ,d lqugjs fodYi ds 
:i esa ns[kk tk jgk gSA isjksoLdkbV ys;j ikjn'kÊ 
gksus ds dkj.k bls flfyd‚u lkSj lsy ds lkFk 
VSaMse lkSj lsy ¼Tandem Solar Cell½ ds :i esa Hkh 
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vè;;u fd;k x;k gSA vHkh blesa dqN pqukSfr;k¡ Hkh 
gSa]  tSls& ueh ;qä okrkoj.k  esa çfrdwy çHkko 
ds dkj.k n{krk ,oa LFkkf;Ro  esa rsth ls fxjkoV 
dks fjiksVZ fd;k x;k gSA mPp rkieku vkSj ;woh 
fofdj.k esa isjksoLdkbV lkSj lsy dk çfr iy 
{kj.k gksrk gS vkSj xq.koÙkk esa deh vkrh gS] ftlds 
dkj.k lsy dk çn'kZu yxkrkj fcxM+rk gSA 2017 
esa] tQ+jt+knsg vkSj vU; lg;ksfx;ksa us ¼Jafarzadeh 
et al.½ us fLFkj isjksoLdkbV VsVªkfeFkkbyveksfu;e 
ysM vk;ksMkbM ¼TMAPbI3½ ds la'ys"k.k vkSj 
y{k.k o.kZu dks fjiksVZ fd;k gSA  blesa lkSj lsy ds 
vuqç;ksx dks ugh n'kkZ;k x;k gS ¼9½A cutÊ vkSj 
muds lkFkh ¼Banerjee et al.½ }kjk ysM jfgr VsVªk 
feFkkby veksfu;e isjksoLdkbV esa QksVksoksYVh; 
çHkko dks fjiksVZ fd;k x;k gS ¼10½A 

çkS|ksfxdh ds fodkl o vkS|ksfxdhdj.k gsrq 
vusdksa oSKkfud o 'kksèkosÙkkvksa dk lewg isjksoLdkbV 
ds fHkUu&fHkUu igyqvksa ij 'kksèk dk;Z dj jgs gSaA 
çk;% feFkkbyeksfu;e ¼MA+½ vkSj Q‚ekZfefMue 
¼FA+½ dks dkcZfud èkuk;u o ysM ¼Pb++½ dks dq'ky 
vdkcZfud èkuk;u ds :i esa ç;ksx fd;k x;k gSA 
Cl-, I- vkSj Br- gSykbM ?kVd tSls ç;ksx fd;s gSaA 
fHkUu&fHkUu gSykbM ¼Cl] I vkSj Br bR;kfn½ ç;ksx 
djds ÅtkZ varjky dks ifjoÆrr dj  ldrs gSa] 
ftlls isjksoLdkbV lkSj lsy ls bysDVªkseSXusfVd 
LisDVªe ds foftcy o vYVªkok;ysV o.kZØe ds 
lHkh Hkkxksa ij vo'kks"k.k lqfuf'pr dj ldrs gSaA 
vR;fèkd ikjn'kÊ  ZnO 
vkSj TiO2 ds iryh 
fQYeksa dks O;kid :i ls 
bysDVª‚u VªkaliksVZ ys;j 
vkSj ihbM‚V%ih,l,l 
¼ P E D O T : P S S ½ ] 
LikbjksehVsM ¼Spiro-
MeOTAD½ vkSj cgqyfdr 
,lMCywlh,uVh æO; 
dks gksy VªkaliksVZ ys;j 

ds fy, bLrseky fd;k tkrk gS ¼11½ ¼12½A ;gk¡ 
ge ljy vkSj de ykxr esa jklk;fud la'ys"k.k 
rduhd }kjk ,d fLFkj prq"d veksfu;e èkuk;u 
vkèkkfjr  ysM gSykbM isjksoLdkbV (CH3)4NPbI3-

xClx ds la'ys"k.k vkSj çdk'koksYVh; mi;ksx dh 
fjiksVZ djrs gSaA isjksoLdkbV TMAPbI3-xClx esa 
ikjEifjd èkuk;u feFkkby veksfu;e vk;ksMkbM ds 
LFkku ij èkuk;u VsVªkfeFkkbyveksfu;e vk;ksMkbM 
dk mi;ksx fd;k x;k gSA prq"d veksfu;e èkuk;u 
vkèkkfjr ysM gSykbM isjksoLdkbV dks cgqr gh lLrs 
dPps æO;ksa ls la'ysf"kr fd;k x;k gSA lkekU;r% 
blesa Hkh ,d dkcZfud ;kSfxd vkSj ,d ysM lkYV 
gSA (CH3)4NPbI3-xClx ij vkèkkfjr isjksoLdkbV 
lkSj lsy esa bysDVª‚u vkos'k ifjogu dks lqxe 
cukus gsrq TiO2 ,oa èkukRed vkos'k ifjogu ds 
fy,  PEDOT:PSS dk ç;ksx fd;k x;k gSA bl 
lkSj lsy dh ikjEifjd fMokbl lajpuk n-i-p 
çdkj dh gSA FTO@c-TiO2@(CH3)4NPbI3-

xClx@PEDOT:PSS@Al dk vksiu lÆdV oksYVst 
¼Voc½] 'k‚VZ lÆdV djaV MsfUlVh ¼Jsc½ vkSj n{krk 
Øe'k% 0.5 V] 6.7 mA@cm2 vkSj 2.09% gSaA

2- fMokbl lajpuk

bl dk;Z esa] ikjEifjd n-i-p ;qfä lajpuk 
¼device structure½ Glass@FTO@c-TiO2@
(CH3)4NPbI3-xClx@PEDOT:PSS@Al Øe'k% 
uhps ls Åij LVSdQ‚eZ esa fy, FksA fMokbl lajpuk 
fp= 1 esa çnÆ'kr dh xÃ  gSA 
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 2-1 ç;ksx ds fofHkUu rRoksa ds fo"k; esa 
tkudkjh

lHkh jlk;u lkefxz;ksa dks edZ] flXek ,fYMªp 
o flLdks fjlpZ yscksjsVjht çk- fy-ls [kjhnk x;k 
FkkA ftl :i esa çkIr gqvk Fkk] oSls gh ç;ksx esa 
yk;k x;k FkkA  blesa dksÃ vU; 'kqf)dj.k dk 
mi;ksx ugÈ fd;k x;k FkkA VsVªkesFkkbyveksfu;e 
vk;ksMkbM ¼TMAI, 99%½] ysM DyksjkbM ¼TMAI, 
99%½] MkbfeFkkbyQ‚ekZekbM ¼N,N DMF, 
99%½] VkbVsfu;e Mkbvkblksçksiksv‚DlkbM 
¼TTIP, 97%½] Çtd ikmMj ¼Zn, 99%½] 
gkbMªksDyksfjd ,flM ¼HCl, 99%½A i‚yh 
¼ 3 ] 4&ÃF k hy huM kbv ‚Dl h f F k; k s fQu&i ‚y h 
¼LVkbjhulYQksusV½½ PEDOT:PSS] ,Fksu‚y 
¼CH3CH2OH, 99%½] ,flfVd ,flM Xykflvy 
¼CH3COOH, 99%½ eq[; dPps inkFkZ FksA 

2-2 VkbVsfu;e MkbvkWDlkbM TiO2 ys;j fuekZ.k 
fofèk 

TiO2 l?ku ijr cukus ds fy, lksy&tsy 
rduhd Sol-gel Technique dk bLrseky fd;k 
x;k Fkk] ftlesa 2M Mkbvkblksçksiksv‚DlkbM 
¼CH3COOH, 99%½ ds lkFk mi;qä ek=k esa 4 
ml ,flfVd ,flM o 1 ml fovk;uh—r ty 
¼deionized water½ dk ç;ksx fd;k x;k FkkA 

2-3 isjksoLdkbV lfØ; ys;j (CH3)4NPbI3-

xClx dk la'ys"k.k

(CH3)4NPbI3-xClx ¼VsVªkfeFkkby veksfu;e 
ysM vk;ksMkbMDyksjkbM½ cukus ds fy, VsVªkfeFkkby 
veksfu;e vk;ksMkbM vkSj ysM DyksjkbM fy;s FksA 
jklk;fud fØ;k fuEufyf[kr gS % 

(CH3)4NI + PbCl2→ (CH3)4NPbI3-xClx

isjksoLdkbV lfØ; ijr (CH3)4NPbI3-xClx 
dks ,d&pj.k ysiu fofèk ls cuk;k x;k Fkk] tSlk 
fp= 2 esa fn[kk;k x;k gSA bl i)fr esa rjy æo 
dks ftlesa nksuksa vo;o gksrs gSa] lClVªsV ij fLiu 
dksÇVx ;wfuV }kjk ysfir djrs gSaA ysfir djus 
ds ckn FkeZy ,uhÇyx çfØ;k ds nkSjku gh ?kVd 
vkil esa fØ;k djds isjksoLdkbV dk fuekZ.k djrs 
gSaA (CH3)4NPbI3-xClx ¼VsVªkfeFkkby veksfu;e ysM 
vk;ksMkbM DyksjkbM½ cukus ds fy, VsVªkfeFkkby 
veksfu;e vk;ksMkbM vkSj ysM DyksjkbM dk mi;ksx 
fd;k gSA feFkkbyveksfu;e vk;ksMkbM ¼MAI½ ds 
O;kid vè;;u gsrq b"Vre ¼optimum½ ifj.kke ds 
vkèkkj ij VsVªkfeFkkby veksfu;e vk;ksMkbM vkSj 
ysM DyksjkbM dks Øe'k% 3%1 eksyj vuqikr esa 1-8 
wt% MkbfeFkkbyQ‚ekZekbM DMF esa ?kksyk x;k 
FkkA bl feJ.k dks g‚V IysV ij 1350C rki ij 3 
?kaVs ds fy, eSXusfVd fcV dh lgk;rk ls feyk;k 
x;k gSA ;g æo vR;fèkd ihyk vkSj le:i fn[kkÃ 
nsrk gSA 

एक चरण लेपन �व�ध 

Heat 

PbCl2+(CH3)4NI /DMF 

(CH3)4NPbI3-xClx 

c-TiO2 
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2-4 ;qfä fuekZ.k Device Fabrication 

lClVªsV ds :i esa ¶+yksfju MksIM fVu 
v‚DlkbM dksVsM Xykl dk ç;ksx fd;k x;k gSaA  
,d fuf'pr vkdkj  dk lClVªsV cukus ds fy, 
dVhUx o bÇpx çfØ;k dh x;h FkhA bysDVªkWM 
dh O;ofLFkr lajpuk r; djus  gsrq bÇpx çfØ;k 
vR;ar egRoiw.kZ gSA bÇpx çfØ;k esa Zn ikmMj] 
DI okVj ds lkFk 2 eksy HCl fy, x, FksA  
bl çfØ;k ds nkSjku ,sPNhd ,QVhvks ¼FTO] 
¶yksfju MksIM fVu v‚DlkbM½ vFkkZr og Hkkx 
ftuesa ,QVhvks vko';d gS] ml Hkkx dh lrg 
dks FkeZy Vsi ls <d fn;k x;k FkkA iSVuZ ,QVhvks 
dks çR;sd 20 feuV ds fy, lkcqu ds ikuh] 
fovk;uh—r ikuh] ,lhVksu vkSj vkblksçksfiy 
vYdksgy ds lkFk vYVªklksfuds'ku }kjk lkQ fd;k 
x;k FkkA mlds ckn DyhÇux çkslsl esa lClVªsV ls 
dkcZfud v'kqf) dks fudkyus ds fy, UV vkstksu 
Dyhuj esa 30 feuV j[kk x;k FkkA lkSj lsy cukus 
ds fy, isjksoLdkbV ds lfØ; ijr dks bysDVªku 
vkos'k ifjogu TiO2 dh l?ku ijr rFkk èkukRed 
vkos'k ifjogu PEDOT:PSS ijr ds eè; j[kk 
x;k gSaA vr% loZçFke fLiu dksÇVx ;wfuV dh 
lgk;rk ls 1800 RPM ij TiO2 uSuks ikÆVdy 
¼anatase½ dks FTO dksVsM Xykl lrg ds Åij 
ysfir fd;k x;k FkkA bl ijr dks :Vkby Q‚eZ 
esa vFkkZr l?ku cukus ds fy, 450oC ij 1 ?kaVs 
rkiHkêh ¼Furnace½ esa j[kk x;k FkkA TiO2 ds 
l?ku ijr ij isjksoLdkbV dh lfØ; ijr dks 
,d pj.k ysiu fofèk ls cuk;k x;k] vkSj fQj bls 
150oC ds rki ij 1 ?kaVs ds fy, j[ks FksA ;qfä esa 
isjksoLdkbV ys;j dh eksVkÃ yxHkx 400 nm gSA 
isjksoLdkbV ys;j ij PEDOT:PSS dh èkukRed 
vkos'k ifjogu ijr dh dksÇVx fd;s  FksA fQj 
blds Åij vY;qehfu;e esVsfj;y ds bysDVªkWM 
dks oSD;we ,okiksjs'ku Msiksft'ku esFkM ls cuk;k 
x;kA bldh eksVkÃ yxHkx 90 nm FkhA eksVkÃ 

dks oSD;we dksÇVx ;wfuV ds MhVh,e ls fu;af=r 
fd;k x;k FkkA 

3- midj.k o.kZu

fdFys lkslZ ehVj&2400 dk mi;ksx djds 
oksYVst & djaV dSjSDVfjfLVDl fy;k x;k FkkA 
blesa  lkSj ÅtkZ ds —f=e lzksr 100 mW@cm2 
dh rhozrk ds AM 1-5 ;a= dk ç;ksx fd;k  x;k gSA  
bldh rhozrk dks ,d Çlxy fØLVy flfyd‚u (Si) 
lkSj lsy ekud ls dSfyczsV fd;k x;k FkkA mRltZu 
LisDVªk dSjSDVfjfLVDl dks ofj;u djh bfDyIl 
¶yksjhehVj ¼varian cary eclipse fluorimeter½ 
ls fy;k x;k FkkA FkeksZ lkbafVfQd boksY;w'ku 
300 ls foftcy&vYVªkok;ysV o.kZØe (UV-Vis) 
esa vo'kks"k.k xzkQ fy;k x;kA fuekZ.k&çfØ;k esa 
gksyekdZ dk fLiu dksVj  HO-TH-05 e‚My 
dk ç;ksx fd;k x;kA bysDVªksM cukus ds fy, 
fgUn gkÃ oSD;we dksÇVx e‚My 12A4D ;wfuV dk 
bLrseky gqvk FkkA 

4- ifj.kke vkSj ppkZ

4-1 çdk'kh; vè;;u o fo'ys"k.k

lkSj lsy dh dk;Z djus dh fuiq.krk 
¼performance½ çdk'k ÅtkZ vo'kks"kd 
{kerk ls lhèks rkSj ij tqM+h gqÃ gSA fp=&3 
isjksoLdkbV ys;j dk vo'kks"k.k LisDVªk] lkSj 
LisDVªe jsat esa vo'kks"k.k dh iqf"V djrk gSA 
fp=&4 esa isjksoLdkbV lkSj lsy ¼lHkh ys;j 
lfEefyr½ ds vo'kks"k.k xzkQ dks fn[kk;k x;k 
gSA  blesa Hkh lkSj LisDVªe jsat esa larks"ktud 
vo'kks"k.k çkIr gqvk gSA isjksoLdkbV ds 
ikjxE;rk LisDVªk dks fp= 5 esa fn[kk;k x;k 
gSA blesa ikjxE;rk LisDVªk ds fljs ij rsth 
ls fxjkoV dks ns[k ldrs gSaA ;g isjksoLdkbV 
ds vPNs fØLVy fuekZ.k dks çnÆ'kr djrk 
gSA ikjxE;rk ds çFke vodyu ¼rjax nS?;Z 
λ ds lkis{k½ ls çkIr xzkQ ls cSaM varjky dk 
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vkdfyr eku yxHkx 2-61 eV fudkyk x;kA 

 
fp= 3 isjksoLdkbV lØh; ys;j  

dk vo'kks"k.k LisDVªe

fp= 4 isjksoLdkbV lkSj lsy dk vo'kks"k.k 
LisDVªe  ¼lHkh ys;j lfEefyr gS½  

fp=&5 ikjxE;rk LisDVªe  ds bulsV esa dT@
dλ cuke rjax nS?;Z λ dk xzkQ fn;k x;k gSA 
,d vU; esFkM V‚d IykV ¼tauc plot½ ls Hkh 
cSaM varjky dk vkdfyr  eku yxHkx 2-61  
eV ds fudV gh gSA fp= 6 esa  V‚d IykV dks 
çnÆ'kr fd;k x;k gSA  bl xzkQ esa QksV‚u 
ÅtkZ ds lkis{k ¼αhυ½2 dks n'kkZ;k x;k gSA  
isjksoLdkbV mRltZu LisDVªe  dks fp= 7 esa 

fn[kk;k x;k gS] ftlesa mRltZu Hkh foft+cy 
jsat esa ik;k x;k gSA blesa vfèkdre mRltZu 
yxHkx 435 uSuksehVj ds rjax nS?;Z ij çkIr 
gqÃ gSA mRltZu LisDVªk ds fy, æo lSaiy dks 
380 uSuksehVj ds rjax nSè;Z ij eksuksØkseSfVd 
çdk'k }kjk mÙksftr fd;s Fks vkSj mRltZu 
LisDVªe ¼emission spectrum½ dks 400 ls 750 
uSuksehVj ds chp çkIr fd;k x;k FkkA

  
fp= 5 isjksoLdkbV dk ikjxE;rk LisDVªk 

¼bulsV% cSaM xSi dk vuqeku yxkus ds fy,  
dT@dλ cuke λIy‚V ½

fp= 6 V‚d IykV ls vuqekfur cSaM  
varjky ifj.kke
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fp= 7 isjksoLdkbV (CH3)4NPbI3-xClx æo dk 
mRltZu LisDVªk

fp= 8 isjksoLdkbV lkSj lsy J-V vfHky{k.ku 
xzkQ

lkj.kh 1% Ýs'k lsy ,oa nks fnol mijkar lsy ls 
çkIr ifj.kke

iSjkehVj Jsc
(mA/
cm2)

Voc
(V)

FF η(%)

lsy

Ýs'k lsy 6-7 0-5 0-25 2-09

2 fnol 
mijkUr lsy

6-5 0-5 0-25 2-03

mYys[kuh; gS fd isjksoLdkbV gSykbM lkSj 
lsy dk fuekZ.k ç;ksx'kkyk esa lkekU; okrkoj.k 

esa fd;k x;k rFkk çkIr ifj.kkeksa ls ;g ifjyf{kr 
gksrk gS fd lkSj lsy ds vko';d çkpyksa  vkSj 
n{krk esa dksÃ ifjorZu ugÈ gqvk gSA  

4-2 bysfDVªdy y{k.k o.kZu

tSlk fp=&1 esa n'kkZ;k x;k gS fd çdk'k ,d 
isjksoLdkbV lkSj lsy ds ikjn'kÊ bysDVªksM 
ls gksdj isjksoLdkbV ijr ij tkrh gS rks 
vo'kksf"kr gksdj bysDVª‚u&gksy tksM+s cukrh 
gSA ;s vkosf'kr d.k ¼Charge Particles½ de 
caèku ÅtkZ ¼low binding energy½ ds dkj.k 
vyx gks tkrs gSA vkSj fQj bysDVª‚u o 
èkukRed vkos'k ifjogu ijr ¼electron and 
hole charge transport layer½ ds ekè;e ls 
lcafèkr bysDVªkWM rd igq¡prs gSa vkSj  fo|qr 
çokg ¼electric current½ mRiUu djrs gSaA 
oksYVst ,oa djaV dSjSDVfjfLVDl ,d fdFys 
lkslZ ehVj&2400 dk mi;ksx djds fy;k 
x;k FkkA —f=e AM 1-5 ds 100 mW@
cm2 dh çdk'k rhozrk esa çkIr xzkQ ls irk 
pyrk gS fd fMokbl  çdk'koksYVh; vuqç;ksx 
ds fy, mi;qä gSA bl (CH3)4NPbI3-xClx 
vkèkkfjr isjksoLdkbV lkSj lsy esa bysDVª‚u 
vkos'k ifjogu dks lqxe cukus gsrq c-TiO2 o 
èkukRed vkos'k ifjogu ds fy,  PEDOT:PSS 
ds iryh fQYe dk ç;ksx fd;k x;k gSA 
lkSj lsy dh fMokbl lajpuk ikjEifjd n-i-p 
çdkj dh gSA FTO@c-TiO2@(CH3)4NPbI3-

xClx@PEDOT:PSS@Al dk vksiu lÆdV 
oksYVst ¼Voc½] 'k‚VZ lÆdV djaV MsfUlVh 
¼Jsc½] fQy QSDVj vkSj n{krk Øe'k% 0.5 
V] 6.7 mA@cm2] 0-25 vkSj 2.09% gSaA 
J-V vfHky{k.k ifj.kke dks fp= 8 esa ns[k 
ldrs gSA  bu ifj.kkeksa ls Li"V gS  fd 
prq"d veksfu;e èkuk;u vkèkkfjr ysM gSykbM 
isjksoLdkbV (CH3)4NPbI3-xClx dk mi;ksx 
fLFkj QksVksoksfYVd midj.kksa ds fuekZ.k ds 
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fy, fd;k tk ldrk gSA fQy QSDVj cgqr 
gh de vkus ds dkj.k n{krk lhfer gks xÃ 
gSA isjksoLdkbV vkSj baVjQsfl;y ys;j dks 
b"Vre ifjpkyu dh voLFkk esa mR—"V ifj.kke  
fey ldrs gS] ftlesa vU; çkpyksa ds lkFk 
fQy QSDVj ds Hkh c<+us ds vklkj jgsaxsA 

5- fu"d"kZ

u, dkcZfud-vdkcZfud vkxsZfud gSykbM 
isjksoLdkbV TMAPbI3-xClx dk la'ys"k.k o y{k.k 
o.kZu fd;k x;k gSA isjksoLdkbV TMAPbI3-xClx 
esa ikjEifjd MAI ds LFkku ij TMAI dk ç;ksx 
èkuk;u ds :i esa fd;k x;k gSA FTO@TiO2@
TMAPbI3-xClx@PEDOT:PSS@Al ;qfä esa 2-09 
% photovoltaic n{krk çkIr gqÃ gSA v‚fIVdy 
vè;;u ls vuqekfur cSaM xSi 2.61 eV çkIr gqvk 
gSA lsy cukus ds fy, ;g rRo cgqr gh lLrk] 
ueh esa Hkh LFkkf;Ro dk  xq.k cuk;s j[kus okyk o 
vklku rduhd ds dkj.k mi;qä gSA

vkHkkj

QksV‚fuDl 'kksèk ç;ksx'kkyk] bysDVª‚fuDl 
,aM QksV‚fuDl vè;;u'kkyk] ia-jfo'kadj 'kqDy 
fo'ofo|ky;] jk;iqj] NÙkhlx<+] Hkkjr }kjk çnku 
dh x;h fuekZ.k ¼Fabrication½ vkSj y{k.k o.kZu 
rduhdh ¼Characterization Techniques½ lqfoèkkvksa 
ds fy, vkHkkjh gSA 

 Table of the Hindi equivalents for the technical 
terms
absorption vo'kks"k.k
coating foysiu] ijr p<+kuk
current density èkkjk ?kuRo
cutting dVkÃ
degraded state fuEuh—r voLFkk
device ;qfä
efficiency n{krk

emission mRltZu
etching fu{kkj.k] fudkyuk
evaporation ok"ihdj.k
excite mÙksftr djuk
fabrication lajpu
intensity rhozrk
layer ijr
lead Salt lhlk ued
optical çdkf'kd 
photovoltaic çdk'koksYVh; 
solar cell lkSj lsy
spectrum o.kZØe
synthesize la'ys"k.k
transmission ikjxE;rk
tunability Vîwu djus dh ;ksX;rk] 

leLoj.k'khyrk 
ultrasonication ijkJo.k
ultraviolet ijkcSaxuh
vacuum fuokZr
Visible xkspj] –';rk
Voltage oksYVrk
wavelength rjax nS?;Z

lUnHkZ % 

[1]	 Green, M., Ho-Baillie, A. and Snaith, H. 
(2014). The emergence of perovskite solar 
cells. Nature Photon 8, 506–514. 

[2]	 Eperon, G.E., Stranks, S.D., Menelaou, C., 
Johnston, M.B., Herz, L. M. and Snaith, 
H.J. (2014). Formamidinium lead trihalide: 
a broadly tunable perovskite for efficient 
planar heterojunction solar cells. Energy 
Environ. Sci., 7-982–988.

[3]	 Kojima, A., Teshima, K., Shirai, Y. and 
Miyasaka, T. (2009). Organometal Halide 
Perovskites as Visible-Light Sensitizers for 



55

ueu 'kqDyk] ch-xksiky —".kk ,oa lat; frokjh] ÞmPp n{krk lkSj lsy ds fy, prq"d veksfu;e èkuk;u ;qä -------Þ

Photovoltaic Cells. Journal of the American 
Chemical Society. 131 (17): 6050–6051. 

[4]	 Lee, M. M., Teuscher, J., Miyasaka, T., 
Murakami, T. N., Snaith, H. J. (2012) 
Efficient Hybrid Solar Cells Based on 
Meso-SuperstructuredOrganometal Halide 
Perovskite. Science, 338 (6107): 643–647.

[5]	 Burschka, J., Pellet, N., Moon, S.J., Baker, 
R.H., Gao, P., Nazeeruddin, M.K. and 
Grätzel, M. (2013). Sequential deposition 
as a route to high-performance perovskite-
sensitized solar cells. Nature 499, 316–319.

[6]	 Zhou, H.,Chen, Q., Li, G., Luo, S., Song, 
T.B., Duan, H.S., Hong, Z., You, J., Liu, Y. 
and Yang, Y. (2014).Interface engineering 
of highly efficient provskite solar cells. 
Science, vol. 345, 542-546.

[7]	 Yang, W.S, Park, B.W., Jung, E.H., 
Jeon, N.J., Kim, Y.C., Lee, D.U., Shin, 
S.S., Seo, J., Kim, E.K., Noh, J.H. and 
Seok, S.I. (2017). Iodide management 
in formamidinium-lead-halidebased 
perovskite layers for efficient solar cells. 
Science 356, 1376.

[8]	 National Renewable Energy Laboratory, 
Best research-cell efficiencies. https://

www.nrel .gov/pv/asse ts /pdfs /bes t -
research-cell-efficiencies.20200104.pdf

[9]	 Jafarzadeh, F.,  Javadpour, S.  and Shariat, 
M.H., Fabrication and investigation of a 
new highly humidity stable nanocrystalline 
perovskite, tetramethylammonium lead 
triiodide be used in solar cells, Ceram. 
Int. 43 (2017) 11552–11555 https://doi.
org/10.1016/j.ceramint.2017.05.030.

[10]	 S. Banerjee and R.N. Gayen, 
Tetramethylammonium based lead 
free perovskite active layer for solar 
cellapplication, Ceramics International 45 
(2019) 17438–17441.

[11]	 B. Krishna, G.Rathore, N. Shukla, & S. 
Tiwari (2021). Perovskite solar cells: A 
review of architecture, processing methods, 
and future prospects, Hybrid Perovskite 
Composite Materials, Woodhead 
Publishing, 2021, 375-412.

[12]	 Verma, A.K., Shukla, N. and Tiwari, S. 
(2020), Effect of ZnO ETL and MoO3 
HTL with PCDTBT:PC70BM-based BHJ 
organic solar cells, Nanomaterials and 
Energy  9:2, 245-252.

(..........i`"B 39 ls vkxs)

gkseh HkkHkk dh miyfCèk;ksa dks ns[krs gq, lky 1944 esa ek= 31 lky dh mez esa mUgsa çksQslj cuk fn;k x;kA cqgeq[kh 
çfrHkk ds èkuh M‚ gkseh tgkaxhj HkkHkk dh 'kkL=h; laxhr] ewÆrdyk] fp=dyk vkSj u`R; ds {ks= esa xgjh #fp vkSj 
idM+ FkhA 

Hkkjr dks ijek.kq 'kfä laiUu cukus ds fy, lky 1948 esa M‚ HkkHkk us Hkkjrh; ijek.kq ÅtkZ vk;ksx dh LFkkiuk 
dh vkSj varjjk"Vªh; ijek.kq ÅtkZ eapksa ij Hkkjr dk çfrfufèkRo fd;kA lky 1955 esa la;qä jk"Vª la?k }kjk vk;ksftr 
^'kkafriw.kZ dk;ks± ds fy, ijek.kq ÅtkZ dk mi;ksx* ds igys lEeysu esa M‚- gkseh HkkHkk dks lHkkifr cuk;k x;kA 
rRdkyhu çèkkuea=h tokgjyky usg: us Hkh dgk Fkk fd ge ijek.kq ÅtkZ dk nq#i;ksx ugÈ djsxsaA ysfdu] mudh e`R;q 
ds ckn ifj–'; esa vk;s cnyko us Hkkjr dh ijek.kq uhfr dks çHkkfor fd;kA Hkkjr dh lqj{kk dks ns[krs gq, rRdkyhu 
çèkkuea=h ykycgknqj 'kkL=h us Hkkjr dks ijek.kq gfFk;kj u cukus dh çfrc)rk ls eqä dj fn;kA o"kZ 1957 esa Hkkjr 
us eqacÃ ds djhc Vªkacs esa igyk ijek.kq vuqlaèkku dsaæ LFkkfir fd;kA o"kZ 1967 esa bldk uke HkkHkk ijek.kq vuqlaèkku 
dsaæ dj fn;k x;kA ;g gkseh HkkHkk dks ns'k dh vksj ls fouez J)katfy FkhA bl laLFkku us ,d fof'k"V ukfHkdh; 
vuqlaèkku laLFkku ds :i esa viuh igpku LFkkfir dh gSA vkt ;gk¡ ukfHkdh; HkkSfrdh] o.kZØenÆ'kdh] Bksl voLFkk 
HkkSfrdh] jlk;u ,oa tho foKku] fj,DVj bathfu;jh] ;a=hdj.k] fofdj.k laj{kk ,oa ukfHkdh; fpfdRlk vkfn egRoiw.
kZ {ks=ksa esa ewyHkwr vuqlaèkku gks jgs gSaA gkseh tgkaxhj HkkHkk us Hkkjr dks ijek.kq 'kfä laiUu cukus dk tks liuk ns[kk 
Fkk] og vius foLr`r Lo:i esa vkxs c<+ jgk gSA 

(Source & https://www-vigyanprasar-gov-in@isw@Father-of-indian-nuclear-program-dr-homi-jehangir-bhabha-hindi.html)




