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lkjka'k% fo|qr jklk;fud f=foeh; eqnz.k ¼bZ3Mhih½ ;k fo|qrjklk;fud ;kstd fofuekZ.k ¼bZlhbZ,e½] f=kvk;keh eqnz.k izfØ;kvksa dk ,d u;k :i gSA bl 
izfØ;k esa /kkfRod lajpukvksa ds fuekZ.k gsrq /kkfRod vk;uksa dk muds foy;uksa ls ,d leqfpr foHkokUrj dk iz;ksx dj ,d lqpkfyr lrg ij oS|qr 
jklk;fud U;wuhdj.k fd;k tkrk gSA mijksä /kkfRod d.kksa dks ijr&ijr :i esa tek djds okafNr f=kvk;keh vkdkj izkIr fd, tk ldrs gSaA bl rduhd 
dk laHkkfor iz;ksx f=kvk;keh ekbØks vkSj uSuks&/kkrqjlk;fud lajpukvksa dks cukus esa fd;k tk ldrk gSA bl v/;;u esa] bl izfØ;k dks igyh ckj  
/kkfRod uSuks&d.kksa ds ,d&pj.k la'ys"k.k ds fy, ,d ubZ rduhd ds :i esa mi;ksx fd;k x;k gS] ftudk iz;ksx i`"B&laof/kZr jeu LisDVªksLdksih 
¼,lbZvkj,l½ gsrq fd;k x;k gSA ,lbZvkj,l ,d ,slh izfØ;k gS ftlesa jeu izfØ;k dk mi;ksx djds fo'ys"; inkFkZ dk v/;;u fd;k tkrk gSA blesa] 
laosnd v.kq dks ,d fo'ks"k /kkrq dh ijr ij tek fd;k tkrk gS] ftlls jeu laosnu'khyrk esa o`f) gksrh gS vkSj fo'ys"; v.kq dh [kkst dh tk ldrh 
gSA ;gk¡ ij jtr uSuks d.kksa dk iz;ksx fofHkUUk nokvksa ds vUos"k.k gsrq fd;k x;k gSA bu d.kksa ds ek/;e ls izkjafHkd jeu ladsrksa dks 107 ds Øe esa  
laof/kZr fd;k tk ldk gSA uSuks Lrj ij ,d fu;af=kr rjhds ls eqnz.k djus dh {kerk bl izfd;k ds ckjs esa ;g lqÖkko nsrh gS fd ,lbZvkj,l ijrksa dks brus lVhd 
,oa lqyHk rjhds ls cuk, tkus dh {kerk gS tks bl izfd;k esa gS og fdlh vU; fof/k dnkfpr gh gksA

eq[; 'kCn% fo|qr jklk;fud f=foeh; eqnz.k] i`"B&laof/kZr jeu LisDVªksLdksih 
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ABSTRACT
Electrochemical three-dimensional printing (E3DP) or electrochemical additive manufacturing (ECEM) is a new form of three-dimensional 
printing process. In this process, metal structures are formed by electrochemical reduction of metal ions from their solutions onto a conducting 
surface using a suitable potential difference. The desired three-dimensional shapes can be achieved by depositing the above metallic particles in 
a layer-by-layer manner. This technique has potential applications in creating three-dimensional micro- and nano-metallochemical structures. In 
this study, this process has been used for the first time as a new technique for the one-step synthesis of metallic nanoparticles, which have been 
used for surface-enhanced Raman spectroscopy (SERS). SERS is a process that uses the Raman process to study an analyte. In this method, 
the sensing molecule is deposited on a special metal layer, which increases Raman sensitivity and allows for the detection of the analyte. Silver 
nanoparticles have been used to investigate various drugs. These particles have been shown to enhance the original Raman signal by an order of 
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ifjp;
bZ3Mhih mu izfØ;kvksa esa ls ,d gS] ftlds }kjk /kkrq lkexzh dh 

uSuks ;k ekbØksu Lrj ij fiazfVax gksrh gSA bl izfØ;k esa] LFkkuh;Ñr 
fo|qrjklk;fud /kkrq fu{ksi.k ds fl)kar dks ,d ;ksxkRed fofuekZ.k 
izfØ;k ds lkFk feyk;k tkrk gS rkfd /kkrq d.kksa dks dejs ds 
rkieku ij lh/ks daI;wVjkbTM fMt+kbu Qkby ls mRikfnr fd;k tk 
ldsA1]2 ;g izfØ;k ikjaifjd bysDVªksIysfVax izfØ;kvksa ij dbZ ykHk 
iznku djrh gSA ,d ckgjh :i ls ykxw oksYVst ck;l foy;u esa 
vk;uksa dks lClVªsV ij ekbxzsV djus] vk;uksa ds U;wuhdj.k djus 
vkSj lClVªsV ij ,d Bksl fu{ksi.k cukus dk dkj.k curk gSA3 iwjh 
izfØ;k dejs ds rkieku ij gksrh gS] ftlls ikjaifjd izfØ;kvksa esa 
ns[kh tkus okyh rkih; nks"kksa ls cpk tk ldrk gSA

bZ3Mhih esa ijek.kq&Lrjh; xq.koÙkk mRiUUk djus dh {kerk gS 
vkSj lkFk gh ;g uSuksizkS|ksfxdh ds fy, vfo'oluh; Lora=krk 
iznku djrk gSA4 bZ3Mhih esa gky dh izxfr vkSj bl {ks=k esa py jgs  
vuqla/kku ds dkj.k ;g izfØ;k dbZ vuqiz;ksxksa ds fy, egRoiw.kZ cu xbZ 
gSA5 bUgha vuqiz;ksxksa esa ls ,d gS ,llhvkj,l milrgksa dk fuekZ.kA

,llhvkj,l ,d rduhd gS tks /kkrq uSuksd.kksa dh lrg ij 
vo'kksf"kr v.kqvksa ls jeu fc[kjus okys QksVkWuksa dk irk yxkdj 
fo'ys"; inkFkZ dh lajpuk dk v/;;u djrh gSA6 bl ekeys esa]  
/kkrq uSuksd.kksa }kjk LFkkuh;Ñr lrg IykTeksa ¼,y,lih½ izsfjr fd, 
tkrs gSaA ,y,lihvkj ds lkFk milrg dh lrg ij vo'kksf"kr 

v.kqvksa ls tqM+s jeu ladsrksa dks cgqr vf/kd ¼104 ds Øe Hkh cgqr 
vf/kd rd½ c<+k;k tk ldrk gS] ftlls laosnu'khyrk c<+rh gSA 
,llhvkj,l dh vPNh laosnu'khyrk gksrh gS vkSj ;g egRoiw.kZ gS 
D;ksafd bls vR;ar de lkanzrk ij Hkh v/;;u fd;k tk ldrk gSA7]8

;gk¡] flYoj milrg dks bZ3Mhih fof/k dk mi;ksx djds fiazV 
fd;k x;k gS vkSj ,fLifju fMVsD'ku ds fy, ,llhvkj,l lfØ; 
milrg ds :i esa ijh{k.k fd;k x;k gSA bZ3Mhih izfØ;k dh foLr`r 
ppkZ izk;ksfxd vuqHkkx esa ikbZ tk ldrh gSA izLrkfor bZ3Mhih  
fof/k dks vHkh rd ,llhvkj,l lsalj ds vuqiz;ksx ds fy, ijh{k.k 
ugha fd;k x;k gSA izkIr ,llhvkj,l lao)Zu dkjd bl ckr dh 
iqf"V djrk gS fd fudV Hkfo"; esa uSuksizkS|ksfxdh esa bldk cgqr 
laHkkfor mi;ksx gSA

fØ;kfof/k
;gk¡] ;gk¡] jtr uSukslajpukvksa dk mRiknu ,d gh pj.k esa  

i wjk fd;k x;k tSlk fd fp=k 1 es a fn[kk;k x;k g SA  
vko';d T;kferh; lajpuk dks CAD ekWMfyax lkW¶Vos;j dk mi;ksx 
djds mRikfnr fd;k x;k vkSj ITO milrg ij ekmaV fd;k x;kA 
AgNO3 ¼bysDVªksykbV½ dk ,d tyh; ?kksy ,d flfjat&uksty 
vlsacyh esa Hkjk x;k] ftls fiazVj ds fiazV gsM ¼MCube 3D  
ElectroDip½ ls tksM+k x;k FkkA IysfVue ¼Pt½ rkj] ftls 0-005 
eksy AgNO3 tyh; bysDVªksykbV esa Mqcks;k x;k Fkk] ,uksM ds :i 
esa dk;Z djrk gSA

107. The ability to print at the nanoscale in a controlled manner suggests that this process has the potential to create SERS layers with a precision 
and ease that no other method can.
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fp=k 1 — bZ3Mhih izfØ;k }kjk jtr uSuksd.kksa ds fuekZ.k dk ;kstuk fp=k
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ITO IysV dSFkksM ds :i esa dk;Z djrh gSA ,d daI;wVj&fu;af=kr 
iz.kkyh ds lkFk] ,uksM xy fn'kk esa py ldrk gSA tc uksty ITO 
ds i;kZIr djhc gksrk gS vkSj mi;qä oksYVst vkiwfrZ dh tkrh gS] 
rks uksty vkSj ITO IysV ds chp ,d eghu esfuLdl curk gSA 
bl esfuLdl dk mi;ksx djrs gq,] tks fiazV gsM ds lkFk ,d nh xbZ 
fn'kk esa pyrk gS] bysDVªksykbV ?kksy esa jtr vk;uksa dks U;wuhdj.k 
vfHkfØ;k ¼Ag+ + e− = Ag½ ds ek/;e ls vko';d jtr uSuks 
lajpukvksa ¼3DPAg-As½ dk fuekZ.k fd;k tkrk gSA

ifj.kke ,oa foospuk
• vfHky{k.ku

fp=k 2 esa ITO ij rS;kj fd, x, 3DPAg-As milrg 
dk X& fdj.k foorZu ¼XRD½ LisDVªk n'kkZ;k x;k gSA 3DPAg-
As XRD LisDVªk esa Ag ds lHkh izeq[k XRD f'k[kj fn[kkbZ 
nsrs gSa] ftlesa fdlh Hkh v'kqf);ksa dk ladsr ugha gS] tks bldh  
fØLVyksxzkfQd Qst 'kq)rk dh iqf"V djrk gSA

3DPAg-As milrg dh IykLeksfud izÑfr dk v/;;u  
UV-Vis ekiuksa dk mi;ksx djds fd;k x;k ¼fp=k 3½A 

fp=k 3 dh QhYM&bfe'ku LdSfuax bysDVªkWu ekbØksLdksih  
¼FESEM½ Nfo esa lewghÑr uSuks&fØLVyh; lajpuk dk fuekZ.k 
fn[kk;k x;k gSA ;g ,llhvkj,l gkWV&LikWV {ks=kksa dks Hkh n'kkZrk gSA 
d.kksa dk ,d=khdj.k vkSj ^gkWV LikWV~l* dh mifLFkfr bu uSuksd.kksa 
dks ,llhvkj,l vuqiz;ksxksa ds fy, mi;qä cukrh gSA

• ,llhvkj,l v/;;u
fp=k 4 esa ,d ITO milrg ij 0-1 M ASA dh jeu LisDVªe 

¼0.1 M ASA@ITO½ ds lkFk] ,d 3DPAg-As milrg ij  

10-6 M ASA dh lacaf/kr SERS LisDVªe ¼10-6 M ASA@3DPAg-
As½ dks fn[kk;k x;k gSA ITO ij ASA us cgqr de rhozrk ds lkFk 
ekWyhD;wyj vf/kfØ;k,¡ izdV dhA gkykafd] ASA dks 3DPAg-As 
milrg ij MªkWi&dkLV djus ij] jeu flXuy dks dkQh c<+k;k x;kA 
jeu flXuy esa bl o`f) dk eq[; dkj.k 3DPAg-As milrg esa 
pkanh ds uSuksd.kksa ds LSPR vkSj bu uSuksd.kksa ds pkjksa vksj etcwr 
fo|qr {ks=kksa dk mRiUUk gksuk gSA

1500 lseh&1 ls de LisDVªy {ks=k esa dbZ jeu cSaM~l ns[ks x,A 
fo'ks"k :i ls] ,LVj lewg igys 1015 lseh&1 ij ,d foLrkj.k eksM 
ds :i esa izdV gqvk] ftlds lkFk 1046 lseh&1 ij Qsfuy lewg 
dh detksj fjax 'okl fn[kkbZ nhA blds ckn] CH eksM dks fuEu 

fp=k 2 — 3DPAg-As milrg dk X& fdj.k foorZu LisDVªk

fp=k 3 — jtr uSuksd.kksa dh FESEM NfoA

fp=k 4 — 0-1 M ASA@ITO dk jeu vkSj 10&6 M ASA@3DPAg-As 
milrg ds lacaf/kr ,llhvkj,l eki.kA
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LisDVªy {ks=k esa ns[kk tk ldrk Fkk] tks 1145 vkSj 1192 lseh&1 ij 
izdV gqvk] ftlds ckn 1296 lseh&1 ij dkcksZfDly lewg ds foLrkj.k 
eksM fn[kkbZ fn;kA Qsfuy lewg esa dkcZu v.kqvksa dk foLrkj.k eksM 
1606 lseh&1 ij ik;k x;k] lkFk gh 1622 lseh&1 ij dkcksZfDly 
lewg ds CO foLrkj.k daiu Hkh feykA

tSls gh ,fLifju dh vk{ksi.k lkanzrk de gksrh gS] mlds ihd 
vk.kfod dEiu dh etcwrh Hkh de gksrh gSA bldk dkj.k ;g gS 
fd de la[;k esa v.kqvksa vkSj de vk.kfod dEiu gksrh gSa] ftlls 
10&8 M ls de ,fLifju dh vk{ksi.k lkanzrk ij mldh dEiu dks 
irk yxkuk eqf'dy gksrk gSA izLrkfor ,llhvkj,l&lfØ; jtr 
uSuksd.k milrg dk ik;k x;k fd og 10&9 M ¼vR;ar detksj 
flXuy½ ij Hkh ,fLifju ds v.kqvksa dks igpku ldrk gSA bl rjg] 
bZ3Mhih }kjk cukbZ xbZ jtr uSuksd.k milrg 10&8 M ds yxHkx 
,fLifju dh vk{ksi.k lkanzrk dks irk djus ds fy, laosnu'khy gSA

• o`f) dkjd ¼EFs½ x.kuk
3DPAg-As milrgksa ds fy, ASA ds lkFk vkSlr ,llhvkj,l 

EFs dks lehdj.k ¼1½ dk mi;ksx djds fu/kkZfjr fd;k x;kA

EF = (ISERS/ INR)x(CNR/CSERS) ¼1½

;gk¡] ISERS vkSj INR lacaf/kr :i ls ,llhvkj,l vkSj lkekU; 
jeu esa ns[kh xbZ lesfdr izfrf"Bfr;k¡ gSaA tcfd CSERS vkSj CNR 
,llhvkj,l vkSj jkeu LdSVfjax ds fy, mi;ksx dh xbZ ASA 
foy; dh lkanzrkvksa dks iznf'kZr djrh gSaA

,llhvkj,l vkSj lkekU; jeu eki.kksa ds fy, ASA dh 
lkanzrk;sa Øe'k% 10&6 vkSj 0-1 M yh x;h gSaA 1606 cm&1 ij ASA 
cSaM dk mi;ksx EF x.kuk dks fn[kkus ds fy, fd;k x;k gSA foLr`r 
EF x.kuk fuEufyf[kr gS%

gekjs ikl] ISERS ¾ 48]866] INR ¾ 786] CNR ¾ 0-1 M] 
vkSj CSERS ¾ 10&6 M gSa

lHkh ekuksa dks lehdj.k ¼1½ esa Mkyus ls%
EF = 2-02×107-

ifj.kke
geus 'kq) jtr ds uSuksikfVZdy milrgksa dks cukus ds fy, bZ3Mhih 

izfØ;k dk izn'kZu fd;kA bu milrgksa dk ijh{k.k ,fLifju ds irk yxkus 
ds fy, ,llhvkj,l milrgksa ds :i esa fd;k x;kA milrgksa dks 3-0 V 
ij fu{ksfir fd;k x;k vkSj fQj fofHkUUk rduhdksa dk mi;ksx djds mudk 
pfj=k.k fd;k x;kA FE-SEM v/;;u us ITO ij leku :i ls forfjr 

jtr ds d.kksa dh mifLFkfr dh iqf"V dhA blds vfrfjä] bZ3Mhih&fiazVsM 
jtr us ikuh esa 10&6 ls 10&9 M lkanzrk ij ,fLifju ds irk yxkus ds 
fy, ,llhvkj,l milrgksa ds :i esa mRÑ"V xq.k fn[kk,] ftlesa o`f) 
dkjd 107 vkSj 10&8 dh U;wure tk¡p lhek FkhA bl fof/k dk mi;ksx 
djds vfHkyf{kr vkdkj ds ,llhvkj,l milrgksa dks fiazV fd;k tk  
ldrk gS] tks uSuksizkS|ksfxdh ds fy, vfo'oluh; Lora=krk iznku djrk gSA

vkHkkj
us=kiky flag lh,lvkbZvkj] ubZ fnYyh] Hkkjr dks usV&,lvkj,Q 

¼Qkby uacj 31@041 ¼0080½@2019&EMR-I½ ds fy, /kU;okn nsuk 
pkgrs gSaA ys[kd funs'kd ,Eizh Hkksiky dks iz;ksxksa gsrq vko';d  
lqfo/kk,¡ iznku djkus ds fy, /kU;okn Kkfir djrs gSaA
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