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6HD WXSSRWY WQ IIPV R YOURXY PDMIDY DM DZDV
UG DV \BLIHV 1RUWH H SHIP HOW 1Q QFBDU SK PV DG
QFBIUAHP MY 7 KH VBLIHASEDDIRY LV 0 HAHIMDWAS |RU
JHAQ) \MQ DG XQURP \VHD \KSSRWY 1RO R BH X\HG LQ \KH
H SHIPHQVR Q®FOIU WIRIRY ZIW (R BHLP DG ROUHS
SDMFBY
3XBRH R SUEIH WH \MQ ILPV R OMDORKURP P 1Q \KH
WQYHR P D/LMV\R EH X\HG D/ D \BLIHMQ \WH
SURSRHG \KURIDM QFODUWRNRO H SHIP HWVEXURIDM QB
UTRNRQWAKQTXHLY DQLQAWAWZ D R GHMP LQQ) RRW HRIRYY
R D QFBIU VLAY PDQD XVHG IRUWH ADH ZKHH QUHFW
H SHIP HQBD PHDXUPHQVR  RIRW\VHRIRD 1V QR SRIMED]
" XUQ) WH IXVRQ URRU RSHIDIRY D MUH QP BHUR (R QvHG
WDARQFIGYVDHSFOAGOH 0 Q W ( \HU )HW
\HU 1L ( \HU 6RWHHDMHDOUHQ®P BUR
FKDQRHY WDAGHAWRQ JHAHRAZ [ \WHH B @YHG QARIGHY 7KH
LP SRMIQAWHIXP DQGK\ GIRIHD SURSANRQUHTAMRY/ R WHHERY
QYHG WERFIGH GOG R \WH\Z HIXY 06 HP EUMWBP HOAR \KH
\KUKFMUDCDQG Z DEP DAY DVKHIXP DQG K\ GIRIHQ CFRXP XOWM DV
QI HHQVGADNRY/ LQIGH WH XMRQ WIRRU  7KXV IWLY YHY
LP SRMIDVVR VMG WH QWD LGS RIRWVHRRD ' LUHFW
P HDWUHP HOAR GHANRO LQBAHE FURW VFRIRQ R \WHH QRIGH/ LY
H WP HD GILEXODAKH GRGRW LA DM
"HEGG VMG R )HQS UTRNRD FRWVHRAIRY KDV BHD
SHURPHZHAMHU  $1WUDIV\ L) DODWH FRIBMWRY /L &U
A£G )H  WIRNRKD/EHD SURSRHS DD \KURIDM QB
UGLANROR WHQ )HA )H A£S 0 QUIRRY (\WPDM
R FKURP LXP \BLIHAMENGHY L FOBXOMG B\ 65,0 FRGH \BNQ)
PIQPXP HHI\ BW (v . H RIGAGQWNL BHP (.
0H  &KURPLXP LVD\WDQAMRY P HEDKDALY D KAHD

JWD OMARXY DQG KOG WY RERMBW \BWMBWY DQG P DEBLEB! W
KD/D P HIWY \WP SHDMH R CERW  Re COXH\R W
KUK YDSRXU SUAXXUH DAVWH PHIMY WP SHDMMH XQG-U KUK
YOROP  FRQAMRQ \KETP DINRQ P RUH \WDQ D P HIY SURFHW/ BN/
SoH P%U OB W GIHMHW DRESHY  &U

&U &U oG &U , QWHSUAHONP DQARUSW
WH PHNRGRRI\  ZH KDYH DEROAG |RU WH SUEDDIR) R \HD

\KSSRWQ) WQIL® R FKURP LXP R \MIENGHW TP KV
EHOAAXWHGIQGHBIY

&KRFHR \WHSURAHW

) RUILQEQY \WH CESURSUDM SURFHW Z H\MGHS \WH SURSFURQ R
AUPLP WQ I WBRWG 1Q \WH OMDMH $ YDUHWV R
SUHSDUDNRQ\WAKQTXHYKDYHEHHQ SURSRHG\R SURSFHWHMO LB
R &U \HD \XSSRWY R) VEWDM LFOAQ) RO P HKRG
HBAWRY BHP GERMR) HPRARSOAY \KHIP DD HYCESRIDARY
WRKQTXH DO5 SXOH @A GBRIMRY +RZHHIQZ IRAMY Z W
ROWP 1] H3 SURAHW/ SDUIP HAMY | RURBVILQQ) \WHVHD \KSSRWY \MQ
P GERMRY 1O WH GMUG WQH R WANGAW UPDQ )
LOMBD) \XEMPN

$WILLIHIRWZ HWIHG \R SUEDH\WHWMQ IL® R &UE URTIY)
PHMG FRBRD 5RIQ) VYHY HILAHWP HKRG I RUSIRSAQ)
MUANHUVHD \KSSRMGY VBLJHNV $V&ULY YHY EUNEBI VR DAKH WP H
R URTQ) W2 D/ BR\HQ LQR SHAHY DG Z DY GRABRMED! R JHAD
WMOQIL® R RGU P B URIQ PHARG

. XHQ HVDD GHAIEHS WH SUEDDIR) R \HD \XSSRWQ)
PHBIF IRYR \HYHDORKURP P DRRSHVE. HPRURSDIY : H
KOH\WHG\WH\MOQ P G-BRIMRQR &UE\ HPRURSDIY P HKRG
© HG-BRMGWHE& URQQANHIDQG FRSSHVXEWDM 96ANDARHWP H
R UP RYDOR \XEVADM IWZ DV GRABRMED! VR JHAD VHD \XSSRWY)
WMOIL® DVSHIRUBIXUP HONV g

&RINGREEQI DWRU 7HD 1D
( POCDGAMW BCZ @D S# JPOCHRP

< -0 66( $ @UWKWUAHYHS



<TZ DHADO &KURP XP \BUI HABUHSDUDINRQ I RUWH P HDWKUHP HOAR QXRBDUAY | RUIXMRQWHKGRERI\

<RKIDNL 8 P XUD HMID  GVAXWHG \WH SUHSDIDIRQ R YOURXY
HBP HQV WIQ 1> B HPRARQ JXQ H BHP G-BRIMRY P HANRG
DQG CRKIHYHG \WH VHD \KSSRWY) \WIQILA® R PJFP ,QRU
VMG ZHDORWHGZ W H BHP G-BRIMRQ W JHANHWMANHNVR
SUWIQIL® DRXG — P HKDHGERIAGRKURR IXP
RQWHJI@W P LFIR\VIGH/ XMQJ 7 H-BRODQG 1 D&AILEP VDV DUHBDH
SO DIHQVAAWHG-BRIMRQR &UZ DVQRXQIRP : HWHG
R GDAKHHEUINLE VRQWHZ DRUBXARUGG QRASDDM I URP \KH
UHBDHDIHQV

WAUIIW  HADD  UHHQ® SUHEDFGWMQIL® R DRRSF &UR
WHP DOHYDSRIDNRQWRKQTYH [QWHUDQIHR &P Q
RUZRN ZH SHIRP FRPSBIM WG R @MDO&U \WQ I
G-BRIMR B\ \WHP COHYDSRUIDINRY WHKQTXH 005 JRMKFFHW \R
DFKIHYHWHGAMUHG\WMENGHWR - DURXQG —JFP : HKDH
RSWP (] H5 WH SURFHW SOUIP HMY R \KHP DOHYDSRUIDARQ P HKRG
VR JHAMKH G-MUHG \WLENGHW —FP R QOMID&UWHD
KSSRWY) WIQII®  Z KIFK Z LOEH XVHG DV DVBLIHALQ \WWH QB
SKAMEVH SHIP HQV7 KHIGZ FKOWRSPEUWQ L M QMHLVIQ
WIVVNG [VRAEGGLO) LI

Natural Chromium
chunks

Powdered by mortar and pestle

7.3-9.3mgs of nat Cr
kept in blank tantalum
crucible (boat)

Distance b/w boat and Cu
substrate
16mm-21mm

eVacuum5 * 10°° mbar

Evaporation process in the
thermal evaporation plant
eCurrent 195-200amp

l Heat treatment for 3 min and then cooling for 30 mins
Sandwich the deposited Cr-
Cu foil b/w two SS frames.

+

1 Immersed the above '

assembly in dilute nitric acid
(~ 40 %-20%)

natCr thin film

YIXUH ) GZ FOWEXVADAL) \KHSUIRFHGXUHI RANHSUHEDDARQ
R P&UMQIIP

([ SHIP HED
" FERWRQR &KLRPLXP RQ&.X 6XEVADM

$ 7DQN0P BROMDYQ) GIPHAMUR PP DOGKHIKWERXW
PP ZDVARIGHAMS\R\ER ARSSHUHBRUREY) L) 7KLY DXHP ED
Z D/N-BAIQWKH YORXXP KT EHUDQG HYCRXOMS R \WH SURXKUH R
CERWuU P EDJ7KHP DO YOSRIDNRQVHAKS MKRZ QLQ) L
7KHQ\BQEOP RXAE®IZ D/EDQN KHDMG IR P LOARY\R UHP RYH
DQ [P SXUMAY/ LI DADEDSUAHQAIQ IWS$ I\WMUFRRIQ) \WH HDRARGH/
DQG\BQEDP ERDMAHDIUZ D/UHBDHGLQWHRKTP BHU SXH
AURP LXP AOQWR DERW  PJIVZHHSRZGHIGE PRMUDEG
SHI®1 ) P WIVSRZGHU P JIVSRZ GUZ DV SWQ WH\BQEDP
ERON

&FP P HADD DOMEBEX IRCKDMQ) DWANHNVR P LARY
ZD/FBDQG B GOWM QWIF CAG R GMWRYH WH LP SXUMHY DG
R LG/ SUVHWVDQG WHD B LVRSURS\ ODBRARO $ 1WU \WDAMZ D/
FRGRBG\WRIFAKHWMENGAWR  PLERYY Z KIFK Z DVPXAWWQR

DIROR DBRW PP u PP 7KHZHIKWR &X IROZD/

PJ 7KV&XIROZD/N-BADADGWIFHR PP IURP \KH

RS R \WH\EQEDP ERDVRQWH DOPLQ®P P DN KDVIQJ DKRBIR

PP QCPHA N-BARQ WH BDNV WG 2 QMY ARSSHUIROD

P LAR JOW \@CH Z D/ N-BAR DYRG WH P RUIREQ) R \WH
&X |ROCDAKRHW HR HYDSRIDIRY DAKRZ QLO) L

) LIXWH 7 DQEXP ERONARQCHRAMG BHE HQ FRSSHUHBRRRG

) LIXWH  7KHP DY YDERDARQ6HAKS

)LUXWH 0 IRR IOWMVOGHRQFRSSHUIRO

7KH JOW TP BHUZ DV HYOPOMS R CERAW U PEDUDEG

DURQZ DVl OMKHE\WUFHLQR\KH AKCP BEHAR UHP RYHOUP RBFXGV
7KHQ WY FKOP BHUZ DV DIDQ HOPOMG LQWID \R ~ PEDUR
UREY SXPS DIGWHOW U PEUR ROGIXMRQSPS 7KH
PXUHR CP S Z DV SDAHG WURKIK WH FRSSHUHBRARGH/
\R D \BQEDP EROV WURAIK D WBQMRPHJ YID 9$5,$& 7KH
KHDMY) Z DV ARQMXHG | RUWUHH P LMY $1I\WWU - P LQV PXUHQAZ DY
WRSSHG 7 KH FKOP BHJ Z DV DIRZ HG R FRROGRZ Q |RU CERW
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<TZ DHADO &KURP XP \BUI HABUHSDUDINRQ I RUWH P HDWKUHP HOAR QXRBDUAY | RUIXMRQWHKGRERI\

PLQ/ 7KHQ WH &U G-BRUWS ARSSHU IRO ZDY WP RYHG DG
ZHIKHS 7TKHZHIKWR FRSSHUIRODEY) Z W G-BRIWMG &UZ DY

PJ 7KHLAHDH IQ ZHIKWWKRZV WDV PJ R &UJRW
GBRIMMGRO&ERSSHUIRO 7 KHVRBDSUGSRIWGDHDZ DY &P
DVY\KRZQLQ) LJ 7 KONV WHWIENHV R &UGBRIWSZ DY
PJFRP

) LUIXWH  &KURP XP G-BRWWG RQWHFRSSHU

" IMRWROR &RSSHU
7KH &UGBRIWG &RSSHJIROZ DV VO LHKHG 1Q BHEHQ IR

WHQBW\M-OBUIHVUP WVKMQ DBDR PP u PP DQG
PP AIPHMKRB D/ \KRZQIQ)L) B WH\RUZV 7KHH
\DQEZ LFKHG [P HY/ Z HH P P HYHG LQ GOWS QWIF CAG D/

\KRZQIQ) L) DUGN-BWWRUCSSIR LIPDM  PLQV $IWU P LQVIW
Z D/ REVHYHG WDNIEDWH FRSSHUZ DV GMRYHS DG SXUHFKURP LYXP
I Z DVIQEFNQERE H-QWHI P B/

&X +12 o &X 12 12 + 2 « «

8MQ) \OP H SURHBWH ZH KDYH SUSDBG  PRH &UVBIHV R
WLENQHW PJPVFP DG PJPVAP D/WKRZQIQ) L
B YDULQ WH ZHIKWR &USRZGU WANGHV R &X 1RO
AMBGRH EHE HHQ \RXUAH DG \EWDM HDSRDRQWPH FRF R
+12 ' HEOYDHILYHOLQ7 CE®Y

YUXWH  6HD \XSSRUY WIQILEP R &KURP LXP

7TOE® 2 SWP 1] HoSURAHWSDUIP MY/ I RUVHD \KSSRWY &UWLQIL®

3
T HIKWR  7KENGW  MEH  (YOSRDV  &RFR ' MROW  7KIENGW
&u R&X)RO BHEHD IRQWPH  +12 IRQ R &U
3RZGU 7RSR D W H ) ROSHU
BRONG R &X 6T &P
\KEVADM )RO
PIPV PIRRY/ PP PIQY P PJIPV
&RFOMRY

© H KDH \MFAHMX® SUEDUHG WH QMDD FKURP LXP  \HD
WSSRWY WIQ Il R \MENGHY P XUQ WHPDD
HYDERIDIRD WRKQTXH ' XH R YHY EUMB OMH R &UWH \HD
\KSSRWY) \WQIL® SHEDDIR) R G \WDQ RH P LRRQLY QRAID
FHDX VBN ,Q \WH SUIAHAVZ RIN ZH KDYH ROWP L] HG \WH SURFHW/
SDUPHMY \R RBBIQ D EG! \HD \KSSRWY \MOQ Il R \WKH
UAIDAUHG\RENGHN

7 KH QDMIORKUR LXP OQG WGl HIQAARRSH/ DHGMUHS DVD
\VHD VXSSRUVY |RCY VBLIHAM RUQEBDUAHDIAK H SHIP HYMKDRY
ZK\ WVYHY LP SRUBQAR KDYHDNGRZ BGIHR ROWP L] HS SURHW
SDUPHMYE Z KLIFK Z HFDQSUHBDUHWHI UK \BLJHV DAKHWP HR
QFEBIUSK MFVH SHIP HQV

S5HHHRAV
$ QWD) - 5 DARDQ@O0L XFORKH? +
- (( VAKHJ RO 5H) 0 RG 3KV
: DIHJHADD -RAUTOR WH. RHIQ3K FOD6RAHN
5% )RIWW ) XNRQ (QIAHIQ) DG HLIQ
D E F
YUXWH  &UGHERIMG&RSSHUIRO D \DQF IFKHGIQENE HQW R % 3DQH HAID $ QIR 1 XFBOU( GHI\
WELQDW OB HVIDP H E [URQADWGHBRIWG&U F EDINSDWE X IRO % 3DQGH HADD ) HE 1 XFOOU6HHAH DG ( QLAHIQ ,Q
KWE HDZ INSHIDRJ ZIN FURP IXP
.XHQ 35 29 RQFD)5 . REN (+ 1 XFO , QUKP
0 HKRG/
<RWKILNL 8 H° XUD HACD 9YX@ QINKHP 5HY. \RR 8 QY
9RO 1R
%AW, LQBBU HADD - 5 DARD@01 XFO&KH
D E F
YUUXUH D 6DQ&Z LFKHGIWP HVLP P HIHGIQGAOMWGQWFCAG E &X
UHP RYHGIURP WHELRNVICH F &U WIQIL® RQWBLIHAKREU
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