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COkOd&dlsduj MSdn fdfis 7a74H doff P ¢ digstasial &' Su G
o CHBWMHEB Eh d & ki dd 644895  dzj di3j delsso [

1 sor h jadegggOdzdd € bkedzjtecsHdzr dF B3O ted O
owiL Odets  fylstsls j dg,C dzé g dzd j Ols s B o OL 5ls G
L dzj Sstessisted y@)jfde dAst®s ezj dzd s 55 k¢ drj tdidsHiad
CtcOW jdz2O ddzd Jjets ftesdLotHd » ftocdoatsHdls
fsojtendesmisd d Yswodydedt HJWjMs.tsol l§fd fs@s
ftedosHWIs § B d&OG fsHtgf ™ Hdswdg di igatfve dO'Cds d o dz' -
1 Y dz2OIsddzr d Hdzvue ODHBREG WIS ©) dL B jadfiz j-dzd
Csdl e ktwOyd?2 OL&lO, HEEGE CEadcdl o Mlst

Pridinic N (398.6eV)  Graphitic N (401.2eV)
~ v

Oxidized N
(402~405eV

Pyrrolic N

. (400.5eV)
; , «

[ M ddEe "] BOdyjMSs] dLEGBE©OYjddj ©OMY ts
N-Chyow 16§ 2 |

l twhHj MkkzyOje bkedjtsH HEYfdEso Odds 2
Bj M dzOls f dptsOEfts Olsstc® o h jdsydsy & Mtej HOR.
MistezS skt kedzjtesH O d daf iz y dStatlgtister QS Isogto iz IS
COLtE pMnoWL j2 dEodjS B2 dnghuzse @ | oj - od
jcdeso Odzdzg’r ° OLBlstd &OdshstekSsktOn dL ¢
0L dats € dZO M W 9 slsdzsh j dzdd S OOddlsdyj f
Wz dzS Yy d s d&zO tzf &ZOE s Bz

[sfdieso Odzdj OLtltsd bkedj esHdy & desfdls
N smss Qdgp.” 2 MYyshMss fjumsOodvjls fse 2
bedzj esHdy 2 CO©SCOm ftod Wstehkdess Oddd c©O
fesyj Mse, S©OFOFItkdi ME s 74 O ts ¥ oG=i2dz %20 LY 5 H

23



dmf sdz' L zsls, yYbtse" Hwodzkzydl! or MsCtcj MBH,
(HB 7. Ofsh #PCts HOdzdz" 2 BjIstsH dzj 9 5L f3stspy Azts H
L OC dz¥ y )" IS¢ tsals | difdglz® © jedrtes@¥  Isis® drjctiss H O, 6 ¢
ZOdztsIstelzB 5 €, G tc OWoj dzA@ difijdmn P Isdedrjtste jj de® O N dadzd
dqdzj clsdzs? [PIB BsfipicOB Jlstso OW MjlsC O wodzw jlsmw
fsi sz ddzlsj teC Odzv ydw Olftgea ¢ g s O fipdztsiy
ftetsyj Mif2 wHgjslsH GtojHmsOodv jls Mses?2 ftow
stccOdzd yj MSdr ftoj CtemMstemasH o OB YR tHfstsjizik J
COEwOWdlstsor 2 dzd 6] H  dzdf dz§ZE RO @&d ds Mz H dzd 2
wWeodzWw jlsfqw dzgOdBBdzj j f 5§ 2z dzv tcalz" digO fifls 8 vy s jis jPOe t
i fesmisslsr . [HdBOCE ftowdBs?2 fdosddL OL
Isj B jcOlskztej] yYyOfmlss fJtedosHdl ¢ {flsjtej O
f Jtotoctsdz! dzr j Gtz fr ) d dzi fsLosdzvjls € s
Ecdzj esH®. fhojg sHls ¢ kd3jdroC fsdzg itz 6 s768.Q s 4o €
l sLded C O8 h dj OCIsdode J yd dzlste’ ff tsH
o" Miskzyf Ols ) COyj mMlsa j YyJ dzlstets o 1 dzj € Iste
o tsimis Odzts o dzj dzdf¥ , ¢ dOff) dztdife tSHHIEZ G[ts 2 Ms tstoc tscdef 8,
OC Isd o dztklfn I3 d MmisOs q4z' dztk® theg y Ol is d y Pt dz
dzj ¢ d tots o OMzdztizts g qUS Hdzte Odadfsjdzj W T tcPdstsdod Is €
L dzj CSlstotsdedats? fftotso sHd disisd dzj ¢ d tq tsjofrgisls t&w
ftserh jdazz MilsOB ddzt dzesmis! € ¢Cdmdzy dzd & , s
dmMf sdz' L sa Odzad™w o COyjMmlseaj despdlsj dzv ff dzOIsc
RMMdzj H g IOt jj dpdls v  f sdzz yOlIls! HEsf dtetso Odac
MtsH j o Odzed j-&3 Ob4§®O [ [3ls d3j Yy NN-tzls dzC dstisdzO dz' dz" |
fdicdHddesor j d ctoOYdEzhso 's] Hojdasifie@iy tcj H j d
f zslsdetsisd EZcedzj tesHdetsegts desmdlsjdzw, L O Mmyy
YyJ dzlstetse dz0O jcets ftse jtondesfisd HJB8. L OC toj f dzj
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dlsOB d dz¢ detsfyls* dzOL " 9 Ot Is M smtse dats M ls !
WEdC ydsdzOdz! dz" | rOttOSCIjtedMmisdecd o ftotsy f
LS jtedidj ABs @0, 2P. s OC dLojMmisdets, o} [ftosy
dzOB dz8 HPG i)' f § dedetsj fded 3 § dzd jo " L to tOHizpASE O dff 1© ) d
C i3 tsdzj dplsjtotc OH OydWw ff dzOIlsd detstsH ) fo fiL P oddnm IO
dzj M sdz € dn f OtcOd3j Istets o, Mo w L Odzdz" - ¢co¢
1 dzj ClstesHdzce 5 B dzts € O, sO¢ di dptk sigs€ DS © kA
s ydlsojbsmw, ylsts MisOBddzt detsmis!:  dzOIlsd detsmtsH
Emlsts?2 ydetsmls!: 8¢ ¢ { tetsyJ MmO dyf fiHojWeLtOHr@D g frpls:
Bsteh sdzse d U MEJdB3d =~ Ote@®Wpytedihdsd ¢ @BHY 6 jeOjL
fsojtcrndgefddsd Cff d Isdfssd desmdlsj dzw .

Im HjdzweEls HOo O tmdse dzf = PIR(POURLIROKBQY tci O e
Mo w L OfggdePtdf ddtM ( slste™ 8, tOMilso Stcf dgethj s MOH ezt dz
sCdfmdz dedj 3 kcedzj etsH daspes — ddesidnjqids lsdizte §  Cussfis
QQBB&BLdJQ@t®@MQK$¢N

:A:::i; ::-‘1‘ & @ éL
A A Al AR AL AN

Ariomepanus Hepeocamenne Cerlemm;noe pacTBopenne M
u3 PtM HaHOUACTHI

o WY SN
N Nt \W \W\\\\\\\ MR

OTpbIB HAHOYACTHI PacTBOpeHHne MIaTHHBI Okucienne
OT YIVIePOIHOI MOMIOKKH YIVIEPOHOTO HOCHTeJIst

{ M das s j T OdzediLj d'tc O PUCYHM/C! dzj ClstesC Ols Odzgd L G
ftesyd Mjo ww@B Y’
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Lef§ O dMmdiHse Olsj daj.® dzd jiste™gdtg s D )€ 5o
fsHicsB das BHdMOdkd &j2O0ddL &8 ©OMlse stej dad W
L Oo dMd s @64 Jf Wz d 1@ sBtcOy Jdz Jtoj HY
d3j 5 Odzd L .

0

/- Ghem

(Pt-Ptp- --OH, @ p’ Pt ®

WHWE e e

© , ©)

@ H,0 molecule @) Pt surface atom @ O atom

tdmMzdeE § T OdedL &3 SBtOL 59 Oded™w tCMdHO
polststcr [ 85] klseo jteyxHOBIs, Yl tOMlse tstc

1Y d tBKOLBSOOdd) JY BEMdHO HfwsdmatsHdIS
HOdzdz" = bEfmdzseodwr o | dzfs® ldzc B dzdddrpls 0o T ®F - S|
B~ OdzdL BBz, Yo HIsOoGlz] dedzticdiln ZdE® IstOdT 2 datisds .
LOBI N O ls ftso jtorndztMmisde | Oltsdzr f &zOlsd & ,
(tedfD)[83d .4 ] ttOBBIsj [86] Ooaltster ¢ OL Odzd
d b CttdmMsOdzdzsetcOW dyj M 2 st dtfj sisjOdgyHO dz
J fiocsdmMrsHdls tOfMlse stej dzd 4 2O CtOwWrn cteC
ftesdMraHdls fO0MMde Oydwy o jterndetsMmisd d3jlIs
i dzv dzC d , ) tcj L zdz sOIsj YyJcets tOMmlse stej dzd |
Emddzde ©j smw ft&d 15 slbj dzyda@ydegisisde Hdzv G el
d3j dzt " O sfqw ) ke j dzd Wy Odzdigsd Of tsle Odiaq of O dd@D
fOmMMdo detsets tsCMdHdSE Mdzsw ., l Mmetj d3 dMmh
f &zOIsddzr , CStlstster j wodzwe Isfyw @B s dzy i34 ® Glis @
o' MsGlpelzH j dzyde € twOMmlsotstej dgds o wWeodzw e Isfpw
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J sBhjd3 odH] tOMlsetste] dzdj  dzDdizsls@dadz@ -
fesyd M WPICHPOICGEddes (o) HMisOsdls! Mmdzf H iz
[85]:

Pt ¥+ Pet (1.1),
PtO+2HY P#H,O (L.2),
[ Y[ ™+ne (1.3).

O OL sdz f slsj dey (sQdiidsed tedf o @ dgafizte adaf{ ¢ @ad 'j o «
HjGteOHOYdH 1 dzj € Is te 5 o Ofs ®lsizd dz Pt EdEEEO  ZunQEs o
(yd € dzd yg )& O OB j tesd3j stedw f Istcj ¢ sdz! dets?2
tcOMmilso tstcj dad J f dzOlIs d dzr ftosdmMraHdIS BN Mls
f slsj dzyd tsfls Adpdasjofigfcvddgfd ( § oW Bskze sdz! dg' §  d d3t
ojtrndzd 3 d dedydzj &3 §YslsjdydOdsdn., (ocSShiusy
fstseh ddzd, YbsiesO Mg o s AR didgd ¢ sisj dzydsH ddz
yd S dzdtcso O4lzd ff std2OH SO o 1 hij 1 sy s il tistfcts jighipf) @z
Hdzw f lsj dzydssmlsOlsduyj MSdas EMmMdzse d?2.

1 4 ME 5dzaz0 i upde iy f88.B dL zyodzOm! L O dMmd
tcOMmlsotstej degdvw  zOIsddzr ots otej v Ftslsj dzydsH
ojtrndzdnr fBlsjdydodse deO®vy it dz f sy ey f
tcOMmlso tstej dzgdvw ko j dzd yd o O dzOfy! M fsor "[9oed j
[ BdOtolzy j dets, ylsts BtOL ks h Owvimw CMHdHdOW
[88] . t OMmlse tstcj dad j o j dzd yd o O dzts ftod
HOOZ! dgj 2h i3 o jdzdyd dedd G tslsj dzyd OdzO f tsmdzj
tOMmise stej dzd W 1 w fxdyyoifdh dQsOmIEREE L Z[ud dzd M &
tcOMmlso tstcj dad W f dizOlIs d dz' ) Md tcdats 2 Cdmdzsis j
ydq¢ dzd tetso Odzed W M yYdbsr o dgw tc OL dzd ydz' d3d ]
tcOL oY telsCd. wtejHd dedr d3j Hdzj dzdzOW € OlstsH dzOW
COB8wMd0 .5 BBl /M) T8COLOEZO L d&Oydlsj dz@ dets o
© Htkedr ftlsj dydtsHddoddudi MSda tj Y ddizOn
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Gjde "j. dolstr MudbOrl, vyt o h j dadas
Bj Hdzj dedgs G ts € Ols 5 H dats difsy Y Asts H @ Ististe teizfshig Asts Hedd Iste €

ltod OBl stsf dzdf o dzgsEts 1 dzj B dzls© @
ftej qiskzh j lse j dzdzs 4§ tetsldzj € Bicks ¢ @15 @ ddgv@Us@dEdz® "
wOfMsottejdedjds 1Y §kOddr , O i dfR &dctoy

ftcdosH®PlEddsdfdcOydd. Clstsls d3di rn OdedL o3 tetsMmis O
tcOMYy tcd HYy dzj dedd 1 v, Clstets] MHoadc Of Isw
s dz' " jdedW HEsdzd BOZOFZf v (d3jdajd 1.5 dziy)
S HJjGtOHOYdd 1 dzj SlstetsC OlsOdzdL Olstste @ Wlis OF
f dzOIsddzr M BBdzj ] BJ Z¢dm dzO Btsdzj j Stkzf dzr |
Btsdzy § R®jdEdd yOfMmbsdyr ftj ddiikzh j mise j dzdats
Isj Misdtetso Odedw, tsmitsdz S dr ~"ddiduyj Msd?2
dz0 dzts Y @5]ls JyoOmis o tsis ftzdzy zOBd dz' f j tej dzj M O¥ Ismw
Ctolzf dzr n yofmlsdy vuyjtejL 1 dzj Clstesdzd Is/ d tsdzts o
Fcdzj esHdzzy f SHdzsy € k2. sO0Cdd3 tsBiOL A3, f dzl
Ctekzfd = Yofmbsdy. 16 &t kdjd " jfdEly] de@ic
o jdduyde O sfmw , d, mMdzj H B9 Ols § dz' dzts, tcOfMmlis
Zmd dzy dzdzs iz tesmip I sWie Bzt dz’'d- BEEYO. IS€ ©L Ofdzd ,
Yyomlsdy f dzOIs d dz’ ZOyddz0jIs ko jdzd yde Ols! fiyw
ModHjlsjdz MisozPBlsestsjsd] | b tsf solststedetsj tsfC
sdsodzr d3 BRI~ OdzdL BB tisMiIs O yofmisdy i tcd
dMidzj Hise Olsj dzj ? S H i€ KOHSs HaOfiplizo) sfdizd , Ul
ftesosHwh dj desdlsy dzd, sOoCdy ¢0O0¢ mHmOUHAZ 2t
fesyimm. o¢ebster 0L 0dd, yYybto dElhds Oy |
CoOoyifmsej Yoy ¢d dmfsd L s Odziw,0;0z] ff eists d
Yylsts tlkhikzlsmisotso Odz ff jtoj detsfy 1 dzj € Is te s dzts-o !
fjtjBMOYHjdd] §&Osddr &0 kodjHd 7 dats
ML tc] 9 Odad v Pffls o OHzh dzOC s 1 Istsls 34 » Odzd L
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tdg SbesndBdud MEdJ doy Ofdgsfafn O ddz@ L es@sdiz  ¢j!
ML tcj 90dzdj d3 O§. [ Miseo Odz! HIzé

4 dzts y dzts st HJ dzd Is SISH J dz' dg" 2 o ¢ dzOH
f4tdtsmMOyHjdd™ v, oddwshdn dO fMmddyd ddd
Slsd3j ud dets, Ut nfOletOS tsfy @tHp fizGersifmyibinizdds d3 j tsdets
tc OL dgjcts@mty to j W iydzifipzdec ~ o sMissdze o Mbstetsdzz RO
OGC dzs Bj e ydroOf tetsilsd o qdd&zi i s ¢crotsmlse tw©OL d3J
Ctokzf dzr = YOMmisd d mMmdzj ¥ tBIRBF drdzOB dz¥ H Odzd B d
tcOL BjE@dgftcj Hy dzj dzdj 1Y o8 oty BB yd¢ dzd tets
MoyjlsOdedjy 1 Isdrn Heobkr ftetbyjmMimse o dzssMmdls e

l twHj] ttOBBIlIs 9" HjdvweEl OS2 {tesyjdfm
f dzsa 82 OHMBteBYydd dzO { t5olg jta@wdztstin@sCd iy dz' tsck
HjGteOHOYdd 1 dzj ¢ 128,500 0dzd[ Blststctsg v [ digtsy J |
Mok tesdL otsdz! dzr a3, 1SOEC d Mzi HMlseadj &3 SC

deYydlsojbsmv, ubt ftesyjmm sCdmdjdd¥y k¢
mMikh i mise j dzdz" R j cotk@mAHY d ¢ . 630 fstcs\pigfshpj Is o " L ¢
L dzj Slstedyy Mz gL sdzv yd ¢ dq OcGctejeOyds dzO
fmded 3 § ded & Cmopl dqd OS¢SIsdedzsmisd o (1s. )
Fedzj etsHdzs? c¢cCtctotsiztf e def tiki MAREOO A0FE] dzO o

CY C+e (1.4),

C"+H,O Y CO*+e 2d.5),

CO+HOY CO+2H"+2e (1.6

t Is O dzH O tetfstslds 2 dzyafj G y=ftdd ) dzjlzdgdd?j te ts Hizisthdts j dz
MeMis00.207 || BktcOo dzj d&dlg & 1O LG )de@jsiH s B G dz) BisH § IS
Is § ted3ts H d dzQi§dcfuly dntE sl fipvyf tsls § deyaf OWGIRR7). 1 d3j dz' M § 2
mis g 4t d20 S &SV dig alzf ' 6 216 @ t6 dzO (28 O o dzj PADI BEY His
ftotslsj & ©dls OdzH O Is tzs dg ObEBAE) [ Is o34 s lsigtzO dzs yOMmis d
f dzOlsde@lgs Md & HzH dzd of detis g By dig clzif )Y 4830 O
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4 Cstotsflf M dafvtcesH O f tod § 5% j ldzytOEROG Is tslag
fed Idfdyd 7 ©OBSYUYE (BHIBIAICY Ols i t6jOR d3 tsuskts W
M stesMis s¢dmdzj ded v , Hdzd Is ] dz¢ dzOYz o34 &z glztizq
Csdzdyj Mlso © kcecdzj tecsHO o Mzswrs COIOdL Ot
oCdzt yjdedj/ or €zt yJg ded g, CSEHO 1 dzj CSIlstetsH dzr
ftiosdmMrBHdIs BMr MistcOW HJj ctcOH Oy Yy Iskoingdtalyg Hnok'

4 Cstesmis! GEJMa@g dafyls slis:

| sdf © kecdzj tetsH O;

i cOBBBYJ e ftslsj dzyd Odz0O;

i Isj &3 j tOIskzter ;

i 9 dzOy dzsIs d ;

i tcOo dzsdzj tcdzesisd tOMtej HY dzd dedWw  tsSIstsC

[ OsdOom d MEPYIsste® dzdz] sEfE dzj tc sSCHisMs@tsa d d
L Oo d d dstsig ls d3f J tg Ofstizlécy dzydf @ de@ dzjldasf 1t L zdz' SO
dimfmdzj Hise Odzd W 5 @Afls YPdz dztizikefebBllBSY ¢ ¢ ¢ Mdzv §
Isj ud dedj dej MECtsdzr €drm s Mwy yoOmsdl Jted | dz@ ¢
folsjdydoOdzr otLddCOtls dO COIstsH] d OdzasH ]
9 1S H (TESHEIS GtsdztsH Odad W . b dzj H sdptOftsd) s daisi, dzfm iz &
s¢Cdmdzw 8 Ismyw o Mmdzj HiNEOIHJ dzr yjlBjstew s Is L daf € Ist
f totsd fyAneadd igfdedsid L o sHdBgre teshHtets2 Mise O

RL 9 Jj Mlsdzts, Ylsts MmMlsOB d dz' desfls Pt/ Qj dzdzj
Btsdz' hj] MtejHdzd?2 tOL i3t dzOdetsyOfmisdy df, 84z0Mf
109 . 1 fHtesyj Ml tOzEEistcsC OlsOdzdL Olststc Mitst
HiGOHdEjIs o8 djde Mj2 MIlsjfjded LO Mujls ¢
e w L Odzdz" » dpd Jfcf ajvdl3ithty ff 50  ton dats i S diftstigy detOR.
d twOmlestcj dzdwWw d3j dz€ dr dzOdesyOMmisdy f dzOIsd oz
Pedzj esHdetsds desfydIlsj dzf d Btsdz hj Isj teditsH d dzOd
[JHEZOCt, kOCd] ®BOjttdOdk ZBEOBGOCK | tdy B kisfg
OCIsdodzts?2 59 jtendzsisd, 6-18]. OC Isd o detsfls+ 8 o
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SOIsOdzdL Olstster, MsHjy O dj 1Y  dzOIsd dz
HjGtcOHOYdd o BB MNj2 Mjfjdd LO Muyjl
Zcdzj esHdesects desfydls j dz¥s ! f bt dkzOBsSHN] et
COsOkzdIsdyd MEts?2 OSIdodesils: 1y § dzOIsd dz" ,
ke dzj @#20,8] [-oldsi BBz, o fjttoks wyjtejH!
desfdlsj dzv, dzgj f sMmtcj HMise j dzdes € t5dzls OC lasghtafidss G«
fsdzdes 3z tslste oz 1 v, d S0O0¢ MmMdzjHMmlseadj EdJc

ljtejrtsH dz20 BddBj IsOdzdzd yd MS d 4§ dzO dzts y O f |
HiGteOHOYdd f sdzzyO,j d3r =8, 29d3). R Is t8 § B BTz ds L QEAsH
MsOBdddL dtckzjls MdMmisjddz L O Myjl bets, 7yl
ZzOR tsSHWh QW fipw dzO f so Jtcn &isiil ¢ dzj dgls & dizig ig 4sh
dzj f sMtej HMise j dedesets S sdelsOCIsO M k6 dzj totsH dzts 2
oBLHj2MIsoad] B z&OWOH &RE ¢ &) dzgzglzd @ dzkz 8,d25, 30s H dz!
109.

RMf{sdz LsoaOdzedj dBsHdW dydtetse OdeddCrslstsly d dzj
zd3 dz' M d Is 9 C &zOH C¢dMmdzj dedw fsHEEY ST o

ftso" Mdls: Jet MisOBddz detsfyls: . 1 dzv rtsBy Y Ldfu.
COMMBOedo O kW Odz Isj edzOlsd o dzr j dats M3Ps j dzc
sCMda4§[ COwBdH', bedjtsH HEYdEso Pl 2
N) [41-43, 59, 6] . vOCdj ®OjtedOd ddijvls daj Clsts

) Zedzj@hiZs? des OCY | djsls ftetsBdzj i3 d
foddsd dej ded® o COUdiMmbeaj COWBBEMBE- dshdls dj

1.4 [ jbHr tyjdld MisOBdd desfisd { dzj € L
glzh JjMmlsolzs Is tcOL dzd ydz' J f SHARSHT ¢
1 dzj ClstesC OlsOdzdL Olststetso . 1 Odetsdzj j + WW Jj ClIsde
COIsOdzdL Olststieises o MsBicOdzdzsd3 Istsf dzd o detsdz 1 «
mMse 52 Isji Misdtetso Odzd § 9 J HJded ydatledzy [ ¢ 9 dzv ¥
dgmfr lsOdzdw ddd, IstejBlkzshdddd L OlstcOlskz Btsdz' h 56
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mMesteCd [ Ci1, dHpf sidzdusgod@ddef jJ M r sOdedw B s

stejIsd?2 tBHARtH € yddSj MlsOBddz dzasfmlsc
dmyfr lsOdzedw o dRB&EEOLStUSESEEM] dzZOL '™ 9 @ Isfr
Isd MIsOBRSE Mfregwinm yd dstd dsesr - dBOIs| ted Odzt
ftoslssC sdzr dzOB ts WsQ) IdrdstafdimtscotO dyflsvte joffiiste j » L dzj €
ftoj HdztsY j dets 3detsy J Miseo 5 (o ® O Bzdzypds 12! 1 ) 1daf)lds t5 G
Colstster 7 dzOff tc O o telzjj ffdste ighDC @lyE BRI 5 | dzj Clstet
vsC1 [ [ddedmlsjteMmlsats 1 dzjtecjlsdSd w zshj fisldsesj
Coshtste” §| MisOdzd { sOdztsdzdz” d3d MIsOdzH Otels Oazd +
Bdtetso sd3 MBI Mise j

1T fteslssCtsdz ¢S OlsOdzdL OssteOe Cslstster 2
fslsjdydodzse Hts 1.0 1, ftddj dW jlsmw Hdzw
Btsdzt Nj2 Mmisjfjdd M Y ety isjofip@ dizfs mis s tef V@ diff
1Y) vOBIE

2T ftolstsS tsdz desmdlsj dzv, Cwlstster 2 to js@dzd |
1.0. JltoslssSCsdz fteddgj dzgv j Isfw Hdzw dMmfMmdzj H
sCdMmdzj dzd j &3 e dzj esH dese s desmd s j dzv ;

3ifmMdz " Odzdzr 2  totsls tof Sdy tdf SO AE HiHEISEER Y d=07
Yyoh j o fMi2duzd nds 1 H dzv  dH jlzeug GladO d t§ 2o Omlzelz" | 2
sy 4 dd M ftetsyj fifirfCxipd] tets jaastinds@dzddi/Ofuddd 6O
sCdMmdzj dzd j &3 G dzj esH dese s dasmd s j dzv .

[dzv  Mmistg fnfisfipeo, ftososHd®B 7 o dzOBSKOIsT
detOjIls HdOf OL 5dz fiflssls j ey doQjduslss, d , ) Shistciisls ©
Isj B J cAERzicO [ fzesc d 4 Qo lstster lse jtey HOS Is,
o' hjfjtd udmdzj dzdzr ~ ftesyj Mmtse HJ GtcOH Oy
B dzOMmisd { slisj deydnBads dl21fs ke | ddls j [@D8S, B3 $4,
105, 112 Oor Hjdwels Heoj thdtseodz j B d&OMIs
HijGtOHOYdd § dzOIsddetsmtsH j oy @hdyd) .4 ddj C s B
Hts 1.0 | fted ddszh j Mise j dzdets H etslsj C O Is ¢
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) 5B OLdSHOAEdrQ dgS @G g ) Jr @BiPdgdz] o j 6 &
detsyd Is j dzw . 1 tod f tslsj dzigf Odg@®@r 90T d2QH  1o. dgts M
ftcdosHwhdj € HJGEtOHOYdd ddBOIsjted OdzO 4, O fi
20, 81, 84, 105, 107, 115, ©® ABH] Ccbttttcét &y il
YOMmdniodBs?2 fsHasy Cd M dzOdzj M dzdzr d3 dzO  dzd
ZOdes yOMmisdy oi3j sOdzdzO, ftsilsjtew 1 dzj € Istects dzdats
Cmpl d OCIkdodzBIP®.d o 1s [ 10

)

a 6)
w w 55 85 16v
I I
14 4
‘-)" g . 30s .
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(0.60-1.0 V, 25°C, 50 mV/s, 30,000 potential cycles) (1-1.6 V, 25°C, 100 mV/s, 6000 cycles , 24 hrs)
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s B j 60 Sdzj Slstetd dls dsts i ¥
[ 5BH BEEcBCtObdset yqC kdtss Odd ™
Pt@HGS,
0.4i 1.0 | 5000 23 0.1MHCIQ | Ols dg/N; H 100 81]
Pt/Vulcan
0.5 H.,SO;
0.67 1.2 | 10800 23253 Ols d3/N, H Pt/C (PtM/C) 100 187]
0.57M HCIQ,
0.67 1.05 5000 233 0.1 M HCIQ, Ols d3/N, H PtNi/C 100 [93]
0.0i 0.9 | 5000 233 0.1MHCIQ | Ols 8N, PtCo / u 100 (84
Pt/C
0.41 1.4 500 233 0.1MHCIO; | Ols d3/N; H 200 [108]
Pt &4
0.67 1.0 10000 233 0.1M HCIO, Ols dz. P&NI/C 50 [106]
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,| 05i10 | 1000 2% 0.1MHCIQ, | Ols /N, H PtFe/C(50:50) 100 [107]
051 1.0 | 30000 803 0.1MHCIO, | Ols dg/N, PlsClrs 100 [108]
8 PtoCUxoC0s0
o | 005i14 | 3000 2% 0.LMHCIQ, | Ols d3/N; PUC 1000 [123
o 00712 | 1500 2% 0.5MHSOs | Ols duN; PUC 50 [124]
4| 00iL12 | 2000 2% 0.LMHCIO, | Ols d3iN; PUC 2000 (134
L, 06012 | 4000 2% 0.1MHCIQ, | Ols dg/N, PUC 500 [112]
PUC
0.4i 1.0 | 10800 2% 0.1MHCIQ, | Ols dg/N, | 1000 [125]
13 PINI/C
PUC
0.4i 14 | 10800 2% 0.LMHCIO, | Ols d3iN; | 1000 [125]
14 PINi/C
.| 06110 | 10000 2% 0.1MHCIO, | OlsNs. PINI/C 100 [126]
| 06710 | 20000 23 0.1MHCIQ | OlsAg. PUC 100 [117]
| 10115 | 27000 2% 0.1MHCIQ, | Ols da/N, PUC 500 [135]
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PtNi/C
0.61 1.1 10000 233 0.1 M HCIOy Ols d3/N, H _ _ 100 [133]
18 NiIAuUPtNi/C
[ jlstsH BkzsetsCtOlsdzsets fsolstcj dzdv oW ditslz ¢ tsdz' d
l 7 H ] to
0.4&1.0 10000 233 0.1 M HCIQy Ols d3 Puc f sls 'sz, >i [127]
. ) . ) (
19 PtNi/C ¢ AU
3 f
17 H ] to)
20 0.6 & 0.95 1000 233 0.1 M HCIOy Ols d3/N; H Pt/C f tslsj dzay( [128]
30 M
Ols d3/[ > H . 1T H J toy
0.87& 1.2 30 000 80AC - 100% f slsj dzay [104]
21 Pt s/
o dzO Yy dzW 30 (Jff.)
l " Hj o)
f slsd dzy
04&0.9 7000 233 0.1 M HCIOy O Is /N, P tutC [26]
22 3 Mm
17 H] o)
23 0.6&1.0 9000 233 0.1 M HCIQy Ols d3/N, H Pt/C f tslsj dzay( [135]
3 M
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1600
1.5 233 ; 0.1 MHCIQ, | Ols d3/N; H Pt/C [117]
24 d&3d dz
0.5 M
0.5 103d d 20AC.|HSO+0.5M Ols dg PR 4
. . +0.
25 ? Pt/C [130]
CH:OH,
0.1M PtRu/Vulcan
26 0.7 60 o3 2 0AC.| HCIO#+2 M Ols dy, |PtRU/FWCNT [131]
CH:OH PtRu/GNF
0.5 M
- 0.4 34 & 20AC.| HSO+2 M Ols &y PtRU d [132]
CHz:OH
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002050672 003) M Cwdzyd dzestcOydJj2 17.9 e Pty oz
0.5 [ Na [ (. Y. ) (n(f1v)/ n(Pt) = 12).
sBl B3 100 di3dz. 1 ted fsmisswddesdyz  jtoj d3dj h «
(Mstels o Mh d2, 37.5%:204%9 Ols jriddzj j1 Jou ud ddjé6t
fsor hOdzd Isjtesf g WD zdblzo HH j oy Odzd tej OF y(d tsdad
fitej BJ"doOddd o Isjujddj 2 yoOMmtse. 1 51
mMemy Jjdzr dd o Lijuyudddd 40 dBJdkzls fsHEZSCIS &
Wddz IstcOls f steydw di3d dLsftestf d dzso ¢ o s d &
SOlsOdzdL Olstste orHjtydoaOdzd 1 yOfm o MmMkh dd
LOIjd3 12 yomtse ps( FCMMY ¢ Otstej] dzOH ¢

2. 3 uBt@dzQls j cd Odzts o
2. 3. 1. PtBukAdsjjLticd Odzse f Gt OHJ j dzls dats 2

[ JIssH ftsdzkzyj ddvw tBtOL yse M §smdzj Hiso (
sikh jMmMlsedzvw dzd o 4 Mlis@4sd d tetdtdndz ditsjiCd324. Qs z tc |

. . |
1 ctagma 2 crapmA 3 ctrapma 4 crapmAa
BoaHo-opraHuW4yeckasa cpena + Pt (IV) + Pt (1V) + Pt (IV)
+ Vulcan XC-72 + Cu (+2) + Cu (+2) + NaBH,
+ Cu (+2) + NaBH, + NaBH,
+ 0.5 M NaOH (1:1 H,0:3T)
+ NaBH,

t dMiz dzts € s BHsR dg@¥ 3O Mddelsj L © Pt (Cu) / C ¢
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10 fijtots?2 MIsOHdd sz yOdzd dz@ dztry @5l dzt
dzsmd s j dzw V72 |(GalkzonCorpoi@ation o sffls Odats o dzj dzcfj a5 d
hj dzsydets?2 MBPHJ J( s OFBHBtc@Or .Cy.S)O qLB" ¢t
dZzOlstedw (~=. Y. ) . 10 obtts?2 MIsOHdd HESBOD
(H.PtCE*6H0) ( 3O MMmtse OW Hisdzw Pt 30840820306 720@3)tc O Is
Bi H EBUDO d fesotsHddzd otmMMmisOdatse dzj dzdj B
MsOHdd HtsBOo dzvw dzd ko j dzd yJ dzdetsj PtSKEHAQ) M Isfo |
fdzd 1 § dedetsy S sdzd yd Mise s  QMBHOR t6 MSBEO] d3d3j HidE
o tsmiisOdetso dzj dzd j B tstc &dd HOaId\H @ d3y jddOds jiote] 18 ts H 5 1P @
HisB Q9 dzW dzd Istsdz! € BPtALBH.0 Xz tc ffts telf tofsto s dldzd o s
BstcGdHtcdHtSAdZ dzOIstcedw Hdzw W tstcdiditedsfyg.Odf w3 ) dzC

1 - Cu/C 2 — PtCus/C 3 — PtCu,,/C 4 — PtCu, 5/C
Pt(Cu)/C
tdmMzaas e smisOes d Meaj BOIsSdyUi MEtsd dLsSBBOY
ZOdzts yoOfmlsdy, Wottdddtekzj &3 7 dz20 SOy HB2 dL 4
CCGtOHd ] dzZsdzsetse Pt 85u)/ C € OlsOdzd

2. 3.2 RIQUALjS st Os0OdzdL Okstess M Ml
sddzsj L f ZOKEBOELP sttt M MistlkS skt

Zcdzj etsH dz" = Vdisun HOds7R d@aBot Corporation d -Nsf d tetseo O dat
KetjenBlack EC D& 0 O . [ dzv L Issets dz0o j MGCd desmdlisy
1 Isd dzj dzc dad.@OHE)gel | ({ Gh d2 MmMsels, 99 1WPB83).] P F tcC
HsBOQodwdzd © COYHEY®Y dL MM jdL d2 t©OMmmydl
(HoPtCE*6H.0) ( &3O MMmtseo O Hisdzv Pt 30840820366 720@B)tc O Is
Bj H EBHUBO (=. Y. ) M Ctdzyd dzlstcOydJ 2 6. 7
Motslse j smispQdiadzs toy MM Jjdr 2 fYser hOdzd H
Naf1(Yr ¢, 98 %, -ts§tORYsEdEy, dzls |TVA vd  4H32B8O 9 0z
osMmMMmisOdzOo dzd 9-0¢ B P B@OJtzb stc BNEBH; (JH.toq.H)O, d&
9 Yd brte]~StOlsdztsds dqLB" IsC j . g dz4 ! 9" H J to)
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sy &3 J tOlkztej d §oMmMissWddzsds § jted dsd " d o Oded d
slsWdd steso’ 9 0dzd  BhScsSOds fiosdk o Od
CHsO ( 5T 116 C wlfy v u-062814921701) d BdHdMmisdd
pBHT . Jtdkzyjdd | COOkdL OBt 0sHEId) Nizh

2.3.3. sdnizskhigdy e sOBEEBREOddL OBt

[ Odzj J Yoodzkzyjdedzr § BKBGOL YT f SHo j tcc dzd
9" HJ togOzg o Odzr 1 [ 3(tevOrfyls o6s5%, HINGs v [7W)p 1 J
Isd ud dedd Ibtejrn yYyoOMmtse fted Yjtoj di3ihdoOdzdd d
HJ dzj ¢ d tc dpllaizd@d?Bte iy Gsdzj dzd W Olstsditse d3j H
fco jtordetsisd COOdzdL Olststetso .

J ~nSHJ] dmhipdzjdass oDzfdts MtcOo dzd 9 Ols n Otc
fsdzzyj dedzr | tcOLtcOBSIsOdedz i3 MY sMtse sd3 -TiEK dals j
(E-T EK 2 0 %9M BaohipsondMatthey, 20% Pt)).

2.4 [JilbtsHdSd BfftejHjdzj degdVw MlstelzC Iskztodz -

241 ftoj H | dgPdgihjseo 52 Htsdzd d3j sBHESAZ Gt O

[ JstsH GcttOQoaddjlstcedd L OCdzt yojlsmw o i tc,

dL B dgj ded® ROMM wts d YFoshmd sfrbko. 1 o
fesCOdzde Odzd o UEDWLMR ds@Mifdwd f ttds3.Isjldyfde
f 5 dzdatsfyls™ ® Odzed™ d~ oL o domdes,d WopOfrisddimizwdzdd
C Ols Odzd mdls;Hies@ , 0 2 Gls d c1dfYls jfiglzs o O ff sG tolzy Odzqd
Isd B J tOIskte] d tMisOosdzwdzd dzO 40 dddz. 1 5 (

C s BY Sdzj dzls 52 QstidsdzO)| lOdis2 Hidsj B j €O kztwr d W d¢
(Mss. f OfMMso ks Heds o@UdMmdy dd §t Wbt dkd,

— —-pmmp (2.2)

] ®OkjtedOdkOn, MtHjteyOhdr Bddjls0oddady,
Bj s Odzdzse (i jtds ity ddgfj s cwOo dd3j sted d,
sSCMdHO &jHd |1 .
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242 ftojHj dzj dzd ] teOL d3j O yOMmlsdy toj dalsc j

[ " ©ftejHjdjddy MejHdjcs ©OL &GO ¢

tcj dzG j dzesW OL SO SG 5 OdzOdzd L © (tnand) . r d W te
toj edMmlstcdictse Odzd o d dzis7j5to Ot HzdsWas® € Is2t00d3 j s t
( Ther mo Scientific, Swi t z erldt@amoedQ dzdzig ¢ =] f
gL dzEyjddwy (& = 0.154056 dd&3) f§tod ¢ d&3dzOl

gimdzj HEj & &7 ©BEOLYSs L Of iRt 55e ddgsly
fsh Ocsosets MCOdeso Odzgdw ) hOesd §Jtej &,

LCMifsLdydd 8§ SOy M3EERzABY (tod R detsd B d 4z .
nOOCIsj tcdztsets tslstc Oy jdzd W 22 N47]. f 5 W stedizkzdzy Z
o- — (2.2,

GHJHa&d&O o tsdzdz" ;

DhefMted Hdzj 5B j dgdz" 2 tOL 3 & yOMmilsdy;

S = 10, BdgMisOdzls© z j tete tcO;

b1 f sdzdzOw h qteddzO dzO  sdztsodded o' Ml ;
d-1tci eesoamMCd?2 EZetdz tslstceOy jdedw [ hkl ].

Pt (111)

Pt (200)

HHT@HCHBHOCTL, OTH. eJ.

it dmMzdztltc@dzpgte Wdlstso Odzgdw toj dzlsc j dzso MEC ts2 H
SciDevis
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243 [ftojHjdzj ded J Mstslsdetsh j ded v d3d Is O dzck
MdMmilsj 3O0R BB sBHEsd ] dzlse J desW dzztstej fpyd dzls dzr c
s Btslsdatsh § dzd § BBJ Is Odzdzts o Cu: Pt ) s B
toj dzlsc j dgsW dzzstej My d dzls des ¢ ts OdzOdzd L © dz0 fn
slstcOy j dad j 3 toj dzls ¢ ¢ Wzts pOPEits G(t5| RORL dlzdfurj ol 5 A U
SBftjHJdV] B « ndBdUIMEdn 1 dzj B delstse 5 §J
HiIS U. l toj dgw 1L CMYBOGydip ¢ 8B td QGLeydrpls tc Oy d
tod dzlse j detso MC d m Wazktstej iy d dzlsdz' - M J Clstcts o
ftetsG te®OdgsEdassB § MY § yj dzedv Uni veRS (5aAv) .
244 ftejH jdzj dzgdj ! dzj B desdegse s MsmisOo O
L dzj Ctesdzdzse s MsMisswdzdWw OlssdBEse i3 sStsH A
MydScbesmMisfdd ({AGH)
l M tAGC My j Clster i tsdziz yJ dz' 2O  toj dzlk
M j CstcsESCA®BE 250 fn dmf sdz' L so Odzd J &3 dBsd
toj dzlsc j detso M ¢ s AltKa O dzozblzef §f dedw + dzj e j 2 1486.
tcOLtej N O d3r 2 ddzlsj tco Odz 1+ dzj tc AG3 5306 fdrid HYjtadgjod
0.6 1. [BteOBBICO M jClstetse  {lstddiw | rdgtdzrGsm
AvantagéM. | tO®RCOn tBtOBBISCd MfjSltese §tod
Wste&mart t AC dzddzdd Of /@ Mig iy dgd tgds'» ®dfirgiiciard %
70% Gaussian). [BtOLyYr o  stttsh CHEtOBTEp® L dzts
ftod S to] ddzmte@EZl OB dzr 2 tBKGOL j Yy R O lnjzdizS | f
COyjMmbeaj HtoddijteO® ftojHMIsOPHGL-N tsBL Stedz” 2
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0 I séo I mloo
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t d Mz dz8 § B 2 1s Stelg" dls ¢ jf @l dzjr Ots & ts aataNd

245/ fteJ Hj dzjdzgdj MlstekzCIskztcr BOL Yytse
Ldzj Sstesdzdets? d3d StesmMSE sy dd (1 6 )
[dCtesMmMstczCIskEtcz tSBtOL ytse dL zyOdzd d3j Ist
BICtesmMEsfdd (1 6f). AttktscteOVWdd {f s&itQqodd
JEMF200 (JEOL, Japedd fF&6q @O§tdYwycOL 6] h
ftesojHjdzdy dLBjtejdzd?2 0.5 dBe COLOdzdL Olst
HdMYf jtcediectso Odzd bkdz stcOL 9 ¢ 53, fsmdzy yd ¢
By Hdzz M€z, fsCtcr sk fMzsjd3 O@RtstW dtsc
or Mo Odzd d&O otLHEA] fHtod Ctd@3dOlsds? Isj d
tcOMYy ted HY dzj ded VW OdesyOMmisdy  zOIsd dz’ o €O
sftcjH]dj ddy ©OL&Bjtese dgj Bidejd 400 yoOMmlso
160 . 11 sfsdzddls d dts fCS@eisd tfdal Odzdz] ddzds @ak:
ftsojterndesisd dB@OIsjtcd Odztso H dzv s P, O I & glzatad W
fsdzzyd dzdz" = S OtlsOn .
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2.5 [ikbsHdCd GftjHjdjddY ¥bkdSydsdod

2. 5.1 RMMiid deSsyPEHAEQPdz' dz" = =~ OtOCIsj tod fr
COOdzdL Olststetse 1 dzj SIstesnddi3d ud MEddBd dBj IssHC
razv ftwesejHjddd dzjlbesndB3dudMédn dMmi
dmf sdz' L s9 Odzd fiy Bdf slsj deydtsmilsOIls Pine AFC
fslsj dzydtsmlsOls j Ver saSTAT & tcts nRfigdig dgjj Ht€ as@ dzd
COlsOdzdL Olststets o ftctse sH d dzd ) MisOdzH Otcls dats 2
yqdqedzdyjmis?2 otd OB jtesdij stedd. 1 <COyJd fm
dzOMmr h j dgdz" 2 ndzstcdHMmjtoj Btow dar 2 1 dzj CtctsH.
ftedo jHj dzrj ds slatias fifcfilds | dzy O dzO tsB O d BBSE S 9
I'md dL &3 ted ddy ftetso sH dgzd Ods diis. i jftc jtc Comdssotstint
| dztsy lBfg -2612-9 4 ) . [ dzw dzOfmr h jdedw wyjq?26¢y ¢

(sdzyj dzlstcOlststc C dfMzstctsH O ¢todsjH 7F
252 iIssHdS O ftodetslstsodzj dzdv € OlsOdzd Isd

RfMMdzj Hise Oded W WizdeS yd sdzOdzt dz A T OO Is
ftocsotsHWIs dzO o tcOh O h jdslmMw HdMEBoatd | dzj € Ist
COlsOdzdlsdyd MSdj yjteded dzO dzOdzsmwils dzO0 Istste
cOo dzsBj odztse s fMdztsw . s OyYjfMlsots Mdsw d jets
2O 1 dzj CltesndBdyjmMSdj ROwLOSIsjtedmisdsd € OLk

]l sHBSte MsMisOe O yYjteddd, s C(Sltstese |
o Oy dzts?2 MtsMlsOodzws h j2 dsBtsEts dMmidj Hiso Odzd "
nOKOCIsjtedBb 6l MBIEEOd M Odhnf stld’ B
O ROL tedRkd Ctoskztcsafdgj MS PB O wded dz, Ctslstster j
dzj S Oy Mso j dedzets dzOdzj MY dzdety GO .. €60 Is. © d4d ds ¥ g IS t
cOMmYy sdztsy j dzdj BOjtedO®O o COlOd]lsdyj MS sd
L dzj StesHO dd3jels o0y desj L dzOy ] dafQ ffptsiayj wsjsd
Tstesh j2 CObOdkdlsdujMSts?2 OCIsdo datsfylsd .
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] fwesyd MM o' { sdzdzj ded HdMMJ .lsOyd
dMmfsdz' L soOdets Hoa ] BjlssHdSd Hftdcetslstso dzj dad v
slsdzd yOjlsmY Bdjj o' MCs2 LOCKkkL S 08 8Ok
BjlsSHISCO BN 20 bdazyh jd0 d BfkdBdL s Od
ZOdsMdls! ©Oodzsdsj tede' 2 Mkzs?2 S OkOddIsd uj S c

t M dzEL o BHter WilstsctoOW d2 -ode§ O P Ml &) fkdegatizd;
COOdkdlsdyj MS et Mdsw d&O Isttey]
[isHdSO "1
[ dzw  dzgOdzj j dedwv Mdzsw COlsOdzdL Olststc © dzO
CCOOddIsdyj MSdj yjtdddkoe. v {ktsets §
100 dBCdz otsHs?2 1 Bzdz Mdd Yodddkjted® Nafi
My dtelsO. ) O} d® od3]lsigizisj ddglz Y j dzL d¥ Y tsHoO J tec
Fdz' stcOL o zZCtsats?2 9 Odzadzj , fsidzj vyjets 10 d
B4 " OdzC § . [ Odzi §, daj Gt CteOhOw {fitej Bih(d
Bl jsd3 6 BCdz d &Odshddd @O btjy
Misj C sk dzj tesHdasE 5 1 dzj S2s tc 6 Hs@zls f tetiztf @&V & o @
LOCtejfdzj dzedv fdzsw COkOdkdL Olstste®, ilsOs h j g
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ZOdztsiddzd 6 &S dz 0. 05 % 1 Bizdz dd Nafi onkE,
&ZzO otLHBEZAJ & dizjlsyj dzdj 15

[ JsHdSE ~ 2

SsOlOddIsdyd M<dy Yd teded dz0 My sdz' L s59 O dz
COOdzdL Olststc O dzO Misj CzsctcOW dIstso r 2 1 dz|
(COIOzdIsdyd MSdj yd teded dzO) f sdzlz yOdzqd, H S B
sSBtOL Yytso 900 iBCdz dqdpustOf tafistf JOABo WHEEHz BY 5 %
fsdzddsj t® NafionE. 10OIjd MM jdL de wdMmy
Bddzzls fted Ctdzalstetsdzj Is Judztf jltcjOusjizHe r dz@izlj frpj" did]
Misj Czskedzj etsHdzr 2 Ibistejy ottOh Qs h jetsmw HJ
ftosdzr 9 0dzd © dLftesfdhzsotsds My dclsy . ¢ dzdzd €
M fsiBtsh 1 & RBICtosHESL OteO® fftod dai ftoj tor 9 datsc
slsf sdzqtctso Odzdese s d BBjLYdtoj dgdlesets Tlsj € dzts |
Mg Mz yjetsdo@iLsda®OH ossL Az ] o Isj yd dzqd
700 tsB / d&3d dz. s O0C dd sBtcOL 503, dmmdzj HIZ j C
tcQo detsdzj todz" 2 fstedMmils' 2 Mzs2 COIsOdzdL Olststc O,
HgMSCsotsets 1 dzj SIstetsH O.

lted ftodetslssodzy dzdd MmMkzmt j wedzd dze ¢ BB6 OS] I
tcOMmMuyudlsr o 0dzd OSddB BLOL 5d3, yYlsser ted f
L dzj SlstesH BOMMO  dzOIsd dz'?2. M@l PdgdzH 20 O 2 @V dk
| iBlzdzr Mds Yoosdzddsj e® Nafi onE, HjdoddL Jtetsse
(5. M. w. ).

253[ JjIssHdC O BYftejHjdzj dzgdw 1 dzj Slstetsn d A3

f dzsh OHd o jtrdetsMmisd s OHMtsteBYydd d HJ ME

ldtjn dLdjtwjddjds 1 dzjSlbtesadddud MSd
COlOdzdL Olststc® 1 dzj Slstesdzd s dzOMr h Odzd OteE 5 dzt
MisOdzH OtelsdL Oyde 1 dzj SIstesHO, L OHOoaOW 100
sls 0.03 HBs 1.02®3)] HEEEDAM IBR);;Hts 1 50 ts)

NCstesmis! & w2 MEABME/ ) (
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E. B(0BO) E. B (0B9)

t dmMzaAZE & IsOdzH Otelsdzr 2 o dH yYydeédzdyd mcdr ot
ftjHl 5HG RICEHDS] @HBOC B36H J o dz¢ Odsd § ¢ OL

tcOMmilso tstej ded v 34 H )

r dzw  dL d3j tej degdwv dzOyoOdz! detsets L dzOyj dedw ¢
tcjcdMmMstcRiesy Pzded yJ MS d ~ oBdz SO j tes6 te ©AZA
fslsjdydodzdO 20 d&l/ M o AJOR2AL d dzjd);dAsIs @iz \Bd |
Il (e @ OMydls § dzsh OHd 1 dzj Slstetsa d di3d yd MES «
(Tmp) fesosHddzd 5 oalststets?2 yqdqedzdyd més2 o
Cesdzdyd Mlselz 1 dzj SIsted yd Mlso O, L OlsteOyd dedzts G =
(ted ME&PsO sHBSBHO2F 5 W stc iz dzj

L s _ 7 - 2.3

G HMpi BBOMMO § dzOIsddz" dzO  dzj CIstetsH §

0.21 &% d/sfigaf yj Mlsots 1 dzj Slsted yJ Mlse O, L
O BHBIBHA dO 1 M

a) 300 6) 300

200
100 L -/\/
s O l
=
— 100 | i
i |

0 02 04 06 08 1 1.2 15 35 55 75 95 115 135
E. B (OB9) te

tdfMzdzBE d2 &z ujMSdj otd SOMBYjtscteOBA ,
Q) iftsts § dzy eQide ks f W
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254f jlsEHdSC O tftejHjdjddw ! djCkieshdd
fsojtendtsmisd 5 5 ksmseeydd o]

lod folkjdydOodj 0.1 1 o ljyjddj 20 d
bedzj esHO (1 1), §tdEHCOQHESds dizQ o Seutgfizdz
ftsojh jddes? s digf j f Gelslaitizjo.C d)O®/figzj € Gsitc s dz OL O
Otceheddzi udets 1 djSistesddls If o dzdh Odzn0 d3dziy
fslsjdydOdj. 1shd] B' €O ftse jHj dd tjcdf
151, O LOLj& Bj&fHlss0yd@dE s0zj 046ls] 14§t
e Odzdtetso Oded™ 20 ol / M. (OMuUjls { dzjSlesyd
f Ol ddz o Sampizd 5 MscdOMbs Ystdzdj (2.

L S - ) z z (24)

CH], Snpizsh On: OCIkdods? ¢ & jctd TR Mlsd
¢ sdzd yj Miso ts L dzj Slsteduj flse O, L Olste Oy dzdz
T BeMs ke d @0 OdiiEsd)s; L GRY0H, dzj 5B R SHJ A 2
Bis dzts iIG@tz® A Hpdg ©f desfyls d  § RO O c(tedgSLsSde i gz
Ldzj ClstetsHy (¢). 1 jddyddnls£®Gddishis®j d s
Bedsfi@sysftej Hy 2V dzd ftod tjcedMmiseOydd yd¢
f dzsh OH! ftsH St dZQdHPea s Zyomisej K ¢
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200 r
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100 r
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E, B (OB3)

I, AfF(PY)

t dimizdgd & d 2 dzd yg BYE&OW O BY Pt § te ) @D dz§ thatiztic H  dzO
s iSf s j dgyd Odz
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255 [ jbsHdSC O sf tcj HJ dzj dad W OCIsdo
1L dzj Csteso sMimisOdeso dzj dedw C dMdzstetsH O
ltcd MOodzj dzdd COOdzdlsdyj MEts?2 OCIsdo d
dzOMmr h Odzd € ¢ i distsjtoljBdddzd dzlz Is fsfmdzj yYyjet M
Ctcdoer j Htd twOL dzd ydzr = ClipQotstetOmn 40D ; o 9O dadl
lted toMmstotsjdzdd otdz SORY jteseteORBdE My
dzj sBrsHdd3 B" dz ftcj HOoO OtcdIsj dz' dzf T RAWP,k ) Myuj Is
| =1(O2) T I(Ar) 2.5)

E=E+E: i+ Esoi IR (2.6)

GHIO2ilstsC, tjeodmtediclzj d3" 2 o CdMdzstetsH dzs

I(ANTIss¢, tjedmistedtelzj &3 2 o OldismMW jtoj !

Eifslsj dzydOdz slsdetsmdlsj dz des B tcOlsd BBsc ts

(iidL dgd tod dedz" 2 §slsjdzeydOdz fted o B tcOdedzetsd

ERMf tlsj dzydOdz mdzstcdH MjtejBtewdzesets 1 dzj €

[ Bolif sIsj dzyd Odz tsBtcOlsdBSEts otSHBSGSH dzs Gt
Cdmzsilsj, t©WOodgr 2 0.059 1 ;

Rimsty tetsisd o dzj dedjj s Idgjd3r2

a) -20 | 6) 05
o4 . ®
70 t 04
~035 F e
_ 400 g e
0-120 s 03 .
= x 025 | .o
< 900 ES oa
=170 N
~ 015
1600 o1 |
220 F i y =2.3651x +0.0811
0.05 | R? =0.9991
2500 0 ;
-270 e s S— 0.06 0.11 0.16
0.3 0.5 0.7 0.9 1.1 w2, (pap. 2+ 12)

E.B (OB9)
t MEz2BC] sdz! IsORY j tetsEtcOddZr ) dzd dzj 2 dzBIC tc OL
COlOdzd L Ols stc @dz®@M 0N jldedatshigly @fltc@ Mis! tOL o j telsC d

M stesmis! otOh j dAPOL6002T O 6 tc K@:)O d3d@e0d iy d d3ts f)
ssklsjyfFatyw® Pt/ C OO)sOdkdL Ot
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10 ted MRS jftcj HiNlsOo dzj 2O Mjtedw otsdz IsOR
CtOL O jtelsCt82 flsjdydodzd, fsdkzyjdd & ftod t
L dzj CstesHO., 10 otd OB jescttOBBOS Ry dats
5B dZOHSW W 2L sdzdetse s Cdalstesdzy  ((ftoj Hj dz! datsat
sB d&zZOMmls! Md3j " j degdesets Ctsdalstesdzv 0.8 O [ O
( O 0.95 1. RMIsd LEW [Lj@ddui®d Bthyls P ts Oz IS
ZORtsHddzd L dzOuj dzd O &S & tizfs b5 f W f B 6ztf B j e n 5Bt

e (2.7)

B = 0.62F3"g*%c, (2.8)

CHijBS d2O0 HMCotsd { dzj CtesH j ,
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dsmdlsj dzv ~OwLOCIsj tedes [k d3i dz' hidded Jj-4f dfisiadi dgtsddsi
sBEkMdzse dzj dgdesj] dr yYyOMmlsdydes?2 dLtsdzwydj?2 dz
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BZOIsj Pzl dzO jceBs hdsbg) ,(3BBY 4ls BB Is!
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v OB d4f3y Ol dzsh OH !

fseojterndesisd d § Sc/@QB@®IB)IStd @dridzg tcdz® daf m dHAsdgH

BJH BJH t OL i3 .o fste, o
1 &sh O HMEBSteB|[ J MBtEB | PHMBto! BJH
o ton 1 Cu dzO w ow t OL qd dzdzOWV| ¢ HMBSICE BJH
[BEO] " fSH(”jZ ] dzsh Oy itso 5C kb MsotsC bk st MtejHd dedzOW|[ j steB Y
5 & UFEPi fso jton| f dztsh O f dzsh O cd¥/ d h dtedd Mmtej Hdftej H daw W
e fso jte 50 j ton fste A|hdqeddd (st A) 4.
d f s f ste fts 161 (44)
bl 1324 1352 3864 1225 2.0 60.2 11.3 38.7
Pt/C1 934 957 2775 907 1.3 59.5 11.0 35.7
C1-N 343 345 884 338 0.7 82.8 13.8 39.4
Pt/C1-N 370 378 1036 340 0.6 68.2 11.5 36.2




[ B Sdzdzd Isg "daztHzts f tetso § H J dzs -~ ( fighf dgj AfStEs@IdELY o)
fso jten ®RACHISRJCI-N d IJIM20 1 dzj S IstetsC OlsOdzdL Olsstcts 9
(vOBdz. 4. 4) .

v OB zd4©dzj d3j dzlsdz" | MBMisOa dmMmdzj H s Odzdz" -
tAC M jdthfNdse COF ftodojHjdr TlsOdzH Otsls dzf
o J dzd yd da.

[ BOL | HBHJ WY OddJ 4 dzj d3d dzls O,
C @) Pt N
PYC1 86.6(2.1) 11.8(2.2) 0.7(0.1) 0
PYC1-N 89.4(0.8) 5.4(0.3) 2.1(0.1) 3.2(0.6)
JM20 87.4(0.9) 11.0(1.0) 1.7(0.1) 0
4 56 dzOWBHES ¢ b BfACdsndzls CIstcO© (M + dzgj e dj?2 28

spfowLd ZedzjtcsHO ©® Holkzdsjtodets?2 ftetsotsHWH j2
BCIsfy j Slste® (f) { daj tec dj 2 sp2fifesw. LOW ds 1 D) ¢ i tteefdsHal)
i[ oo jtrdshisd 7 LOGLYL dj dzdv & Clstn®@ g &ls 65
slso j YOt ls L®9 Mo &Zfc©®©SB BN OksEO®Bd S dfinEststs
i0, O ¢ tdfdEdindzls dzj tecdj?2 280 A Halts X dLs 1fyel
9 COwetddd ds?2 d SOwBsCMdd ds?2 oty (fo!

M jSte® (~ 287. 4 1 ])tcthhts|dp jO fiiddsotdaly IsoC fgfadydL
NH. IMmj HOdzdzr §|] 5 {dgjtecdwdy mowrLd d slsdzts
ofMmjrmr dMMmdzj HEZj &B" 7 BROIjtedOdztse Htodo jHjdr &
s OB A3y O Cdzj e UnssbdafmMdIsj dz' dz" | MBHJ toy
(slsdz. Clfe)f | CIsteseo dMmMMmdzj Hibeo Q&ztzkB S OBB @O yfpa J dz
slsC dztsdzgj dedw dL dsj toj deder = 9 j dzd y d da.
[ Bt.OL S sd3ff sdzj dzls’
A B C D E F
PYC1 | 284.1(.0)| 285.0(.0)| 286.1(.1)| 288.8(.0)| 290.5(.1) -
40.7(6.2)| 26.9(3.9)| 11.7(0.1)| 6.4(0.2) | 1.4(0.1) 0.0
PYC1-N | 284.3.0) | 285.0(.0)| 286.1(.1)] 289.1(.1)| 291.1(.1)| 287.4(.2)
44.5(0.4)| 20.8(4.3)| 9.5(1.6) | 5.6(1.3) | 3.8(1.5) | 6.4(0.5)
JM20 | 284.1(.1)| 285.0(.0)| 286.3(.0)| 288.8(.1)| 290.7(.0) -
53.1(5.9)| 17.9(3.5)| 9.2(1.6) | 6.1(0.2) | 2.0(0.1) 0,0
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sd ed3d ud MS dd3 o sindndzjOfatsrel OAfjigpedd Isliz 6 O~ CAL G/
4.6) .
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Bdzj j

TOELOCIsjtedL 2% Isfy
HilOdz dats) 5y
CdMdstesH f

o J d&zd yd dz.

[BGOL j§ s s tsdzj dzls’
A B C
PYC1 530.5(.1) 532.0(.0) 533.4(.0)
1.1(0.3) 5.5(1.0) 6.5(1.3)
PYCL-N 530.6(.2) 532.1(.1) 533.4(.0)
2.1(0.7) 2.5(0.8) 2.2(0.2)
JM20 530.7(.1) 532.0(.1) 533.3(.0)
2.1(1.1) 3.4(0.6) 5.2(1.1)
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[BtoOL | S sd3ff sdzj dzls’
A D E
PYC1 71.2 (.0) 74.0 (.2) 75.0 (.1)
82.0(7.8) 12.8(0.1) 7.2(4.7)
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CoiBRf sdEdBIs Osl§ dzs MW sy ¢ OltsBOR OL slsO o dad
404.6 d ~ 407.2A0dNf.j SkBOH G@dzs Bzt M jj
zOB dz6¢ HOJ IsMw o CBRItdzi dzlsy ¢ d BEHisOCIMWEGIs
Yylsts ecsoatstedls 5 ftoj sBdzOHOd2dd fdtedHddetse ™ -

42 wtcOo dzj dzdj | dzj € lstets? d dBdiudi@ns dsiztssh) st § 95
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GdHEBWY ddzt desisd, MyslpdEs dizp BEOZOKEZKE dZ¢ O
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des i d Is fNEVIc@dRs i dzd ! dzO ktstejy 11 € g6t ipdgsd
J slsdzd ydd tsls dzd n fted dzOdzj MNjdezded tc O 6B gal
z G dzj tctsH dats 6 SC1-Niztlef)  izY ez ® dzts ) d3d dzj 4 tc O 9 dzts d3,
Yd tedzeddz dz0 11 ¢, MlsjCOdedy SO dzd, tSBtOL B8O C
fted orMm"r -mOdzdd dzOdej MJ dzdztse s Mmdztsw . s O0CdJ
gL d3d dzgj dzd j &3 cdHtesW sBdetsisd dzsdlilsj dzv do i E
fslstcj Bts9 Ols+ sflsddidL Oydd MmMlsOe O € Ols O dzc
dzO dzj M JS@&d R} [

AdSdzdud MSdJ otsdz! SORBY j ets6 tcOBAZ" L Ot
L dzj CtesnddBdud MEs?2 OCIsdeOydd §tsejten desfyls
dL sBtcOy jodfmMzdzDj 1 OdeBdz h jj ydmdzs yd¢< dztse
ftslstcj Bso OdzsM! Hdzv OF IsleNg O g dis f tvaty JtadgWdztsnasS
L dzZOyj dzd?2 IssC 0O dzO A 1, dM2G BG&/OHN] L O IstsfipBied NRdzts (
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PYC1-N;: ¢ PYC2-N:H PtCUCI-N. 100 ydC dtse. uCttetsmls!

MsfiylsOo dzv [j §.1 2P 0 tc EGIO. Bltcdzts A j o O

] Oy dzr d@3 f OteOd3d Istetsds, fsLosdves hddy ftofs
Mistclz C it dzis dzs e d Yy MEdrmr R OOCIsjtedmisd s + dzj
Cmodl . r dzv &BBOljtedOdzse M BddLEB2 LOGctkzL &
Ud B3 B dz' " wOLdBite v OQdzigB®o gztedgls o dafp $B#.4 & ]
I tjLbizd IsOIsOd3 ydsédzdyd mMEs2 otd IsO®BY J tets
Cmol f ZOIsd dzsftsH j o OKN T dzddg@ dniS te[dj © dzts d5 dz! Is C
OCIsdodtetseo Odzdz" = B OL Yyso RGEH O lsO dzdfHQ I4ABOtE
ONdzOyd dzdv f dztsh OHd 1 dzj Slstesndd3dyud MEd OCIsc
BdzdLCd ot oMmjr RGHGNQddza OlEs20@ d L dzOyd
Cmopl Cod3d3d ey ME ts6 SIMBB twCEYLD, Mt O d3fzgzBB@H ' o
NCPYC1COPYCI-N>>IM20. | Od d3j dz' M j j L dzOuyd dedd Cmo?l d
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5B teOL § YI-NP t (O dBNE. 1 sded ¥y § dzdzOY Cmpl 1 stsEts
ZOdBtsdz' " d 3 Mtej H dzd,K6ded)L df hBPacitf.| 2O @PuUd j &3 O
Memisswh dr dL daj MC W&o)d L iOMmdsid 4C0Y 4B/ ¢ (
L dzOyj dzd ™ § Sdalp Y j dzdz' = GBELOL ytses ots ddetseEtsd
M sMtsB O Sind dzE L Otsfzw s M jets f sdzz yOls!'  dzO dzts y '
tOL B 6O, U B o ¢ (dydsyatdpy)dxIusidslzdty's tfOu g S Ols
te@fydlsOdedz” §] 5 L dzjSClstesnddidyjMéts?2 OHMBSEB
(tdfB. 0) d 5 sCdMmdj ddt BsdsiHdmsd B) dshtt
Cstete ] dzdtelze Is d3j ¥48z MtsB 2 (v OB dz.

s OB Zd480 1 JjCcltstrj §OO®jIste’, RKOLOCI)]
f s J HRIGAAQIsOdzd L Olststets o
cmg1] MO s d Bqujme
Ha IH H Ja 9 smmls Odztso
. aH H Jifn
I GISJ th d§/ @tX d§/ @tx [ 172 ] IdSer]ﬁ ||z|.|._A/d§
(PY)
JM20 84 7 8 091 1.3 184 2.2
Pt/C1 114 120 0.87 0.4 56 0.5
Pt/C1-N 110 115 0.91 1.7 244 1.7
Pt/C2-N 118 130 0.85 0.6 81 0.7
PtCWC1-N 43 46 0.92 22.2 | 395 8.4

{CdMmdzj dedd =~ J BsMisteB dtctso OudgzE{dRy Is € dbdk{drQ
BOIs § jedf@yirf dzO J Ismw] df 8 & J dgl dzQ fladh) RIAOC Ols Odzd L O ts°
LOCOdydo Ojlsimw o Bdjj kLS4 HOEOs g
fslsjdydOd d@Oyodko 6CdMmdj ddy 7| KsiPoeddists
ftod d3j odats 2O 4Q estgd mitedzecfF, dMMdzj H 5o Odedz =
f Sy Odzse, Mitlso jlsMiso ks h el (1 s B4 BDC )Y

90



1400
a) 40 6)
1200 -
55 PYC1-N J\
<t 1000
L)
= T PUC2-N ,/\
£ o 5 800 - - o —
= =
2 & 6004 _ .
- .20 4 o Pt/C1
JM20 <
—Pt/C1 < 480
-40 - —PUC1-N
——Pt/C2-N 200 1 ptcuct1-N
—PtCu/C1-N -
-60 : ; : . 0 i "
0.0 0.2 0.4 0.6 0.8 1.0 04 06 0.8 1
E, B(OB3) E, B(OB3)
r) 0.9
B
0.8 -
~07 : o
= ® L]
s 0.6 - JM20
2 = = PYC1
JM20 + 0.5 1 B ..
- | =4
et > 041 i I (R
—EUC1-N i ® PYC2-N
- t/C2-N 0.3 ,.-;li‘:“::::""
—PtCu/C1-N [ Bt m  PtCu/C1-N
1.2 " " " 0.2 T T
0.3 0.5 0.7 0.9 11 0.05 0.1 0.15

E, B(OB3) w-1/2 / (papic)-1/2

t dMEz4BEE  C dzd yd MECdJ o tsdff OB detsfsts e O3

BOIls j te @dets aff: s fydzj fyls Odzr Otels df L@ Y dsE (Hfistn) jozg T dzt

6. Cdzj CGLEHRDI Ols dsts AyWyjCes s Mls! t©OL o j BlsC d

B, (o) [ddai2d | p sz O §plsc eHBE | dod ¥

L Oo d I d Gl edl /f sls jODy JIO.dzju Dstesfls! ©OL o j |
sfls Oo dzvij,d @0 IO & BzOMr "Oj dzdz 2

bSIsdodztsmils: COOdzdL Olststetses o [l s Byj o
stsC ts9 tcOMmmydls Odadz’ A f - kacdPq @zj deddf  fstadd
CdmMdzstcthmdzis @ s dzdz48 ( v PHFdR.. | j MBslstew dzO o f
B3O dzr 2 teOL d3j t6 dzOdzts yOMls d WIC2-l dZOBH @£ Is j to 3O
M jydWduyj MSts?2 Wktdks? otd! SO jtedts?2 Ctod
ssCtse 40P)dMm. 1 edyddzs? daj sy dH Odzdets dzd L € 52
SBtOL YO dBsekzls Brils! ftotsedj &3F BOMMisy j 6] dz
otsL daf € O h d jdzOalzj fijdeisdgts ¢ 5 ¢ Qds Priaf| dz3 O ls,iIc O .z ¢ dz
CaOdtsdzdmisr ¢ fjtejSter 90ls HEkze HEBEZEO, 1

91



CdMmMzstesHO € dzZOdesyOMlsdyoOds f dzOlsd dzr , dzOr S+
$ObOddlsdyd(fisdde. s 4gd2gpd v d ¢ O R@ANOYF iy datzD
otsdz OB jtesctcORBAT , CSlsBteOW HoEY HOdISGt
9 HJWWEtddkidaiyl ME 2 &£BAzO M I dic ts@ dzd 3" 3O M
tc] O jdzs©O dBseckzls BEzMmdzise dzd 9 Ols sOC Yy d ¢
PICL(t dm.OB8z, 8) . [Jdzs o Istsd3, yYbsts or Mt O
KetjenblackEC600D tsB z  dzts o dzj dzO® dzOdzd ud 4 dsizdeS =i Pt
(t dd59). { MOYHjdedd 1Y § dzOIs(d de' o IPI@CHsL H DG t
ftoctsB dzj d3" HsMiskEf © CdMmMzstesHO® € drn (o ] ter
COlOdzdL Ols st 0.

1t oBLtOMIsOdz]® L dz0y g dzddBOE) @pch dizd IsifYQ J M ¢
COlOdzdL Olstster tc O f) PYETEYC2EN<ISRPEPYCA-N. te \\HAzO Yy d Is §
Bsdzjj o' MsC PUCLOE & d b tz@ fHBTldzd s jls BT Is! e
sflsd d3Odz! dzf d@3 twOL & " j=Es(zmzsp ozj dzdz" O3 & d3j dz’
Csdzdyj Mo © d HBsdzd BIStesf tstc o desMmdlilsj dzj ,
&ZzO ftesmistcOdzmise j dzdets] twOMftejHj dzidzedj o OFC|
L dz2OyJ dzdv EHj dz des?2 OFC€ Isd o dzBGIsNjdzdi»dgQ lsIMBO o
(v048) , ' fBZOOjdB, Ykt fftojoOdzdtlze M dd3
sflsdd&dL Oydw s tc &z Kddjénldack E@EEGR) tctoH O to j(L 2 dzt Is
OL slsdtctso Odzd v . [ Isd3d Isd d3, Yylsts dzj ¢ Olsdo dzts §
COlOdzdL OlststcO " odgds j Is Is EHQL d BOdzr 2 ,t6OL
sBd M judoOrh d2 BEBALPl ot NS i Wwydizl j, Mt
PH]d dzs?2 OCIdodesmisd o (1s d dzOdBI/SHY J
COsOizdL Olststez BOOMH dzDdzs ik © , 3PN " h A0 Iz &
( v 0O88)z.

VH J dz dzOW OCIsd o dets s € ¢ @ lsf ORIz BLORERBE tad jIsfy Cdz-
ftoj osMatsHdIls IsOC e ¢ diO Isq fipi dR oG ©OBddedy d-ls BP t
Movw L Oz dsIsdtecze dds Hj2Mlseoadjd3 dzj cdtkze h j
Bdd3j sOdzdzd y o) BSdRE Wz cqelze h jes € s3] sdzj dzls ©

92



OCIsdo dats s 1Y ofqzjHMmlseadj yYjdksets toWHC
L dzj Stetsdzdzts? Mtz Clskzter Bj s O dzadzO ; F dzj dz' "
By IsOdzdzd yj MEs2 twjhjlsCj, tBdzj 6 YyOflBY} j OHME

A3RMMdzj Hso Odzd j s rp 6f toktsthsdR)dsiddzj 2

2y Ctdzstetsdzy  tsC d frfczf figedtey?  détstdnjdHsjjsdrjedm)iL Cajs
Fedzj csHO® BT dzd  tsH aztc ¢hgistd fifishriztds ss@odpdizdzts o
¢ dzsdls § az! 8] 3 dndsdts fifisilk@dctisO2 HGL)g @Isj d3  tetso § dzd
ftesh juh jets ftd of MsSda (1,4 1) d ddLSd
sftejHjddls! CtttlL tddkkzs Miss2 ! ¢ Oy H!t
B' dz f toj HelPByjlpldf c Hj BT dzs f 5C OL Odets, Yt (
ZOH jydes HIWW jtoj dzydtetse Ols! CtstototsL  sdzdzlzs
YydCdzd yi MSOw otd SORY jtesdj stedw .

RL todMizd®a@ edts, Yyt dzOd i dz' Oceu?  dgiQjtdsy
dzsd Is J-zy Qs tsedz@diafgdizjj agsOlstsdice OL SISO 9
Csliste’ j] MitsmMtseMmisoalzs s Ed3jde h jded® ¢ dMmdzj d
Co-N ftoj sBdzOH O s f dztsf G dffjn 2 difls € s letc®© Y jj dz®¢
By Hdzj dzdzd § , Ud B stedmis" | Qzsindr'k jadzqdz s iy
sty § sldtshdls | dz ] jud ¢ f) ddettpg ls ] e v mfPdzj ¢ s
o' M52 Yotedmistsimis: . 1 O0ddudj Stkzfdsr o {1
ftesded Cdetso jozdj oBH' d Sdmesk', kOCYj fts
BjJL LOLtelzHdz] dzgd?2, ybts Efmkzekzedzv jIs H Odadz 2

ltcjHo OtedIlsj dzt dets ftotso j H | dadatztg iy djle £ digif@a)s (e 1Od
f5COLOdks &O&dud] fMjoHtjBSthmisd = §d¢to,
MowL Odzdz" » M dz2Odzdydj d3 dzO f§ tso jtem dzsMisd kG«
Nd otejddW o jddyddzO IssCO o HoB2 dtshds? dzs?
L dzj8bBdedi3d Ui MSd HsMsky dzs? o jtendisisd k¢ d
oBdzdL d YslsjdydoOdo, 0d45 kb, B thtzhd s i ézd ezj dz
MtcOo dzj dzd® M Ho kW dsH dW dy H@tadap O dRids E=d i s d
] dzdlsj cOlkztody d3d HOdedz’ 3, Mse zZOMdes CBIsts
dztsfnd Is j dzd L OYyOfiskzs TOwOClsjtedL 26 Isfyw {
CdMmMztstesH MisH j toyfGdodjntc nedidAYldfd gt 0, 64, 65] .

93



{ gz a0i A S dzd Ui MS dj o td IsOBICHEN 2R O d&ds'
yd SHRIO, Ols il R0Q &) @My ls O tstefts LdzsEezE O
AdCazdud MEdd o sdn tf Bz cipEiEl9@dize f) By dzj 2

C2-N,1-2 Yy PS dHLCIO,  Ols d3ta 20gsts @ fy)

1 sfdzjy -BkiglfHigse OdzdY  desmdlsj dzj 2 B dzd
ol OB tc]j tsCtcOBd ), ((dd. SWsBRB To dzOB dz¥
Hsfsdzdedls j a2 dzr 7 §dCtse ofdzjHmsoad) btet,
kjMmisdtetse Odzd v 1 tslsj dzy d&Orddn t§ L O st tf Isiziiscdzg dfj s ez
] HOddz & bkfmasedwhi ftoj dqokh j Mo j dedes  tetsls,
Yd B3 d MeowL Odes dzgOdzdydj crotsmisOe o tsB dzOMIs
ZOB &z HOj s  Ehdejdedj Hot2dshds? dsditss
kjflsdieso Odzgdv, GHABOCE, lfkzlsmlsoksls §d¢d,
ftcjotcOh jdzgdv Rddetsde/ cdHicsR ddzgsdz ctekdf § ¢ tod .

4. 4 RL EZyd dzd 4 MisOB d dz! dztsmis d f d&zOIs d oz
COIOdizdL Olststets o
JYyd &z 2 Htsdzeso J ydzsmisd S OBSOdzdL Olsstetso

B sCtcOlsdatsets otsdz OB jtesdzj sted yj MEtscts
ftslsj dzyd Odats.e0 0. 6d. 0.8 dz2O0 fHtetslswyjdedd 50

94

















































































