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cdBtedHdz 7 MtslsOo tsoM* o] fifldsdstistics RdzcfiP Is JOsAE  dzsRE] dz0
ddzd f tod d3d dav dzd fy- ® odH]J HtsB Qo t5¢C . [ sy dgs 9 Mlst
dzg dzOudlsj dzt dzsj Lo j dzdvaRbelsdab odsZsiis dets fipte fiyigaeia; @pls ¢ dzO iz § |
HgdOBdSs?2 MHoadeEO HAzddyr otddy HBOSHIBzREO A .
Mo s2Mise O dzOff oW gz Mow L Odzr M 1 dzj Sltetsdedets? Mistelz
dn S dzs yOjls o jtesWisdy j hdeSd tfbduyjmMisets ojlssH
M jClbOn fscdsh jddw §djdsS o Mdkzyo0j dr Mmdde d
feslsdotstej YOl Htekzce BeftaSEH{103], ¢ Okdzdo  dij dz iyt otgj dtatyj Hig
OB B2 §f 5C OL Oddg” MEAPs®j SMAPhl O o [LOBE(EUBSDH Is Mg>" o
BdzdL Cdmr SCSBdzyd dzstcOydwa dai odzdwils dzO z37171, uylbst
o dzj H oNiglide® B3PS s
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( Mdzd ) rotsEn@feiflisg 2Bz o TlS(MYClh d Cadidots dig O g186 P[207]) , s
9 Jtotswisdat,j Siplstzoij¥lzd yd dzgdv z31717 BRHJ IS | oz@l.0 Oldz td @3
[108] f S dzdetsj mIlsfizlsMmisea dj Stsdzyj dzlsteOyd tsdzdats?2-1 5 Oasts bixg
OS] oT LT 90jls MmOdta] YO 57 1oydzd Wudss[dfj § Issets, Is
9" L o QdzOdzdSB@S dG L d3j dzj dzd 2 20 toj dels G | dets G WVGRAEQ R Stk
Yomsizse s W sttdy ©sd Oddl'zlt yofs MisOs dls f sH > d s%hded )
Bj MBWE. 10 hdasesOddd MHeodcEO o (sl o cddtse
fpdgy " j dzdw fdCtse tAad MmHjdOdts ftjHl sdsy Bald
Yofsizs s W OLtsotsd® fjtoj ntsHy 8P [D09]le [LOhH &OL tk {f s d 3k,
qLdjdej dedjy z11 d MbwkzSbizter, MCswkjj ofMmjes, I
s5BGON MUEzBI? ylsts fSHHjEYJoOjlsMY ©WHGBAH HiEkze dn
fd3j M Ol G | dzd Hdz" A1 OB dlsBo f EB dZd C OYyqdw R dzj
sj Sskter §dzj dzcC, odLEZOd dzs o WOQHN jI2O ddD, tejls
fsfzdzvtcdsr &3 L OB dzzy H j dzd § 5. Vissyded 3, vuybt ftwd ¢
f sdzd H86Y v OS] ftojHmMlsOodzj dedj Y HIse j eapHQ@] Idf tEa@
Clfy 10 &€t tHs z&HOQ O NHAMID |

v OB dzd YO ¢ O 9 dzj dzd j dzdlsj tOlsztcdz n H Odzdz" ~ fts
SftejHjd ddzs? &jssHEE vOEYy0, d §odsyjdds EOC
5 ) dzIAPDIs S Ol d s dzOdsd h j dzsydatsL j d3j dz' dz' & dsj ls O dzdzts o

MZ*MX, | C, [{Bhd2 MmMnts®¢ rRL &3] dzj dzd|1 Odzd yd j |& M d
Bts o 5 o&3jlstsH| Hdzd dzr o
% BOC Md i3z
gz jddi 2z
Mg** 2 MAPbg 6dVgo 03 4l, 57 HB - [102]
Ba 10 MAPbo Bao 1(1,Cl)3 4 1,614dz@,596 | 1 j s fMmu{ [109]
(fwslsde
ce’ 5-15 MAPby,M,l3 4 1,57 - [108]
SP* 4 1,57
(ftwd of
Csdzyd dzls te
Ba 10 MAPbg Mg 1(1,Cl)s o 1,56H 4,424 1| 1 jgH o d { [103]
SP* o 156H 8,371 | | feslsd o)
(d dz dats
ttOMmMmi do
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Lo Jjddud ddi z1)
MgCl, 90 MAPh MgoolosCly | & 1, 57 H| 14l mnu{ [106]
(fteslsde
Ba" 4 MAPbg 0B 043 4 1,080 6L, w 766 d [111]
dzd3
(fsHIse j
Ba(OAcy | 0,6 | MAPDIg(Ba(OACk)ooos | & 1,597dz0 1, c766 dzO | [112]
(feslsde
CaCb 0,5 MAPbI3(CaCh)o 05 u 1,584dz0 1, - [107]
14l dLdzddzj ded™ 2z
Sai 5-15 MAPby,SH I3 14 odzdw 770dzc5 B § [113]
fMH o d ¢ (
Mg(OAc), | 1 MAPDI3(Mg(OAC)2)0,01 14 odzdw 14d1s fmH{ [104]
MgCl, 5 FAPbL(MgCl2)o,05 14 fnu{ [105]

[ Mdzd & BtOldBhY ¢ MdMisi BOdUIMEdd OB S
3, 5, 10, 20 s dMg®’, B, CBls Bab'dats o ) ts ) IMAM QP (1,Cl); dzO
Vslstsotsd sOdujMSdj MeBE2fisdroOn O jlsss Gs.tfdz 6.5 (3% 1 2
FTOTIO) f -p®pirocOMeTAD/AU [109]. | Htkets?2 @0 lsEs a8t @ &y do
MAPDL(I,Cl)s, dzOtsB stetsls, ftedotsHddzO ¢ fMmdedy jdeds C. §. H.
Slsdj yOjlsmw Bodzjj djHzjdedzr 2 M On 7 OtOS By tf dsiyls
fMtc Qo dzj BEY103Qts [ Mis! WY H CHE dAETEYPY sy s Mfshss
lul M §eBsh i Mg>'C@is BdadsBe’ §f o Y OMls d ydzs 2PEF'LdO d3d 2z,
ftoddsd dej dedd o MWHBOYE- HBEBPIEBRISdd. 10 tedhk
d Mfdzj H 59 Odzd YWAPHMYIs P eztAPDI(MX )y. ] dHdzts, Yls s ME& s da
sBjMfjudeOenhdj fwdsmls C.4§.H. sldshdlsjd ds
HOf OL ®Rdzjd3s0dz. 5 %. s Olsdtsds hjdzsydetse j ogj dz! dzr 7 o,
Edgj dz' h Olst f detslsdzsfls: HJ W Ay O Bdj &wso Ol j dizd
Chs?2 Stdzyjfydyj?2 yOfmbsts fodd LizslsMw Hdvw B Wida
1 0fted d3d te, Y Isd BORE(S) NigEHBOg s dad L C 28 ff dztsls dzts
10“Mmd M Btd "dd& otejERiMMl.d3 Y dLded (40

s ts o lststots? i tod yd dzj  dzlz yh § dzd w C. . H. tsls
BdzOG s todWisds o Hdzw f OtcO®R stetso Eflstets? Mls o f t
dz0B dz6 H Odzis ! 0 C OB H ® ' MAEAE)O[dPg], CaCh [107] d Srl; [113]. v OS¢
L d3j dzj ded ] BtV sdsecd JdzscHO MsftsotsyHOjlsmwy fd
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fdzz B&d ulsts dej 3§ M OJIs § BRML " phdaffstes® P, H.Zo j dzd U ¢
fedotsHdls ¢ EZdazyh jdds f§sHedydsisd dsgH)HE2) BT 2
[109]d HEB @P[LIG. vdolstster YsHYjteS do Os BEL dzQl Is tgs & ¥ datz
CzOHC sMis! fdzj dzsC GtedotsHdls € kdzk ymMiPaed © ts Idfpdsd
¢ dmls H®O [ULE.m

|\/|n+/|\/|Xn C, i3t dz. % C K f(MAPDL,) dlstezCIlszO 1o yfyr dzg

Ba?" 3 Bl ¢ gMTHMX) FTOMO, § i - Is/ spiro-n [109]
BaZ 5 FTOITIO,/f § te/spieo-MeOTAD/A [111]
BaAc, 0.6 ITOP,CT-NIf j o~ s/ Pgmominge  [112]
SI’C|2 15 FTOITIO,/f j te/spiso-MeOTAD/AU [209]
sr?t 10 FTOITIO,/f | telspleo-MeOTAD/Au [113]
SrCl, 10 FTOMIO/ALOJf § te-tss dzj esu  [171]
SrCl2 10 FTOITIO,/f j te/spiso-MeOTAD/AU [117]
Srl2 2 ITO/PEDOT:PSS/ j @iPi/BalAg [114]
Srl2 0, 4 ITO/PTAA/Y | € #BCP/Cu [303]
S“2 0,2 ITO/PTAA/Y | € #BCP/Cu [98]

ca 1 FTOITIO /f j te/spiso-MeOTAD/AU [109]
Cal2 0’5 FTO/M,LENIO /f § @PQsBM/BCP/Ac  [115]
CaCI2 0’ 1 FTOITIO /f § t/spieo-MeOTAD/Ag [107]
MgAc2 0,7 FTOITIO,/ff j te/spieo-MeOTAD/Ag [104]
|\/|g2+ 1 . : . : . | FTOMTIO/{ j twspkeo-MeOTAD/AU [102]

10 12 14 16 18 20

C.f.H., %

tdmMedzsMfird o fwsorhjiddd €. 6. H. 1 & MARYI; BSH
HEsB Oo IO j ten Misj D q ) lsted d PE dz@ Mgl qatsse”, BED &) o

[BtsSBM OW o dzd v dzd | COlsdtsdzts o hj dzsydetsL j d3j dz' ok
Mo s2flso O, st BdBhzz yBsr o 6t P 1O df jtshd jdslpciz] daff dfdd H s
SIChf sor h O kW  MteOL ke Vi FA O tef @t | s BF, (S § Mz H S8
w g dzw ¥ MgtDWc), d Srh. [ BtOIsdd3s o dzd d30 dzd\joe 1S fiyEsess i LO@CH
9" o dzd o Odzd Vv nt diissyg AU MEFGSsaMEJISO M Cuwuvue
BjlsOdkzkztse dzj odzj HiswE sfyw dzO@ i Mists Mo ddzy®, It
qizd BBoBd&OCdoOshdj L jtedd®, oddVdls &O dLcEde L

[ euh dd L degrjded v sdzzuj tdzd ¢ &4 dzggetizi ted d BaOAE)O +
(Edzz yhVpdad j1, 09 HI2,CaCt@f 1), 06 [A0E]dCabl®d L) 03 Hts

[115, ylt |f@e@RijzdioOjls HokRW OL dsfjls! &GOl B¢
Mistlse j ls MTOPLCHENES BR-C:BM/CsyBCPAg, FTOTIO) § -EdpircOMeTAD/Ag d
FTOLi Mg:NiOy/ § -ERCs:BM/BCPAG) . uOSCyj B' dzs  5C OV dets ,fydzg Iy

HB O%riSfigo W L O dasdzjdajtc jSEdiHOR BPHils 5O M) jet ds$ OddL Oy
5OC € OC ViodsdsjokdsimY ftedf sHd ST & HOYj 1§ ©3f (0RS d



38

Bsdz. %), SCoktterj o' L' 908l tj ZOSMOYds StdilOc
Bd ¢ te s de@ FiAP3].

[lsBjlsddz sOqH4] t@OBSCHEstcts? B dZOG t5H Srksl dz® s BERD S
B dzts ftserh jdats M) 77 Hts 85% o -EMsBERBHE HE Ml &1
LW dte €6 jedztf dsdetso 52 CdMmdzslsr o tesdzd Cwuvw), yYls
luws. ltod 1lstsd3 Ooltste’ SHUHjls Odzjse d tadstds SHQjlstafttsods| € o
fso jtndetsiisd §dzjdzCd o MsMlsOej Httzedn M Hddzj
L Qo h jfostrsjjteySB'ded } toj HY sdZOc Oj Isfw, Yt SrBE(OEG.E |
d &z8CGfm Btsdzj J hdqesis2 z717. uvOCddz sBKGOLESA, dL d
fodotsHdls ¢ kdazyhjdds {CMbeOSydd 1 dzj Clsdatse ¢
4,851 | HEIS 4, 4 1) d, Mdzj His9 Ols j dz' dats, zd3d dz@ M § d
O zOdztse d ydets, fn Edzkzyh jddz &5 §jtefndestsdgOf izj § st s ¢z
Iz fls tc ts Bé[1$396) [599], Ba* (10%)[103] d SrCh (10%)[117].

1 4 Md3ts Bz@® s i Iz Is fridswpjdojd HifdiE drl dz® Liag o to € dRdsW tsdiizfsls O dalizts o
Mistelz G Iskkadiac O C Is d tedf B & diaj ©8 dzOtc z ) @20 jlsdgs'c j dzts & H)Bdgdz @D
ftod 34 iy d@H-Ojif ¢ sdzy  dalSBBy L dMOdz sHddz2 t6f HE (2
tojLizdz SO t A ftodBd &OBUHE & O B RaEHOEL] d3%6 !

I s ofmdBOdsdf 1 MezEyOW R Hiv Wsttdtetse Odzdv § d
] Ldslzlsjtoj] wWOMMSdRIEH HghHbgirkzen j2 BteOBLI2 O
MlsOHds . o¢dz' sjtodzOlsdots?2 o dw jlsfiPbh dtsisiH QAz] digh s ls iz
HdWWEL d cdgitsd afQuelgfigy §tod Slsydej, Its jMlsil 09 d3m ez
S EREHhN Ojls fsCter 9 Of di3tsfBVAPDIY, ts Higzts ) R dzdtisRj dat & BOH d
9 5L @3Sy dats ¢ tsSrhodeP WHEHAR[HOL 59 Odzd j o RBOIsj to MAdZg PO © d o3
rfuef, wOmMBEHGAE déans jtese d&zO o jton dzsfisd. | o kn
Bt sdsedyj MSd Bsd) | GH SR dBH,. g dzs Zis tf dg d s
MEsH | oyFtedsj dzv j styw M 2 dzO0 10%. [ okrfmlsOHd?2ds 2
Zfls tc SRTHYE®, f-kdpiroOMeTAD/Aufy 13, 57 Hts 15, 52%, IstscH
SHA&EMSOHd?2 e SP dgids @ s 5% . . H. M 15,22 HE
dzj sBABSHdBsMIs! HOd dzj2h dn dMmdzj Hso OB RI3H dzv o '
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1113s Ol dtsder §jtjRtHdr B d3jlsOdzdzts

1.11.3.1 Mn?*, Fe**, Co®* d Ni**

t OmmBsistedds MM jMisalze M dJ Wdel HMis®D dz§ Gelf o s dBls €
fjteso MS dls OR[118] 4 [118]®)ei 5 @O Myj st , o Msslse Flsfffés d
sitstejlsdujmMSd &seckls odzj HiwIs! fMAPLY. Isy kst dz' jols| iy |f
5Bt OMEMNNY stse j dz ScEteOded ydo Ols! fsWodzjdedj ©OL dz
1 OB SREEEsB e OL 2 j s jeldgz®BlsC.d ju dIMRJ|O e ls &©B sfig j H NEHO ¢
ZsC OdkzdL 2j Isfqw  oMAPH4 Y HistzL ¥ T dz! SOl OB tOBOdzs o !
fMH j dzOdz" o "N 5t Wwilssty d @ O 5 Slids djtsfighis Ni%l, ¢S dpds tsHiy fi) !
[ ¢ BClOPHBEORENT ddo O s oL @ddea BffMise dj d3j

1T 20 MHj OO0 i SO 5 s tj HEMLpdd$ dzj dizs
MAPDI(Cl);, dzj ¢ d totso O dzdzehbJ119% t5 BREICHHENS 9 O dzdf XRFB] I t51€ ©d3 O d:
sdzd Qo dzsd3j todzts twWOMYtoj Hj dzj dz¥ 2O CSteOdzdyoOR L jto
dzd 3 j -0, 21 Bsdz. %. 1 hj 1?2 ctOddy’ ftsdmatsHd
cOMmtej Hjdzj dzd j A3 W tstcd3d BEDs dgdp,w  tom SHOME dzdE3 9 dzj
odLEOEdL ez &iBr j] BjlssHtsd wCf. o¢oltster fBekdzj ozB
dMC dzs yddzd tsBOL 59 OBECH]Fe@d ! lstsfLin dgjyjo s S  toj H dz
2O " jEade gsdz! h j ofMjct dzaDf[E2Hd z0OGY shHisPoL O3 N
Pbb d&zANCl, 420 fdzd 3C ©ORF wCf odLEZO&dLdtlkze sMw O®Rste? d
Mn®*. Cilsd HBBRjd GltedyOljd! dts oaddwsls dzO0 ftsHed
desfdlsj dzj 2. 1 16 L lois cleaelgd Uafdej@ig' 9 j{HEfliO d3j Ister 1 o 4

RMABHY dL ftej HY tsdzts My?taf] P& dzQAstisH WClsArsvdREERD  &X4j di
tcOMMmydls Odz L tsdzdz’ § MlstezClskzter NEAGPHE VI a) Is d w68 o
f sz yj dedz" | toj L z dMARDDBel;, HEB Y OJBj dzj dzdj o 1 o
fjtemMf jCSdodgBls j tsPOZSOEZOHOj s KROcdedlsdz’ &g Mo ts2 fr
9 COkOdzj ftetso tsH d d3tsflsds tc e ls OfiidsipdE@E 5 ted LY tod d3j fi
fJtdfmj CEAs hud@Sd fJsdmMatsHdl fitejrntH fevdset n
[123]. 1t twORUNWEOEcOIsdodzs oadzdw jls dzO f tsH o dy dats
fsor " Ojls dn %% mOlsd efdendiyj @BM N OBhesets o hj, y
LWWiClO dzj ¥ J dzOlsj dz' dz" H dz¥{122]. ts frRsfigmytg Hard W 145 tddgecis) 6
Mn®" o % OMABBLMN; sls dztsw Isfqgw ¢ o Odzj dzls dzts2 L thvblBb)s d .6 ©
MAPbDo 7Mnoodsd dBj ¥ s f teW 3s2 R OwOCIsjto dl2étsmlsOo dzv s s 1,
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CCMmyJteddd delsOdz! dz" § L dzOUd ded™ 7)1 MARb.aMnfipisciiz’
MAPD.Cods, d tsded fteslsdoetstejydar . RL®Bjdjddd tflksduy
(f) ~1,59 d&O ~1, 60 <+ ] [124]dv o dgts 8B EA8) ) ) &6 d d3th dzH «
odzdzr RBOSMIBZBO Af o Sl totsddtsskzs B EOMIS!
HdOf OL sdzj, n OtcOC MAPBIgZS d3H ta Hay s 2 d il 88 dzdeSdat ofizpe D dzd v
z0 z1) d orL" 90jlIs MHe d¢G BOSC Mdezkz@IPIs ' A [ ) otsisH
Codayj delste Oy d t5dzdz25]. L Olo d g QA H RG] s OC ¥ j s s h B@IsE
ffHe dej BOCMdBERO Af o ftdaly o tftftcts{dztsyQiERE] dag@é e Q
] 51 Is il toMIEJCo™ e toj "MARKL r LT 9 0jls fMtsddzj dzd j . 1
dL dBjtej dedw wH ] todatsAcj RO IS tiznf ztize® 2 el fptiz @iz O ts SIAFDI 16 5 o
fsfrlsSj jet dzj ¢ e o30) tdzdes BT & gz@etisd §f tod L dz2OS d H ok
[127].

[ s  d3dzj dBd’) o) st telz j s j t6 j - #ots dzafsgsty tBNMAG K
) tod d3j deJoTam| jH d Of GL s dags dz.0 % f tod o SHALST SHf MARESHR © H &
f SH &ZPAAJ126]. | Htekzet?2 OBl jylss, dixzasitta bsizCoiz0 y
UMAPbIsf jtejatsHdls o b fHted dL ¢ tsls PEDDQTEIFAOLN dz) detf ¢ + bl
9 BHhkE2 dL ddn dag EZydlreo0jlsfv tlkfklsfiseadj - o d
MAPbl; f e ftserh jdzdd IsjCflskter fH oddwddjd sk
ftedotsHdIl § dztsydzr &3 9" etsHOM tsB dL d3j dzj dedd Md dzc ts

10 tedMmkzdeS | 8 detsp S 5] detlzd W Gidigyj IsOEslafste deta® + W W j ¢
fted BEHJV¥JCOYydd MABH: f§J ©hg BdduflsO ysts dn sflsd
Edgj dz' h O8 IsGo( 1o, 6owdMZL(004) 2 Fe(@1®W) d ) i sz o 5L da
stsdzj tOdzls dztsfls  ME B s & ©Ode'OS/BRPIBEH M s X tew L dzj dzd ¥  BOL
ftod Bj Mde" B S OdsdzOdi3d. RL 9 j Misdats, UMABDI;IE Betizgath O ¢zB
d MemisOsudwy jlslsts 1D JjMj dzO0 2Sipflssfv®a)S © Bsdz! h j,

] totsjfippzf @ O Isfyw  dzj tSH dats L dzO yMia §f Cod" dz@ v digt jo ¥ & @rbs § 6 ¢
sOld®E @« MsHjteyOdzedd orhj 0, 6% bkd&gjd hOsls tOL
SHMGSteSH dsis! § sC[1d8]lsdyls tf s sty § §f to ) [42@)]jf)s fifiys Hej totg @
MN*550%. 1 Oftslsdes, MtssBh Ojlsw B ko j dzdMAPHE] d
CObdswdddl &sd. %), dins {24 zvs odcas s § iz \ d dzd
L j eMABbIf ted S ted s Odzdzd L ORTAAC2d2@ fitlsH dits RS jdi3C &3, ylsts
dz@EDOT.PSS[101; 126] [BtSBN OW | a3’ L O3] Is d dzd , Yylsts ko jc
MN* Co” S stetej dzd ez jls Misilse jIsfilse j dedats Yic, fedsbFRN j volagf jj .
d dzd |s BeHFE
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N ¢ . f(MAPDI,
MUIMX, C, G555 2. % g« somitor wheEclEEo 1us M G
: _ [120]
NiCl, 3
Co? 10 ITOIPTAAN / PBMIAI [126]
Co? 1.6 ITO/PEDOT:PSS/ / P,BM/Ca/Al [101]
FeI2 0,001 FTOmo/ 1 / spiro-MeoTA [119]
|\/|n|2 1 FTOMO/ 1 / spiro-MeOTA [124]
Mn2+ 0’2 ITO/PEDOT:PSS/H / P, BM/Zr(acac),/Ag [118]
0 5 10 15 20
C.f.H., %

t dmMezdemMyy ~d o Htserhjdedd ¢. 6. H. 1 4 MARDlz d3SH C
HEB Oo QIR j o2 s j Mdlisksl K@Y d d( WO s d yreEM> @@y dzts 2

Vted f sdzlz yJ dadAPbl; foaR) dieflsildis j 64 o Hed MOHd(
Eobkuh jdadj Bstel Rugts S fidyszitHsC OL 0 Oj s  §NiCth.d3j 160
fjteots?2 MISOHdd dzOdatsd dzO fiy Pbhbtff deiClzS On it oy A ls o @ 1©
q3jsls fmorh jddelzy fsted Missilss ,MANgIstis] Edrdrj ipjj ded dif t
olbtstets? MisOHdd f fMmdzjHkzs dd&z slydetsdk. | dltsa,
fl Ctolzt dz' o3 [120].) tedz®aBf " j dzdf § € .NjCloHs B ¥ ) dgrdglzlafipy) Lz
BeteW sdzsedd d o NiOHRE j BB ISEEH &dzd tc s oXO dzddzisd3 b Midhidzizt
dCo®, CteHO dn ftddjdjdedj EZnkzuHhOjl BswlWsdased:s
di3d MHo dc OBHS § dzj BEH I, oj toBWIsdas, MG isfHts doodfHvdd
L 2Oy dls j dz' dzts 3z E,fif Hip ddgdzdzlzefp jS6n6 0 Hts d3ddzzfp 5, 46
LAGCH, Ykt 5COL"90jls B OGS tod W SREDQTPS ¥ il ls @O j
fyls tc &z § it TO/PEDOT:PSS/MABIyPCs:BM/Zr(Acac)/Ag) [118]. R dzls j te j fndats,
Mz yoj Mt Hd o fjMh* i ©Hcddiil® joBFds7t0dzHSts 7 9 %) . Cah' dzO
fso" "\VQizBlstctp-mfiiso6, s 1, 05 1, vyt Osltter MmMeowrr
oo JHEH kttsod"jrnj wddij djddy z3131, {§shda] uject =d
sls dzts M o Is JPEDOERSS [ H dztso toj oBj dedets § I ez by § Gedzls zfd
BJL'LAZEzyOIs] d!@ dzet§I01l]tej S sd3e d dzOyd d

11132 sObdtdr ¢toEyAgh 11 (

tiNdd or MC ¢ MARM) © GlcE b MOaEEL (38 &sd. %),
Cwlsster & o' fls AgDGEUl, H H NG s L 5o PIEBHY ¢oo Isus@®s s Isjy d
oz lsted Ag' d ®ijfdzed MizlsMmlso s ls, dets OS] Gldj yojlsmw
ljHf SkOc O] s Ag® fI€E Y OBkdrds §tsddS Osls o ¢ dk
TOLOCIsj s B®Y COC d- Obsd dBsdhl§ dtks tGL sp T
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CsoOdzj dZs dztsEts R OOCIjte® f I” ®[C tc @Ot das @ dzdis
Rdzts ¢ syd mdzj dzdz’' 'y o OGGAAgdud| i ls Nats? | d thdedstsd j I
toj L zdz2 HAXBESGEETEM-EDSH sdky dz@ G tcOded yOn L j 6] dz LudzO yif L
tcOBIRg] B" dzs B tcjHjdzj dets sy AF 8 |8EzfC £20Is 1 s ddis® Is
toj dzlsc j dzso MC tsE s ff MAPRRIEN ¢ Lo j " jorgddiigg, dz@ls &% tsls dzd y O
sy = MClLes dqL yYjeéts B' &z MHJj zOdz o' 9 By 9 s Mls tsiz U3
fjtetso MGC dasiPy j SICEE td dzj e d2 ©BELOL SolFlzdd O HEB Y Ols 5 o
Na', Ag-dCu'e tjhjlsCk (o COyjfilsej ®jykLjd d 5 it
Ostsdise L Od3j h j @'Y 80 dats el ts/w Us@ds O dzdzj oz dzts 1290 Is d
13113 o dHdJAg, qQulsdisy] o' LM 908l MHoadE Hozdd &GOS M
tcj Gz dzw taidimtsj jdzdojdzj@®. B) sk Bz thls0j sy dzj 54 toj H j dz

[icdtks h OWCUH@&BA%)S O MAPHdSiG@djo sHd dZO ¢ f W e d
Pbh, ItsEcHO CCLdzjf tetBF@EEY do OdzOf! KRjlsSHEBR t A .
LOsdMd isMbgsaf O PREOE sdzOdz dzs?2 tjh jIsSd, B 'Cds
Hi2Mmlsodisj dz dzs L OWad RO Jeld s K d eGP tef O oy fstiad > O dzfiy W
f OtcOREBEdd o Odzlfw, kBEHO § OS¢ { HF2]. 3 4 % dAOS sty d
tjhjlsCd ydmbstsets §jtesoamMSdlsO fdd: dets L Oer h jdz
HOdzdzr B d § OwO®Rj ORI toj " jIsC d [36RE[AAS]E & difs s O dzdets
fdzsf 52 btsydshlsd wOMyjlste.

RL tdmMzdzC © 9, CGHj MtsBteOdzyr HOdzdz j 5 Afl/fSulXisy c
d COlgg¥amse s dHdzts, Yt flsdkOod d 2 HJOY OL sdz ¢
16, 7%. 1o hjddj @A H[.CH.HBBHE®AMBEs O Myujls
f OtOij stese ddzfocBfb)z' C® BOLPG (Bsclgizz q&H ' 1 O dinw
Jud dzd ISERR Cts

s. . H. MARbglgAYTPCo &z dzz yh Oj Isimw B ZOEBBHOY ko jd
Cted fyls O dzczd usatSf§lsds dz § 58 Maztsw[134] b f f ks 'dZff C @Y ] ff t5H d
odzdw dzdd MlstekzS bkt Lkflsts s O d&zOMAPESH t&8)Apdgits 26
(1%) . 1 s V8, OF 3w EmistcspilshOBELZS skztsr (1 TOf PE
s/ 8BM/ Ag), GHdROCK (sCOLOdk djicosdbdli D ( BWIRLE
s/ s-opMed® AD/ Ag) . [ JAgI® 02 ,IbtsdpgOL st sor P Ojls MEtstets
d LIMAPbl; & dzd 3 j dzj 4 OPEBQTPSSdzsQlsts dzj ftesdmrasHdls, M
TiOs. 1Tz e HY sdztsy | dats, Ut ftod yd tzs O daflg & k2
ftoso sHdBsMIsd, Iss jMmls: ftsorh jdadj Ctdayj dalsteOydd
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COolsqigise[ Hdzso to j ABIERES Y9G s M O Af, Yt co s
Ag'H Y tsdzded Is j dz! dz' = dzse kzh j €.

MT/MX C, 3B dz. % =§§mhflx), ubGECEELO 1u gl dzS
Cul 16,7 FTOMmio,/ 1/ spiro-Meo [131]
Cul 3-8 FTOMMO,/ 1/ spiro-Meo [128]
CuBr 5 FTOMio,/ 1 / spiro-Meo [304]
Cul 5 FTOMMO/ 1 / spiro-Meo [305]
Cul 0,75 I To/ PEDOT: gecsial / ¢ [130]
Ag| 16,7 FTOMTO/ 1/ spiro-Meo [131]
Agl 3-8 FTOTiO,/ 1 / spiro- MeO [128]
Agl 1 ITO/PEDOT: PSS/ PC_,BM/Ag [134]
Ag+ 015 ITO/PEDOT:PSS/A PC BM/TIO /Al [129]
Ag+ 0,38 | TO/ PT AMBCPICC [99]

T T T T T T T
8 10 12 14 16 18 20
C.f.H., %

{ M ey ~d o § sod.h jldadid f§ . dfsH d% d S OMABL:Y dZ6C Is c
MAPb(I,Cl)sH 5B O o AgD@RM CuBrine j &R flsj S dsdj sted d P dz@@mls

1.11.3.3 s Ols d sz § §2 @n*, Cd*, Hg?)

sOkd&w®qCcd B dzd d My s OdzMAPD.Myisen Is @ OF d Ate Cys[dzy
(5 ®sd. %) d dagzdBSOL @@ d BEE tsdvRbY. Y dzdOY tezLd3iztg )
[135i137]f 5 cOWdS O3 vOkEYyO d M jCltcOd -8% P dp@niits,
'L’ 90jlk dBOdsy Mmdsj" jdedd H ez delzls o 5 dzdzt®o KL ts tottsHsd @Sy
HisB Qo ZnRdfilb ( 1 %) L WWJiCl dzj ftesfmdziydo O Isfw .

Jrdzd fsfrlsSd  tsyjZdddsHg § dz] OuzPdzd j £ o] dals ¢ | dats
tc OB (B38| [139] dz© tsMmdetseo j HOdzdz" = (A O HJ dZOB spw o' ot
zZn**, SHAZOC s ©® MtsMsOej o HuamcEd deg =64 dzd f
Codzstetsdzd tetso Odzs s . 1 5t IstsdBz | fl20E o t5h dits e tdzfs o3 j ot 21
Colsttets) Bscdts ko jifjlsdt W j SOE. 1 OtOdi3j ster  to
f sdzz yj dadz’ § d MySsdzo L WIRERMYDREZ] L Oo dwils i [MBH j
dL yYyJcet dzj oL Bsy dets MH § dzOIs! SHdSL &ZOydz" 2 9" o ts
WOL' ©BdOtkz)yjdr bod ¢t & M0y OFlsigO$ P dadiyts dzm
Slsdzj lsd € dzj f jtetse MC g ls dats 2¢ HolsdfagieIsldz tolg | IIAGRGY 15 dz
O dzd [dAs]e
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O dzOdzdL Jtslzw fEZBdzdSOydd, M femguyadr s YysdL KiG
Cted s Odzdzd ydzsfyls!? ot ofMjds dLEkzyjddesdy HdOf OL ts5dzj
o' Miszf Oj s dn - HEEGuWDG Bd Misj - EELEYAbted d ¢ odddy J
1 Codo Odzj dzls dats dzPbb. O dpj xR Egdilzdzr 2 1 W W j C I 60 OF %p Of
(10%) [140; 142] SOlsGRdE 0, 5%) fsorhOsls OS] HSE
f slsj dzyd O d2® osffAdzVIESE: Jo,05Pl0,88Br0,17)3 [143].

(! cdfsljLo, ybt Ed ddyte saz@d s Wi jj s
9" LoOdz sBteOL s Odzdj B3 EfMlss2 ydeats?2 ~ddizdyl MSC R J 5
MA*, OZnCEWsdzj j Mmddz dzOv ¢ d Po2is Is & Isfts' sCofsii®, | daggsds
mgsh j ded j &3 NHEczRO AR j C §1BERR 1 © hdeso Oded d BGHAzSCEE
L dzj 3iZdzb @ € Otcls FidIsG Olslas tg o jtej dz , Yylss o HJOT
L dzj dgndldlg MC Of dzd o Oj sMmw dz0 CGtOded yoOr L jtejde. wHJ
HSB 0o Cd @nkbh dytsdfEWBAygPhsdzj C Slsste OV  HPEHRWO df j < 00 jBdh)w
9 tjhjlsCj fjtesoamMSdlsO, Its jMls: Mmkh jfisokjls daj
Zn'd dn tilsOktS &ORtHdlsMY odzj toj EPIYIsd.j toy Sizsed
fdzj detsS Y 5COL Oz tc@NBSHs® ] S 2O ¢ @] yaroSy jte
dzj ¢ d tc 5ORLELodIMA017)0.0PHl0eBr017): ¢ O d s@dg* (s 0, 5 B dz.
Bj s SERSH’ &zt EMlsOdatse dzj dets, Ylsts Cd 0o dzsBj todats to
co¢ L dzj d3j dzls K o sdetse detsds  dzO € O dzd 910Q Is ftpHTdztstz
ftoj HY 5dzOe K] K38y j s U ®ded BOIS*  Bj kL jdz' dzr j ¢ dy
ftej HY sylsdlsj dPFEE3].dz0 d3j fls

RL todMmMkzdz¢® 10, CcH] MBtcOdy HOdedz | B  sdzts
HiSB 08 SACAXZd XC Ols rié'R'sHg”, o dH dzts, Yt 1§ lsd itk dz
C" MsmisOo dzv s s Mistsh® | I iPlPeb jYezdztss 0zl tzis 0s,05u% d §f o d o
fstej CtdimlsOdddydshsd §djdsS d ddLSskz ot o]
LOteW HO. [138]tfGmds s j O d3j0ck% PbCL @&®GZnCh, & M d3j h Odzdets oz
MAPb(I,C); dzO2 H j dzdets ] i Isd RO s fils Oy s Otzd ] RBsdz.
0,1 HEt 3%, j fiPkddzCEZnOlgsg dzy jcl§ M WBAhs B ZMistcts?2 Mise OR
MlstekzC @¥Wls' [ Isd BOdz dzts Zn® fifsHnjstp@zzdijs 3% o d Midzj
1-10%, vyt Motlse jlsMisokzsls &OCHdBOd dets?2  d dzls j dzfr
fjtoj desilz desfdlsjdzj?2 LOBWHO d &dded BOdz dzs?2 ff dztsls
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¢ {(vAPDI)

MYMX, C B dz. % |gmmc. ) ulstkzClszwo M df
Hg > 10 mopepoT-pssn / pemiag  [140]
cd® 05 ITONIO,/ 1PC_BM/Ag [142]

’ 137
cdl, 0,1 [137]
% 5 FTOMiO/ 1 / spiro- Mec [145]
Zn* T FTOMIO/ 1/ spiro- Mec [135]
ZnCI2 3 FTOMMO,/ 1/ spiro-Mec [139]
Zn? 1 FTOMMi0/210, V | k¢ &zj 6 [136]
Znl, 0,1 [137]
an2 O’l . . . . . . FTOITIO/ V / spi ro- MeC [138]

8 10 12 14 16 18
C. . H., %

t dmMzdzs€MAPRd o Gwsorhjddd S. 0. H. 1 u MARb;dRRG d W
MAPbB(I.Cl)sH 58 O0 XQURdj 67 flsj R dBdjbedd RIF" de@-Z s o[ Qfdizts 2
Hg™*

1 tod yYOMmbsdydzsdz L BOdH Wi deck ds d 4 @®of s lul s
COlsd idzQdp 3j lsj MM GHdsL Oky §CE) i3] U Isiaf 1§ dzCeffidsan™  d
( o d3j RS JNIZTCo™, In**, Bi®*, St d Ti*") [140].

Zn”, CF*dH f sor h Ot s MEOL 2 9 fifde VEcFB Qi3 jdss " j Ml H
I Edzzyh O Is Jsds BE S & dzd SZS JE€dZ f se ' h O Is s A5 €
1 d BHdzsL dzOydzts o ZoPvdiad dzE sttt d3iff jntc de'sRz! B Ot OC Is |
CObdtsdz® o Stdayj delsteOydd 0, 1 %VEE§brf ok Gs@L &d 54
cOLo jtolsSj [§3Blsjozyd @zOdnZnEde BICHHW s5H@o dzv s s & d fls
f Ot O d3]163E1H 3

] sdz/Zo’Be  tslsdesh j dedd fded ¥ J ded v S tsdeyj destsOydd H
MotsBBHM A dshdlsj dj?2 B' ZIRPUfiNsiGsol) oo H ji ezBIAPEH W | s
CsiFAcgPbl [139; 144] JreotsHT 8B kd&jdz hjddd f dztsls dzts fyl
Zdgjdz " jdad j s W OCIktste® dHjOdz detsipfsd f 1, 48 HTE
L Oo d Md\Bthls d dzsc Oted W 3O dzlf1i3ekm d p Isalsfisdd3, Moy st® W OC
M ontHdl o0 ktObkzjddadfjts figtedizO j Is fiypls R s dafij €A d3B d daC

=1, bt Ho®Jddlzjl &)L ctROY Istsj Cisjddddzondle v
B~ OdzdL Bso toj SBBddzOYydd: d3d A o ewBsER@).d [dzOf stz Xt
f zslsdzsflsd cdkesCdn HjWjChkto csotkdls OS] bk
1,14 HB 4,45 &), GltejH] didds) (s MFOHE Ylt
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11145 Ols d tsdz’  tsflstf jtoj AtsHdzr 7 &) lsOdzdzts
1.11.4.1 s Olsdtsdy ) lsOdzertde frosts Hfisj 11z  In*s Sy dREY) dzd v

1 Od3j dzO0 5, 10 ,PbAbszOl; 2 5 tc G\, sd L o5 dzv j Is s,
f sz yOj &3 7 f dzj detsC : o tod fisls @aRaezdl§ tso SlcH ] Gds Oy & s € t
oL BBy de 7 O tOo dzj dzdv 7 Blsdzsdlsj dz' dets ff sHdztsy €
fsHody desfisd + dzj Slstetsdetseo  d H' ¥dsUsc FEJ . .Liz.dzt .Is Ofis
17, 55% I MG/REPDOTHPED f -5MCBM/BpherAges Mmdzz 0O If'5 WmOEZOW 9
fteddsd Mdz" » COdbdzse ko jdzduydoeOjls d&i§ dzsM¢ sMis dz
ejWdzj Sftse  (110) Mmddz des IsjSMskztcdctse Odzdz' 7§ dz
oL By dets] Wz Hisjed SME JEPletsg O tshdzse Odzdd 1§ 59
Mdc dMktss M jSteOr Rs J ttOBBOkMss MEtsets ttOMMmJ W d
odzj Hicjnlzde] tjh jlsSk (jsamMidksO ko jddydeOjl 1
St6Oded Ui MCdd3d d dzj stcc Odzdisuy ih§ el ofrfesyfnlsa) slsdiy s ™ i
[147].

Yy Offlsd ydetsj REOM] " de@BAIP2e ' dzts toj Odzd L t5 o NOABAM; [148]. f dz
polsster Mudlkosls, Yt §odzyjddy j 1§ dzjMGShle Mg
MASby3Visls,  GVHIjo OC Odzldv ), CtlssteOw lsdsmdlsmy ¢ s
clkf stew H sy dedz’ "M™ed VARbdzBE W HEd  MAPDIs. vs0O¢ C0O¢ dO
fsG dzsh jdzdw o dBj Mists GHdesL dZOYdzsets Mgy h j dzedv SO
odHds HOoO CtOw ftcedshjddy ftod 1,55 d 2,06 -
fMsH j oy Ols MAPBISHMAGSls, dd3j s h dj Mtslse jlsMiseakzshdj z
MAPD; xShpx3Vxsals. 1 dzj dz€ d fsMmilsg  j dedets 3§ dgv dzd Mo ts2 y
Cotetej dzdtolzjls ) L d3sj ded ded d o8 L tsdzdetEdd HfosQizdtoE).dgey j:d3

] tOB[EBGRLI | tesdzj ¥ o O s tOMARSYHjddY & o
SE* dzOIs thiz ¢ MERBlE ftstsBh Oj Isfyw 5B MS Oy j dzed-ff Ols jj Is fg® ks
MAPD; 5SbrxsVusls Y Olsdd  dMntsHds2 ¢ 24 @y o SesMpRe. Shkigls ¢
(dL 3 dzj dzd jOfff Gbtg G Istd® 6, 25 ) ftod L OBF WBLIBCjoLd
Euyjl® tOL dzdydw d A Milsjfj daj 2 ¢ dfmdzj ded w . ¢ d
MAPbygsSty 193 SL 9 sdzd dz EMisOdztse dls! kdgj dz " j dedy dd®Ots 16
ftesdLs2lsd o twjLEd O] SCtdifjdhoydd ko jdduyjc
odzj H to JSHZ]140].

I ydfmdzj dedw 1 dzj S lstesdzdats 2 s to Iz S AEF2dE®L’ o NEAPDIY @i Is
DFT f 5C OL Odzd, yb®5pwadil§j@kdy $gdtekzjlsmy ¢0O0¢ id
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LOf ted N j dedets?2 L sdz" , M Yyjdd MawrLrr 908 ls dzadL S k¥ Ists
SB*or hj 10%. ltjHY sdzOC O] d85]H @ adf) datis j S s R\BES i@
HiS 980 3l) 1§ S 1fifsn jioh Pdaslsftcw  dz0 ftsL v O8RY,] fifs e
Bsdz. % o’ BIEEJISODY jdlsscj, S.§.H. M EBETOTOS/ i
IsgpiroOMeTAD/Ag. L dzlz YN Igc ddfojls s te T MewLr 908 ls fn fsorh
Ldzj Cstotsdetse ftod Mmisjfjdva LO®INjddy d&jd hj 10
Sb" sBmdtseo Odz® kdzzyh jdedj a3 + dzj SlstedujMSdr R OKO
dof j H@@NMAe jlskE. 1 0fteddijte, f§or mMddhv d&O W
(2. 90 5°MBEI 0 o, MdzjhHBo Olsj dz' dats, t)n, HECH Y filry, offldsC
9" Oy Y@fvfm 0,65 Hts 1,5 d&BCd, dzj Mdislstewr @z df iy
dso ZN14g. 1 OS2 3j MbttkzClkzt] 1 uis IsjMAPHISKI0 dzc
ksEHO tflsdBOd &ShknEBwfFtS @dzdj & . . H. B dZ[149k0 '
1 tod § sdzkz ud dddRpIodizjodztsiCo § MiIsOH d d ( dzOdzj M jPdedShldzd s ls
MAI) Gflsd BOd: detsIo s Q@iply @pdsf jHis 8%. 1 dlbtsej, §.
% o Lkl 4MOMNIQI §-PECGBM/AIL O fuj s Wecindzd QP tzd 641515

] sddydj ks orh jttOmMmisistej dzdzr @ B dzd € Oy«
S OddL Oydu ESPls d Hdgtfasdz' L zj 3" » o BEodzj j dedL §ts2
{s5COLOdets o HFAeBEILMCYbBj tfslkzd OOd otej ™ YnEHdzj
S Cdpyj dzlstedtolzs sfqpw 2@ e jtrndzj?2 d dzdydzj 2 Mt
CCtOHdj dzZsdzz G jlsjtesmistezSskztelze, d Ikjd& MOR o L
110) . MfocedztdL d ddzlsjBWP21Oe 87 0@, yjd o Isuplss j§
COMY) sO®" d&j NEDy, 5 o™ MisEf O h dds o wdzd (wsu2,p dgj
55-0 2p otsL sy d&zO MmMddzr dzOw GedBtedHdL Oydw, Ylsts fr
toj L zdz IsOIs jIn® ISk ddzd R OtOCIs] tod fls bl f-kdrdq Is tc
OMeTAD/Ag: FFfy 7 1%, Motlse jlsilsd/dczpdz6 020 H®6 16684 %, 1
14,5 Ht 1[526 d 19, 7%

[ pdzd  BF fiwi2Hj ¢ BtesddHd &3 fjtetse Ml
HSC OL OIsj dz' Mlso © odzj Htej dzdwWw S OlsdBdzse d3J Is Odzdzts o
HOdMzdzr 7 3ts dats CIPLB s © @dz  j BEBr dgAONCl; f 5C OL Odz, yYlsts ¢
Mo d&3j Mls dats j j 18°Tpls tas@ dso@B el dElgjdfjlsms s 1 tod | ssd3 Stelst
fd dzec sded W, r OCEPbEy j(ROCED Y  eBgiztizy j Isfmw  dBoomf 2 ndsy 4 fifpe Q@
ejhjlSd (tedfm. 118). 1 sdzikzyj dzdzr % InTEb58iT S, takftsts op lsizez’
oslsdzd g jcHdHEL EO! MiglissB tc OL tsB ®zdfd HJdE Bts tc  HsdrIsAD 1 H te
f totsd fBoskaply chius @z yh g & 5di3d Is te dinstshisCoty) diftifs) dzdmdOiH d Bifif@ of
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5OS GEPDdzstc OL R OCusdf STB®H®. 1 tod kOS2 € tsdgpidefApjdik d &8¢
ORM™RX) ftsor hOjlmw tlsdetsmdlsj dz’ dets jaEts dzady dzj 2
(e>0[3341)

1

' 2 ll 1
e ——— | bn‘.\‘n l" 'l
in D¢t @ C TP O i
'vy\‘" v.e'e ||-w-w- - e

: | ¥e 3° '
| - 2 & 8 | 0 CaPbile, Pm-3m - cut :
| AR » 'l e s : I
1 v ' || LIS S SR A 1
I AL NS s
| cspbBr, Pom thorhombsic | wlgiais ~ce > ’4 |
e - - - N . LY e
InCl, doping | il .- In |
o |
—— T S,

t d ik dzisfS s @dzd In*Coy dfvj to s AREXL (B O fdzj S H dzfs t6 S  dizS el &M 1

fd wd ded® 1 w1 M OF.BQGLEE dal3E)aky diy d s o Odaty dif ®dzi2y jo:

B4 IstsHsi[1p2kdl R( B) ddzdzt MisteOydv ChRb8sl daidi] v dfy lEdipisls
f B 0L GPR e oo 6Closs(Pmom, a=b= 5, 8 [A53]; )

[ Odzy i3] M jodacfidd dzdzts o ttElzdizs@i141 Ig ¥ ddEO2 HY Wabs ] Jtotso O

f 5tcts MARDI; § Ols d ts BED 36 §f Gtfsts dzz y g dedodi das@fisls flBHc O 1 j 5 H O
ssydetsds o dBj*Hacj &zdbdi d Hdz 2 MABbtgseo A dZBS 5 d L €0j fiple dsz
o jteH' 7 tNMRlEBiBesetx=0, 10. | B¥sfuddaigrn dls ¢  f s
dL Bj dzgj ded® Yo jlsO Bsdets€ tod fls Qdedddedz ] 15t Qeddy jdB' & Gj sk
z11 @O0 02317 HEMREZBPE jiMdgs, vyt §twd ! Istsds s
dL Bj dzj dzdw  OttOBj btetse d M~ tsHodeEndXdzAIY tgj f) At o 5 4
kOStsig X j[155W W j S sk

] BBdzjj HtLHA?2 MkOk!j B'd foHdV oftf tckf
Yj tedz” 2 Bts dztsMAPOBIR I © dzdztizg ¢ JBE Hipdejdedipls o f j 5 d fyls  dzdzts @
diz8i* setcOLizjls HdMCtjlsdyr j Momisswddw odzzlsted 2z
HSCOLT 908 h R dzj te Qo dzts dBj*teadzts tp | MejONY jte,j H 8 dzj Hztf j dzd j
9" L 90j s L dzj e jIsdyd mMCkzs dzj 2 stowW H sy dedets iy ls ¢
[ SCOLOjd Msotsdg sz WwWodw jlsfw dzOdzdydj ¢ dzj to
1 C MY sdzj By d GVdiz detgtsy d 4 2 oBdzdL d f stetsc O B L tsdad
BICtesdzOftewy jdzdj tjh jlsSd otLtcOBEOEl 7#%H. b FddgQ,
Bts dzts € to d fiylBRbdBEBre;B ' dzs s toj H j dzj dzts BB M dy dzds@BBI H
2,87 i, b.j. ujmpd("dBy i), ubst d BYdHOdsM I
tc OH d BifpPr. wHode CtOW { sMASRSBijBdadsj dfjdrj desSte Oy j
BsdzsC tod s Odzdzts o k& YI5B8]s 3! & dgj dcdz 2 b waGgOR OdzO  dz0
slsdzdydd WOL ser @ HBMIBOD sdgj fsHBse Mddzlsj L O.
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1.11.4.2 st

St wodzw jlsfqw  jHuHddzMmise j dede” a3 € Ols d s dats o, Colstster
L OBJ " pdpdirmls’ 100 %, o dzj HtPiflse M) taise i olfisis®tin [1157).
1 tod YOflsdyE2z0L GRj degl MAPbIYM tShic Odzw jIs d A tsH dzkz 8
d Biki steds Mt MY OLdjd tihjlscd. [ Odz! dgd 2" § §
fMmioHtsC ety MPHEM) ( stdyj destcOyd sdzdz@Y L Qo d M d o
nOOC sy dZVEtB d2Mw o st Yyl SPLJ ols Ofdjh Oalz
MAPDosSh7ds, 211 Mz O Isfw  HE L dzOyd def @ AL 521 dz" |, {y lest
MAPbl; (1, 60 MAShl; (dl, 30 [157]0 ) 1 tej HY scdztsy d Is j dz dzts, 1
CtodeS Ztedtezs " dRn 9 C dzOHtse di3E@y @ dzis ¢ s JIESDIHE dpdz@
L OB dzO0 CRELdE@dEotcd o sHdls € tsHifAsw it dgh ozbgis2Ez d i O
fsorhjddw 1 dzjtee dd SHisos dfgw oL ds tcfp ddsjodizjh2j 2+ d&ifS Is o
W ®BE [64]. fsgizj ydetsj L dzONASOEIG Y 2410 siw  dzd qj Y Isd
ZBCeRP O2MMjte® (HES 1, 30 o 1 Wi[1§9]. t5cStCdzd UsiooQ@ig" la3
ftsorh jgafydWOjIlsfw yOfls tf dg@atfjCl, L @ jd2OSded ju j to dzOW W
ftod do of s MBI MtsH j oy Odzd d

[ detse dz" B 1 tej § W Is f)lsrEv edsizwif jtdsoffigtyj i ctbasf W ) € dzts dz@afE ff s
B' stzPlsdzstesddtclkzj BOv € tod 8§ 6 d@gdidgidsd yifiztz dites).ts
HisB Oo-§ ©fBYls Odztso dils j dzv &3 d § Ols d t5¢zO dz§fl60]. & dg iRy jj diaf
dzj MC szl Cdn € Ob dus@asjon s O Ctod s Odzdzd L Oy ¥ f oz
BistoW tsdzts ¢ § Qi fkCes 2 it Dginl ¥ § ¢ lsiphonds'tc s@Bdg® o © frpiets o |
Bd &zOtedz = BdMmij GGsRh By ©dzgf j[H68]S %

1115s Olsdtsdzr dzOdzlsOdztsdH 59

SsOdtdy dZOdzElsOdesdHtses dMf sdz' L s Odzd ! o Cdfj el
syd dz@  dedL Cqdn ¢ & dzyfjndsldsta@agch stz MfiHEztpaRdizd0,1580)s[R62] § d
(CFsSOs)sNd (0,08%)[100], NdCls, CeCh, YbCls d SmCk (0,38%)[163], § s s tzisS OL ™ 8 O
o dzd v dediydsj h j Ciad Gvs detstfipts ¢ dzts P o dgd @ fyd RE OO B Stetsls, ftst
n dzts tefdsHINdCl; (0,1-5%)f ted o sH dIls € MHedcelkz CttOw f tsdtsfyr |
Hdzd dz [d6d]dmdds L Btsy dft® o dzj H MAPtRg f s deBlo v f sdish + 8 1 dzj
O dzO dzd L O (FA,MA,CHRKI,Br.Cl); ) H 5B Bufatats® ' &zt S OEUGZBE sH dls
ZO CctOdzdyOr L j toj dz, GHJ LOdzj ydo Ojls { tso PERL dats
o Cdzs yj egiER HokgY cdfisljbduimeddd fipsyigydds



50

C wodsdBz GBOL s Odzd ¥  H[K6P] S| deedgoHistg) jdrtzods” B0 Ettin etk tef of
fsHIse j toH d dztz®) ' tc Js @IS o j dzts G tc MEEROE LI sHPBM@I) h ol dzZOC s B
Bd ded Bd L dsists Ouaso O dzd Pob f 8 d dgjofj dizdia@Lddsj to [165) & Pagj M ls ¢
f dzj dgBRbl;IsOC Yy ] fYsorh Odztsf! ff tsdn dfdafdugitige t2dbd d 8né's O ¢
(0, 38%), ®BHAOSE dzj whmdets ftedydllzs? Istsdlz wodzv s Is
RL tod M dzc™H j MitsB to O datizts yHlsigdzlz! j dztstsiz fotszd W dzd dzO

COlbdtsdatso zOdb @utizsd mists dr BB Ydots M sdz' L 2§ &3

Bsdzjj o' MBS dn dzf 5 dpy. jodglisti@R P tso ' h O Is JbdbkE S BB O¢
NdChb d CeCkf so ' h Ot Is Mt OLtlzr olfidse, MHOBO Bj Kzs | fyls ! NdELO dzd
Eazzyh Of FRIssdz! € 5

MM/MXn C,dStSdZ % Bl C . ((APbX) dlstczCIsEztcO 1 b Hfr]f oz
Eu? 4 I ¢ . fMHMX) ITOINIO /MAPbI /PC_ BM/BCP/Ag [165]
u
ITO/PEDOT:PSS/MAPDI /LISPS/PC . BM/AI
NCIC'3 0’5 3 61 [164]
CeCl, 0,38 [163]

NdCl, 0,38
Eu(acac), 0,15
Nd(CF,s0,), 0,08

[163]
[162]
[100]

12 14 16 18 20 22 24
C. 4. H., %

t dimewskmy jnd o fworh fdethd dsC BEHY Y B ORI dzse s
HSB 09 C O3 Mo j to TRIOYNG HuEajs Ntk d CeCH, NdCd Yy OMmlis d y dz
L O d3j RES&EU

112 v 3] dz20 sdfO fusosHddsmisd d §OMMde Oydw 43
fjeso MARPK:E DIs s dzO BB Bj Is O dzdzts o

letsdzi y do Of sw  Ctstetej dzv ydvw d3jyxHlz Mmisjyjdz *
fd4tetse MAPUXNs 50 Mils thisdsdiFids d f ©. s 56 H O 9 telaf id€ @ dzcf" MAREKASS |
BN dzd f sdzzyd dzr fp-lsigjfots dig O tg telaias iz d3ts My ls d , NalHftsBoO ofrf g
ftotso SH PIBE LS. s OCH P, Bsd. % APYEd oo sSHW IS € CHJH
MAPbl;; CSGHO kil o Mo misdliEnlf @®esp sE &l 6 imis s s |
Ajtedd o Mj tg judsd dzizOB Tz¥ H O dztNEj [128h s Dlsaf g2l OC % o d
Cdzyd desteOydwrn (<1 WPl &) ¢ dots Hy 19 Zi{20 pdstd pBj f kO ¢
LIssds kttse j dz ANjitedsd MHedcOjIsfmw dL o] tormgdRy
f tetHodasts Misd d3j dzgv jIsmw [12B0 M e Gz @tk 2 Msec dzOMmizs |
Cdzyj delsteOydd { dzj Stesdzse fsec dzOMmdzas 5y i deflsils Of s )



51

MeHjexzdd"j 1% ©thMlsojlsmy MseMmlse jdde 2 ESqE
MHoedeOs Isw odzedL, Ik jMis: fsor hOjlsmwy ttOBBISO 9

4 lsOj sMwSE" dedsysj Is o Miskf Ols: Hsdstesd 1 dj CIs
L Ogj " PHEdEOSE” o ff dzj MAPRIRY 5o h Ojls d&o Stdyj dastd@y
ftotso SH J[48fiflgidl dz' sOIsr Mtsof Odzd ) WREbessE R HE CdsH
Is z dzdzj d3qetisds MzOY dzf H Odzd § sMilsj § § dzdetsy  ted B dzd 3 fredzq .
Hdzv f MAPEESESh] ;o H d Of ©8 tsds &1 [184). sOIs d BE Au d In* &3 daw & Is
sdf ¢ tetse spd@iptvinRbEr; [35].

vOCdd3 SBEOLEd, CObbdod’ &jlsOdass Mt Misj fj
ANjtedsd odzdL, IssEHO COQ Ok jodzs d 6 {f fdzsazd™ Jndzd
sdf O f totsolis®I>pEis st dzsShips Iso ijj Bz BI j Bz KOl j ted OdzC
fdlgS d, S OC ¢ BisO dpy 'R IE [99].

l otso 5H d Bisfyls!  AMBQ layjOids G tsizs dzy | nfissne o didgp- Is  § B
Lo dMmd dssMisd iIs & s dEs gk ySlRefdoe, {§ dj ddd,
cOMseo stesot k@ UBF ddz d Bj * 5 Isd ¢ n B3k & OE wipflsssif safdzts o ¢
dLB' IstsC oPbistPhEe e ls $ nlsgPisQ ,tc d © Ml Li £ 'BOS G topflOfizO .
{ H dzOdLtse | ls dzts, ff tayffp@d3eH s tghstists) jdf cdzj dEtARDI; f to 03 o tsL d3tsy d
M) 20 Isdf O f teis® tsts B W@ i of O dflA” d dzffH BRPIEP O O tc OL dzts
[167]. 1tjHfBEZOCO] sy, YR d dzB idsudpi tc s® GUE disds O
B4 N 2L J dz da §plsdfyfdedzO dzts e d ydets, te ) d o3 defRLG & O d 2gz@
Mg* C&'dSFftedosHdls € Mdgjh j dad s 1 ustsfofton  dshisls dO oels tsfitgk
fAMdoOydj2 o0¢ OMENGRY O dWzse o8 s oatej &3 ¢ OC
dzj cdtetseo Odzd v f tsdzd 4B K QYQH Sfotsson’ hagtsdigpfs™  Hnts dzd 1'@8BIN Z L

vOSdR thiE®BEds ¢ dj cdtose Odzd j & ts oz Mt tzlipls o [r | digl
dBj jIs5 GHAEEL ZO0ydtsdgisdzdGsisqifzBo Ozt s H 6 igts fylsdfj st dg!
odzj Hicj dzd j &3 C Olsd todzts ® d Hoj  talg 5 jswgdz EDO Shjjj t¢ & dbtisto o O ¢
fMsBMise jdzdzr 2 HjW jSltse tojh ARBS d §usd fiplssskizts dfjj s
SBWLOIjd! d2 8 ftedL d&zOSC s dr odzgj Hiej dzdW o TMlstekzS s

I uyombstzpigikd dz ¢ dzj f dotddip @B %] Ytod GHhsate]d
Ftotso BeydE, f j esoMSC dlsdetsets sy, dBsHdW dydtetss Odgzsc
dzj d L d3j dedets? ff téde qIBIs.tsdk W € Is  Hes doyjoj Qlalzdmjdale'y dzd § o3 ¢
RjlsOdzdztses o tjh jlsCk, € 0OCo yRdlsjstcoddstirftegmpaatdRdy] S$isd d
fOomfige: " dedsoMmC dBish ' ¢ fciNEESOr @zt Ol Q sl
st Isd B3O dz dztsldg JH.d L O2 dzj



& 357 ¥ 7 35, -3,54 -4,0+
T
-4,5 -

5,01 ™ -

N
(¢,

Cdzj ecdvw,
: A
(]

Cdzgj e dw

_5'5,
55 -557Ev 55{5 - - = - =
'y’E — ’ — ! — —

- - — -6,04 Ev

Cdzj g dvw,
|

T T T T T -6,0 T T T r -6,0 T T T - - T T r r r
0 05 1 25 5 0 0,5 1 2 0 02 06 1 2 0 16 31 63 125
Ag', d@sdz. % Mg*, dBsdz. % M, dBsdz. % Co®”, st dz.

t dMeWECC MY J tod i34 detf O giztc Gzls Pzt ty] § s dzteydgidimcsd Isd ud M& d

f dzj ddiBRbl;, Gdfjtctse Odedz’ » C Olsd 5dzO B ERd (s@pl(zts B 1 AT )26 f

[129], ( BMg® (f 5 H dz&J Q@) [@02], ( aMn®* ( f 5 H dABO) RLIB], ( Cp* ( § sH dzisy § C
ITO/PEDOT:PSS]101].

-6,0

113 ] dzdw A §lz0 W slstsis OB d dz' dzts fyls -

] lsOB2aEBygB N jdz¥ tjLEd OIT 6 & dzalSjOdkdis dd
Bj sOzdztse fted o~ H EefOPEAaztd- omsdHds i) stedd d
PP dz@1™. 1 COyjflej C0OL Ol  dvi tids lstcdnjlssChpyd de tasdps
T.fted otLHj2fMsotdutsdyy jls®, WEHEMsOsydtsets $. . H
L dzOy jra@fdrj.; g A0 dzj dedw 5 d3j R Oded L BOR, dzj 3 C
Bj lsOdkzzses dzO W slstsflsOB ddz dzsfyls .

[ BB OaKl®D i 48 B3t dz% Euacags o MsmMisOo On MAPBIs odfn €
(FAMA,COPHIBr,Cl)s i sftse Miso &z j Isg ditzfipkstE@(giz§ ki dsls o sBtcOL 28 N
ftetsyj M) WltsHjcteOHOYdd. J1tojHEZOGCOj B 2 &jn Od
o sfMimlsOdztse  Is j dz' dz'f IOaHUOEWR] RS /REjdaH I8 e O dzd i PB s 0 fph g ¢
fd dfB dzdL S d° fMlsOdzH Otelsdzr o + &) CBteBH dz) = PIf 5% g Gadsf Ol
COlbdsEEdifd 5B tc OL B, OQE jj df B olzts i) ) s O dz0IBfigzd tv O 5L BUS'.0 dac
[162]. v j &3 dzi a3 dzd 4, dL o j fls dats, Yysts osMmmlsOdetso d
Bj Is Odzdzd W fg Ssts aB¥ts ) dzts o tsls fy iz Buff] IsfsECf ¢ R@Pdets{asciasdz’ 2 d
fsor h jddw flsDe dsdydesefiiiCd @tz € & #i tathty Hifiadz0] TR S &,
CeCko frAsdiiPbl;. v OC OW ddas’j O GO OzO0 5B dzOtelzy §
s5CdMmdzj dedw yjtedw dzO f tseo jtenedetslytsdzh jifj K tjfetgses)j dzd
rteedj CObdtsd MEddys|§§de 6’0 6§ O Uzj 2 dzlz yh
Wslstsmls OB d dz! detsfyls: , sOC ¢ OC dzj tsmBtiphnl&® dets ood Ist jot
dtdetswe) 3  dzj  Bj dzj § ., Ce'Y tz® f ktistipisjoteln) dzts fls d 9dtsWls
o sMMmisOdzetse dzj dzd j A3 Bs dzj @ BEET fip das & ts O 12 Gedi Ptz jOdgH astdzj o3
j fls: HOdzZ | & ftsdzsydlsj dr detsds oFx@MAYRLIG): H2Os OB €
(CRSO)Nd, GH HodcecOjlsfy cditslsjLO 5 fMmdady j dedd + tzj to



53

ftod d3§ ) kzL j dz datsNE [fOB]dzts s jORf] © Hitkzets?2 OBl
fsCOL" 90 Is, Ylsts o ¢ dA"yRialkjh jo s togeDH leigiEfB gy j Is
ftcj HBIsoatcOIsd Is! tsB tdQV,)5d668l.dzd ) Oth t©F ® Al d 2 { dzj G azky J s
Eojddudls: M dz® 0, 5  CTshodVAp ig-dhosPhiizsBe g tetsOIsuisfdder i3 d
¢ d2Odztse dude” 2 L WWJCIls d3d Jils o&&fdnlsists H derfdz'e Hzj th jotg telzaf fif

1 5o jton desis dzOWdz sACEIO B s OB dfO o s tsdzdzed B dzOH §
ftsojtorn@&BEGOyYyd dI” fiff siztse j em detsMisd L jtej dz kzd3j dz# h
Ldgj e dd MmowiLdfChB) ywies ftwodotsudl ¢  fsor h[)6®d s
glzh jMisolze ls IsOC ytgd d3jCddgarzedij, HuEsBsSOofsSC ddzd ¢ Offd e c
COldtsde d Odzd tsdg iz O G Ide O lsitd s@fsdaf ,Hztsdyds audsdsy difls d3j
2O ted i3d t, Ytod ¢ tod d3j dzj dadFdl70] OmMMmde dqekze M jets Mmdsw

Lz yh j dzd § W 5ls 5 fyls O@seheian kil s ff to dds jndzjOded®d H 5B O9
Znly s B 15 ) datef aRQ digsizts o dgnH 6 | tlzg iistEts o f§ Asdslis@ t5 | § fipafch izef ¢ s
¢ sdzyj defs W18k sB8B O0 C O 19Ch s dgts fiyaPbs Y sse flse k2 j
SHAMSEEH 2  $ todd)lsodddl OdEqh jfdkz [171 & dgzS dadhs ff et
Wskksmis OB dd detsfylsd d®@OM Y Wfigovistcl ez®@fisd ffd o j dzd uj
Ylsts dzOB dzv H Odzis iy - Gfdgtsioz. RFOREQ 18 ¢ el atfufs i) MBo.FA0 Pk Clos
d 0,5 GCebez fMeiyaRy j115: 116] 1 toj LB jstOfs@dz’ fEH |
Ctsdey dzlste Oy ® HiWjCltse, b dzis U D g i @B o df todCol) isfrigctadts
3 dz' M j dedj ©OL Bl dzdtgitcijilslz ME. § tsdzd gizjOded YB3 RBdztsy §
Hj%jChkte dzQ tog[E@dkdOfifd ol tolzs M | j CakjRtndsjojd j ¢ WBW4 € Is
MtcOo dzj dzd® f) RPL.B' SCtsd5 5 %

Its ofmjn fjtej udfdzj dedzr 7 fydElzfudrfvents  StoBlsta{Ga dig o3 dfj!
stsdz C5 WilstsMmisOB d dz' dzgsfgls ‘f tod dgs tc CuCEE O @' a9 G juls,
dzedL COW Ctsdzgyj dzesteOydw 0, 1% SCOL" 90jlsmqw 1 WW jCls
Lk Mz Ojls €. ¢.H. o¢olsttd dgmilsdz0POS I 5dzd J j
kj &y jtcOkzter WOLBSotEs §jtjntsHO. 1 dO{COGLEde]§ ® gz
sj B jcOsktc SBKOL o OdzdM s yf Holzs 2 dad @z T j P s dz s
tcOMmlso stetso . Rdzlsjtoj Mdets ISOCH YCuChglsts 0 Iz 4 j dedsy jldzddits o
WslstsMis OB d dz' dats flB3], Yl lstcB Y fiplse sdes, few L Odets Cifls f
tsC d fiy tizv Is



v OB dz@ A dzd W dzd j

fjtocsomMCdlstso

¢ Ols d s dzts o

54

&) Is O dzdzts o

%O Wkt

MX o/ HtstezC SO B vydmlsr 2 4 J [BHgY¥dydEBsoe
M GOl j tod Odz
C. | 1Aw cCM™), €. 1 1 Aw
% Bsd. | %
CUC|2 |TO/T|02/ 16,87 Ug3z = 17 0,1 15.12%)| Ug7= 17
[173] FA0|85MA0,15PbI2,5sBr0,45/ ( 1 H 1S (
spiro-OMeTAD/Au N>)
Srl+ ITO/PTAA/ 18,7 Tgo= 12 ~0,1 20,8 | Tgo= 12
Cels FA0|85MA0,15PbI2,5sBr0,45 ( 1 H 5 ( ~0,2
[99] PCs:BM/Ceo/BCPICU . >70%)
Ba’* FTO/ 16,31 Ter= 2 5 17,36 Trs=2Y
[116] TiO2H B d te 5 926/ d7 (1 uts(
MA0,4FA016Pb|217C|01d dzO0 9 ts1
spiro-OMeTAD/Ag fne =30%)
Eu(acac) ITO/SNG/ 20,73 | Tso= 1500 0,15 21,52 | Tgp=1500
[162] (FA,MA ,C9PK(1,Br,Cl)3/ u Y
fsfdzj MOk (1 s
spiro-OMeTAD/Au N>)
Znl, [144] ITO/ZnOISNG/ 18,4 | Ts1=300y| 0,5 20,7 | Tes= 30
CSOV1FA0,9Pb|3/ ( 1 g s
SpirccOMeTAD N2)
MoOs/Ag
CeCk FTO/SnQ/MAPDI,/ 1850 | To= 14 0,38 21,67 | Tgo= 150y,
NdCls spiro-OMeTAD/Au (on M 0,38 1959 | Tis= 15
[163] 365 d
SrCh FTO/TIO,/AI O35/ 13,0 T7z5=1000 10 15,9 | Tgo= 1000
[171] MAPbl/E ¢ dzj 6t U )
0,1
4 ts dzdzy |
otsLHLE
* =30-55%)
Cab FTO/Ni(Mg,Li)O/ 16,1 Tgz= 30 0,5 19,3 [ Tes= 30
[115] MAPDbIs/PCBM/BCPFAg (1 wuts
BJL U
Hd Of QI
CRSOsNa ITO/SNG/ 20,56 Teo= 50 045 2205 | Tgg= 30
(CF:SOy), FA(MA)PbI(Cl)y/ (0,9 0,25 | 22,07 | Tgo= 1500
Ca PTAA/Au 4 sdzgzy @ 0,08 23,68 | Y
(CF3803)3 3] Tgo= 2002
Nd d dzS Of fi Y
[100] dd)
Cdl, ITO/PTAA/ 20,2 Tg>=1000 0,14 21,9 | Tgo=1000
[169] (Rb,CsMA ,FA)Pbk/ U Y
CdlL/Cso/BCP/Cu 1y ts dzdz
N,)




55

U OC B teQLdts df ¢ OL Qlsiag O L dzts s 8f @ LHdnls O & dgj dz2izd Mis d y
oMty j ®ls &Y wWzGl sls sfyls OB A dotstwfyj lsidjHials onf) © df I§ oo iz ¥ j toj H
Mo w L Peds iz s M6 dg dg@xisd O dzd € Oy d tiolgzts © dzazg®Ols j o BdEp " O
HOdzdell B MMdzj H 58 @day €dMs d sdigsls O dak®ets Is ts ) ls O B dodef BdasfiHisdz
G Odzts ¢ j didjHeds o & I§ tgfs BIEEs O Is d Bal S, EV”, Nd**, d CF* f 5 € O 1M dzof
dzO0d B Sfdgjtg Mt j S Is of scde™H izl 5B 's ) ls O B dixify i 1000 y o o © h. j
RN sdz L BOIs @iy l§ to 2 € liztintis'tc t5 Xffstzts dsf i Is d to o tOstiffiyls OB @ o
¢ sdzy | delstdsuidmtfzised dzdtise dtolzs sfqw o h S sd H d Offls@a
fsLotdw jls MeOoddls! L WWJClsdq oz ® dzd e On iy E Is. &
O tcOo dzj dzdztse s HJL O2 dzgO ff j tots o ipCfidOdmizfS 0 oY Is JogOE[ B «
MlsOBddzdL qtelzs h j 2 ORBGdEd zsists wh dfn fus@zdt sd i3 § otsyj

114 1 sdzdzs s ¢  dzj s5te ¢ O dzde@diLad] jdzdivods dgy RERIG S 0 1S d

) ts dzdzts fiy Iste & O cdgfjusj MS d j APPXs iz o BOd 2O O smw  ftod d
ddi3i s ftidhzh ifmMsets 6 McOodzj ded® M ¢ jtesoamCdl
1 od i) Bd Issdis ks & O sl iR@&S s QBB Y S & His®eY & dzC
1086 o Isj uj i j8 & GdngBMNAPEL 9% d sSOCHR bfdssdv s dzOyd
10 ftfrdr 1| j Stec Oded BNisOefBt dA@dBtsdzj § ey jSCilsdoej dz
tslssotsd OS] BEOCBHOLY hdusts? 2z Edsl, s
WslssOClsdody B f sdzd Bl S0 .

1.141A0OL s | f toj@sBO®N j dzd W

{ 7 dZOY Hifj sl BEEPBT ¢ B d U i) SodP@PmMBddiigts s &Y j t
SEEOL 5o Gulzd® ' 13200 Is ¥ OL so "fjs! §© iff dect@hjj dzivj &M & d d
sjlstcOC 5 dzOdz' Righnbsm) % Qe B6 (Stols s to s d3B g BENM S ks tc 8 QI 7z f
14 . 1 Mmj bted wOL" dsdidzOsmOyy efisgsPs diysedy' lds Off yJ M ¢ d-d3d
CsPb} IsOC Y § Isd ted3tsH d dzOd3d ulfi tind: d & tsizfpdzOlisigasst® 2 uls{fo YL [ 6 O
fjtcjBamwd 3 jE&Orenmd M § SisjsisjOXsdody @ Mos2mlse,
ftod dsj dgsRigiloj € Oyj Mlso j OGulsd dsdpts aldh j g™ j o W OL 5o j
CsPhy nd &' des EMC Wy sfw ftod B dzyj ddd fogds s d
ROdetdjj oO0yds §wsdedL dls! Isj s jwcOskbck % OL o ¢
fiod Isj & jcOkeOr « i@ Os0ydys §Qled GsH Tl ©h
o1 NS slsj i3 I 6 Dis i s Mz ogdET 5



56

@ . == .
@ cs @J"'Oz

t dMEHEEs j GO ¥ OL o' 7 ftjoteOh jdd?2 &LsPhiz 13 tiates
CBduiWMmS ddid tede” i3 tstelsis tetf d3g giels i B 3 (

{telsstes g d YJCeDIAWo )% QLd®l J s yd tedz" 2 Yo i lso disdeEddls’
dzsfdlsd dzj 2 L OtV HO dgisy JldsOC f delis)esfaiOs dsedgiz” d3 gl J o
s OB ddz ofBsRds f o CdikzOlsdes? s j &Y j k@b ighej tpdts >y tsd
fsdzzyd ddd dhfsd LEzjlshy toj L ¢ §jd dynd2Oylsimjvded fn§ 4
Stec Odedud imtse FaslL o sdzv s h g j i toas{dzt€ usdslg ' dBY I e JodsCitdecait
100 [177]

1142 jlssficor h jdzdv MmlsOBddz dzsflsd W slssOC Pz -

[ JIssH " cOBisGLOKzdzY jso ™ h j dzd W Mis @B i diz' <ztCHPERY d35 y dzts
C&zOMmMmdW dyd tefidzjoHskz ¢ ¢ Py § ¥ BSH AW IS Oydw = dddud Mt
fsor gYWdDC st IstsdzoB8R]s de(fiRl9 dL e tslstse dzj dzd § dzOdz
tcOL g cdztsmis! 86 (CoO0OdzElssor 7 Istsyj¢), MsOBddzdL s
dzdc O@M8po (3) ddefjdajtedy Yo jtendatsiisd ( dzOf ted d3j to,
[179], (4) HtBOddzj dod j dzfsdfdlsBIR w3 M) I S & OB g 2 1§
tesmissds WOLT ) f sdi3tEBO.¥ tcOfMlse stedlsj dzj 2

1 Of tod dB3kdels j 8OIkztej YOMists o Mistej WHOY Istg®fnlf dotef tef3jj daff
CsPhi, SCwlststcOW ftsL o sdzv j Isf tdfcfs delgjuedrIsfi ts Sudj nte distzsafisEMIER: Citts d
200s. 1 SL Hdzj J181%B "tadfs & B judsists M dists POC oz § Is Is fy datpf@inds o 1
fl SBOL 59 OdiGHs)elIHL, O Isoitttdz® tsIs s 6 tzVHjtdsom wiylste iz € Is iz to Ay 1
tsB tc OL 5 of@sdpds{CHDMA 1 Pbk. U Is tfdg? o dzv j Isfqw  dzj sB R 5H d d3s
MsmhiYd@edir yOj d3ts?2 W OL T .

[Odzj §j §6C0)J & QdFlsY bisyi Gl g § e Ptz’ dz0 ¢ Ols d 5 dz'
BjlsOdzdzso Wtstcdkdtelzj sy C OC tlsHj dz dzOW W islsts@I Jsd @
BOIs j ted OdzO



57

1143 A stcdRf tetso Odzd j W sls 50O IsCePhddM fis  BHHB jst@ )& drt®s

s Ols d ts dz BME)O dzdztf ddds i s tc B tots 0 OUA] ] o dist® s 5§ Pcd © A
fSHEZEY SO fCtr 90w BBdjj Yj shisds?2  dj df 3
cOMsotstc® M of MEC Bls | d3tfe) lkcObizizBg, diz' ds OF s o ¢ sl tEn GO
WslssOCIsdo @B WOmirls sz O dgstisticedfig ddsda’ j jdz! figksh IO ¢
ftod dz@BOIBOR) dtsEdn Isj Bl 3 EOGREOR] jtoj H 1,5 duly tisde'ts
W OLof dzj dzC OR CHEPRMSOWENIs s h d B ylzeUsstsidshigidz 1 dzO §
tcj dzls ¢ j dats & tc O e3t[®QHA85] © d H dgtis,sdzth B dzOH O Is B tsfgaf ggd3 jdEdta of
1 sdzj § Ibtsets, fted CHPiCsPh el udsiddetsetmd ¢ H O d M ffilts dz
ddzd ttcOddud MC dJ¢ SisthifgztsAs[" A ¢ def) "Oftsys] delsts B4 diisfj ) IS Bz’
fted 34 dfjdpdtgiOL z d3j eo@nilsdc O @Wdgd 4 o ted N § I5C k2 CYOjisteftysedAp
Ui d MmowiL Odets -W Gicfdga{@Oduo Dtzd s thddts 3 dzs 6 OL ¢ te Odzd Y
o dztsfd &3 § d GO d3jshpy 2

11431 1 dL Stk j & j t0ls & BidyCe, Bads Fuf € YB*, In%d SB™)

A ls Us@Co dz' | o ed?j fiEk ) SIRkEBigsts  CsPh xBixsls B ' difdis dzlz y § de'
100d 1610 f tod 3] dzp BaflgIgE84; 186] 1 tod L OdRj M j dedRp" de@Bitzes dz.
f dzj dzCsBt} C 602 5@ dztsh jdegdWw MHo e Ojlsmw ) ~715 Ht
o dzj HcBi%tml vMmistezClskztelz. O dfgss IPEPEBIslgs d3j dz' Wigdzs Mg Is j
CsPby. s ©¢ B kY H O dis@dzts cafnytiy PRITE sC OL ™ 9 Oj Is MAPbBR.dzlz
Rdzls j toj fdesy CHls AR WL otsdzw jIs f sdzEydls: ¥ 6l t9® ezls
qLB" tsydy d ftedotsuwl ¢ Wt RdCeln 0t hdsc w01y i
sl @astizes 52 fls j CsPlasBididsteod d € S lsistedPyls jtedDL dzd yd v  fl
¢ d mdzjPEd 9§ Bi*, 7z Hj Bsdemistedtezjls tsBOaGbs] § ¢
CsPhdBioosds fH o d dalz s of tSftpléstimtfdeffdz o tsdzdz dzO@ 0, 0 BsPbb. | st
o dzj H BiI*ted jMls to bf UisEuslz § to 620s dej jddisig| dzts G e O BBOR : iy vO |
dzj Bdetse s L Odj Isdets Hdzv s MAs*0E 33 d3ts dBE) (O Ldzsd wdd fjr Nl jd
dL d3j dzj ded ™ ¢ lod ugsmifds=? f tlx@igBlg ®S HJ dz¥ MHede s H dzd
Wislstsdz® 3d dzj Myd deydfHc eefef sy sOdgz f  dL B3 dzCsRbifds dfn
o dzj H o Bithd d dOMA*, € yj Bz &secds ftodeo jMmisd § dsifts
dmyf Otegdmi@ded ud M drn WteOc 3] dzstse fted Mmddz daslay) st o
cOL dz' | Oltddy PP ifBi¥is datsh j dad w



58

] OB B Zlso @Y s o BhacOffls ©UA | Iz taftt” alzOf dijj dpg
sl OPOtensls, H 5 Sdzded Is j dz' dats ) ls @ eod digf 1] tc s © ©DdzE ds
[JHAZOCts ftcdo jHjdede | HBCOL Olsj dz fplse © dz[CsPh gezisly dzC
dzi s dzdsy Galgfifivj el dete@ 8 dzj ¢ i)' @uLCYPbitns MHo de s d  dst
ftod dzv BH dzets ®tc | 03 dzdissjtc QEAJERRHE 5 OC Is d fdzls] CHBIz to s 2

1 od f t5dzz yj odggRA.Bleri HasQdIQL O &3] dipeddrf % 5C OBY Stetso s
(CSA) [188]. ¢ o lsigte’ e O BOIs te ff CEPHIBalpsifls Op sESAo S g dzj H to
WicOG B delstsep S WismEas? o MistkzC skzdolz HQdedsoMS g0, BB
ofr otsH, Ybts fMlsOBddBPATfacte Od?2 d Y dgz€ sy o L CBPehiTH | -
tejh jlsCdmMIgipPisdz L so Odedj Istsdz Cts5 ts5H dzsQSATR) s OB ¢ dzyf
f sz ysPbt flsd EBtOLHE BEdzZj j dddL €2 o O TS I tc
BsH W dyd @S, @ tzgz® 6 O O iy s s s OC bs d f dz@0Py Y B dfsjot®] R s H
o Wdn. uv0OSdd tBEOLtd, o HJWY Onkhdijh sdslzy-EPbis ISk
[Hdztsotoj oBj dedesy G toddsj daj ded§ MtcOL & CRAGEBE (fiLs00 B dftsizif.
eOMmh dtew j Is fiyls{GDryf ooz’ s s #a5Pu 6[0dzY L ¢ Slstso dzj dzd"
s lsd BOdz dff Ld§ IS jdzkY | t Ols £ 6leA5AC. slsy ¢  tod

ABIsOC Isd o dzr GePbif dizif dzf)fH j oy Oh dj o flsteOdo Of o A
WtcOc d3jpdzlsip 1 5 dzzdzg A s Y tolef j @f1§0%PHsdz@eg) 5 H O tOVdBUCKERIO o €
(410 BsdbCLW®L0 &sd. YBls d wgRe dzSFHj4 &is dz.fits% dzj i
dLB" IsC ts@s) & B°%6(102 0  d3ts d283; 18Y; 189; 190 Odzd ydj W OL tso ' R
BiyHE X fazbtPpeds?2 WOLOHR] OdGar w Ofzsfgsh Cdz® o
Lz stedsd uf HS g8 429 Hb[BBB.Q § tcOM e Us/@zO0f s OF ¢ dzd
Hj 2 s ©dw EdZEDYb®, SB d In®* d20 | tc ZIESPbLY OL & (B[t das ¢ O dzd
kOS] GMsOjlsMmw de@zj ZB®tazz] dz®F G ldasL 'Tied L dzOS 59 ¢
It S OL Odzts  f 6§ H {ESEPhd Yotz ¢ 2 I ls 82O R tsH s Wi thj tedigjoyh
dbolstster fsHYyjtcCdoe O Is, ylss b OY dsif € tc todzs@f tvytsindgdsid
2 dgj dz "t Gad BY @M s Odrizls s Ydats j s H JEES O8] i d 1 dptaits
fedotsHdls € WistedzdtcsdPfizltsodb isfapdedslstcy  d]
o sMis OdzBE dej dpdej € Iz tc ) ts to@esPoL+EUCHHEs jfigskd Md 1/ Ad d
EuChkdz@ulLbHOjIs d3j dzgj J o' tcOy jdadgr 2 1 WWjiCls.

11432 1" fsSCtlsj & jeOk@l 2 skydce (

Y j to dzOWCshbpfp Oy O fmls d Y dzts A5%IPH'REAS R ¥ &0 1§ 5 dzkz y j 6z0,
or MsCtslsj B j ttOls &z tc 42 [182].15 s\ @ ¢ts fif dets{o j3 0o j dzd y jldzd™3 to



59

1, 9 2ff dzjldgesCh IsG3RH@Ca 1938 ' &z fH | ZOdaCH £ tezF YO s o
B3 MBWE. Rdzlsj toj Mdes, ylsts dz0 toj dzls @ j dsts|cteCoi dEEF s iadzd
SlstcOy jdd2, Ykt oriLro0jBEHcwil g6 j ol sSOdf ff ©
Hazw s dids] dzthB € O 2 iy Cp j BB eshisdts 5B dzO g [ jdzEk
1O ted B, L OctelzL CgeO® 140t odjtais. dztsdf) Is FOYEE Tif teaj H IS Ez dzfs
stsdz~G%sRL B' BE WO o jtendsimisd Oo k] dhetzes’ kBl tst
Wiste 3] tots CAEGICHB, Ut BPHY BT Esisd o dzj ded v

11447 slstso sdz s Od Yi MEEbiM, 3o 52 flse O

] OB &fyjsBh jdr fOLOR]IsSte’ 1w, HHECIPHIO ] d
BsHdW dydtetse Odzdz” = ¢ OlsfdHtiaEd d3d W IgdgzldsO®Afirfs 58 j MY j W d
MisOB ddzd L Oydy WisktsOCIlsdo dzs?2 W OMROS fg dz0 Cizts dgosP las@irs F
or U] y@isd tots HEH B Y OBz 204 RBsdk.7 %.' Bstc B shdse O
BsteW sdazse dd, d3d dedsBdsio @isdsjnis Ldia=fidsddd ¥ J fdatftg splzs s H
1 &dzv Eisesk@zE yh s disiidisdeefp 2 L OtV 8O pls figshis®figdsc
Btsdzj j dedL Cdn, C@AEdagic®ydQ 025 Motz B j

[MsB Y stotwdz YRt §dzsedd § dzj desS dcetwOj M, g8 to
Bsdzj SEdzOR] twOMlsostedlsjdzj?2, Solstster j L OBYhdh* Is
LOHjty doOsls dtsdzj Clzdzr 7 [sPPe[UBIcIP2tslsy dej 1§ dzj dets€

] sOBIMBPEHJ fttdojHjd §OLOdBjlse’ lsydecd Q&
MemMisCsPi M3 B j L odej Hicj degdW Bt Odzed ud M drm € Olsd tsdzts
sy detsd, sBdYy QddaO? s ds®B) fizse .dfBlddRs sg GicPR &
1001504 Btsdzj j o fdHH df tod fls AEREPMLID g j ter StcOdzh ] Sto
dasj * h dT OC ftOo ddzts, Mddz des cEteOdad YJ dadalz® s § to Bt
v OB dBiYyB tsBh jdadj dzdlsjtcOlskztcdzr = HOdzdz 7= s EZMmdztse

CsPbbff tod j j Bsigy b Bt dsj Is o g OEPEEET U OMIs d ydRE2 L
ZM™, O sO¢yj EMfjrnOd o ftorhjdzdd S. . H. 1wl
MX o/ ulstolzC skt Ef vydimis| [ sHdWdydits Odzdz
M™ fjtotso
HisB Qo ! C.f.fCcM™, | ¢. 0] [bydgc
Bts dz. %
1 jL gl tstgdO@didy S dMmdzsls
Ca ' [182] FTO/TIO)/ f -BRSHT/Au 10,6 5 12,6 | 3004, 10834 ¢
EuCk [183] FTO/TIOJ {f -Bdpiro - 4 68 | 854, 15
MeOTAD/Au




60

[CBdyOdedj kOBdJYr 3

YbCl5[189] FTO/TIOJ {f -pdpiro - 5 124 | 80 u, 5
MeOTAD/Ag
Sk [190] FTOITIO./AIL.O4 - 16 3,32 4 518 | 11 0 104k ¢
Fedzj totsH
In®" [185] FTO/TIOJ f -F@uSCN/Au 0,62 20 2,61 160
4 Htsftsdddlsjd d' dd HsB O CORd ¢
Ba’* (CSA) ITO/SNGY §f -BRSHT/Au - 10 7.3 120 , &0d3d dz
[188]
Inl; (DMA™) FTO/TIO/ { -pdpiro 14,36 0,25 | 17,09 180 ,&5d3d dz
[191] OMeTAD/MoOy/Ag
Bi®* (HI) [186] FTO/TIOJ {f -pdpiro 10,09 67 11,9 150 u, ¢
OMeTAD/Au
Bi* (HI) [184] | FTO/TIOJ/ f -B@ul/Au 8,07 4 13,17 | 100°C, 1543 d4
Ce" (DMA™) FTO/TIO/ { -pdpiro- 12,63 10 |[1757] 150 u, ¢
[187] OMeTAD/Au

] OtcOdzdzj dz' dets OB 5ls O BCsPhis o dafsRORN G S O d § dzv j Is
LOdj " POEPECSPhBr( 211 =1, P8 01 dz) ¢S smisd jcet 1 cGHkbyj dz
UCSPbBraztsy j Is dzOyOls! ¢ is oy dzlstof@dpoMM @ s dzOSts dH j Oz
WowjL fteddnisd c®d Hsn0Cyig3ic d

Lt O Jtejlyjdky o 2019 ¢ of jBeEbdzj 4 fi3ls OO Pakt
tcj NCjHSSPbBr, sOC C OS¢ ftd NbEGit®d s @b sgodsoy J ¢
fjctjcddydwHe j MWHAaLc egtsls datg 3j/Bed 4 Is j ff j dz fjctej & C
ftotst Sty d oD dsBBY i ted Istsds dzO@ MY jSlteOn  5C ¢
CteCOwts ¢ dzts M j dzd v , Colbs#02 | tiEddpfds iV &OY tcd shPres C
RLoO jMisdzs, BEHs OF @ d b dgilsksipComisd CsPbBs. 1 j f j tetse M d L
ftsH j toy BEOWESS Odzd L 2 j Isfyw ZO cGtwOddyon L j t6j da
Bd L' L d&zEw®DIs jledi'Cds 3B d dzOyd d Vet [130fs ed' | e jtedpdsdBRaiBal B
d dzd u d d to ts o” Ogsizer ¢f ifadk dz jidad jzO dzdz' | o 5 dstzs 5 B Rizj ta @ogy teids
CsPbiBr ¢ Ols  tIidiEL94; 195] Cuf* [196], Zn®* [197; 198] Nb°* [199], La®* [200] d EL** [201]
9 ddLSCdr CHdyy@scOQyv @O0 MfjSlte0n e dash jddv
Bisy dets ZodHjls! OdzOdzts ¢ d ydejji difsts dizy dz@ERE Y e e § s Dig
L Odsj " PddzeBa®" o CsPbiBr, f ts dzlz W jtsdzdsr O lsdf@lsiy @ Odz ) dats «
fr) tisfi o testp BavlBr d By j 5 B 15 dzj Yts lsasrnfiptO® sz \@pRERs . | Is@s dz
sBtsBh jdzr fE@PMEZ IgOdeds W tslstsmis OB d dz! udddhfgusleBr, 1 dsits ¢ dz@
fls OB d dz! dzts ) ls ' sPhiMsl§) i GreOsPby iy dzj Ste6 Odad Yj M S dkd § todts
oLy 2Mlsoadd Mo jlsO jhj dzj B' O dL Zyj dz0.



61

5 OB &Z@yA dzdv dzdj SObddase d3j ls Odzddmes ¢ @O Is ¢ asdgrisdy Is €
dzts d3q dzO dy sclgtis SRk QM |6Br

M™ TulttzSlskEtO vydfmisr 2 §jt [sHd¥dydtetse Odzd
c. f 1 Aw cM™ |¢. ( 1 A
% %
Ba" FTO/TIOJ/ -j t 11,1 Ua0= 90, 20 14,0 | vgo= 450
[110] IsgpiroOMeTAD/Au (1 u sNaR
Eu 10,21 | =370y 5 13,71 | uve3=370Y
[201] (1 u Nk
NiZ* ITO/P3CTEN/ f-j td 11,97 | g = 300y 2 13,88 | ugo= 500
[195] | IsPCs:BM/Ceo/BCP/Ag 1y ts dzgAN
T=60°C)

1.15 uls OB d dz' tgstintss MPRPlstz® sSL HIZ A |

1 4 Mis OB d dz¢ dastmds Hflzdz] tstc ¢ O dzd i) )€ af ff TaPls tsa H D v L @dzO
cdcectotsMmC 1 s dzgsdal, FAI, Cd. R L o j frpslslslf dzj dAWAPBI:; f tc@H MistcB Y
o SHIID 5L HEZERABO to Iz ¥ dcod@Hs tdd@PDIIH,O d (CHsNH3)Pbkl2H,0 [202].1 © s fiy dzts
Isjtcd3sH OB yd MSdr ©WOMY]jIsse '] DicB®@B @ Qd & ¢ Er@etf if dzd
MowimBRdzj CEdZOBEMazsS HtPE& sH sy dzO0 o j to ~CBCHESHRZ G
LO CtdC ety QW Pyl oy d 000 dmfjjhdd IsC j o tsidscA’dey @i:fits ¢ O
ftoj SHBBdz] jIs 1 dzj teclj Isidlag dp ¢ G Bedlzig OB § 2. dzs s P tos &
Mow L OdzO M dadL Ct52 1 dzgf.tec | Mifize® @ pBsRsk@® Pdzd ¥ tc o
fst sz jets tOL dzsy jdzdj O tSH &g p Szfylizeeg § i3 eetsL i BR @
tc ©9 dzj dzd Pbkgf A2Wg+ Gg+Pbhe. td OC Wpwdzw j Isfyw 1 € L HsdsmARIBAAY J f
1 dzH S J e g z@sPby [203]. RL 1 Isdr MssBteOY dedeg 2 ¥ O teg 5 d tf ¢
YJtedzts?2 -CeRbg s WO v L Odzets M OHMtsteBYydj2 dBdj Ckd ¢
OotSHO dzgf ftetsdzd S Ojls 9cdzkzB! GO ted O dzO.

t OL dzsydgjdzdq@@tsy j Is B ' Ists B tf Gulslrpizls fijdslzj tdzC | 2 dZO© | tdaP@®dz®
SHd@stcsH dtse s teOMY tc [204]. tzfp jzd ¥ s z@ O iz st § & @tePpzdz] dz
6§ OC MG dztsie@tNHo Hlgg. & 558 H O Do vls j daghistss j 81,065 s |
dzi do dzls dz0 tOL dztsy J dzd § , sH dzOC 5 HOEJO Is iptelz d3 f figliz datis ¢
Listsydaw jIsfqw sOC Y j, vyt wlsdtshmdlsj d' doOwv o dz@g5Hzts fls



62

1151) &zdw dzdj C Obdtdtse &jlsOddss dzO flOs dd da

stdzyj dZsMOydisisste’ j fsor h QOgIsE . fW W, CBdra dzr
 dziz yh fndedws d dz' dzts fyls o QizOtc PpifErEsB i .j d2' H Odzde' M™ 28
Eflss2 yd o st O LS dzdpameGRizs s d B te iy dzs ¢ 5 MARb.S osh§ Corf. OQ)
b jnd o ldshjddd bdzyhjddy fsosdd dshlsd
9BLHERO f wasWsld sdste & I GdeBARDL [206], CF* (0,599 o
C,04FA0sMA0 17)0,0PMl0,8Br017)3 [143]  Cs0MA015-AcgPbb sBross [168], C&* (1%) o
(FAPbE)oos(MAPDBI3)00s [207], B&* (5%) & MA 4 A0 ePbh Clos [116] d H 15 B O {10%) o
MA 6. Ao 8Pbb 6Clo 2 [208].

MAPb,
CeCl,
0,38%) ¢
20 ( 0)
.
g 15 Z<>CI NdCl,
2 MgAC SrCl, ntl, (0,38%)
=] 2 % (5%) Mgl, (1%) *
. 10 4 (0,7%) (0’04%) ° SI’C|2 (1%) O
o incl,  (10%) Kl
0,
5 | (15%) (16,7%)
ydqfmisr 2 fjtesemidls
i fl HisB Ogd &g MEdj h j*dg
0 .
T 1,0
) T SrCl o u
ZnCl :
0,8+ Eu® (5%)2 Mgl, 12/ 2 i,
T MgAc, (0,04%) SrCl, (1%) (19) o 30
o 2 : KI CeClH = 40
0.6 (0,7%) (10%) (16,7%) s m 65
= 1 (0,38%)
. 044 InCl, o .
o (15%) NdCl,
0,2 (0,38%)
a
T T T T T T T T T T T ///'/ T !
0 200 400 600 800 1000 3000

ltejdy dmfr sOdedwv MisOB ddz' dztsfilsd

t s LB 5B j d2d j dzd s j to o Lt diz'ls ® emafi@@izdh) SO B d dz! dzfs |
oLHj2Mbads o dzOxtd tizb BL B PR o' Miskz{ OMAPbIEPIs |
ftoddsd dzj dzd j MK R&EE O 5K s | M@ [EO®].SAChL [209], SrCh[117; 210]

Mgl [102], ZnCh [139], KI [211], CeCkd NdCl; [163])  dzd © fIs d 0| @tz gk" | PEHdz @™
(EU [165]d In®* d UnCl5 [147])

{BEBN ] yd dzC slsster j ised v addloO] dzd ydz' &3 d3J k
Zfls Odzts o dag e ztadsdss fyls! H W jClstse Edj dz h O$rELif209] § to
d ZnCl, [139], dzts dzj B' dzts tc OLSE XS OAICL F et j § te izl jj Is B '
zd3d dz' " Jsdede Od3 ts 0 O dzdPbl fHfteeld jtdpidnls O dzdzd L Oyd d RBOIsjted O
d i { ts dBrah 09] d Mg(OAC), [104]  EWF*[165]. R L o j lsdzts, ylsts § Gfffyd



63

fMowiL Odz dafj M Jets odej Hisd ded SBbdBO teg)td Q dadh\zOk- te@ ifediizis
SICh dz@®rbdzj HOJjls I[sOC ts¢ 10N O dag jiy iz j Brofisfysdzg ¢ n  f j tot
s OS Y | fc5COLOds 1WWjClde dzsls ) Slsdetsh j dzed d
(FAPDbk)o o MAPDbBI3)0 05 [212].

l mlstster 7, §ofpzsEtGhlEHgste] (i kzehMcttd ftodo s
Cted Mis Odadzd 6 tzgfdzCGlsmizlsmisoads o dedr MCoatsLde 7 St
f tod d3j dzj dad dViglx[tOB],@vCE F139], KI [211], CeCk d NdCl; [163]. | -Is tc j s $OdsA] s dz’
Mg® dBi* n Znhipds®y d o Off dijsdgisRol; [102] f FAPbk [206], H® B OMg{OAC),
fMdzd % OjIs dr hNAPHE]I84]. Ols sfls

] bdadydj 6l cdBdrPbhlzVEPEGisd oz B saz] sStce O
CsPbt f tsi9 SL H j 23N issodf@y detse 5 o tSL H 7 G | B3ts e34f Gplasdz! ¥ dztg A
usPbBr f jtoj ntSH fodAasi's? . tSHO Hj G tcOfBJ ¢ s 1 ditls] 1z
C Ols d s @5,®Bif", In*, SB"  Yb**. RL tod fijradzbHOdzts, Ylsts @B Ob 6 tzH bz
Is | dzdztyflg jie)ts © N CsiPlig 5§ eCsPhjBr @ MsMmlsOo j 1 w1 d3ts X §OUs d 5 iz ¢
BBj sOdzdzis o 900f s W d € OGPV stce Odzed yj M< d d3d HtsBO9 €O
cdHtcsY sBd j, W OB dBSdj j 1 W¥WWJjSlsde &z0 Ptz Oo
[188] 15 kS OL Bl BtcOddyj MSdr MchdasOpgaz®h F M
sjtedd uj MS 2 MisOB ddz detslsd dzj stec Oded yj MSdr Mmsfmls

> ¥ cacl
CsPbj CsPbJBr :
18 4 18 R CuBr, EuAc, (0,5%)
zn* MgAc ]
16 v (0,6%) m(0,5%) 9
YbAC,(20%) 1 (3;Au) (10%) Eunc, zn, - (0,2%) o
g. 147 > g 141 B (0,5%) (7.5%) a
> 5 ] ¢ Sbh**(10%) 5 124 o
= 197 * =+ 10 la
- 2 e S L
o 6 Sob (4%) o o 6
4 ° 2]
2 2 4 O udmisr2 fjteseamedls
O udflsr2 fjsemCdls B f HissO0gqdd MG s P P §
0- ¢ h HbsOgE&d WMaEd " iddj g PI O

o CuBr,
n

T 1,0 oo XA A T 104 10%) o OEW)
. ] A v, EuAc, znl, * MgAc CaCl,o
0,8 S = og@Ew . OIG EUACy 02%)  (05%)
: (4%) e La $ (0.5%)3
& 06 n o G (%) _©
= YbAc, Sb : gE S i, %
(10%) j 0 B
<044 (20%) " 2025 - 04 o * 2025
o a] 30 I 30-35
] * 40
02 - gg 024 o 50-55
® 60-65
0,05 T T T T T T T "'I"7/ T T T T T T T 1
0 200 400 600 800 1000 1200 1400 024 400 500 600 700 800 900 1000 1100
lwejdv dmfrlsoddw fmlsOs dd datsfyle lejdw dmyrlsOdedw MisOB ddz dzgsfls

t dimem@stBtsBh jddd dzd s tePie it dz'ls D enefidizds) SO0 B d dz! dzts
otsSL HJ 2 Mlso detO L alasfLyrids? 0 =2Is deti@fledgtiiglags s Mis O §j OC Is ( ¢
d My sdz' FIDusl§ fipw O dzr Ce2Bk ( OfFERHIB( BI) Y tod d3j dzj dzdVindg o i s (
sy Rdtdiistedd ddd CPHHEM T & L Odsj " J dad

) IsOB dzd Yy J a3’ sBtsBh ddzd MmEkh jMmlseolze h dj fdt&j H
Zdzlz y" jiis@B d dz¢ des s d dzO oBLHER] GdBtdHdz fF OB
MsH jtoy OW Efls Qlgis ydets kB jHdIsj dz' dz" | Otec Mtzj dasy dzp dE C



64

fsmdjHdzj 2 Mg kPsddgOls: [ ykts §OfMds OydY ¢
ddzd ssted ydz" c3d W OLOBBd d ko jdzduj dz@g B ReodjLjd3j B8ON L
BsHjd ¥, SslswOv dzj dMS M0 Bsake Brsgas ] | OB f

v OB dzcbyO[ BtsB N jads[H j dz' dz" = ftej HMIsOo dzj dzd 2  fipdsvdas®)dkd
ftetsH dzj dzd jdgs fipsddBdg@' o SL HIzm j & 53y dzjinG fif de'dril3 aif) dizs{qf Jd
MXnd YOMmlsd ydA? dzen® dzj dz

[ SHjdz' detsy 1§ teg MX /M™
fted ydfdetsH oz dzad | d B tod H dz" J CsPb}Br CsPbj
fls OB d dz' dzts fls APbI;
I L d3tsy detsj  M'Umj | Bi®* [206] - Bi°*[184; 186]
fls oz lis
1 Offmd o Oydw H ] SrCh[210],[212]d | MgAc;[213], CaCh Yb** [216]
GteOdzd yoOa L | Ce&* [207] [214]  EuAGs [215]
1 OmMmMde Oyd™ @Gt - Znt (W O IC€Zn- | Ca’ (W O 1CaD)
olststed Yydets?2 W I/Br) [197] [182]
Vdsd dz' h jded j tc Ol - Y13[192]
ve jdzdyj dedj 0O  ZnCl,[139], Zn“*[197], MnCl,
Mgl, [102], C&* [217], CU/* [196]d
[207], B&* [116], K Ni?*[195]
[208; 211] CeCk d
NdCl; [163]
LV 3§ dz' h eI @ztsls d2 ZnCl, [139], SrChL | Zn°* [198], Y15[192],
HjWjBlsBoBdS toj Isg [209]d Cd*[143] | EuAcs [218], CaCh
d A sdztsy ff A ts to oz [214] d La** [200]
s ¢ OdzdM" Oy d d

1 oisfdzj 3 d so@jidffies d L o tstel jd Lddisdyisle O ist®a dz'fifts fils © ARDE,
s dzd 4O CPOBPBH P Sis detsh pdetf g e e d dz€ alztz®)s dptssigiH 2 -
s H dzdodsdj dgdssH d % d ¢ O ety woRfHRIF [165; 215; 218]Zn?* [139; 197]d Mg** o
MAPDbI; of CsPbyBr [102; 104; 213]Ca* 9 FAPbk)o.oslMAPbBI3)0,0s  CSPb$Br [207; 214] SICl, ©
MAPDbI; d (FAPbk)o o MAPDBI3)0 05 [117; 209; 210; 212]Bi** @ FAPbk d CsPby [184; 206]
1 jtemty j Sisdo datsfyls figQtc Ol Pesd dzr U B day® o G Odzts ¢
fsHUYjteSCdoOjls Istsls NIOTE", EVTs En® CoFlsd &ztis e zls  E dziz -
s H dzts 9 te jindsjOdzdftszezaets ) ts L HiAStg ) l5fO B .d dz! dats fyIs ¢



65

116 1 jMmeaddzytser j f jtesoamMCdlstsf sHisB A j ¢

l dzj h dzd j 5B Isdzs g, SEOGE, SBT d Bi*t dL st dzj $ s te 5 dzd
sBMdzse’ 90jls 5BOL 5o ANig[HIM=RE § &fl.r 75 QBRI EGBED
KOSy CHE@sEME (s sHisE df | stz tc r¢ Shp@GHO Eis § t
B dzj § of WCS|igleeizisPI Yd MEdd Mots2Mmlse ©. [ Miss | dedets
COC ftojH]jd d" 2 fyozlz PR o AFDI IsjdfyfigsR dzu @B jjdz §f j totso
MistezClsRGOL oo tds ) dg®@ Fits y HHjtadimevd 7 § Ols d s dassSols @i j Histaao g
s5Ctolzy j ded I o0 dadr fipiiECod 7 S sdzy j dzlstc Oy d W A .

1.16.13DM s oz ¢ AMIte T

1.16.1.1 Ge*

) dzd L sfyls tOMy sdztsy § ded v ¢ J edB3OdzdMd fds § dBP d dzyia)
ftoj HieOMY & dz@d @AzQ jde(dsOded j o7 7 CcOdzse j ded H dzr 7 € st
[HA&OSC s, dn 6 lsO(esaBEs)dd s dpt sis@S Efgsodsiz«hn s  yj 1) ¢ t d3k
Wistodi3d tots o Odzd Geks0E1I33H tc & af ds tadftssjts dz@ < @5 j dzd | @l O
ftedosHdls € tcOs}Wzil@adz0 HHmEZz B ROS  j (iRer7 7¢ 2i3)7
Hdzd dzdz' § M) BBdzjj f)&dm. B3dd PP & cdgsisOL &) ©dr J
zo j dzd yaf o ©alzEze stsfzic§ B ] BNdads § j Geiho Vis @S  d3 ztha] 0O
dMC Oy e PL utefp 8 i3j tdzOV € ©Y ) lsQ dzards§ jOP@EGed, MEezG
FAGek, BH@aBCHtedMmikz" O Idafddecti@imp daz0ky Mists Poen U B
ftodmizlsmls eclay Isf tstd H 980 tRedzls)] fitelg th) dzts s &5 WRICKEGPLS d, dz! wikss ).
l steOHdydsdgdy sMEPRKEZS | + | Cs' @0 LEOsERjdg0 € ol didj
FA'ftedotsHdls € ko jdduj dedsf jzdp " dRts G, mdf bty i g IPF dz4
Hij &zOjIs Jjets dzj Bigtl i 33 sfige Oded yj M ddsd ¢ Olsc
dMm¢ Oy 0 IsmY HEs ficGsBiizg dis(fy lsiz] SIclf ¢ s GaBjdD e € o fPESHsiAd -
lsjtedsd ui MSd fls O] @C MH 5O dz5 @' & Sded . Gs@ezs B fls ¢ C
s s dz'32% udztsy detsfls! WisteRdtetso OdzdW fSHStEEH dzs2 ff oz
G"setOddydo Ojls M jh dlz¥ ©OL©OBBISCE dRUBBEOA] ] o



66

1.16.1.2 st

J dzts 9 v dzdzte JHASASN X d L o § fipls dz'Q, 560 Z0 14 ¢ tsded dz09p 0Oz
Mtsdzdzy ydz' » R@ZgBUBEO s MydlsOdzsi: |, Ylsts Istsdzr €ts
W stedzOd3d H d dzd W ( FA) Zz0 d&j Misg ¢ HBSHABHWIS Hdw
fSHHjtey GBS skzelk. 1 j tefpr, j {dasdipmq dzi8nE d FEonk, MA
Misfis Ofg w0 | Is, B &GP padzdzts

s. . H. 1 uIMASROH Sipidztfe Qb Is [RPY.dz! IC sdz@f§dstsw h j | o to,
3D jtotso MG GriXash j t6A € dzs yj des dzO B Bdzj § ded L C 5tcOL 3,
fted d3j dajOded ¥ d& Ols d sdzts o d3tsistafforj SA@ingjOigls o j ¢ Offiste[dfsedasstp L
{ sdzsflsdats? MbtkzSlsktej f ®OMMdo dzr IF [B22] 1@ tdsoj AeldrQ I
wodzwes Isfpw djteOtendyui MSdj MisteDCdisasj h j [8Z3F sls dzjDizE C
fjtesoamMCdls O, dz@z@ eizfizig jj €ztlzOV) s toj H j dzj dzdzets 2 , it EEAST
LWWjSkk {fdkOSMdd, B®XZOEBHOEBY Ctbtteskz Mtk
f dzsMC Shflsdz®dBtsdzj j] Mratydd3 ttOMmf toj Hj dzj ded jwds 10dsits d3
ts f) dz®BABNK-FASNEL (PEA= CeHs(CHo)aNH:) ) € . ff .[224]. > 9 %

10 HOdgdz' 2 dBsdj dzls toj SstoHdz § €. fMEtsis alj2ls, g |
ts ) dztPEAo 1FAossSNk ( ] H 15 BNDISSTN, 2(FAo oEA 1)o.0dEDAG oSNk (EAT  EDAZ i
C Ols d szt dzO dzdzits ldzdf] iz dzH d; 0 dI3ts a3 ) o EiSRL Bro; (CH 5B O 9 s 2z,
% CeHsNHNHCI) GHJ dmf sdz’ L zj Isfmw 9 ts ) ) IsOEEOD ddrf e JO
Mtsmis Oo di, 225; @Z5)

1.16.1.3 Srtt-Ge**

I BL By detsfyls:  § sdzzud ded Vv APogdCe DdddaCs-MATFAIRE) o et dds
ftcj] OMOdZO f 5L baiipPdEds zter d W OCItste® [P2Bdz' M s i3H E
B detsl Y j tod B del§ @dz'Odizs , MAGHH:ts MAGRI; 5B tc O Listpsjldc H T j  tc Oyl
ofmjds HdOY OL t5dzjSITTICEzy O Szls f O wd 2 dzbflsud® j = tetilgfatis otdXfgls o
PP*-Si*, o Ctdzyj destcOydtsdzdzs? L Oadmddistsiisd j Mmls! dz
ftcd HodXjddd Gl B rHMsO jLOMPW% tsls  If,430 1td s frHsp ¢ Am-C 0z
SteB dlsOdzj 2 o L tsdzlf szt tp g tizd o of3th)ifIsEdl JAHOBTdR@BE v o dzv | Is
fstetsds Hdzv tSlsdats g IsfjL didj diag dztf ¥ L f todstin Is to Ofigi ks g Js de®is s o
(PAmm) o lsted ¢ s zO®BMELZ s 1 dd 1 2 Clo@Rysjdasic 0 lgmw  d
Ldzjtee jlsdyujmMStsets BjMtstewHS O,  EOWOER Sdpgiai46)S jde
Mishis sy dzd DY toj " | dpdzs 2zj ot dijj 2 tc OO BABRIGMNIHL.A&3j M Odzdzr j



67

[ ASn,Gels Sls desmw Isqw ¢ 11228k t5 dzts dzdp'ts@BeBrexGedlz B ¥ dz H tsMls d
¢C. . H1%. ~ feetxzj j o f) B K Pz sdztsiatpldy  [SVARDI; diftts € O Lh @deds € d
oL M35y detsis g deizjtdip) t b3t WPisg 2 § dad v SEOAH s ad dz' dzts
1w r dzO { totsigezd QANT-41S, 1 dse@dzippidsf etsdL o sdz! dzts s
2O o | BlRtmMRCEes0EcHLOjIs tsdz! § OMMmd o2RM. 25 1 dedf us¢
nOteOCIsj dEMIYd HAf sF 02 B)z ISOC X J ¢ JRAENAEZSResGeano tind O
ftsH j tox O&G Jod3d Ge | | . r=dzfits dbz wjldzd v o ' HfisCtasasHisip,) 6 € o o
9 Oy dzOv o5 dz Mtse d3j Mis des8NB d G f dg jj digilzdddg(j Wdz' 1 1§ BlZH & s Cff «
dzts © &z [230£231]

11621y a2 dz § § j BAMEKE I

] OO0 Is d vfiees B o Y jehXdefiie j dedHdz 7 f jteseaMS dls@A
Msh tc Odzj dpkjlsds s dzjd2 Is ted@E @kssdeddE d M*, Coltster j U te,
s5CIsO1 Hisd Y MSdd3 S tplKkyJ dedu]d Haed s ¢y d fdzj dzdzr 2
MsiHdde ded?2 Mistelz$ Is iz to dgNaAts) Is d oD § CedfadK@M® 2 % InY,
Bi*", SB, zOdzs Oz g €I Br) dL o j fls j[@32;833]1 9X¥BIstse sdz' IsOd U
B' dz f toj HME Pe@doBiXery 2 GBI 1 dlst€dnjf j toed o3 mizls @ dzff tztelr
W H ,HOH j oy ON dAY -Bif ON&f-SB**, Na'-Bi*", Au*-Au®* d s tej H j dzj oz
CAQBICls ( 2, 1 9 CSAGBIBrs (1,94-2,30 1 ), RbbAgBilsg ( 1, 9 8CsNaShs (2, 03 4
CsNaBils (2, 4 3, C&AUPAUCIs (11, 6 [234iR37) Clsd Qs jtedsO ditplsizt ¢
cOL Bj edsmbest BW Bzt d Bdjj " dtetsS zsAGaXOYASGXE. § dzdz
2021 ¢ B' dzs eSO IO dzts,d OY IO6 s Suz@) A&t Rz' 27 165 @8 S
ROl jted Ozso d&zOdBBdzj j 1§ 5  2C4AdBiBrst{1,95%, ts1220zf5'8 ). @ gz
HisfMisdy jdzd j &3 t6OL dzs?2 kA8 Sd BBHESI88.d st sl Glcy st €
cOMU]BOERH JOd! detsj] yYjtejHBo Odedj Mstslse jlsfylse jdsy
s tc z Sl lists @z & @ "Ore Odztiz (st oz § g foafsled , 4 5C QY j tod dsj dzls Odz
f5COL Odets, ybsts f§sorhjddi Isj i3hifus®lsP?w] st dsde®
sCIsO1 Hicse fEMBEFYSedps ftcdotsHdls € MHoadekz 2iDI 4
[239].

rets2ds § ¢6OdzisG j dzd Hddesji® Is §f jotg hpthifClafls r Is § te dsd ug M ¢
MicOo dzd B' o 1 4Py ( flz@ tzfRoPPBils j ww j Is 5O izt 0dEBE].J dz
stod fls OgAdBBre EfMiss2 ydor ftod tedzyjddd Mo jlstd ks
Is yd dzd J2401. 2 © dz@fy, 5B tc O L ts as@dzdf'lsBHdz4dd Br E4tps @OL 5 BO dzd
6p dzj Btsckls MisjHdddis® Ny L tsdzy § dsdAsBiE s @ & g 5 BiREF 3d



68

Ylsts t©0s dzsL dzOydats | dzj GDIsCtdssizdtstd d ataCHz ofifs] deRizis I lissfizOdy s
desfdisj dzj @ed L OB2 H PisH o d X de GO dzM §f 5 6 izls [23FRHHVISQ gty Py dz
LO®B) M ddj MEdME P digatey j Clsdoj dtsyjls tjhdls! sk
L OBJAGBI* dz1* (7, 5 BB (3%) 5 HRs@ SBE Y| d8F L& Bt
Fdzj dz' M O ChAQRIBrgmsslse j Isiia,4e5j1cBeiAs, 55 d [289; BB 248]In* ( H 15
75 ®tsdz. Zn’%) 15§ RBSsdzOG dbetsisr o G 8 ] ZOIsj dz' dzsj ko j
Mslse j s, Re j2d2dztsl I[239; 23

[ Olsj to@&BiXs B" dzd ftoslsj Misdtass Oazr ¢ Oyj flse jd O
{5C OIKOd 437 H®[24i248) R Mn SH dzr 2z ids.sfylsej yj dedj 25
~nt60Odzgj dedd o Isj Bdztsilsy d dapmfipddts dpEAstuSds 316 |zl ¢4 ded d
Wy v j Isdgtamv  dfts to l tsWizts ¢ o Y OMls dztO Is ddzj SBIR S HJ i3 Mls o
or MsC sl B j tOIs ztsdzts ¢ 5 y Asfilslsj o wedds o pisteeddzy jflz®0 ) f &
Is § ted3d U DY 5 6zfp dzd W o dend OeBifddgde s Isf wzy Dz to P te@ 3]

O ZOdzts ¢ d ydz' #sInPRBIF KD &mSH )X ) to j H i $2Q 11O Cziziz® |
ihi daj BT dzd 1 CMYJ teddmi @ls QxR ddilzg it drbsy jodig j dsv ¢ M d
5B tcOL & Q&fHPds s dzOwIngks f siBiMy &ShXe (P&/mme), O Bi249).j

a a ¢ : ' 1.
- ‘ | & v - . L J » L g
@ I ‘OL". " lg! i Ag i d ® s ’ <d -|-f:.“1 1,(/ &" 1 "‘
" Get 'ili'e;. jo o Bt 1 « ® -~ @ | "‘Q.H 51
= @ Br ¢ - . 'L »
1o —_ % o d&-" e
= ‘&" 1 ® ® ‘L’. ‘ 4.".
I5EE o o/ %1, )
: (ﬂ' 2 Pl .“.' e b_ L]
e
3 "1

t dMewEeIC] etso MS dIs SBDP-His ts 2 @ICEGet (R3m,a=b=8 , 3& 10, 61 |
[220], (B) C2AgBIiBrs (Fmom, a=1 1 , 41 5 O pzde @igMaterials Project’( m1078250)] (9)
MATels (Fmom, a=2,00; )[250]

1.16.30DMIstezC sk R dzf § 1§ j MG d Is T

[ Odedzr 2 Isd { Fnigrie) tc szt f(sfpwy € W OL O3, c¢ckf§f steWH
fts MtcOo dzj dad ¥ MAMYGKste s etdy W] sz Islso 2 jls | WOS®
Yjeéts tdd thtctEO tj B @&disH B1g°H ¢ Ol 'O dyd dastsgzd tets o
Hicke Stk Odzj HsMISOSC OB HOddzyr = KOl jtedOdztse s
(BjybkL jeOdz EMES of B sz Mofij¥ j S Isd o dzr dets i @sfijfigzj 2 1 OLo s
dL o j Misterjdgdnls Oo d Is j dz 5+ 1 b ds @M¥@diyi=Si™ d Ti*) i f oW o3’
LOfted N jdede" osd L 5dzO 3 .



69

wlsjfjd GCEEd)fds@srdd z6, yjd& 2+, vyt B
BOIs j tc € O tizis 81 Iz M LO {f tdisd)jl€eeTiBrs Mis OB d dzj dz o 5 9o BB zis(B7 0o
« =30%)[251]. RL s dzd te ts © O dzdzts fijMd ls]* tisc tis@DozcfH fictfsen © §f I dzs fls ¢ dets iy
41 dzO GdpdeBra(jl, 5 §CyTiBrs( 1, 8t jify jiusixtsdo J Is,Mls &f j Aedzts =
3,3% [251; 252] uj 5 dajCsSuYy EANY j M dets OB GSls QP ® B Ol Ofipl
Md dzemd e d dzd L Jis®fg Plezpalzf &3, wHBYMIsOo dzvw €. . H.

1 i HOo dzs 1 Istsls tow Hin ffidsfe@izAd =G K IsG3'S R d In*), A.PdBrs
(A=K*, TI* { CS") d AsTels (A=MA*, FA"Cs),W slstso tsdz! IsOd uj MS d jj hitf estaydshol
dzj d L 23Bj28slu stsBh O sz R OOPES | b fzds®sPdBs 5Pt
dRbPtsd dzj f toW dgBeals[256i259).

1 dzj dB5Hts f s H | d3ts dzfiffls tzd\tots010ais j 3 daff d dzj sfdztse dz' -
L OtcW H 0,2 taiffishpis] f ¢ OLIOSIES , d3QUdsjtdsh O de Ot 5j pfOEDY) 5 H  d3ts
cf SHo dy dasrfs 6 2, & IdgEs 5 ftc Ow @apdgsdzd) H dzv  ZMARDS to d
(=164 BYB5]CIsts § 5L o Bz disdadidz0 shdse | ddf BJFEIPMls tc |
d § sdzizyde'dj s swiddyj d s @ts sdf O W silsaCtls.die dzt 7 1
] dzj dfSstls s j R uj MSd EMbs2Mdg et $HBEd&e" jlofe Cf
dzj Btsdz' " 5§ tOMMJ duo Gozdfiglz uYfj st 1,560 Q) Gs@s 2585 o

CCMy jtodd3j delsOcz? dzs BT dzd s toj H j dzjodz’  dzjCRdBE
(1, 6dCsTek( 1, 5[2565;296] ) toj H MLl ey, Ho ts2 dzr 7 f jPdtso f
Blotsd3d H dz"' j JRdBiyls Gork], GSARL) B H ity j Ssdodzr Hdv Wis
dr Oddmsigideylodfd, O ¢0¢ drn z3131 f tedHzO08 @§0} Ols
1 O stcTE 5 dz®j sMmv , ylsts dididdssodEjdeEis RicEots B ZH jIs o3
Bd&ZOGtSHOKLY ¢t ds& @tzq 5 d0 Gf J" tef jdf Qatte{tg B g [p[B6dE] 2

1.16.42D/0Dd Dalstez S sz ter BEQ[ SKE'f dzts o

4 t5fMis®B h j 2 B dBA [ aMnlanes d dz8sMoalg f te b2, (M3 = Bi®*  SB*") d3ts  dzts
ftej HiNsOadls! CO¢ fsdL o tHAWN fsjsthtzdsimisd ls{derdh 1 81
M* s 0Cdd e PestEBH BQF @Al 8 3PdOdZsedd f Ho 2 df
SOl dpSazdzj tzac jtcOL tejL 5 HJOCdzOdY Sipls'd yfl dgts fp QL sOiply
Yj et tdd § tsdziz yd-edf d palls o ©ea Qdedza f k¥ itc'd2 7 stz C L
[MXeg]* © ©OMRE OR HoEsets Mosw dBselkzls BT sy tdig)y - O&
cOMmMsod@Emsdz] | dzj ¢ 5 1§ 5dzlz yd sP6s/mmdc) § figO ceOoz QighiDtaciiss fr
Colsstes? Ot CIsOL Histse  (friadjfip. [ @i W dtusditgjzy  aig Gsd
By dzts szt df ig2DrdfOls j e Odz ) Isted ¢ ts dzORIEN1YzE282]. e d3c:



70

f sdzd BsteW r d&zyh j oMjet fSHABGHWIE HEY DY tlssHosds
Bsdzj j oFf MBS 52 | degehidsafs dzdzs B s tzPj Bizte Stefdy FnH j 2,
o dzOY dzts G s 9 0 BIOHS As@ Odzj MOL 2 RO dylsHedr S ldsfips dzf HEdfYos
AsMXoB " dz Z@YWF®@L s5dz ¢ jsdijlsteduj MS d D st CREsly Bashds,
D% OL | stset (Y BI2HP8HOD) 0, 8 <t (R0, ,05%5)d t[R63])d 4 8 dzi
Yyomlsdudes f§itejmjcojlsmw M HJOFQL sSdetsdp " Hed@y | dzd ke
| Sdzt v dpdHtsHOd s ME'OH BB lgW ¢ dats dz® ugO tizte d d3j dzv &Emv  Istsdzt §

RLOjMlsdy dzj oW d3 j 1 @YDIOP-MABRdg (1,942, 2d8" CgBiolo ,
(1,92 , 2 COs$h)le,(1,891 | )D-MA@Shls( 2, 3,68 4slO)E ¥ j H AD'RHBILfe (1,891 )
d2D-RbsShlg( 2, 02 + | )d3jpdaz@ i@k Eb s ) tc O o @] igh® [268) 264]

] 2017 dwO2mijEbstsotsdy OdUjMSd2 +WWjiClk kM dt
sted 6 s dzO dz! dzts 2 Roim)f T3sds tstet jj 2 0 (dz0s theoita & to izt ls @afd s Is dzt
fMsmis O j s WsBRAIBl a3 (d20  te dABBIL, AQ2Bils, AgBils d AgBI2l7) ,  LEHtg '
AdBHEdzy dz@ BT Is! 1+ f{fftcPcdzOH dhjioHdBHes epldc dptaigz [ itk Is ts W
dLsC s Ot Atgaf [Bl]®, Cistster | dzj d d3j ¢ Ishyisty o dfctait)-
dzj MC tsdejfedd d dB3j ¢ Is te OL dzd y drfzjdels & @1 § d3 gzl fipléc' Ocfiz' d
9 OC Odzfigd “CApdH ts dpwpiiAc] H Iz & ) dFEUND Y te d df liste &z CAgBils s H d dz f d
L Ofj dzj S4AQHEO d 4/3 0 OC O defn @2 offsd2® 2 PAGIG d  2[Bilg* ( to (iBp).
it st dlsr s O e  dz' de@fmls sy § BE 1219 Hd Of OL
1,791 , 8 3263].]

t jSBteHd | L dzOy jodd v ts ez grs.j dzeiu dz' A Bith ls(te3b’t Is |z
Hisfisd ¢ eztzils ' W s1s 5 OC Is MAgBhls, MABELS,] te5:Biole, AgsBils d AgsBile xSk
(x=0,04),f ts ) Is* 0l de'ts Is © | Is fjA3%, 3,0BEz8 024,30 d 5 , [B66i 269]

J Bt @ J Bt
@ Wt O
Lo SR

{ dMzBEEstkCskter ¢ Odtsc j dstfhdi* S(a) IDeCesIhd (PN Heb=8,44,
=10, 39 D-OxBisle(PEsImmOa=b=8,40,c= 2 1, 1§ e3P-Ag.Bils (Rom) [270]



71

117 1 OC dz¥ yJ dzd 4§

REL O dzd L € 52 Mis OB d dz' ddtbils g By sd ©Odkzs ol € MY
L 2Oy dlsiizdgddizd W dzOf Qo dzj dz¥ 2B O § izl s ¥ B s @ &z
RLOjMisdzs, B i3sterdsd Sl tc B 65lp BNz  tod 1 Istsdg 1 wa
MsflsOo Ok j BSdeflstedtolzé s $. . H. HB ~13%, HAEOSTE
dqu @' istetsets SEIMzEdY ] B jMMe d dytso ' O o jjieiegirCia]
fdad 3 § dedalzs  + dzj Clstetsdedzizs d/ d dzd-L @ lsiglr € Is Iz z@1@ ¥ d ti5O dze
O dn tMmdse j dz0 MjcetsHdh ded2 Hjde daj ftejorhoj
Yy Ofpls d Y dzOPY dz&Ep dz® L HBMDE dzd dn &BsHdW d S ®Xd W
Mo dten Misindtsd] lsas diff we HEddGidiAMGistdzid o O s M Istsy
C.f.H lwuws. 1w0OSbdujmsd ofmj w©LOMMEBstj ddzFg’, o
ftedotsHddd ¢ dzj B dz Ous@REj IsAesjodzdiygiidzd & [ HHdz0C 5 YO
MstekzS bkzter EkMbts2Mmise  &jbtsH' dLetlte dzj ddwy, 1
fMdzj Hinfseadj, dO fdshmls ¢.4§.H. 1 fEkBddSOoydwnA
BjlsOdkzdzse o kLS HEAEZEEON PR sdajuls & 6 dgPis teredidigf 1sC Btcls
odzdwdzdd C O HsSG 8 tsdpits 9 SEAS dHiRmitsEDf
utejHd >150 fEeddSOoyd?2, f§shmewh jARE & O sdesHIEO
BjlsOdkzdzse, dzjls ftwewdz' 7 ddzd HEsflsOls tsqdzddy IsHOELABE Ok
P C tod fyls O dzdzd y j pPIE:Dd € jshizyl§ Qe tc Oyd v n > Bi¥6, s Olslief )&
dB** -1 sts wjHSH] ftd®RjterdroSwdghPsfidifiiseigsg i H O
H O dzdzH dipfsts dzts § to d § lss@Flpdig £ fdz" 7 B 1o gtz dasBWaPktis@ ] dz® s d
LOtolzHdzj 20 » 2BHdHdF 2 fjtseamMidkon. | Mlstj yo:ls
fs fBotHE oL isy dats 2P @i lsY Qlezp@ dz’'L Ofgj dpL 51 dzj § Is t
5B 5 dzts $EDMAPDI; dBi** o sBbg () 1§ tod ndsls fls dnds 6 Iz C Is BMA") .C OplsC
tedmkzdzC ] 19 tBtBh jd2r (BsH dzr dz' jM™Y to [ rsfiplss@®s dzj dad “H
dZdlsjtcOlskte] Hdv ©LOMMBslj ddzer 7 8" hj COdtdzse o
[ Mis!  towH, fQcuskslsg g wishilso o Dipls to RLCKINAE
dd3j ¥ h dAMmw ss@eitOs AOI dtsdzr d3j lsOdzdztse B dzd o d¥Xin | o
Mo jtn Mbjrdtd®kjbtedd, I ByjodHdsts sy dHO! ¢ sd
fMd3j h Odzdzr 7 MMisOo O, MH | EXYANXI R o fzizffS Bz BY 5
MictejeOydd. ltd®kjte ©OLHjdjddY WOL ftd Wstd
CsPh,BalBrwiclts ftsCOL™ 904 ls, Yylsts MmMeymded F sz, st
fscdztsh jddw d WVisltdihyds Mpi'dsydd sh desyds lisd
o dzj Hie Mizdz© GBPHiflss1 5 9 SOy Mise j MinsGhsks S ®j 6Ok d

{120




72

ndzstedHdz j d B tcdzdfizdas M s ¢ Qrdzd | j ) S (ddRO fOsipE)ds |, RITS dz
fs Motsj?2 fYtedtetsnj dd3jdls Mdde delg 4o tsle ndzef jsdzpd ¢ fjds @d
ftodosHdls! ¢ Cloor IshjtdifiptsjQiadjs ts 271 tzts des B 3l Ow iz sy j dzl
Mistlz$ Is Iz tc dats ¢ M™ daQ@izjdpPifjidisfee - sHd i3 d MC ks B dz' B dzif O

o moMn+h’*|e ] € m. € > h¢ .Mmot o moMn+h”"e'(
t ¢Ctoh A ;e‘ Y l‘ o e . c
- . S h . - _m c h
5 h 5e Y'Y e i e XX R h
mtohoe . c|T e
__________ mm e 'y m <coao “EQ h
1t d hec  hy odTo a;°(Ch”[1”(°:)6\'E _:
“tTo ™ ex "t [] eo o 'mfe "y 1
= 1
1
E gl r—F O &0 ¢ |
e \/ 1
.. ho _ Tee . “ heo "hecmu 1
.\k kc.ho_m_.lEl . :
__¥® L M@ XE
"I'oe.a(t*’\’\o»zAo_“’\"”eﬁ'Y_otoh.
~0,21,5% M@+, C&*, SeY ~0,2% SY, In3* 0,38% Ag Se*, Ce*
. MAPb} . ohF&Pbl . FAy geMA 16Pbb 5B 45

t MEzdzb€ D O, BtSBh O8 h OW fkh jMlsekzs hdj o ddls.
O sdztsy j dzd d § tod d3j M dM™e COEsH{dSHIEE on difj jstOstaddist d Is O A
ulstcOljedw BsHdWJSOYydd StBfdjShd' 7 26HJHT
{s5COuAEESE dj tojL kzd Iskodsk y hofndesplasagtstr joetadfipls d & dzO dzDfts |
shmdsojus Bsckls B 5! ONdsh) jdslz'd dz€ 1O f efpzrclzw yoff o ,  dats
oBLHj2fMlsadw Mo jlkO. 1 O Y tedw [Pzl gz0 o Wzt I8 tizff 5 O B>
dzj Cols®B®RY dzj SMdzr 1 2HdHBe fozhida G JJOEFS O LoGvdgdH j WAt
Wstodgj Mtlse jlsMisokzs ®gn COGH EGBEEIsMisokzjls jHJdds]
ZsC OdzdL Oydd COyHBEts dL dMmifsd LEzjdigr 7 € Olsd tsdats
sz yjuaigs?] ¢ Cukawimls @y s d Md@fids © ssdz Pdzdzts ¢ Hst
MlsOBddzr dzr 7 d +{WWjiSkdoder n fjtsomMSdlsds n KO jted
vs0¢C COC fteddzj dgjdzgdj HOdzdzr 7 ROl jted Odzso f j tefr
d o € tsid®nfdzd wezdjs dafd Hfjtskt dztzdidgts e ZIs H Y sdzdzed Is § dz!
HjGtOHOUYLr 90Oy dzts HtedBdzdL dlst mw ¢ tsdzd &3O dzd ©
o d dewedtis ¢ j ded H dz" =~ , § o @fflsfdatsigls  , Az D, 5L W
dzOdBtsdz' "z ftotsded C OGN lisvy j e ts ) s of dzief @l SHawf dfisdhs s © ) yds
Moddy® HdYW bkdzyh jddw ttOHdJOydodds?2 fMists2 ¢ shlsd.



73

| ZOo O Q¢ MY jtod dBj dzls Odzr dzOW Y Ofls:
21 [ OkjtdOd

vwdzj Hzs h dj BjLoatHAE J toj OGj dzlsT  do SigntarishsAsk Is j
Pbk, Cab, Srl, Bal,, Ptl,, Eul,, Snly, Snk, Mnl,, Feb, Col,, Cul, Agl, Znl,, Hgl, Cdl, d Sbk ( © i)
ddsd 6 1s Misd 4 dz WYt DYl YDIO d L&IY(99%8%0); Gek (99,8%);Mgl2, Bils d
Inl3 (99,998%);Nil,, Lals, Cek, Erls, Tbls  Gdl; (99,99%);MA | FAl (>99%); MoO; (99,5%);
I [ & [(99,9%);rf ¢ $(999%); 1 [ A $(99,8%) NMP (99,5%); = dzfs tc B j(AHBIH) A8 5 dzlz 15 ¢
(99,9%); 1+ Isd dzOy 4 ,8%0);lsiz8 & B O @28 880); tO My Is oTK@Pr)(acad, ( 75 d3Ofigf.
dL s es U@ Misj ¥4 d wd Mdfptste drgnrB@Efd®s | ¢ 2 digis te

Il s ® COREDOT: PSS ftodsBtc] ls jodsHalzOT | dqbigiftsguL O
SnG (15 B3O fBan-. 9 Alfa-Aesar PGs1BM, (99,96) d Ceo (999%) - © FOMaterialsLtd. ({ smpd w
fsH dztsy € d d LFTOMIOS- dz®intdg. 1 s dzdf BFAs r dz iy d dzls jfLt] teofsLe e0jdin
B4 Is 5 HAA. |

22 R L G tsls tsoffdgjtaiifojim ¢ tff dz paizt ¢

I fJsyjHizter §of | geaihsdads jgapf Qrfso o * { 5 dzdz
Ols d3ts Mo tezfr § § oY Ols sy da'lnj teesty M tfds dz' | dfOddg] del ffz B "dazd
dz0 Y wfkdlis(ljatergll Technologies WS 40@zOs W dztsy € d  tc @2 SR, dgdpd3 t€2j 5 O dz
ftojHBjIsder i Mz C ERtclOL dslj dct{adg@Apd off Lafjjlastg Hzd v M j C Is
(UV-vis) d, nffteso jHjdEdt A€ jteddzj delstse s dL Ezyd
fjtesomCdisde.n rfdej desiiEj s dlzaglg dzaf ¢ § § j tots o ) Hafzls|d2rddb
f dzj deg€ d dzOdetsfnd dzd ! OdgOdztsce d Ydets dzO PETSH dztsy S 2 d L

2.2.1 MAPb 1Ml 3

1l 6] C e ig® s | to d NDARIB. M, 13 (x=10°-0,20) B ' fizff 5 dzlr Y fy dgd"® O dzd j
tc O ) ls o gMmsIwRbLE d MAI+MIné ( tc O o dztisL MAOhlgelz WAMI @) ftodEslstse
d if st s hMAKBbL d MAI/MI, @ Bts d2! Afgts ts Is dzts RLjl ezt dsj fd  NMR)(S85H5
sB. . 1%3d i3JNWIP BT dzO dzj 5B~ SHJ &3O H dzw dzlz yh § ded w C
dzd > J dzd % ON j 2 PCYBM] iz 62 d L ¢ 5ls ts o RiAY Watfedd| ez . ez fip ts oz
tc O fls o gBIBNE g& MM?*=Pf*, F&*, Ni** { G&*, fJtedcslso (zp dedzlsDEC ¢ OC

"wddelsj L §RIAm A ted@dzjrdz dz. C Skzh j &St R. S



74

COddzse SBKGOL SO 8 Odz ROMMPOMN Iy of g dgy j dzIS s @M iy ¢
GMAPbI:2 C) 1 sjlstsW dzdz®@ d tcOo dd®) .1, SAts tGEiEd eV aias to &
(C) LOadMmwils tsls MigOMmdste dsteed\tsfbsc 2 ttftste jlsHQ)tddgy ddgiaBs e dzj o
420 Y d dzO#C, s IsC 54 W ¥ dodyfCleis sthe so ' | ¢ sCiza | datf teBapg f 2 & M
1) C,1AMdm=1, € MERCH, Ag*, Zn**, Hg?", ud®", wa®, S, B&®", Mn?", In**, SB**,
Bi®* Y3, Srf* d s,
2) C,=0,70 Md m=2H dz0**, Mg?*, EL?*, La**, Er**, TB*, Nd®*, C€”*, DY**, Lu**, Gd* d Yb?";
3) C,=0,467 Md m=3H dA%&*":
4) C,=0,3M d m=4,67H dZ®e*, Ni?* d Pt
{ Offlso tstej dzd jeMAl tPkLEs of EMAb+tMI2 o B3] M twWOMIse stedlsj dz
ftod °C25 dmf sdz' L 2w  BOCGded Isdzlz®  d3j M Odz$ 2. MARHNIE&zs y
M H j oy @ P, NiZY, Mn*, Y Dy**, Nd**, Ce”, Yb*, EF, Tb* d G, C st
or Hjtey do O&Hdd fifdsidh o © Odzd f! cMAJ+PELO fy Is o tsth)ts dy odBVdzd)l¥ 5 «
Ylsse " f tdzbagd st O dif e-6jedzg,825,0, 05, 0, &0 flsfo EEPbROC d
CMAMI 1€ BT dzd Miyg B8 1©alz] Is,fgls 8 jj gedgiitsddgs h | dad 3P:M,919m, 9: md
4:m.
1 8dzj j  dzd L € q ORjzdeds@ld 10*, 10° and 10° Hsfisd ¢ O dzd fiy!
f sfMdzj Hise Olsj dz dz" 7 tc QUAVIO.a &) SS90 jeOifisen Isdpdizn j deld@ O y
114102 14*10°d14*10*f . 1 1 & f)dzEMAPYe tefdH) 5 eVBMIT..e8 T dzd
fMBj h Odzr o ©Bi jddesd tslsdesh j dzd d
SsOf dzv ZMpFEEO fjtesemMSdlsO (30 &Sdz) dzOdzesid ¢
fsHAEsYSE ftod MS e §d MisODmn lsBdzddgdid® Y d W B ' &zO d
COfdzd (150 BCdz) bsdkztsdkz@OnbEb 66 distd § s jedslad
o Ctemtzie @y dede'ts) § dzj deCd or HGdey thg Qazdafy Y BJ i3H ¢
fSHO jtoe Odzd M! d3j H dzj dlah 3 Is WaP& Bgd fip' HEstedl 002 Is,
Bd dz.
rav {Shyfjteddd dlsO s IsiMisdtetso OMéPBogdvoslls 5tz B
dL ¢ sls sodfjHdyr Basdzj j IstsdzS d Byt dzj dis{S .fydgddewj dz' Is sidsts O

2.2.2 Csp1FA0sdPbixMyl -3

uO¢ COC o dzOBdzs HOzd GtedL dzOSC d G fifssPIs2M H
rfand, Hdv {tdkzyde@zd Wy wfiisq foffHiws 86 OB Sls Odz0  dzts 9P S B

LOdd dedIs' 1 [ A @R730204]y tbpdgd M* [ f e BJddBdL s OdzC
BOdksd StsddujMsej SdO dzgj SBRSHJBO HdAv S tedflsOdd



75

] 6] § Iz toffidsjted2sf Myl 3 (x=10°-0 , 20) ftj Hls O dzv syls] ¢fipts BdS
rfal (90: 10 §sBzzydefedzs” § M3 " d oo QFshd ke (tefCdimlscotatdatsonc
f stesh C FAI/PES | /Bsdz! desdy Missls dzs o | dgePefo sl 2 :(Of,1e8]8s: sl
dL f stcts hFAIB, o C siitibdty) s Is dzt 10,12BB8:). { OfMise stej dedj H
80°CH jtoj BjMNdoOded j B o s jOupddad jtc Ol FAS POEATARUS] fids fipls ts v
d ©OoadzO 1,35 d\itsdz/ Bz (Jdzd 1, 35 M) .4 G is@eayg fipk
tcOMmliso tsted fB3ts A lakkff dNBId wd M S Y sy l4eQ o Gldal Ealatz P dzd | d3,.=CidEO Y «
Ci WWdyd  dmbts dR Isnts & ts adzlsjtc oy PG Mmdzj 1 lzs b d &34 :

1) C,=1,35 Md m=1,$ s GM"®CU', Ag", zr**, H", ud?*, In**, Bi** d Srt™;

2) C,=0,675M dm=2, ME=dvwn?QSb™ d St

3) C,=0, 45 M d m:E=BIg* €48 &, B> MEW, L™, ErY, TB*, Nd®*, C€*, Dy,
Lu*, G d  bY;

4) C,=0, 34 M d m=Ee" CEBNHIPEM

5 C,=0, 2 M d m=6"=G5 YT BEHO M

[ sde 8 flklsjd Br dzd dzO2QH j dg 9 tsidlsgPdizs @z J fr
otcOh jdzdw, BB j&B ftojlbtemcted d Odksdhmtsd o j dlsO,
sEdcE0O). sOfdv ftjSkbhMcd §jttseamMidlsO (50 &§
fesHds)yCk fted MOstkeMIOd M3 606 e iis@dzdzd ¢ Oydw d dzd v
ZO 18 f COfdzd btsdkkztsdO (150 ttGEE) .o dlstdirg jOdds j
MtcOL E f sHo jtce OdzdOp Isjlswiddedizj 15t dd3dlda. O

2.2.3 CsPbxMyl 3

1 to C Iz tofyts € CsPU,Nkj-ts0,0250 , 3) HtojHMIsOoadzwe Is Mse s
Csdeyd delsteOydj2 0,8 diditsdzr / dgdlz ( ddzd 0, 8 M) g {dis
cCsMeé, Eohsftodetistse dzj dz' gdi Qfstslad RS dz'o dz’C3 | HB b s dz
{ Oflso StCshRbg d ¢CskMIe o [ wf HisMisd Scofdgsting &)t tgp Ot
Isjujdedj RIBdzswyj dzd j 5 B ' ReHPLERO flf dotte s Is t5 0 dzj dzdziL jO
SBtcOL 59 Ozl SBPRSBOMR sdi3f dzj SMse M [ [ o [CsMIgés dgyG d
fsmlstsw dzgdz® d t©Oo dzO 0, 4 d&wBsdz/ dgdz ( d dzd @=0,825,M05, |
0,08, 0,10, 0,20 d 0,30 d ®HdJU®wO§ LB tHe0ey, 2
084,08, 0,90, MpBOGzdd Mizj & Odz' FCsMEXMIse SEHB®dE o & ls:
sBi jd&gdz' 7 tlkdetsh jdegdwin 19: 1, 9:1, 4,74:1, 4:1,

sOfdzv ftj CktemMste®  jtesoamMEdlsO (50 &S dz) dz
fsHdsy Sk ftod MS siddshiod @f) 0CimEhils 8 .uigd Mg did» y j dzdz” | E



76

fdzj 26 d MteOL k f tsHoO jtcd OdzeRBOC ots ldsyj dug bzdgf +bd @@z, ts dzj
M fls @sPR,Bixsx, HAZW CtodMisOdezdL Oydd §dj dss (ks
HdOf OL sdzj Hdzd dz o tsdzdz tisdely 5 dste d9 dA@ TR 0dS defae)B HdsCOD  dfl]
Fe*, Co** d Ni%¥, dzOdzts i dzd !  d LC) ¢ tetdMfmbhstesh Q0 ylstser  dL-
CtoBf dzj Stseo fy sz SdzOB] [ fuef © odHj BMOHSB..

I " Sl i3 j Ol £ todPh M, P Gziodgiaigr s j, S OS¢ s df
fdzj dz€ d, M o @dzis Giff APHasfiiEizts Is 3 dHER00C, 250C, 300C ( 5  d3d dz)
9" HjteyCts?2 5 5 dddezls d d3j Hdzj dedz" dz ff tso ' M j3&EGC) o3
SftejHjdvjdBs2 Hshmisdyjddjd EMss2 ydo s Isj ddets?2 W

23 RL GEsSIstso dzj dzfhy.\Mfladzj dats &

1S temste’ Phfgl @ps001d 0, 05 fjHmMisOodvel MmMEs
Csdgyj desteOydj2 0,3 BBtsd / &gz (Jdzd 0, 3 MM,oCts
Bsd dzr 7 @ Moslsdsh j dd“vrOomM9odstdj dd] 9fsBsh Cso °CH s
e B3j" dosQardijdeg jo 1 . 1 dzj de€d dzOdetsind dzdf: dzO o
My efdslzlsj toj o BSC N tehy BOBOfPiIRIABO? M ¢) MOLEZ X ]
ftoj CtemMiste® HEs StBdOlds?2 Isjkfjtoskzte’ , f 6]
Is 4 uJ3ded jazd de.

24 1 8dzzyjddj fYotesh ¢ ¢ i3 @ MiddATMAE Oiets ¢ j dac

l stesh 5§ ydmsidols MAPbtts Odzd o QS EEddz' &3 d M O
100 C dL 1,4 [ tc@Olsh ROl ftftedif depaiaO ] gsrdz jy.j dzd v
CsPhaMoos (M=Ca*, S d EUV), f jtej Isj tols OW fydej Minls E@YLBLL A MI, o
fslsdetsh jdzgdd 1: 0, 8: 0.2, L ONOW dedz@Y oo  ® BFARMD 1  f)
fted 550 & - Hsdejud.dzdljted HOdzdzs?2 Isj 3 j Okt W tste
fsfisd i difittsse j dzls § ded v k@) € Pdzdidte silsy d ¢ HYssH 5 dzor
Eflss2 ydosmisd Isj dzdzts?2 W @PRSKls i dzf iz B @ gzdsifi@izds® o G
fslstcjBtso Odztsfy! j dedf ju Cfp jf tsBEPONSHMF-RIOSS O 9L HERO

25 RLGG®Gofdijatgoilsdz & Mtsddj yder @ B OlsOts

) dzj d8h@, TiOz, PCBM dPTAB ' dzd dzOdzj fj dz¥ d L -C s @iglp dzffp iz ¢
MoOzi (15 ddéeBhu( 30 odzdf)Oud Miso i df-OMifdiedacids Bg(" 1 00  dz



77

MO H Odzd f* sjted3duj MSdds dThip Oted uadsjdds ¥ & O dps®T £z d
sOzdBtetso C O Ist=ifA@de jtfRigpE BE L) MCdd3 dmMY Otsj ded j &3 o
O O lshpistiase 5 d5  dsq C-MDTHNTEGRA PRINA".

251 s t5dz¥ d ¢ b mi@y O/SNO/PCaBM/ 1§ 821 IPTAIMOOJAG TMAPD 1M (| s d
Cs0,1FA0,88PD1.x Ml -3

1 5H & TOR d&zd FTO, ] Ho Otsd KD deHffgAs @y Jsdsdizsic
LG oy ©doidyg d hhestesH dsd  fHizPy Gz dts 2s(K OCF iy C
Cdalt 5C Odz! dz' o5 zO L EABYIZSISHA @00Fhy j fotsdslz y j dzd JTRIFTO jHdkw j |
OB YEBE &ZOMIsd ) &i.1 @dz) ilzj § KetRitcs SodRididasfis SN d Lot HIR
MMy j deOdeg Y GBinB,d yf tej Ho Oted Is j dz' detsl0%siOq B 1O dizzdiadAED O dz
l sfdzj 6B ©Os G&RGH = LUnS O dij 'i5s kg2 1s ) RS &) © s 3
B,z MY J dA0d WHetds ™ M O OO § SHABRO TOdzj d {§3800dz]
s EBq dgz 4 0.1 fgyzlz W j dedz’ B ' zdzj fez@o dzts dEMG tefjtdsH o jHidss ALdZdbf !
oL Hizrlgd UQddafide, 4§ sfdzi wdcet ctstew yd d cohds diNp)dedzv o
H s ts dzdztf btlsty flEc@E0Cols j U j dzd j.1 H20 WGteRdtess Odzd W ff Of
Mo jtenlz deOdztsd dzd ! PGHBIK] (dB Jd3af/L d3de) O Mel?da8detOuBtgds fifs dzJ
fsfdzy wjoet ey dOOdkdn o .18 jounjdrd jts ifisdzeB@R@ v O fls d W
fdsr o Odziw-C tzBls N g dzo § o™ S d o Odzd j ds bldEdde, 2555, (9 Jg sk 15 &
o bdkktsd] (4 &/ GEPhksmROElgYy s Bo jisn 89 j GikAPB Is c
M,l31000t8/ B3dfdze  MEEFAAPOM.-34 00 0 tsteg I diy)

252 s dz¥ d ¢ & wi@URT®/TiO //PCsiBM/CsPb Ml -yPTA/M0O3.5/Ag

sOfdv (70 &S &ED, ticEtslstse@j dzdztsets Hj MW isdC t
Bl Odzsdzj THQPR@dad ¢ ®5 &OMM. % o &z dztsit @zBEOGHdeEEQ ) |
Y efds iz Is d dze =ik df3dR, B Otf)) . 1 dzj de€ d sy dc Odzd ! QO o
Bddsf L Olsjds o kW j dz' GB35 IBfddcPrd 456 i " Odd
B¢, c6Hj B' dd {§ OfNhHERBEM@d®@das ¢ diy dftss dissth ff @ B fpdzs @
SNO.1 dzv dLGEtslstse dzj dedw toj W j toj defltf' § dzfz @ kbts@Mdsdets B |
s5MOY H Ol BJHPEBMIs | ted3d Wi WS dd3 MY (OfeiAE Lo Co @b
sd ¢ dzw .

1 sMCtsd S (RoHHBBMBOGE tcOiMoostdsmistists s
fsor Mdls! ¢ dayl dzls tc @5M H dftiOjds,] Uil tseD ekt drfFidy rdzj dats ¢



78

CsPh,M,l_3 (M=B&®*, C&*, SF", EF", Tb** dGd®"). 1 tcj S ktemiste B @M e
fsteshGltd , 35 BigEAH1X), A3y ()1,35dBdBsd )1 disdz 1§ ¢
o Isj\Bjdadd dz@dzts iz (5000 s&WRatezE 3 0). 1 izw  § s dzlz v J ded
ydmsse sCHEHOOazO® (50 BCdz) e ¢ OshkPblieO o( Mdd Indf
rfal o GldoRpddd sEDdf dz d& sipfsp@@dtss(/ @fzx2 5 M)
oftr MCdoOdedd &3 Ysfmdzy 15 M 1&0OMNKE szt dSIE drD degizls Pls
MicOL E sy dcOdzd 168C @B H ABYOICO 6 O dz@F tizef H O i dicfrfain  HstOds
WicQg dzlstse s g Ofp@ides 2 ssdzksdzy (6 36 0 @dz) ¢z0 diz®fg degzdp
f dzj R&PH, Mzt te8500tsB / B dz.

253 RLCBIsBo dzj ozd § 15 el of &rizitp OTPATID o/PCo1BA/CSo 17 A0 ssPb1xMyl -3
IPTAIV 05 /Al H dz¥ by j Yzag 8 tsfyls OB d dz' dats fiyls d

{ OMSH@R),odL 5§ tes P : 50 ftea].dzd%)0 j Is i) WHCE( 36O figtigeoiydiy:
dL sf e OO dZtsB . %) d §tetsy &z Mk dde ISR ( 0y 45 JIdyy deh figf
f s dzilyf@® dzOdzd MJ ded § BB § tsdzlz yJ dedzts ¢ & tffiztdsjFORDIS /s dgsfRdz, ( 7
M) d Mol s o iskfd20@H R©OJ B3ddz d o dkzHASPw! tizh 2 d3d
] 5 H dZEBTOTO, 0 dzts fiaf dzff j e YOl sydz 2 B 56 O, § © i) 5 & & Gtjmiprsigd ok
PGBA, S Slstster 2 daPizsg@ iy sc® o - dsesjdiL sdj (0, 2
ZOMOHEMSBTFE( 0, 45 udglsdf) .f j ccPTAUPEBfd dzdf' , ¢ OC
stsde ddOyd PTANGE po sk Ojls o twodd resve d GBj
fls OB d &z dzsfls’ 1 wi ftod RAMOWdRde d | isGits @ aumEe
Oo ls 2280 )} OMMdo qol® Vg (Bds2AAK) 1 §0 deds) MOy H Odzh
d MYy Ot jddzd jods dz' W tc O dstmo ror0 CAEAF ) C© R Gy fdatfiE Mfdigis sh 5!
V,0s.

26 [ jIstsHT
261 MOtOC Isj tedf® Ojytd df O dzts o

{ jdzse j desistezSsktedz 2 @ OdzOdzdL  RBisdats § te d fif\gilentzdzts
XCaliburCCDY to 11010 N fls ts y dzd S sMpK(L=GZAQBidpd vd 1Bt ts BOSEs
4B St HOdzdz =, sftejHjdzjddi d Etsydz ddj § O0ttOdj
f tcts ¢ tc CrygAEis PRQ



79

tAd fdzjdesS d §stetsh Ctse {f tots BiskerdD&dliffradz@meterd W to
Malvern PANalytical Aeridn d fils 5y dz{ SO BJO eGP 2 d =tptcsd 20 C. 1 s
9 Oy deslsy EmMdzse d?2 dL di3ditejdedw ftod MtcOodzj dzdd ¢ Ot
or MsC 82 yYkeoMmlsodlsj dzt detsmils! & § OtcORB) Isteso | dbn otwj
fl §BCd tjlbejdtscttOdd C¢ojls0O dp forytesBiis@dd] tedso @
fdzj 26 d fsdzdt Isddzj dzO dadzd fsdzdMmlsdqtesdzO Hdzv L Oh dIs

Lissydzj dedj § OOR) Stese 1 dzj B dalsMAPZMGI-z T wGd & H F
B IssHEsR d2ZOddi3j dz' hdr CoOHW©OIstss (f18) f sfmdzj- O
AS2cls®mMCtsdz S22 MisOdzH Otels dzOW  ftetsyJ H 26D i d&ls tsfy dat
9" Lo Odegdz” d3 tsh dB ¢ 52 2 M dfjtdjodsHnd Isf £ miEjH sMils Ols sy dats 2
dmf sdz' L so Odz Mdzj Hize N d2 deser 2 HYBHABH: [1s orff
Wd S fmed@edsdz” d3d L dZSuj @d € Bdzi Y dZES)( Isusdz@al 4 dzd jo 5L 3P dz"
syj dzgdo Odzimw dlsjtcOlsdodes fklsjdd tsyj dSd Istjddd?2# Qi
() d-lpdz M (d dZOC dzsdzO ctcOW dEC O L Oo dmd ists s  ¢f C
te@fj Isdzr 7 L QM ] g 2R Rste” 2 HBdzy j dz2 Mistej dzd s iqw €
Br dzd ftetso jH j dg Hst Sdzdzd Is § dzd dz" § zls s ydzj dzd W td
Mo OHjdedj ojdzduyddz § OtcOdR Istctso + dzj d&3gj dzls Otedats2 W
fsHIseo jtc HOjIs ftcOoaddz desfls! § SHABSHO.

1 dzO d3j dzdz0 W-O B Andsticd3 dytsf s dzdzOW  (Mdf ¢ W ¥stastsizy dsda@ fityls © d®o
AAS-3 Carl Zeiss (1 j e d3Qdzedfw) € Odzd B totso € do dmjrdazd tctfOunds® tisldcts
COldBdOda sOsdzy j dals 60 wd dsdz. [ dzv o @ dzd dzi§ € © y ) ot jizis
HoJ f MAREESGH]s, dzOdzj M dzdz’ § dzO0 Mls | & datiOw)BLo ds fsifpteiatizts 2
tcOMmilse tstej . I de'8 tc O b GO Ofastat@fin Is 0 stots d3 HNOLOfP  fdisfigleyj H 2
tcOL BOo dzj ded j d3 H jaftisHids® d whdzdsOdimlztsQ ts df ddayj jdBEHSozO ts fry diis o (
ftef Hjdzj 6 BCAEETSdRBRIE@3%BS ¢ ). ddz

uf jClter i AfSwe j ton detsMisd ©BHBOL Yyse 6] ¢ d i)z s t
My j CIstetsd3] Iste g PHI XPS 5ROM0Ys i \tearl s afplreocbter o(nU Lc\SA C
CoOtyd o "SRt ds d OdzOdzd L Olsstetsdy + dzj s dd, teC
sls 0 HEt®s GQ " dapde@a],25. 1 |

gt JSIster f s dztsh j ddyf-vis tmj ¢H NG tfc@ Lctsde O dzd ! Avagaee fy{f
20482 . wf jSlter Af] fdzyOdd M §sd8sSL 5 DREZOLERS
otsLBEYHjddj &3 dzgO Hdzddzj otsdzdzr 470 dads d My j Slstets

[ steWsdzsedw dMmMmdzj H s OdzO ! B stsHBR o€ [ dzO
MdzOB ¥ § dede” a3 MdMisj 35?2 Hdzw ftefHjdi &Y kdzj KB



80

O tewwnj-tZ CJ1 d HOdgsadivd IOt j H j dzj ded W d L d3j dzj dzd
f sz B dzlzyj oeflvy Chpedj Isosfgf iz . s O dzfw  Is O C yLgserFets dz!
OptelicsHybrid.

rdzv  dMmhdzj HjitotOdlqld fted Odztso  GaQFAdsdtpiizifotgts o 5H g
COtlsdtotse Oded j bzxQ O MBS tfoimjcERsr dzj2t ts dz/dzigts dots M s © N
EflsOdzso dzj dzdzse s o cdzzlsted ff j eyObtsydetsets BSMO. - 1 d
ddte BdCtesME sy dd -AHeffi) dfEtptssy dd ) §eshlst
tcOL tagdhjjds ~15 dedz. [ t5C Az ©)d Y (2© @6 safswsie Odid
dz0 Y OfF 12ty & j

262 MmOtOSCIsjtedL Oydw 1 a1

tdedmsteOydwy 1 o¢m hih j dtzs de 20 GO dz'mdztsR s disi s @
Yd Isrtejn difstgyted Bpazj 2 Advarthagsit 96 2§400AQ dzdig Giats widss
otsLHj2MIsad(d dzO 1wl Mo jsse tsG s MKHSSC Btaernageh ts
ftedBdzdy j dzdzse 5§ 1fls@®.dzH @ sl xizts Al Mo jlsso et
Codzlstcsdzd ftso O kBis € v dzife st B Op dzv 6 OMyJ Bl OL d&z@ g fda
tsB dzOMise ' AB® 1c Q KON dzj o 52 H WEEATNI®H 0 8 Md3

g J ¢ SEBQE B dzd dL d3gj tod dzr QEX1{ fBdlas d2ellL Quantum Efficiency
Measurement System ( | J te &3O dzd v ) . [ s dats m tedsiggDts ] qudlz th) BB € sfy dz
CfMj dzs dzts @ SOSHIRANGHT 50 IS .sdzezdls j dzt detsj o dzsy § Yed §
B MkAde@dscj dBRAM (ZGKBUQSYj L sfisdyud MS ke fmdMl
Rdzls j Gtodtctso OdedEQEBE g f dlcjsar’ o 1,54 § Q& g@v dzd i)' Jsc, L dz
H Iz B dzq to Wf stshdaiz ju dddzddz tal3 dedpim

27 [Bd&EYyjddj BjdzZr &3 Mo jIstsd

1 dzj dz@RpixMyl-3 ( OMA", (C1FAcg)’), CsPhxMyl-s PbuMi-, § SHo j 66 O
dzj f toj tor ® BasKER?2 B |5 ozdipor) dgON dzts @s5 N3 o3 Rsf sz ded § s f
Mo jlstsH dtsH dzOWC ¢ iP5 tod ugP dzls ftotso sH @diaff i ‘3 iy © d3fsfy
Hj GtcOH OWdoslplede Blstster j BT dzd o Mistots j Mg'd ez totfs potepfidhjs tn
<0,1 ppm, BEAY (& | dPd g @t | tc OIsLZNED) dzj dzCaPhMyl-3
(fsdzzyj dedz’ § (®J dBOR<HIZefenD fu2f waf dL 2 Qp deder defyfgls «
fsorh jdedzr 7 Isj B j oOlsztc On MAP 8ol BB dzlz QO dz@fg!) o jox



81

Bsh dztsfls ' RO, 15~wHis BBY o OdzOdzts ¢ d Y dzts d3 Rt s sy @ € wsdigs d3
ftoetsy j SIsste Theater Stage Lighting LED Foll ows

[ dzw EHtsBMisovO fifnc®bdEzpbtizdd3dd tojL kzdz' IsOIsSOBBd Hts
WsEYgBdui m§EBOHOYdd, dL z2y0oj &3ts?2  §ted steoOj Higdog dst®
f Ote Od3j I 15 dzlz Y AzdgERO tc dzOW  H tsfiy O] BB dizlz y J ded ¥

O 0.7 | 0 YO

GHY . [P i Slsdztsh j defigs i § slssCO Mo jlsO, HOHOsN jEts
COdiled) . ( d d3tr0det mRER) MG
UiooajHjddzr 2 f5ftcOo syde @ €O doWddfwd j figas] Isftwe ts & ts i) &
My JjSktesds AM 1,5 G;
SEi 1 € o do @azglzilzls j dzd W dido julftintgtisdzts &, | dfdE crdz f dzj dz€ =52 o
Emdzsed¥ s f§tod B dzEZYJ ddd Misdzdzj Q" diFizldje dzfipdsediztifss - |
fslssCO 180 o3l s/ Md3
t-o te j i3y dzlz u[j dd v

28 [ B dzlz y j-dzlf 31 O o&q

[BdzEyj dzd ] dwBHo@IdBMAse §f oo SH d dzts iy M2 § i ©dzk
CLOBBOBEE o ARA I ma d [m t o1 Cod g dosfticdz df tsoftt
5,27 @£]j 4sg o dztsls ! & 7, 4 CyLte/ . 4 jydodz dzts? f
fSHHjtey do OkzOMm:! Isjdf JHkPcd® 4FxsesHdlshy W jtcts
ftsghedatsfyls: ¢ dzj BtSdzjj 10 %. [ dzv B d&zyj ddvY ]
f sdzd 4 Is d dzj dzlsHE® | W@ lsOaizd(fn: o 4§ tsdzdi sddzj detsor j o
Ol 3 MM, pte 2 Mdzsw Ef OCtotsydets?2 Odzs g dzd j o 52 W sz
Ol 3 fMajete flsj Cdzw dedzr 2 MsMizH. v OCEetsydz 2 BOIs
tsB dzlz yy 2P0 0 € 4 to.



82

| ZOo O BBMEYHjdd] tjLEkzd sOlse
31 [Bfmdso Odzedj o' Btstc® COlsdtsdeso 3] sOdzdztso  ff s

SsObdtdy 3 lsOdzdztse H dzv Yy Ofipl§ d g dzB 2 O dz0 dig] dglzts i) o €
fteddzydt se: L fplsitfj Rdgds o 56 Plelzj dzdvw tsIs +1 HES +4,
Mdmisy dgj BigzlstsdtetsC 2 HJ O On thiddn  Isfgpd ) d3ts Is & P dzdzts gz
B IsOdzdzs o dg® HYjjdag firs H d Y J M $ 19 s frds( jBPlgjdzC jdz] d3j dz

LTt oe . ¥ mco TE" X a . ‘Ht o h = % ot
LB+ T _too ht " Y hoy ;e’%ﬁ%yoﬁn
-

MgZ+ " o '|-|"‘< _thoee. . Tt _oe .

6

r=0.75

ca Mn2* F&* C@* N+ Cu  Zre* Ger

3P 3F 3P 30 3P 30  3d° 3dl04g

r=0.92 r=0.73 r=0.68 r=0.75 r=0.5% r=0.7% r=0.74 r=0.77

Sl e Ag"- Ccp+ Ind* " Sr#t T SBt

ap AP 400 ggo 4 Ad9SS 4d05g

r=1.1§ r=0.9q r=1.15 r=0.8% r=0.6§ =0.9i r=076;

Ba+ P+ Hd%?‘f PR+ 7Bt

5¢° 5d8 5 5310652 5(106s2

r=1.3% r=080; 1=0.6% r=103; r=0.79;

Lt Ce* Nd* Ew+* Gé* Th* Dy ER* YR+ Lt

et ¥ e:o0 40 . gg 43 47 48 4f10 1 4f14 4f14

47 411
r=1.03 r=1.0j; r=0.98 r=1.03 r=0.94 r=0.92 r=0.9% r=0.89 r=0.93 r=0.86

{ dMEWEEOdsdr o3 sOdzdzso, d My sdz' L Iz j B §APEO 3
(87" Hjdzjdz 1 0t dath Bt MO, 15 2 A BALA(@Rj1FAose)

[ dzv syd de€ d ¢ jfisshy dsogjdis @ s 2 d3 fls Ols d Ml §f g ¥
420 s iidsely etedstods” MY sdz' L s Odzd 4 @Y dRIGB4: 276] dzdzt &
fjtcj MdstsisdeQ ulzgdd®idj)y Lo tcOo dMtsds & ¢ OdzBMX:RE H ddy PR Is ke iz
Cslstster & L 45 iz dscizdz" j R tc RMpd affigifyczy & Isfqw  d L fytej H dzd A
Hazddlz Mol LPRMY sdz! L ZwY kZtc@o j d¥d,J L dzOngetzd dzOB tstc O
Mtsd HJdfitslzd @ 5L dftsy EdsthlsH [BB].6118iffB = 5H d Bs s 4t mMdts
COwsE jdzdHdz - OMBEE DL B NORd B 7z j dedesdzs g, [SOMR S (
dL tCMdHdr 7 d WihtstedHd o Mtsj CH Bjdidd,d dde @Q Sthw t
Ctso Odzj dipedztslifiéd § st lss Bz fplisiC joiPle @ dedgizd dzfts B j dadzts,
f 5C Otc@digg gM™ ) Y OMis d ydats d-tBt dffifdpi2iz? ¢ O I8 Bazish
EV dsdzdz’ | toOuaflz fipr ysfdgideO dzse  ydets, dmfsd L zw
RbsBiolg, CsBak d CSEUCE ( © o Mat@rialg Project mp-29895,mp-1 0 9 6 9 BL06§377)
[bd3jlsddz T ytfjtcd dPEshplstc OC IsdetsMls! dzf Bdzv e W d 2 ;) é 15 d
fsHise | oy ©OBAIORFtcdOMmIis d ydzts d3 ffts ifdg @) @zdfdts d H d dzj dzd 2 ,
SHBsKRE d ksdz i ouobdss e dgsivire sdafidibzg y d s dzdzs ¢
[MXe] , Ut ML HOj s B R ikdt tof stz GHztisg H o dzj dzd 2



83

s Ols d Baff SP*, EV, Srit*, Dy?!, Yb** d C&* Mtcj Hd Ho k8 Oaus ¥ H dris[Bne
210) Agf, La*, ce”, Nd**, Gd™, Tb*, Y* dEF" Mtej Hd B 20w dd fls j
5C d Moz ded{RiB )z H 59 dzj Is o lis@ly &f fisls dfy j MC 5Bz tt@dzjfJs j & desj H «
st ditsds Hdzw ¢ Odzis @ j, dgfscdiehin C s s tolsjadiigttsHsh o3 o5 Iz
SBiOL 59 Oded W fls O GNP dp'dAl § BAY OL HictS D

* = 055
¥ :
a M2 m0.41 Ba® = M+ M3+ M4+ | mp0.41
E 06 O g O
J Sr#+ a’ 0,50A "
= (m] =y celLa
" 0,54 SI’]%,Dy% 2+ —t Nd** o [}
A N Eu> P =~ 0,457 !
- i g e = TG
8 ca®’' s L ______._ Er :r_-,—'_' E_‘
= 041 Zn*cetimg” . Co” = 0401 Lu'g
s i) — B
o . o) N
p . redd e 2 035{  sorpt
o O'3ANi2|jg Owmn o In¥sn®
- D TD T T T T T T T - O 30 @Y T T T T
06 07 08 09 10 11 12 1,3 0,7 0.8 09 10 11
vt Hdad ] dtsdedaM*, AsOH ke wicj Hdzdj dtsdzdzaM* AsOHdL

t dMEzABCOMMuUudlsOdzdzr | CIs0OL Hised MF S ME MY M s tdn ¢
Mo OHjdzedj M HJOY OL sdetsdz € >0, 41

vOS COC cOdzse jdzd Hdz j {BjfnauinsfiCdyds r i) lsdgjn o sagipisH
Btsdz' h 52 f dzslsdatsfisd HJWjCSlstse, tsHsdztyf Lte@tc “dsOdz il dABasls
B MRS dzj Clstetsdzj 2 stcOdz! desfyls! sy jls HBMisd e Ols! fmw
LOteWHO ftsdzsy dlsj dz¢ dzts L OtdW Hopodzdz' L d@F $'@ICLaEP dzfigd v @3¢
M3 _ gy 2L j A gz L O%olotsds B ' MsSdn flsjifjdve L O
5¢ d fdaj @afjrh O h | ¢ 631 W) € dsticds@zj 2 stcOdz! dzsfls! B yPFls
ZOM* L Offujls B tcOL tsPH'UIH). 1o CUEJREMEt20C B dzts 58S O
Bts dzts € to d IPSRAGNE®’ D, sl (x=0,07)Istcd B[EES @RS e kIs Bfls! L Ok
[INXe]* ) MR te0dz) dod j 5 € IzB H58] M tsBlz Mt OFgsf sde@afj s o ' fn
Ve d § sd3f dzj € ) OVend)O Dty j ( © Sl d n ¢ sezydzszl
L C Y jted BBj dzls Oda' dsO BIHCIOL Offzls j 1 j dzt dzts 3 fyczz y PR dzO{f t
M* ¥ s to Bz dzO ) (g Hoe ISR Rz BAM 21ls (AsMalo § to 0= 3 AgMl § to g=4) fy ts
fdzd 3 j dzd j 8 MlstekzS skztdte2 1 BB W] b @l Odzls dzj o 5L Bisy
fjtesMCdlssyf SHSEEBY G i WOkt s dzdz' &g’ ff Guial | @ d&@&dEs 6
sl AM.BR o dzv j Is W [218]) ASALAS toitdd Is t5 dz(f) 8 @iz riztizh B d dzO B s to
A*-M™-I" (A=MA*, Cs', CsiFAoss) 6OMMydls Qs sYzee 2 0Y =2, 16
Y =1, 8% $2, 5[379.i |sOB6ddeyjH fls O dzj dzr  yd fdtj dedz” j L

] tcOBBIF P263] dzj HOo dzts B ' dz HBe § Hzdztsy jIstsls 3 J H(
s s dzj tc O dzledits iPl6d  H 2 W sR-Ediic o O2edflo, 3 o j totsy § Hab



84

Mistelz$ Is Iz to dats ¢ t4e QEZHBEPDR O X 8. O s Is Qdstisy dets  HSCABXlsoAdS dt
M?* d M* ZH tse dzj islolssticltf O f B sdz s dzdzsRY, L G jditA) dzff j 6 2 H
UBls d ydsts 2 P @B Uzj Ists,  dzO{ fipls 3 fedzd f te@@3j 2 O szt ¥dsts x dz
f)ts i) SAPBLIM,l 3B EH ZIs EZHtso dzj Isoteltf®. s Ctodlsj tod ®

[ By des §tej H Y t5dedshylsfdsy dets ju lsasdziw v dy | to GHQadfredats o
IsOC 5o skt BB oYy Is 1 to d @ g Hsuslszj oD dalses(fs 19 d 8 MAPbILft=0,95)
C  jHddHALid dyf tsBtcedL fitedfils ¢ f) 4V GsEscsdD S ddtsfBpladtis @ H O H dzv  dzd
Brls! fodzjLd’ ofj ©OMMKEOIEds Ag B jdSE'Old s i
Hdzv L Oip dz'i g FdoeMiz(t=1, 02) BtscM'ldh tfis i g 286 o  dzd  te
Y 1 0ftdtRifeds wmaddRA( 1, 0,8 ( )L, OB/ (N, 0d e (1,01
i) EaEsckzls tlddyOlk: v ftod BBKLOL e Odedd nddzdyuj

a
I
- 129 g o
8 8
9140 o L RS
- o n = o 8
_,,?,,,,E! ,,,,,,,,,,,,,,,,,, R - T a ,,,P,,,,D,,,,g,,t<106 -
8 10 o o o o o o o A
a VoDl L= - DR (. a ,,,F,,,,n,,,,ﬂ,,,,q,,,a o MA*
ﬁ 09 . S - - I SO o .. o Cs
0] o ° o (Cso,izFAo,saY
< =]
018 T T T T T T T T T T T T T T T T T T
ey Ni** Hg®* Fe** Mn* Zn*" Co™ Mg®* Ge*" Pt** Cd** Ca”* Yb* Dy** Sn** Eu** Pb”* Sr** Ba™*
K= M2+
T 12-
&S o a
SR o o o
s n o o = = o
,,,,,,,,,,,,,, 9 9% e ... % 8 o gk106
- o .
}‘i 1,04 © o . . o o o o o A
P ) e« S o_____ S T CTORCECICETERREPEES. o - B S o MA
o o .
P Y- I - B a .o %) © Cs .
(0] o o (Cso,leAo,sa)
< s Pb**
f I I I I I I I I I I I I I I
|n3+ Sn4+ Sb3+ Cu+ Bi3+ Lu3+ Er3+ Y3+ Tb3+ Gd3+ Nd3+ Ce3+ La3+ Ag+
M™ (n=1, 3, 4)

t dMEz2REAOC st kidj tcOdsdtsmisd | sd' HM diBd H IAGM™-Iig O fiy
GHJNx(20)dn=LBB d 4

J Is OB &dsy@S Hijdzw Iz H W echigflog] @ j dzf teOL detsylsd 1 dzj ¢

Ldzj Bildgls fpdf s " € Odzj 1 tsdzd dzeEOz H JC 3 € astisLsAGetdd j@dsts dnfy iz yp

sO¢ &O&Ofdets 280PmdedsLi s ls! qefz@ wiskedz® Y J Is ) dzi gzd '
Ctod s jcaig@d@O dtffty d o) AEesBso L Od3j h j dzd v .



85

v OB dzd6y O R s dzdz’ j§ tc O HOth Hzig o GBPk Odzdzts o g 0 tfizdztkz? L ztg @
Msslse jlsMiso Bs M dzjj C Hussslsted yOls j dZMES M IS s 1 e Esgzitzls &
COL desMisd ), €SO Hisd Y MS dj kO Sskot dzr aMXEE GO s
sdzj tOdzls dgsfyls H % todsd yveRisisd yj MS d &

MY [ ¢s| R, RNj i O [ thdz|th dz tH dzw G, | ? 7,
SY=|svy-=¢ MA* | Cs" | (CoaFAoge’ |+ M2 | d dzun;é

1 112

Pt | 6¢ | 1,19 | 1,03 |0,47]| 0,% | 0,89 1,02 2,33 0,33
Bi** | 6| 1,03 | 0,7 |0,36| 1,03 | 0,97 1,10 2.02 0,64
St | 5¢ | 1,15 | 0,97 |0,44] 0,97 | 0,91 1,04 1,96 0,70
Sk | 5¢ | 0,76 - 0,35| 1,04 | 0,98 1,11 2,05 0,61
La>* | 4f° | 1,03 - 0,47| 0,95 | 0,89 1,02 1,10 1,56
cet | 68 | 1,01 - 0,46| 0,96 | 0,90 1,02 1,12 1,54
Nd** | 4f | 0,98 - 0,45 0,97 | 0,91 1,03 1,14 1,52
Gd* | 4f" | 0,4 - 0,43| 0,98 | 0,92 1,05 1,20 1,46
To*" | 4% | 0,92 - 0,42| 0,99 | 0,92 1,05 1,10 1,56
EFt | 4f1| 0,89 - 04| 1,00 | 0,93 1,06 1,24 1,42
Lu®* | 4f*| 0,86 - 0,39| 1,01 | 0,94 1,07 1,27 1,39
Pt* | 58 | 0,80 - 0,36 1,03 | 0,96 1,10 2,28 0,38
EVt | 4f | 1,27 | 101 [0,46] 0,96 | 0,90 1,02 1,20 1,46
Yb?* | 4f**] 1,02 | 093 [0,42| 0,98 | 0,92 1,05 1,10 1,56
Dy** | 4f°| 1,07 | 0,97 |0,44| 0,97 | 0,91 1,04 1,22 1,44
Mg=~ | 2p° | 0,72 | 0,75 |0,34| 1,05 | 0,98 1,12 1,31 1,35
cag | 3p°| 1,00 | 092 |0,42| 0,99 | 0,93 1,05 1,00 1,66
s | 4p°| 1,18 | 1,18 |0,54| 0,91 | 0,85 0,97 0,95 1,71
Y | 4p° | 0,90 - 0,41| 0,99 | 0,93 1,06 1,22 1,44
Ba&" | 5p° | 1,35 | 1,31 |0,60| 0,88 | 0,82 0,94 0,89 1,77
Mn®*| 3d® | 0,83 | 0,72 [0,33] 1,06 | 0,99 1,13 1,55 1,11
Fe* |3 | 0,78 | 068 |[0,31] 1,07 | 1,00 1,14 1,83 0,83
In®* | 5d® | 0,68 - 0,31 1,07 | 1,00 1,14 1,78 0,88
Ni* | 36| 069 | 057 |026] 1,11 | 1,04 1,19 1,91 0,75
cot | 3d" | 0,75 - 0,34| 1,05 | 0,98 1,12 1,88 0,78
zn“" | 3d®°| 0,74 - 0,34| 1,05 | 0,98 1,12 1,65 1,01
cd* | 4d™®| 095 | 0,81 [0,37] 1,02 | 0,96 1,09 1,69 0,97
Hg™" | 5d™°| 1,02 | 0,61 |0,28] 1,10 | 1,03 1,17 2,00 0,66
Ge" | 48] 0,73 | 0,77 |0,35] 1,04 | 0,97 1,11 2.01 0,65
st | 4d®| 0,69 - 0,31] 1,07 | 1,00 1,14 1,96 0,70
Ag" | 4d®| 1,15 - 0,52] 0,92 | 0,86 0,98 1,93 0,73
cu [3d¥®] 0,77 - 0,35| 1,04 | 0,97 1,11 1,90 0,76

"RHdMn®, FE, N2 CP ECOLOdr Hd&w d° of WS My ddss 566 dik g O ttzdz
CEcHO Bdd ¢ dHIYfzdt Ot dfdiPe sets f sdzv)

AMA", CS  (CooaFPosd’ ™ 0 dz & Isfyw & Otcd O delf OBG § BB BE of Sks o
Vi dzv e @M R, ls Of i ts d2 =12t 06CHUzts |



86

32 [ MmtsB j dzdesMmisd W sted3d tctsa.®dzeddL MisdfislOn tste s @ P

yOfsdydetsy L &dgj " ¢ RGQls (BHzOB] Htekzedn &j IsOdzdzt
L Od3j dz' wOMaOmkkIiste] ftojSztehtsted Misjadsdj sted U j
dSHdHBO dj.ls Oldadafs o gyl Misth)ls O ©BtOL s h dafw KROL
ftej HiNlsOo dzj dz WMddeBEzlAS@H @ POOS ftod ¢ jlsj totse @dzjldzls d
4) Mmbirndsdjlstedy lsddyojlsmv s Mwq yedet? g7 et
BkHjls BBBL dzOyMslizmw R CROY O bdgtsi Isdigls ¢ O¢ € Ols d 5 dz
cOMftejHjdvis! Mw 5 KO ted Odslz ,dz0 UPhlds s BE ts dzd 5@ fn
Meslsdztsh jdzadj S Obdwsdesea, O dzj MBacizCkizjcddl ,¢ F g m
s ted3d detsds ¢L Od3d M j dedigo’ € tf ts opicg@iideifped 4 Is sB M jEts
ljHf 5dzZOcOjlsmw, Yyt tdd &sckls B'ls! O] H
By HEEZL de[@GodH] BIHJjOz do' = .dzj fjtesoamEdlsde = WOL

[MB | dzdzsfipls o tstfictisge@ Ftomstetse, MsH j o RES MY, S dzfsdjt
COldEHapEas Odztsd Hise o dzj § 5lststeFE', apJ, MiT, MsPh B2 RY* B 6 ©¢
x>0, 01, Wodwjlsfyw Cate difisldcddjdzsdfis@i Ho jOdsdsjo ) d3th dath € iz ¢
o Cdz# yOs N dj B MC sdr dase Blak]. YiJfetOWEHID d3dets a0 19 ¢ Ezv & Is f
CdMmdztstets H ' DMEODMASIDMSO.R n dzOdzd yd j B' dz@ksy o g | ez dz
to s dstizdzts € to d fif ls@ dz& O dzj dzd d tOMlse Sse o Isj gjCdzdly) teft
~015 B3, ftedj dBBdzj Bsdz Hdzv o' ff sdzdzj dzd W | d&Y dzk g bzt ) Is
ZH O dzts fiy € tftate] jindsoPistizdzd W j M S, dtj s C 0 s Bz jdaf PR dzOls O o3 Is t
L dzj d3j dels Otedz Af toj W ipls PO dzj dz' 3. 1 Is Geiz upg upgz’ j s dzts
Ctod s Odzzsthtgizs B OBEg Hdz" 2 Yo jls, ddLCkezj MEESB R
st ssaglzwv H  dzd Bsckls ¥indydsdzOd? @& ,j dfbds j ©d O dz
ftotsdgj y Zlstswdmdf Wexifils OdzdzdL Oydd . jtesomMSdldzsets 3



87

a SI(DMAQgl, * EuDMAQ,l, . Y,(DMF)lg
P-3 P3 C2lc
ol ‘\;b-'—ﬁ of 2
“;\“ e g *" sy
—~5r Y Tl Y o ,g‘ﬂ"}&“ o
Sr .. ’{,“ 4 Eu | » %% o b Y
-t | ' \ . foal “'.'-.?' . u .5:.}; 9 '5 a |
o < ¥ = O ‘ o b - f .. o)
T of o SERS R 15 v Wi S L I
C e ‘ “C % " LR L “, 2 C
! 5 bre b o
Co(DMR)l,
P 3/c
CgDMAQ,(DMSO)Ph,l4 ® Co(DMSQ),
P2,/c P 31c

cen @@
0z0 -0

‘ TC 2 o e e B
*ﬁ’ P, " @ Pb / e 7 ™
4T e ¥ || - -

' 4 ™

oy ; /
o
L]

¥ v AL S
e 4 - L} o - -

".; i ‘-1: “ s /U’ /vr /‘/

s - oI = N e & o

| e 7 *a ¢ [ Sy /

{ d iz dzsite RPls Odzdzd yd MC dJ Mistelz ¢ ISKDIMAC)6E (e EEMBMAG gz fa 5 dz
Y2(DMF)16l6 ( © GaADMACC)2(DMSO)4Pbsls ( QO(DMSQO)sl.  CO(DMF)glz (€). ¢ Ists 3" o SH s
sfkzhjdr Hdzv EZftesh jddw

v OB d&Zf-§ @ d M ls O dzdzts ¢ 1 OO Wi Bzt § tc d ) ls O dzczs o

Atz dzl Co(DMSO)l, Ca(DMAC)2(DMSO)4Pbal ¢ Sr(DMAC) 6l 2
Ko jls sStcOmdz 2 rJ dzlsr 2 r4J dzlsr 2
u d dz6 tsdzd | U to d cdis dE@PBIG| [ tsdats § dzoP@dZO Y U te d ¢ ts dz@PR!
G .
a, i 1157210(10) 24 .38880(8) 12,06024)
b, | 1157210(10) 221779(6) 12,06024)
C i 123576(3) 8,1145(2) 7,13002)
U, 90 90 90
b, 90 96,663(3) 90
92, 120 90 120
[ B jids, 143314(4) 44487(2) 898,10(5)

‘wbttkClkztody 2 OdzOdzd L € tod fnls-Gdzalizs ity dpdzs@ B go | o U f sczdzj dz § . W



88

ltesHBBdY jJdzdj IBOBAZdqY"™ 7

A Sted3lz dz Eu(DMAC) 2l 2 Y 2(DMF) 16l 6 Co(DMF)¢l 2

Ko jls rJ dzlsr 2 rJdzlsr 2 S tcOMmdz 2
sddzesdzd | vted ¢ 5dz@PR!| [ sdztsC dzdCd2lzOW [ tsdzts € dzd o

G tG. P2/c
a i 12,0935(6) 222172(11) 14,2947(4)
b, i 12,0935(6) 159245(7) 10,7983(4)
C i 7.1307(4) 11,7060(4) 20,6437(8)
U, 90 90 90
b 90 100099(5) 92,836(3)
2, 120 90 90

[ B jits, 90317(8) 40774(3) 318263(19)

1 dzj dz@EbLMyl-3 dzO dzts fry dfigef G 2 ts iy dzj
dL B j Ol OH pdw € O

n = 00,005)L% sStedsq tets o Odzd j
tc Ofls o tste (keB1O2F)sCte d ) ldn@sdizizts D& B o
¢ Ols d stetgsiypn Yl b ifwods Is dzsh j dzd §

dHJj Odz dzts fififs clipsOuiy e Boligiad jtady € (2 te ) o

{ k2L j od W d € Oy d Watsdzts o3 QL b © tze ¥ dz’
f dzj dets ydz' ~ MABBLICHls d Qaldifls o 15t jsdzdzts B dzts i) 6 N O dz

(¥ ¢'Ye

4,0
. (M) = —C(M"+)CA(,;A:+3?£22+)AAC X 100%
3,5 T /
S 3.0 O
g
NO 2,5
L
s 2,01
1,51 o
a
1,04 O
1,0 15 2,0 2,5 3,0
x(%) o ftj Skt

MsH | teXCEad s j S Zjtedif s to

"1 dzO B dzdzlz 5-O fiptisteiapd s dzdzlz ¢

M jSCtesdzj stpd ¥l .o" f sdzded oz & . ~ .

f teded & 1ls tfotalg ¢ Ztefts

C telrf fig lOGpdikts fipty to d M) 6 A O g of Gikgfjh O 1

COlsdds dzBOIs j 6 fff P te@E L ts 0¢OidmdzBj 1§ t5 bzl ntE Js dg'tsnds MIARBBCO, I3

f dz® dzts & dzF s Is s BUs@ Iz dgdia) s d f to
f to d ) 2R Ig asflaff O gj h O N

C sdzyJ dzldtc QNP 2

8¢ Olsdf s d

L REPSRiE@ 0" dzd W



89

wlsj fjded oM difidajisdadivey H j dg A Cdgfnle § pfEidE @AAPDLMyl-3d
Mosldsplies s dMasHd M, L deOy | didg Y df Bi* oS8 GG § slsFic’
stej BEZ® s B My H jHE Mgk hsjChidsfeeaifsl® o dz¥ 7 Bl @z 250
[ S dMmdzd mjdp O dzs o d Is j dz' dZ0y Yo O dyff ¥ s Hidlls Edgts o] dzls O
ftoj CBBMSCOS Istsdz' €5 9 fndfnlsabzﬂsoc[dzl})tsdablﬂzfm’ﬁlsfn@dz&@t
f swWodzj ded® o
o wOHIBHR | j MisOBddz desfyls: flsj f j daq lchfﬁdeszch 2 +
5CdMmdzj dedw ( GI@SYPEO BT 2 ded L S d2 MIeQ lsi df nssips @ ezo
M2IM3*.1 51 s Bultk s ffyls © dz®@Bdadsa O jolg totsW Isdzts, d3j Is @ dzdzd y j M6

J MY j ClstcOn MARbdBidas € tcts d3j sfdzs o dots Bi€ 2@ & gz
dzd L € 5 dzls | dzfBif o AR § f & d ke B Nepigj Ak jIsdzf tzts CEOMAWR)ls ( te d ).
258) wdzj Hise 5 Bi% t5dzd wpjsidseds$ OB HE@O6 iz lf & Y HVABDEBIH;0 Y «
d zfIAsBidlg 98 EfMzseodwn i j&BCd tACu, OS¢ BRMtsmiES!
ktsdzBi’sdie © Bsdjj of M B UNBLOBGHsHSsEE N G sy j dz
dzj MlsOBddz' dz' HONj] ftod CtcOlsS sodetj B dpgamidy S IsteddsO St
fMdzv Is' 7 M) f 5o j tcRAREPSIdd MARHeGelyde®@B dz¢ H O Is 8" fHEet dzo
(teREp., ¢G) .

?

& MAPb Eu |, £ MAPb, Bi I ,
8 i i3 3+
ﬁ Eu 3d3/2. 512 Eu”™(x) N Bi 4'f7/2‘5/z E:;' B.' 0(2)5
@ —20,01 @ Bi®* ' . 0,10
hes — 0,05 g i \ . 0,20
£ 0,10 | MA Bl
8 8 : —Bi,
- — !
i%) X%) |
B : .
S o x|\ Bi° 1\ Bi°
& 3 Y\
f5TY,_an WA
‘ ‘ ‘ 1 S W
1170 1160 1150 1140 1130 1120 léG 1é4 162 1é0 158 166
Cdzgj eedw fowrLd, 1 Cdzj e dw fpowrLd, ]I
a P
2 MAPtll_xSnxla - MAPb__ Ge I,
+ 2+ 2+ 2+
g Sn 3d5/2 Sn Sn Sn (X) _’g Ge Zpa/z Ge (X)
® : 0,01 ® —0,01
: —os 2 —
£ —_ o & —020
N — o020 B :
]
z —3Snl, g
Snl
p -
H \‘ = o
492 490 488 486 484 482 1230 1225 1220 1215 1210
Cdzjecdw fmoawerd, 1 Cdzj sedw fpowerd, 11

t dMbE2BEE ] L 2 d Usdists j ddd 2 B StsHsd3 t A C axMiecMsErn( a)dzj
Bi*( B ( 80" (), S OLM 908 hd2 dOdzduydj o dednm H

"uff jCter t ACsa@ddhtzicdr JHS S R. 4. -d.Ade. R suladedg®j od CH.. W..
RAf dB. [.1v. [fdrjjoa0O vl {¢1)



90

331 Rifipdzj HEse Odzd ] MEMisOotse EOofBjHBGI S B

[ dzv s tojonsddzjwigdazd o C B @daizisle S b thej tso MS s O
CsdB ddzOyds Iktejnm RwjlssHise: Elssyds dzdj 1 OtcOdgidls tot
MAPDy.xMl -3, SftedHidjdd] tfsdudmis?2 z3) fs Mmyj
BOS M BBz B3O ¥ tsistsdzé d3sd dzd Myd deydd (AaJ) .

Il Cdzs yjdddsdRiss di3j sOdzdzise o t6jh jlsCSk f j tgitdadipl
BOIjted Odztso o o Jifitgte tf hdf sias,C o @F MBS®S S ate iy EsCOR M dmOt
f tod d3j dzj datk @ fr) s aEde Is fdzshtsfHefds 2 s Jelaz@c s ed W IsdzO i)k
ftoj HiSIso O j dimf{ W tc ATPD yon JSUOlfiflsdefj e "fig o d3tMldzj § 2 zO dzd o (
1 OBtstesls, ftwdesbtsodddi fstsh e, dzOfesd tc,
ftoj Ctemstc® fted 100Auw, ftwdotsHdls ¢ B Mtesdkz s

4 z0yodzO " i tej Hj dzddiKgy Onlstds G QEMStedRo 1 dzj
f dzj detsC ydmlstsets; Mgl B®E®o WA =7 dL 19 tOL dzd Y
SHJdOS e 521 dgj eSd d MAPHIEDOBOSh 5 & KN to@BI & OG 5 dzO
fnd dze § dpdod N .. OO KBjEgBils Adco Otclz ¢ EMEsIs o j Is dHsth Q foDlatsts
88658 , 8 75 | -17674( 25, MO sC dzOMizs sw ) dzOh d i3 H O dzdz'
MAPbl; (a=8, 873 d ¢c=12,662) d t©Odzjj Y tizd k@ dsdat
f stetsh Ctso [¥61262] 20 C

T I d Of Oa.sdz
i 12,68 .2, . . e
& 1266], * sttt e
L] (]
S 12,641 . ° 4
Elz,ez- ;
12,60 1 TETR
- 12,584 CTETR qoyfo dz
S gg7s . ' =
Dggro{w " . n "M o rtata b0
2 8865
o 8860
o 8855
o88tr—mmrr 7 i v -+ +—+ +

123456 7 8 91011121314151617 1819
1 BRI te BSBEGOL YO

{ MEz2BEICOWP ster 1 dzj d3j dzlsOcotimdmijHary j § 6zgl dztsMAPblg fls ts

JLelHED &) dL 19 tcOL dedfidat’dd dtc G lstp udg'ts diffOs|iHBet®:

f OLORaAGEst OL Odz’ (5 GBEsB] edfi§dujd fklsjd

stsy¢d, o hyrdEodatpkizjon jLdadq o3 (FSHzjndsSsds o] tis fidsfigdz 6 4s  d3c
BOC M d BOdz dats L alz2®n 3Ry dzdkds

1 OLO®Rj s’ tih jssC ©OMMuyudlkOdy €. 5. d [ sBOdser d [.].



91

] Oted Oydw o j dzd ychda cf Ofet®Of3 jsdespls v tsls § dzts dzj dac
flsj Adtsdjlsted d fjtesoamMCdlseO (o dzj Cslststets 2
HdWtc®BUzdaf{E di3j toj dzd 2 d RBjBHO Eltydj dzdv f§ OtcOd3j Ist
Cst WWdydj dzls O dsty Isdshipe @sigocef wasm mydls Odzdz" 2 H &z C OB to
@ WG, dzjydls o HsOYLOLAHB]UNALH GH jls d MY SO da&O©a s fig
d dzH d € @ls &R @zj dzd 2 , ) 9 t6 i OISRl dry Qetiz gk JREEY § o3

l jeso MS dlsdzOw % OL QMEOfs j deide0rdals o f IMAP Ry dz§ @I & 6 dz
x=0,0:0, 20 rfRotshts MNotslks jlMisokzjls IsjlttOs sdzOdz dats 2
SftejHj POO®R) Iste’ ) SRy Bsecks oL sfig Oz Q, D0 MBS Jn ktetse
ftsof Mdls! @OOgkzBnHE'BAS COC or LoOddz §j L OB J
f OOy Istetses tojh jIsCd Glsdtsmdlsj dz' dets Odzr . [ HdzOC 1
x=0,10, 006 0,01 o Isja fkzyows, ¢ ts cWHIGIS d3dfiag s © B
Ctod Mls Odzdzts M dgtkes Gl & ickDighsd 5] dzj 2  &tf L astlz jsdfftt{O Cds@ H
tcj dzls ¢ j dzts ¢ to @ dRdeRIZtsfind kO eizt® j %o g % jzgz§ htso , §5 By R tetse;
Ctod fls O dzdzd  dzts fiyls ‘dgj o dastcLsEER o dGOMY toj H j dzj dzd j d5 € ¢
fjtotso MSdfis Olswelstdse F¥'  dzOG W Hdzs f 5C OL Ols! M sftss dats
MistezCIskztelz, " BB teoO dds| @eoe®] YlgY g d dytids b vedej dzde” § § O
toj M jIsC dntsinz@\RbgMl-3 ] MsH ey ORE) B Mted Sttt d
tojWjtej demdzsdts HJ O OL s5dz0 BOC ifd &3O dz' dzts .

PN
12,70 MAPD, M.l [ few O om0 d | 1ozo§
ﬁ:12:65' - Hd Of OL tsdz ‘{qfﬂlﬂ\/gﬁgﬁ@fﬂg%ls%a@ ® O 6 5 O O 8 o o ® © g 8
0 511,016 ©
412601 o o © 0 ° .
iy It
= 12,554 o . 1,01222
C
¥ 12,50 o 6o 88000 °%°%° 6 000800 °% -
3 8 o © o 41,008
12452 © © o o 8 Q
5921 o 241,004 ,
5 8,90 © 1,000
g0 8 61,000 =
—, 8881 HJdOf OL 5dz ud MiMARLE MisMmis 0o © R R R 2
5 8,86 8 % § § B 8 8 8 8 8 8 g 8 B8 40,996
SRR 996 5
! T
s 882s 10,992 .
(0] 8,80 T T T T T T T T T T T T T ==
- SnZEr*'Gd*Lu**Nd*Mg*'Sb* Th* Ba® Bi*'Pt*’Cd*'La* Ge*'Sn*"Hg*'In* Eu**Ag* Cu*Ca’'Dy* N

N S o oo 8 8 o a8 o oo o P
O O © © © & o © © o o o © o

- fl’] SH ixj@mﬂqumxlﬁ

{ ME2BEICOEOd) ste” tojh jlssC, ity ddzS 51 8 W 6 Qds
sjteOc sdz0dz dats ¢ tof M@ LOGdpcdzdjw  tEils dzts iy d Is j oz’ HozARDE Y j

T
0

> © A
S o
Is

d tazyf

g
6

1 OLO®Rj s’ tih jssC ©OMMudkOdy €. 5.jdgd,[ me@dse & [ . ).



92

I Bdzr hddzMlseats CObddzse B sOdzdzse, dMfsd L se
COHdEM" YBj d § Ft ssdkz Myddsdds &y djdsEisf ) Isftadafiatizamgdts
fjioso@OdIsPilsts [ HdzOC 5 dsdzdd" f 1 e®3 dEHrigdD&E®RG) S d
Y =1,03 ¢, COCtchpfEHdy- d4 tcddrjzisdgsdedfjils f§ OtcOdBJ Iste
sMisOodzw jIs daj sSitej Hj dzj dzdzsfyls! o stz N jOdedDflsjdif S o
s fls ®ARBaM s € Ols d sHRG&E | SHG !, In®**, Ag', Cu'd Bagse f OH O
tojWjtc] MMADKEE o] @B fls dHydj A ALetisdz® 5ls € dzts dzj dzd W
tOHdEM" &jde hj (ddzdd B Bez WYjdz. 0 Shisdlz WXjOLAgo Oj Is
o ¢ dz¢ yOr Isfw o o " jHsEiRlssO distigds & i G la@sfislip” © 0 O2 fdej H
fsGtejh detslsd, Glsi@Estc SO@Ast EF H j tzgfdzg fks B¢ €] h fis O
1 sistsW dzhiso 5 wfdOda@ il ¢ iz drtc v @ sMTloo pvd H j  Isig wizw dgrdd
HiWJ Ylsade ff tod dstp Gadd BJ 1 9 dzff W dzy § ORI " 9 sH' ff SH
Ho O zOB dzsfpiztiso dfs L Oo did BsMmisd § O] Btemd OBt
x=0,0:0 , 20 29 todiff.f 5w o dzj dadA ¢ totff t§ dag L fipdg'o n W ®T (Hglfg €] o>
d detdms W G f toj H i Sdztsy dMBAgHs), dir® toj dzls ¢ j dats 6 tc O A3Vl tf
(M=Hg*, C" d BAg (®RYMstOmd &3 d Mmjter & Yo jOoB] Bk
MisOlsdmisdyd MSdJj HJOY@d gz dztef]ic)tdgihaiRiET IS ff OMalsted - 5
d dzls | e DEO YO8 s 56 o sy HEOGOdzj] &Zc5C, JLGEGIsEe
MAPbl;, Cwlstster 2 dMmftsd L s Odzipw H dzv  MERpsMIs o dzj dzd ¥

1 0f eslsd e, Hdv % EdH Gt N gt Te B, Pt cd'd By
(9" HJdzj dz" L J dZjady disBdEd (@ffRszi2dwd Gadd dL dzdr o
o W Jte] demdztsae ts HdOYf OL tsdz0, Yls ts weodzw jIsfpw ZB j HOC
fjtesomMCdlsdzzs MbstekSlskztelz. *(uxt=jOn 2 0% 5 K= 0 DEYQCOS) o szt
Cst WWdydj dzls das § Is to QfeitsSdBidg’ dzd W0 , DHOEIsIs1 , DOMQ 9 ylsts
ftedBdzdy jdzdj IsjlstcOctcdOdz des?2 Mddizdzjlstedd & Sks.
Isj dzh jRzyf{edzd i j dizfisy j 1, 006 dz&pGH?, mu® [(xisthpo), S dze0,18)r
Bi**( x=0,FFH0 1¢). ) Qi) hemE 0o s6Is dis ddbizEdf &Y, CE,
Ni®, F&*, zr**, Mn*d 8o Hj dzj dz dzO tedf. 27 Odjor o)
slsdatsdIlsj dz' des ftstetsesotsdts L dzOyjdedw. 10 {1 lstsdz
Ylsts 1 Is0O "alskyttsO oM dzs YyOls! fMw o MbtekzSlkteck HE flsjt
pdzj Higj dzdd o o) " FsC lalzde ftsteazdpidial RAOBI dL 5§ lsd
cOMmMMmdistsistej dzr  ded ¥ § .



.
. . i N = 2+
a: 12,68 Ag = 12,681 Cu o= 12681 Ge
- ; ; =
g 12,67 ; ) | 12671 L g 12671 3
12,66 12,661 L " 12,661 % H
@ 1265] ¢ 8 12,65 s 12,651
K%} K%} . x%) c
-, 12,64] . —, 1264 [ 2 12,64 -
g . a g’ = AL, ® " e
© g5 R o 8875 ' 2 8,8751 .
© 87041 § . : ©ggrof & " E o gsro{ * H H
8,865 1 8,865 ~ 8,865 |
8,860 L . . : : 8,860 1— : : 8,860 . : : ; : .
0,00 0,05 0,10 0,15 0,20 0,00 0,05 0,10 0,00 001 0,02 003 0,04 005
vietse j dz L ORBY ) dad W vietse j d L ORBY () dad v viese j dz L ORBY () dad v
= 2+ -~ a 0
- H O 2+ - 4+
. = 12681 9 = 12681 Cd = 1268 Sn
- = 12,67 =
I : 12,67 |
8 12,67 3 ] 3 B 15661 } (3 3 \ $
12,66 12,651 i 12,66 3
8 12,65 8 12,641 % s 12,65
0 *+ C ]
. 12641 TETR 21263 ¢ Crm| 2 12649 Crerm
2 " A, 2 12623 . —
O aTETR @ aFETP
8,875 O 88751 © g875]
8 8 i i s ' L]
© gg70 1 N © 8g701 ¢ 1} : © 8870 1
~ 88651 ~ 8ges| *® ~ 8,865
8,860 . . T 8,860 T T T 8,860 -+ T T T T T
0,00 0,05 0,10 0,00 0,05 0,10 000 001 002 003 004 005
viese j dz L OREY (X dad v vietse j dz L OR) () dad v viese j dz L OREY (i dad v

t d MEz2BEES d2y § dzis to Qu @ 5 dzbimfydstandssj Is fols &isf tezjids o dzv  RBO s
x=0, 01, 0,05, 0O, MAPb.gM,Q,, 2rAE OQul(dePolt ®qd" ( ¢Qe
( HDSA () ) Ot Colfjdshgiidry 5B tx€0L,ylsle o) 0, 20 A Gfsgg ¥ @ H
dzdL S t5) € @@divs degsQdilg Badr zh dtoj dzdv f S tso

8 B
MAPb. Hg.l t-Hgl, | -Pbl,  *7 ) )
a8 =005 e 0w W 0L MAPb, Cdl, 1 - Cdl, | -Pbl, MAPb, Ag,l; |- wmaag,
£ } e 2'3
5 U b i | g x=0.2 ! 5 N | =05
. et
9 X \ ) - ™~
N ' i L 1 1 1 . 5 0 ¢ i x=0,4
- ) o = hi
ja)
8 A A A A
H 2
= ] x=0,3
] g S |
o B A R
o) o g -
2 i ' > 3 ! & | x=0,2
g Y . 1 ‘ & . outf N
= =
:g : : X : : ‘g 1 1 & ¢ i 5 0'1
1 1 1 1 1
2 Lo © ud s MAPDL [ P Wd M ls MAPbI, st
s i " A s || | A A | | x=0,01]
a : X : Il ! L |I : a ” I Il Il L
- ' I BMAPDbI 35 dzts € te d fiyIs Ok b-MAPbI, (Bts dzts Cits d fiy Is © e
la10) o (13) (202) 1220) .(zoi)d3 (400)! (530;'[ 25 q T | I " | l ‘{i fls MAP|bI3I
! [ J 1
: T . L — : I t — T T T 1 h L L L L L
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
2q,~ 20, 297

[ dEz2BEE | dals ¢ § dzfs 6 to OMABDLHG.led] GPBARD.Cdds ( B%=0.00-0,2) d
MAPby,Agyl-3 (x=0,0X05) ( o ) , MtsH ] oy O d jHOH, Gdb BWARDels§ W OL

[MsBr2 ddzsjtejfMm ftojHmbsOodw jl tyj &&Q) ,BOL )t
sftcj HJ dzWw dzO ! H dzw tcWHO MmlsOo tso dMmaBHW dL L
L Odsj " Mzky . u e ls 5 dSUTsOtg ahaclstafly dzd dzj 2 dzts R d3j dz'
ifls: d8 dL &) dzjdedj HesdmMosHdl 5 ©PO sEAZ]-0,[0K O te
Yylsts fModHjlsjd fise &z FIE o fls s @®dgy Osyldshis dasdac j " jIsS k2 o
ftojHjd dets] dMisddzedzsj MtsHjtey Odedj o  Fyldtg ACOIs z(tetg d f
teCtsosHMmbsozw ! dLojMmisd &3 toOdajQd3jdfrstisfpEds[157]s dzd
0 tdf. 300 & MicOs dad dzd dzr§, drtess I Hizfvdz  BIBkE 'S . L O



94

RA MAotyjMmls! ceBshMdss OdzO B ddRbisBib d2d dig @ rizfstfist o .Is j )
x=0, 05, BSHAGOCE {O0LOR]lster GBSV BO dz! fshatzss 1<DE ik jdmy
YIS By & Mz @) BEeses o7 hj 0, 05. v OFCdh ScheOaif dealy
fsLdydd RiIsMisObsydts o' MsSdn Cdyj deste@Oydwan, vy
PE/Bi* (5d'%s%)  Sdf/SH*(4d'%S?).

~ &~

MAPb_ M| . MAPb,_ Dy |,
12,684 =g g 12,68 ’
12,64 ‘ ' ~-2 12,661 %
% 12,60- T (17005 g& 1264
i s HJdOf OL sdz ud f)ldvidRby
% 12,56' * Mn+: % 12.62 .
< | x_(Sb™)>0,1 . 2| g
g 1252 : . g?* E 12,60 %
12,48- : . Crorg
. # | xSbLa2ss)|
s : S| * ST 8 gogl ™ x  (Dy*) ~0,05-0,10
9 887 Pt a e .
2 8861 * £ = zn” B 8921 ;
© gg5lx (zn*)-001 © ga0
g o P ’ g 9901
© 8841 " S 8,88+
~™ 8,83 e oH d Of OL 5dz U d fyldvaRbE
8,82- * 8.861
8,81 +— . ’ ; ; 8,84 1— ; ;
000 005 010 015 020 0,00 0,05 0,10
vistse j dz L ORI (X dzd v LVietse j dz L ORBJ (x)j dzd
i dMzWEs1C0s dM BEQEOA3] stetso 1 dzj d3d dzls Otc dz' :2+%t{zj'J§
f dzj dzts ¢ L MARN=Ca", Bi*", SB*, Sit*, PE*, zr*; x =0, 01, 0, 05, @, 1¢

1 ZOydlsj dz detsj k2 d3j decdy B tzdzis O © @ ildistc B Grls HPE latize
(Y @) ) f t6xF0.01d0.05( edf). 3®@) j of s Ov Phils ¢ s Pded s
ddL S 52 tOMise sted Bsfls ' PE ME tefshigly @ dzdtOfigs| oz teoOGrjdstats t6 o Is
WOCltstesdy dBse dz® BT 5!  toj dz@S gD wpdss tete juddsiRs of Ofy ' 5 B
f 8 dzd CdBOy didte d B3 6y C Oldtsdese N j do8l a1 jordS iRt ditlts od
Mo f OHOjls M BddL sfls! ¥ P df P tass SsSe@drjo Is)j wxifiatedn®

¢lo a 13,

[ Mdzd SR Ol d Bw K™, ¢ GlEjtidedgzd j Sttt 7 ftodots
Ot OB, betsko d HA[AE, Slylsdets dzj dzd § dzOyd dzOj Ismw , M daRd e d
x=0, 01 oZnfi@kzyojix B), dir © Mmddz dese s tslszg  PH diedH «
SlsC dztsdzj ded i Bsy jIs B x=020, © K Is dzts ghzfrarO§ o @)l O
BOkse s lsdd GdqPHEEBdEMES3 0 0)

I tlddydj s My O0kdw tjhjlsSd Bitsd h?(@=0,1)0fl
cOMh dqtewels Bl jd 1 dzj d3j dels Otedzd? Wlayg 2 8P o 9DOBH



95

9" Oy j dzdets gl ( BEIpEs)z. s Otz dEswkls ©OMh Jowls!
sjlteOt HisdujMSdj GbeMmlstlsr MmistekSlkzter §jtese MS dls
ydmdze (svy) 6, 7 d 8. [ sytss fzdsdazjugpdedd sy , filsudsass I
Btsdzr M j, Aoz Mayj Bb o' s 52 Misj f J dod ydstsdzdutofipisvdj Isfiy
B S izt slsdzdry ¢ I8 to s 15 ls to §f PP dropdzts i ldzv ol iy jfnte jiHCHds QW dzj
6). 1t tOL dZY d3 SHtOHdgds ddj, Isfqv  sIs 0, 97 d 1, 0[33; 34} ( ¢
st IskswEls, COdsd tkdzdyOjlsmy s Hekzednr § Ol
Mistelz ¢ MARbIE Misjf jde' ¥ CdMmdj ddv , 2Msyip ®Odedsj ozt
¢ dMmdzj ded v, d t5dadiats iflsedfs viijo wa j &BsxDiyls ftede jmisd & &
orhy d, C0O0¢ MmdzjHMmiso ¢ §izj d3§ dzls Ofgblztf B tzaf Y= Ctarfj. H jdL ec
f OO®Rj stetse  to j,DyllsBEx MAPb W o dzv j Is i O dzodepSAsidssdtc s o
MOy HjddY o w©OMseost] ftjSktemcted d HBMIsdE O]
fjtejoBSHO I IjlttOctdOd: ds?2 ¢ fMmMjeoutsSkzedyj Mt
XmaxH Y tsMlsOo dzv jIs tsIs 0, 05 Hts 0, 10.

sdlzj Hizjls tisdgj Wdsler h justs i3 Bitdzg dsbs Qydy el s o
tesfmls khdtej dedw HJW QS yddBssosn ¢ tstds]isicosjc s iy j-is ts de dz @3
fsftcOo Cts5gB '@ LIBOR H j 20 B dzsls 5 dzdzOY L 09 d fiyd &S fyigls t
ZCOLT 90jls dz0 fMmddz dets dzj SH detsBSH dab b d oosCHdreh jjdzd §
cOMftejHjdjdds / tOLBshE LEEMME df = § OttO®ij stets

©
=
T
0,006 - . S MAPDb_ Bi |
a MAPbO,QBIO,ZlINS :8 0’004_ 1-x X ~3
bcosq D + sid eq §
0,005 e = 0.00287+0.00043 L 003l
go }
e
o
& 0,004 T 10,0021
8 =
2 8
0,003 - » 00011
s E []
. < 0,000
0002 ‘U ' T T T T T
’ 04 06 08 10 12 14 16 18 g 0,00 0,05 0,10 015 0,20
4sin q victse j dz L O%jd dzﬁBﬁitﬂX)"

{ dMEksiEdOdzdL HOddz = (A ¢ dpytisteda@stegiak dtel v figgafislsia
MAPbg oBig1l-3 ( BS tz® Y tow » jUsMiftg j H j dzv j sfyw  dL dz@6sdzts gBindt ® o
G HRO M dted dPs didde ¥ MU X M @Y M s dzO § € Y fipgddils dets 2 fls

BOIs j tod O dzisBix-sNsASP inls j f j dzd T (©@sRj M j dzedw Pb

et oafmj d3d ¢ Ols d tsMZOeRdzdds fip HY joiAg@EpigEAPD, (Myl-3, 5B dZOH O

B3d dzd d3Odz' dz" o5 wOMMj d o Odadd) s fiiffo jj SslsDte t510cz 0 Af crfoisg tdg feoideid(
vis) B E@Ekasds ysasdls!  oddwddj &sHdWdSOydd



96

M C@YWEOEYO, d, I|soCiddpists 0oty fis™ oo s lsOH S |
f oo PUfls O BBt 50 Ok o Otcd Ocdzls ¥ Sted:dr v OkYC
' Qéti @ O,

CGHUI S st WW dydjdals f s@dztsh j ded v ;
h 3l dzj tcdsdsvs did
stsi WWduydjdzls U or tcOy &jGBdpp jitgaeBdCOC tsdz0O 1 za j 16O
| clv moo¥Q
CHO-BY sdUj NS OY  dslsdesfyls '], Cpr 6Oy Of BOW ¢ OC

dilstsdzh d dz0  dzj dz€ d .

]l St sk W st i3z dzkzf o iP@Is¥Otc st digtso © B O dzls §

como_Q¥Q wéti @ O,
Rdzd © Htkzetsds adH,j, LOKRj dde CtsdmlsOdzskz
) Wé gk 3Q O .

1020y j @zt f toj Hj 2 WG O sdzw yd j 2 dzd dzj 2 dzs @5 sEQ OMIs S ©

10 BEMHI0 §sCOLO0d fteddjte Mijhjdafty U@ eush-
f t56 dzts h fij sl O 9 s pGAMAPds o f tod o j dzd Y dzd du QD3 @ st
tc O S jodzdsj d P "YAsHIse jtey HOjIsfw dzj Istsdz S5 L B,
des d f§sMisif pgeded B3t OBPY 4 " § dedzs?2 L tsdz”  {istésd Mz, Is6nds
COldtsdzs o &34 Is O dzdzts o ) 9" MC 52 Cdeyd dzstcOydd
slstsdzs d3d dad My Jd deusd dd LfBizidepaifd i c H O Misy tetso 53 HOgzdp dgW
o sdzdgOC d Bz BPtep A &zO Mls Gly dfef Is1q Wiz iffdafs ¢ 5 dz@ D § BOF ¥s,
nOtOC Isj toqaliy st ditsz(TVIA BIG| doddg, 11,, 6608807 ji2lfls o d Is j dz' dzts,
32B odHds, YOE M@tz Y] ddgddes.SBdMAdRIN J Is  Is § dandgjdzyiddzd
o Misstesdlkz ¢ icwlES/d ~dzdg, dzdddezdh dARzdBsEE] WddOW Is § dzH j dzy d
dzOB dzt HOjIsfqw sOC Y] © MkzEyoO] HEEZeds SCOdtdzsse d
dMm¢dze uj 26D Eu¥tedi. 33 ufjBBE Gedshjddy d
Myl 3(x=0-0, 20 )X N JO GO S vOkYO HAY tshzdtsects ttWHO
tod i)lz dz¢3@57 3 3

==



_g <
%] &
Y- 10° oo
as 25 @9 ) 8x 762nm_<— [ JOfOLGd 6] %] tjd
§ MAPb, Gd®” | = TI\K MAPbI,: 771-785 dads
=
2,04 f X >0.05
. 8 ex10°] ™
(o]
O 15 4
= N 4x10°
3 1,0 —
B 3
3_
i 051 ° 2x10
—
0,0 0 ‘
200 300 400 500 600 700 800 900 600 650 700 750 800 850 900 950
[ dzd 20 o tsdzdz" , deh [ d&zd dz0 o tsdzdz" , dzs

it dMzdzEX @B tc o Wodzj dzgdw o dzj Hicj dzdVv COldtsdzO 3d Is

S lsts! Bl dl§£ilstt’ ¢ dsh j ddW NIQAIEb)XGtﬂgW\t;)qE(X,B)
0,05, @0 10,

] fAkEyoj dZJtSHdzisteisNﬁzﬁﬁﬂisME@afnu’ljsmwwngiZWE L jto]
BOIJ tod @@QJ dzdJ 2zZ171, dLoMWYL Op BEEJH O, dL tsIsSdptOy ffls iy
MemisOCe z dL tOMmY tolf tadf Tz lsapfieine @t axixBEaf$da@idig £ J¢ Iste s o
a0y tod al3j fgztz® Gpls Qedat d A § dzts y detsA di oty @ipgddzy . 5B Pt @ s U J
o fMj ¢ca®®@ dzs H Oj Isfw  dzj d3tHddmlcls dzde Qdzd H o &S fiieth G tB D ety dlat
Hisdzy des B Is' Mo W @eigdsh e jdgi et fzade & § Hzdpsijs ayts s € s dzd
BOLjtedOkO f MtshMsOstd, dMfEMCOshdd orf MiS d dal
Mdc dzOdz, JERchBOEBytts?2 B EZOMKIHOS SDHCHyPmBHa] 2
ftesdMAtsHdls Iskh jHdsdij dicfoc ddgatsq tondf © dzO, - MZO d Bsty dfg jdzj dz
MOd WBLNs] digfird dzr o sdzde” HBOSMdBBEzBO A Mdzzydls Ht
oL sy detsyls gM™ dzj H to j dad W

10 tdmBdicj HBBOs dzj dZ0 HJOGC L ORBO, Mz BdNEL" C
OdOdzdL j CtLOv ftdsi §ccdiisdfhcMiBRMiais k3 5 0B
M™  wlsjtfjde PEOBIgdzd e slsstes? Isjtew jlsmw ¢ tsdzyj dz
ZCOLT 90jls dzO0 ftojHjd dzsj ddOM fic s dzfQCvdiely hts st Giicdasyd
H dz Wi dzO dzls Oriztsdfs S 820 2 H ¥ngdeB ZGH] Idyss fls © o-@120, jxlsx H dz2Ce™
s fls O dzw KilsH 48", N, G, Th*" EF dLu* s fls O=0@8Y j Is



t Mz destltf 3QBIster  fsedztsh jdadv, Mt dzdzr | dzO d~a
A fts iGABIeLMMgl-3 (x=0,050 , 2 0 )tgy CiidHRj C Olsd sdzf  dzO dzls O dzts d H
o dzd W dzd j 2Oz MAPbINIEY " Dyfinorb®)

] tod G3jfdms{otsB dzf 2 OdzO dzdy SHNABEYO o ety ISR o dzd dzd  fydzyg
COddzse B sOdzdzse, 9 C dzs yOs h d R wPH aMg?] (ReOF G d ¥ ;
Xmax-005) and C&* (R=09 2  Xma005)Mtej Hd S Olsdtdase M j dzts @@L j
(R=07 5 Xina003)Mtej Hd € OtfsftspZsteH dz’ n Zni{RsAY dadzisa,~001), Bi**
(R=0,79 i , 058%na<0,10) d Sr* (R=09 7 %mac020) Mtcj A Mlds dztf sHtcj 7 SH d
B34 Is O dzts B OGS [R=0,7 7  %ma003) d SB* (R=07 6 %ma020) Mtcj Hd € Ols
{f sz d3j Is O dzdzts o .



99

ja) —
~ 5 <
0 254 1,0 8x10°q
0 3+ 3+ -
k] Gd X: Gd ﬁ
2,04 J— \ .
= 0 o8 L60ev X 0 6x10°]
N ——0.05 : 0 8
o 154 —0.10 w 06 e
o - 1.626 eV, 0.05 T 4x10°4
£ o ——0.10 5
=107 £ 04 1636
ol < ) P
2x10°4
© 05 02 5=
- 1.686 eV, @
Too N ‘ ‘ : ‘ ‘ 04
200 300 400 500 600 700 800 900 16 17 18 19 2,0 600 650 70
+ 3 [ ] GO o 5ddy ,  dads < [ o dZO o tsczdz , dacs
0 254
8 Er** X: ~ 1x10°1
= o
2,0 £ 1410°
3 8
o] 8
o 151 ®
£ -
- £ 2x10°q
> 104 §
o -
0 9
= 057 8
— @
0,0 P e 0 , . - . : : ,
200 300 400 500 600 700 800 900 600 650 700 750 800 850 900 950
g [ dzd 2O o sdzdzr ,  dack hn, ¢ 1 z [ dzd 2O o Szdz , dzcl
9 254 10 3+ 2,0x10° 782 nm
- 3+ 3+ -—
Aad g Tb X: Tb Py Tb 758 nm | Xt
- 038 £ 1,6x10°] X0>0.05 v — 0
X 8 —o005
«, 06 —0 @ 1,2x10°4 —0.10
B ——0.05 = —0.20
< o4 010 3 8,0x10°4
£ ——0.20 <
1.609 eV 0
0.2 1617 eV 8 4,0x10'
1.60 eV @«
o0 - SS 00 1 . . . . 00 el e NN —
200 300 400 500 600 700 800 900 15 16 17 18 19 2,0 600 650 700 750 800 850 900 950
0
b [ dd O o 5z , deds hn, 41 < [ g0 osdeds ,  dac
ﬁzs Nd* _ 1.2x10%] Ng®* x:
8 X 4 80x10'2 x_ =0.05 '
=20 £ max — 0
. 8 —0.05
o 15 . o 3x107 —0.10
o - = —0.20
f, 1,0 ? 5§ 2x0%
= < z 782 nm
E— 05 ¥ 1x10%q
- o
= 0.0 0 i
200 300 400 500 600 700 800 900 600 650 700 750 800 850 900 950
) -
B I &ed 2O o Sdzdz ,  dack < [ dzd 20 o Szdz ,  dzds
~ Q254 3 2,0x10° 3+ 782 nm
g L x 5 |lu nN o«
= 2,01 £ 1,6x10° X;0>0.05 0
. 8 —0.05
0 159 a o 1,2x10° —0.10
o - z —0.20
£ ol
= 1,04 £ 4 8,0x10°
B4 < -
o)
0 051 ¥ 4,0x10°q
- o
o0 S — = 0,0 , : T - . ,
A 200 300 400 500 600 700 800 900 600 650 700 750 800 850 900 950
5 [ &d O o sddz ,  dad < [ dzd B0 o tSdzdz' ,  dadg
0 25 3+ 7x10° 34+ ~
o Ce x: - Ce
. 8 @ ex10°
=20 £
£ sx10°
B ‘B
015 o @ 4x10*
% - o
£ P £ 310°
10 £ § ax0
= < s
- @ 2x10*
205
= o 1x10*
o0 o]
m 200 300 400 500 600 700 800 900 600 650 700 750 800 850 900 950
8 [ dd 2O o Sdzdz ,  dadg hn, 41 ) [ dd O o tdzdzr , dads
> 9257 3. 1,0 1x10°4
X / 3+ 3+
ﬁ La X La Py La 764 nm 782 nm X:
= 08 £ 8x10°q X, =0.05 — 0
3 —0.05
o 06 160eV [, o9y X: @ 6x10° —0.10
B o o —0.20
o § a0t
T o4 —0.05 8 4x10%q
< 1610y, —0.10 2
02 —020 8 20t
@
0,0 0,0 f T T T \ 0
200 300 400 500 600 700 800 900 15 16 17 1,8 1,9 2,0 600 650 700 750 800 850 900 950
[ dzd dzO@ o tsdzdz" , dzd3 hn,+ 1 [ dzd dzO o tsdzdz' , dzd3

{ Mk dzesf 3% ter fsedztsh jdedw, §tMmistetsj dzde’ j 2@ d =
A )t iNABIeL Mgl 5 (x=0,050 , 2 B} j L Oh 5 C Oldsde @Bt
od ddud ddt z1) %B%ew?ﬂgiflid?;%ﬁ@a@i BP0t § edgO( gLy
H Jd)La



100

-
<
~ 3
- 810 Mg2+ 782 nm
£ 0.05 x
. X >0.
X: 'i 6x10° ~ max 0
—0 8 736 nm — 0.05
—0.10
—0.05 e
b= 2 —0.20
—o010 g%
8
-
1.617 eV 9 2x10%
1.617 eV 'E
1.60 eV =« :f\
0,0 ; ; ; ; ; . . : . : . : 0 i T . : : . y
200 300 400 500 600 700 800 900 15 1,6 1,7 1,8 19 2,0 600 650 700 750 800 850 900 950
@ [ d2d &z0 o tsczdz' , dzds hn, ¢ [ & dz0 o Sdzdy ,  deck
8 < s
o4 @ 25- 1,01 24 1x10°1 24
2z C - Ca
ba) . a .
l Ca X X 9 1x10° |
= —0 s
——0.05 fé 1x10°
——010 @ gx10*
—0.20 o
§ 6x10° 765 nm
1.613 eV = %104
1,606 eV B
1.60 eV x 2x10°4
1 . . : , 0 , " = . . y
200 300 400 500 600 700 800 900 15 16 1,7 18 19 2,0 600 650 700 750 800 850 900 950
0 [ &z 2O o tsdzder , dzd3 hn, 4 | [ dzd 2O o tsdzdz" , dzd3
H 2 1,0 . m72m
225, 09 6x10°] 2+ 782 nm
2+ 2+ . !
g Sr Sr x: ) Sr i X:
-
= 2,04 0,84 —0 .ﬁ‘ : 0
z —0.05 _8-(133 ¥ 40 ; —8.(1)2
O 1,51 — 010 = 061 —0. ® —o.
o B —020 T : ——0.20
£ —020 g
. J S 0,41 3
s S 1.60 eV - 2x10*{ 1
o = 1.60 eV ) !
9 05 0,24 1.60 eV 8
- 1.60 eV ©
- 0.0 0 e
200 300 400 500 600 700 800 900 15 16 17 18 1,9 2,0 600 650 700 750 800 850 900 950
P [ &2d 2O o tzdr , a3 hn, ¢ - [ dzd dz©@ o tsdzde’ ,  dad3
A 10 = 20t
4 251 7 2+ . 7 2+
2+
T _g Ba X: Ba X: @ Ba 769 nm 782 nm X:
- 084 —0 £ 2,0x10" ! o
—005 § ——0.05
o, 0,61 —010 4 15x10 —0.10
B —020 o —0.20
P =
E 044 3 1,0x10*
< -
1.60 eV 0
0,24 1.60 eV 3 5,0x10°
1.60 eV @
0,0 : : : ‘ ‘ 0,0 : : — - ‘ ; ‘
200 300 400 500 600 700 800 900 1,5 1,6 1,7 18 1,9 2,0 600 650 700 750 800 850 900 950
[ &2 GO o 5z, deck hn,+ [ 2] 2O o tsczdz ,  dzcs

t d ik dzsky j3BIster
A tsfipls MARE.Ml_3 (x=0

= Mg?", &, S**  Ba™.

s dzsh j dad W,
050, 20) ,

fMtsH j te O d A
wtej Md” dzd ™ tod o Sl Y b dz§ i) dpd ¢

f sflstetsj dadz j

dzO

¢ Olsd s dz'

>
. 11



t dmMzdzs&f BGIster
xMxl_3 (x=0,050 ,
Ni2+( G.Qoz+(
ftcdotsHwIs €

2
HPE"

N—r

f 56 dzish j dgd W

)
~ 8
225
r X
2 20 0
- —001
s —0.05
015 —0.10
o
£
~10
=
T
205
-
= 1,60 eV
00
200 400 600 800 150 155 160 165 170 175 180
i [ & 20 o Sz , e hn, 4
[ 2+
2 144 Mn
il 12
-
10 X:
& a —0
°
o - 08 —o01
£ T o6 ——0.05
> < ——0.10
z 04
o
- 02 1.60eV
o 0,0
o 50 500 300 150 155 160 165 170 175 180
8 [ &d %O o tsddz , dzd hn, )
a
- 8
g2
-
s 1
o
o
e
=
=
20
-
oy
600 800
- [ dzd 2O o dzdz , dad3
8
225
LI}
k]
=20
=
015
o
£
- 1,0
=
©
205
-
st
0,0
200 400 600 800
i [ d&2d 20 o Sczdr , s n, 4l
s 8
a 2+ 2+
820 Co 141 Co
- 12
z 15 10
o o
5 - 08
£ =
- 06
= Z 1,609 eV
- T 04 1.605 eV
a 1,601 eV
- 02
st
0,
150 155 160 165 1,70 175 1,80
2 hn,
8
< @
Ja)
Kl
-
:
o}
o
=
-
=
T
o
-
=
200 400 600 800
[ d2d O o Sdzdz ,  dzd

101

r
8
2 +
220/ CU x
g —0
-
—o001
s 15
o o
o -
€10 =
S
z <
T
205
-
2
0,0+
200 400 600 800 1000 150 155 160 165 170 175 180
3 [ & zO o tsdzdz , dacs hn,
2 +
v 25| A
8 g
-
20
=
° -
o 15 -
= S
210 g
-
2os
-
0,0+
200 400 600 800
g [ &d O o Sz , dacs
“Q 2+
50 141Zn
£2
- 12
215 10
o) .
o . 08 1588 eV
k= ol 1.597 eV 0.05
e E 06 1.600 eV 0.10
= < 1.600 eV -
v 0.4 1,600 eV ——0.20
© 05
- 02
00+ o,
200 400 600 800 1000 1,50 1,55 1,60 1,65 1,70
P [ dd O o sddy , dad hn, 4 1
H 10
025 " 2+
[ cd? Cd
- 08 0
—0.05
® o~ 06 —0.10
< o 160ev
f Zo04 1.60 eV
= < 1.60 eV
-
a 02
-
— 00
50 o%0 00 15 16 17 18 19 20
- I &d BO o Sddz ,  dads i, 4 1
2
H " 307 o
s | Hg Hg
520 25 —0
= 20 —o01
2z 15 ’ —0.05
o] o P
o - 15 0.10
10 s
B < 10 1.599 eV
= 1.599 eV
2 05 0,5 1599 eV
= 1599 eV
o
200 400 600 800 1000 150 155 160 165 170 175 180
[ &z GO o tsdzdz' ,  day hn,+ 1

q

f sfistetsj dzdz’ j Médd,. d A
ULLE RS 5 7 i«fﬁﬂﬁmdkfdzifmmﬁ(sw&({eﬁez*ga)
JOU (4 Ag" (1207 ( 4O ( IHG ( dz) b tej Koo ddad T
BOds Bz dL di3j dzj dzd *MARDI3)

ts Is dzts f of



~ 8 ) k]
@ 2,04 .3+ H 0 109
v | Bi X ! @
N 20 ' N
- 1,6 — 0 ' - 0,81
1
: 151 —0.01 : .
[0} oy 1,2 —0.05 ' © 0,64
2 B —0.10 H o
i " 1 &
S € 08 1 — 0,41
1
g < 1.554 eV ! ;
@ 05 0.4 1570 eV : 2 02/
- g 1.590 eV ' =
) 1.60 eV ! e
0. T T T T 0,04 H 0,0 T T T )
200 400 600 800 1000 15 1.6 17 18 1.9 20 1 700 750 800 850 900
7 [ dzd dz0 o sdzdz' , dzds hntJ H ¥ [ dzd 20 o tsdzdz' , decdy
H
A~ 8 1 . 0
0 4 2,04 H o S 2+
0 2+ i Ho7p2N
8 . H 0,6
= 154 X \ =z
0 H © 05
1
= o0 : & 04
o 109—o0.10 ! =
£ |—o020 1 & %%
< 1
0,51 1412 eV ! 20,24
1472 eV H =
1.588 eV H 014
0.0 1.60 eV ' 00
200 400 600 800 1000 14 15 16 17 18 ! 700 750 800 850 900 950 1000
- [ dzd dzO o tsdzdz" , dzds hn,t ! [ dzd dz@ o tsdzdz , dads
8
2 257
“ 3§
o 2.07
=
© 1541
@
=
- 1.04
=
k=
@ 054
=
- 00 1.603 eV
0.0 : : . y \ ; : . . . ,
_ 200 400 600 800 1000 1,50 155 160 165 170 1,75 1,80
§ [ dzd dz20 o tsdzdz' , dzd3 hn, ¢ 1
0
2,0+
o 4 3+
* g In
=
154 x:
—0
T o005
o« 7 ]——0.10
£ —0.20
<
0,59
1.60 eV
0, T T T J
I R 950 155 160 185 170 175 140
N 8 [ dzd dZO o Sczdz ,  dzds ’ ’ ' ' ' ' '
0 @ 254 hn, 4 |
’ 3+ 1,04 g
3+
g |sb . Sb «
= 2,01 —0 0,84 i
! —0
s ——0.05 — 005
© 159 —0.10 o, 0,6 ——0.10
o
& ——0.20 - —0.20
o 104 g 0,41 e
S 1.653 eV
» 0,5 1 1.626 eV
. 0.2 1.611eV
— 1.60 eV
0,0
. 400 600 800 *s 16 17 18 18 20
5 [ dzd dz0 o tsdzdz' , dzds hn, ¢ |
o] 1,54
2+ . ' 2+
§ 201 Ge x: Ge
<
= .
—o0.01 x:
s 154 ——0.025 1,01—0
S —0.05 - ——0.01
2.0l ——0.10 - —0.025
Z‘ 0,54 = 1.615 eV
- 1610 eV
ot 1.60 eV
0,0
) ; T : 0,0 . f . . . ,
200 400 600 800 1000 150 155 160 165 1,70 1,75 1,80 /
[ dzd dzO o tsdzdz" , dzs hn, 4 1

t MWL j CIster
MAPD.xMyl_3 (x=0,050 , 2 0) ,

fsedztsh j dad W
fMsH j te Oh d =

q

f sistetsj dedz” j dz0O
¢ Ols d ts di = Bi* fE_r* j o j

(89T (edin® ((¢) O SOCY |t HECENGEN Qdydr | dzdpuij d 5P dals ©

MfjSkteto

f t5 ¢ dAsts @ vdzd s dets BE] (L HSE ()L .

s BD TSt dlz"

Edgj dz' ZPylssc H BF'YBE Lo j dzd yzfp P Is



103

w
w

0]
Lo MAPb, M|
r\rE- 1,68 <o
é - 1,64 ©
AA “‘ YN A A
E‘g 16010 O o u‘ﬁnﬁuaaﬂauaaaaolgaauﬁa:oaooﬁa
;é 1,564A a X:
‘T u oo
9 - 1527 O 0.01
= ® < 0.03
1,48 4
“j—‘g A 005
w 1444 g 0.10
0.20
=y
1,400’[ T L L T T — T T T L L T T T L .
® Sn*Er*Gd*Lu* Nd*Mg*'Sb* Th* Yb**Ba*'Co” Y*Ce* Ni**Fe*" Zn*’Mn**Sr?** Bi*'Pt*' Cd*La> Ge” Sn*'Hg*'In*Eu*'Ag* Cu*Ca’'Dy**
s Ols d tizb MAPb, M|,
"t oe .3y mco TUE X a . 3 Hto — h=*% ot
H Lé+"t*oe.z_otoh.( “pb’%*-“*h'y’otm'Ye‘ a(mto He
Li Be mthox_MAPBL, & e YOU o TC B C_.N O F Ne
Dyz_“t‘oe.z_otoh.( np[f:r_'h'Y'otm'Ye‘“ a mto
Na Mg mthx_MAPBLe T, YOt e " TTAl G P S Cl Ar
K C& Sc Ti V Cr Mn2Fe* Cd* Nt Cu zr* Ga Ge* As Se Br Kr
Rb S Y8+ Zr Nb Mo Tc Ru Rh Pd Ag' Cc* In3* Snf—; SBP* Te I Xe
Cs Ba* Hf Ta W Re Os Ir Pt Au Hg* Tl Pr* Bt Po At Rn

.t 6:\0 L&*.Cé" Pr N Pm Sm EW&Y Gd* Tb** Dy* Ho EPF* Tm YB* Lu*

t dMzdzb L dz@8 4 dzd v 71 1 MARENM,IptEI0B® ,50) M 31 CC

Bj s OMES o szl & z®Y §f S o . [uBOBYO) dedd)) § &M dajioh B jj dBE
fjtesoemMS O, f§tdzyj ddas] nNscdOnds &Oh dd s§lsduy
n dmysd L seOddyd fJedsHdul MBE2 MmMdmis] d

( mMdzd BSd M ddaflse BE MO iinigk s plizg &) teyfsthyds o dzj H-

fls tolz CNARHE  Ists W dgOBd € O | J BiYf d 2T, digOdzdp i@y lsirdzRdE30) | Is
Ists  § Mikiid 8xzfzQHls 1 dzOB € O d L d3j delABBEBIl-zintsc diPuiply d
dZdls j Ol kztedz d3d H Odzdzr B s bots tdhfise Ip tizts g Is; AFSP © & y j dzd

vOCdds tSBwOL 5d3, OdzOdzd WV-is) j Ylstatho 1 thsts @ dzts?d paizdfiz
ZOodzd ydj o tj " jEET LY, G eNed BIE JIFLOBI, Mg?* dCd*d  H i s dzd
Listsls tWH fMdztsy dzs o dzj HZeY, €HF daEd ] C Ghidso{tscAabiEFH a°(df O dz
Ceé, wOHdEMr C¥stwrn BddLSd M

RMC dzs yj ded W B W o dzv s Isfifivd Istylz € tsq fflzOsdiplsoodj  Ftts |
N BBj Isteds d § OteOdBjlster 1 dzj Bj s Otedzs?2 wyj2¢d,
dL Rj dzg ded™ z311 . v dg yddided §3J digij vielsiy j sBWs §oisisde
fyj dzOted?2 oL sy § dé d | Mpzdets fipels d &zPed f Pydzr 2 f 5 M
LOKBj Misdlsjdzv disd oS dzOH o + dzj Stetsdedkz® L sdzdzzs  flsts



104

{fdui mcdd d Mmisteledsz$dz) fzs WAPHREME D8 O ¢ Bl s
B4 Is Ociaeg®  yd M¢d teBB" iR dgpPsdkdhia®dd 3@ jtedsH
[ jdzH j dfjtgpdds 5B 5L dzO Uigidsj H IAfstd jdunj o j dzd yd dz H dzv  f Sdz
Bj sOdzdziss , MY shise BAARDI: o fyldcaiBizocOdS @ ez d @) M B E 5
cOL detsflsd 1 dzj S stetssisBG, DI P &' dzts, fpls, $120epe@381 , 6 672 1+ |
Lit®Rjlsted yj MS ¢ Ot BizesSy sl 6aff jfLa* v dzv  Mistez $ Is & teTzts 2
B dzs ftjHMC OL Odes t6Odzj jW jites Wi R U F s Gids dsi Qs d Iz-fif tise
I dted Rea]

[ sdzv ¢ OW'Y s detsds stc OV  dzj o MAPIGNE] s tSfigts igOO oy € WO Ldz«
o dHj MisjMgMAMESR] ZMAMEl s OdzOdzs 6 d d 3 Y OMAPERS dz
[284] D®D-MA3Shlg[262]. | O3 EHOdksM! Ctfe jdzdzs  tsHIso j toH
fMsH j oy @GR FF", S dCd', ) foish i sf stoy ek dzsfisd f dzj dzts €
MAPbL M-z  dzO@ ted iz dzS j 2 93j%zd fi s €eBiz@dds tslsdztsh jodgdw |
Mo dujlsj dzofils §f f jaf 5o j tor desfisd § dzj dzS dM 6 d3d M dz' B

;6— =0= [ dHOj &5 GlkkRbash j dzd
B P sk dedzs ) BOBEEY] RO dzt
— —m—Sn*
= —m=Zn*
A .| o
§° oa?
RY] -m-Ssr
1% —m—Fe?
—m—Ge*
o 4
14|
3
=4 i
E] ./
u 3 n
- ._/—
"

2 T T T T T T T T T
0,00 0,05 0,10 0,15 0,20

LVistse j dz L ORBY ()i dad v
t dmMzWsEtsdzd yj Miso j dedets | S:BtO" jif dzch ji tc@ Isiatistiyia M sdz jsdzts
HOdzdz" d3 [ AC u
sOCddi SEEBp FaRNdGips? BOd Ui MSd2 OdzOdzdL L ot
COdtsdse, M dfycipidz & b @ERD@M,I .Y Oylsts ©OLEjh O] s
zdlsj Okt foslsdotstejydy o Mfst’ 5 oL BB dat
COdtdzOBd Hiokedd dgiusjOidergio toj L Zdz! sOIsT  Wodzwe
HOdz! dzj 2h jJ2 tOLtcOBSSISC d sdziza’j @z RZOK jod Ogetsan dzf s ¢
MsmMisOo 59 .




105

332 Ridzj Hiso Odzd j W 51 & IdABE d ' dzs fyls d

sdzjHEsE hdB 1 Ofsd dmMmdjHtse Oded™w B dzs o' W
&34 Is O dzdzts © o MAPbizMdz§ @ZD W islstsfMmisOB d dz' detsfyls yls ts
fjtemMfjSisEplsOesr d EMsOdssesdls! oL @YMHBEsMme®ad ddi,]d
OCIsdo detsfyls* s .

Aslstsfis OB d dz' dztMABDL,M, iy dfifrisiol jtso o dfkce@if 7 f dzj dats €
~100de@3Mmlis § € dzj , uls tizd v dedef] Tz O /'~ dndzts | alz@ed ddj tisfigfIS
Hf GtcOH Oy . MdMmlsj BOIsdyJ ME 6 s dL zyd ded v i 5 dzdzts
Ctsdgyj dzelstcOyd v tse s desld jOddz ylstslsts  H dzw Btsdz! h d dziplse O
MAPbyodMool-s 5B § Mt | WwHOS6GCS dsdzts f) d st jWoi jogtds of 4 dets fiyls o n OtsTHCdEj t
dzj BtsH d W d g et sc®dzm S d s O, Ylsts B EHY tzj dift5[S Vs
fsHO j to® ®dzai fj 2 M)ls o d ¥8 5 fy el s offg 0B 2 C 9, 90 lSlsFsuni dedkij
( ted Qg ¢

rddzodsd Sz Hj ¢ tcOMARpdM,I-3 fisdejindtg & d 8 Odzd  § kZIsj §
dL Bj tej def s ey 6§ Is ogjdnLhgjpdde'vf e Oo dgj ded W t6j L Zdz! IO
tOL dzdydzr 7 MtMlsOoatse, B O dMitd Lo OO tsiflsd:?
dste B3Oz L 5o OdzdzOV  dzO AdEQUOdz! dzlzs o j dzd yd dzlz  (

CWWjCl CObdtdases BjlsOdkzdzse dzO' AW dg®lE)jstOd 6 diAs a
odHjdz ftod MwOodzjdadd tjL kzd sOlse, { sdzlz iRg6afiz A
Msmis 0o 8o ffeYr j2Misadlsj d dzs, ftesdmatsHdls B fMis
MAPbogoYooil-s ( e d M4 0B) Gldshdlsjd' ds tjiWjtj dho (tdh
cdzOfmr M jdzgdje L O Mujl fdzdscects tOL duasy jlds stfjststs
MAPbo o ols L d2Oydlsj dz’ dets MisOBdadz' dzgj 4 d dMmfrIs" 9 OjIs «
ftod 0 ftOClduyjmMStsj jet tlmizlmiseadj fted 700

[ dzv MtecOodzj dzgdw o dzdw dzgdw COY3HBEB dL 31 ¢€O0OIs
GOl jted Odzse dzO td Mz deC j 14D & w iz ¢ @ NPRIREM eoif-zd € ¢ te's t
ftej HiNlsOo dzvw s Is  fytBdEll ¥ dzEABOdzPyBaz detsj L dzOyj dzd §
f detslsdetsfis: § tod 4 68©8 digdsy Jf desdWizg ) asjOld B @.dzafidzd o § M) d3¢
sted ctkzffr 5 fteddydfkz dn MsOBdddL dteks h j;6 s
l jteo OV Gtk O @ tofd ip0daS Of Hgjddj. dz&4 OL j dzj dz' &3
MisOs ddzdL qelzt Is f j esMS d WdPbl: G e& ES HECRZOHIE Bdis o
Zn*, Ba&", Bi**, Ag" d S, | Ot et S Y EmC stews s tOL dztsy § d
CteOfMdz B)zd sz dzf 7 COlsdtdtses &zO Wislstsilsos dd
dzO B dz¥ HeA jtdsifpj dzOR ftsctej h datsfyls d .



r

106

Ny 4
100 °C - y / / / 4
— —)

{ Ofmlse tsteT :
MAPb, 4sMg o1 >
MAI + Pbl, + MI, S5 099Moor-3 <
" LMt MAPBLt Ty, MAPR, 995 01l -3 .o MAPD, 9oF€) 01l
= 104 tu = 1,03 tu = 104! tu
= 08l — = 081, _go z 084 _go
o N —50 o) ’ o RN
o 06! ——120 o 0,61 — 120 o 06N — 120
g\ ——240 e i —240| T —— 240
— 0,44 290 o 043 288 N 0,4 288
= | ——380 = ‘ ——380 = i ——380
< 027 —430 o 021! —— 430 5 0.2y —— 430
~ Y00l : : ; 4 0,0l : ; ; @ goli : : ‘
= 500 600 700 800 900 = 500 600 700 800 900 o ' 500 600 700 800 900
s [ dzd 20 o tsdzdzr , [ dzd dz@ o tsdzdz , - [ dzd 20 o s dzdz
10 = == = = = = = = = = & e - - - - - - - - e e - e - e ... ... ... === ===
g R dzls j dzfd o dats fls
o 08
S
e 1 I LI EI e m s E e e = L
so . Wﬂﬂ HHH ﬂﬂﬂﬂﬂﬂﬂ
8. 0,2
3 O
< 1
“3 O S S L e Eman o A e
_‘g e Ref|Cd* Fe” Er*"Eu”"Hg*"'Sn*"Zn*"Ba”'Bi**Ag"Sn*|Co® CuDy*Ni**Nd*'La*Ca* Tb*In*"'Sr**Mg* Ce* Ge*"Mn*" Gd* Pt Lu*" Yb*" Sb*'Y**
~<8
© &0 | .. CIRE
9 o~ 80
o -
£ o 60
8 8 40
8.
K%) o 20 —
—s 3= 0
Ref|Cd*' Fe” Er**Eu”"Hg*'Sn*'zn*'Ba”'Bi*’Ag"Sn*' [Co® Cu” Dy*’Ni*’Nd*'La*Ca*Th* In*'Sr** Mg Ce*' Ge* Mn*'Gd*'Pt*Lu®*'Yb*'Sb*® Y*
> s Ols d M)
H C§+'( 0_'”' ~ Ot mx * mtnottmazn(x”o’:‘ —’V'Ee’O{enl"Ee“’He
Li Be Zrett Tx " "oQtom t - 'M’A\F‘Egomt E B C N o) F Ne
ye+ © gx*'l‘o'otomt*‘-“'M’A“pB%omt'E .
Na Mg?* Al Si P S ClI Ar
K C& Sc Ti V Cr Mn?Fe'Cat Nzt Cur zret Ga Ge* As Se Br Kr
Rb sp+ ¥8+ Zr Nb Mo Tc Ru Rh Pd Ag' Cd* In¥* Srii SB* Te | Xe
Cs B&* Hf Ta W Re Os Ir Pt Au HZ' Tl PR BE* Po At Rn

et ” X L& Cé* Pr N&®* Pm Sm E2/ G TB* Dy2* Ho EF* Tm YB* LBt

{ ik deiskls GHd s 55 5o dzj Ao odislad- Bty B dztz \ j dzd:w
6O o SLOY IszOte fifizf didoy dos oz §
f 56 dzts M Yvasg)zO( f to § dgj WABRbI3 (B MAPDg g9Y0,01l-3 ( 8MAPbg od-€ 01l3 ( G )

_ 5 1 Is o+ 16 J0 T AUBA, ) et s digts Tl 45 J s oz’ 2
s Mis G ddBRbygMooil-3 5 i8Iy tzeydz dzd v (fjg) Pls tf Btz
Wislssfls Op (ARbIGESESS O L O dzf

1 0o dfMmd &stsfls
Myla, Atstesh ts
teOL dztsy j dzd §
(n=0)
f sz yd s

f

1 sted3Odzd L 59 OdzadzOW

[ 4 dan j ddj>)e O)

f4tse M

¢ dls dzts 2

915 sz BB Blzi 2 AW BL T
s d M o O jLsOE dpdndsdzjtl dgsRts o Ols | dz! dzts,
fdzj 2 d ftejHmlsOo dzvw jIsf

b dzlz yh O
N dmfsd L seOdedd &3 ¢ Jts

5B dzkz yj dzdMAPbL Y 15

f smistsw dzdz@ 870 1HQ s Qs ) sCHEg dzi ls Qezls B s M ls d

dL

©ZOC dzs z@ L P 6 delyy g 2 dd dzif2 &OB d.

| dadv dp® dps,
esekgri€ nl 5 izl 31 d Mo i



107

Il sOBdzdyj 8 HtjHMmlsOodzj dzr Mtstslse jlsMmisealkze hdj
MAPbooMool-s §  MAPEkk=30) 3 [ dzv  fted d3j 6O,( x €@ Yz L €
tcOL dztsy j ded s o MAPE | =04 4N0, 06 . sddzj Isd¢ O Wislsts
MAPbooMooil-3 dzy tsls dzd YO j Is i te ds Isls jMBPjbtd O Is EQc O te dofrif. h j 4 29)!
fMsOB ddzdL qtelzs h o 2 LYWW jCl rnoiEhts diPifsY akge Is K
MAPDbg odE W 01l -3 15 Is dzts M '} dzdj fMtsMlsOoa dzw jIs 0, 6 6 NO, 04.

‘=
0 1,2 MAPbO,99M0,01L3 -
] ()
0¥ 101 -/ \. —e— Ref.
R = | S—— A
8g \o O~ T —e—Ba’’
0¥ o08- '\' — . —e— cd
® 8 o §.§o\o "
Se = =
o 0.6 \ %‘ —e— Hg®™*
= ] . —*—Sn”
‘H L’l ® —_—— FeZ+
9] 0,4 4
00 —e— Sn
s 8 —e—Er*
E] = 0,2 | —_—— Eu2+/3+
~ —o—Bi™
0,0 T T T T T T T T T T T T T
0 100 200 300 400 500 600

[ SLEB dzkz y 4 dzd W (Dino j stsd3

tdmizdsSddidlsdui Mcdd Sttde" j HJGOwwMapddd dzizy'
e Wjtc] ddetsc s sl s @o bl B | VAoKkied 46 6dzezalgds
sls tBh j2 f tdlzyj dedB(28 SHNSA s ) ok /etliza@g dzd W

s OB dzd YO B &MIsOdzlst kin ¢ tiotg O Iy 2 ( MAPbshtoilds dzdef o tSL H j 2
Mo jlsO (Hdv or 8O ddv M E@BHEA(AAYY Bpa) J sy W

M™ s sdzfls Odzlf vtls OdzH Otels (3 fp 3
e stenls qsls ¢ dzts dzj dz
vy dMmlsr 2 MARHils O ¢ 7,99%10" 3,2*10° 1,0 0 0D
usOBddzdL qtelzs h dj C Olsd tsdz

Cd”* 3,52*10* 4,810 04 4 06
Fet 4,76*10" 4,3*10° 0,6 0 0B
Er* 7,3810™ 9,4*10 0,80N QL2
Eu? 6,14*10" 3,8*10° 0,7 7 B
Hg™ 5,95*10% 6,010° 0,7 4 108
Srf’ 7,12*10* 5,2*10° 0,8 9 0B
zn*t 7,30*10" 8,910° 09 1 ND
Ba® 6,45*10* 4,1*10° 0,8 1 [0
Bi®* 6,24*10" 5,3*10° 0,7 8 D
Ag* 6,81*10" 2,9*10° 0,8 5 (00




[ S BdzyOdzd 4§

sOB dzd yr 8

108

Sn | 7,38*10" | 4,0*10° 109 2 09
sOlsdtsdz’ , Ctsbtster j dzj BSCOLY o @O LW EG{HEG

cot 75510 3,7*10° 09 4 0B

cu 7,58*10% 4,8*107 0,9 5 6

Dy 8,45*10" 9,6*10° 1,0 6 NP

Ni%* 7,70*10"% 4,9*10° 09 6 N6

Nd** 7,74*10% 3,810 09 7 0B

La>* 9,01*10 4,3*10° 1,1 3 0B

ca” 8,01*10% 4,5*10° 1,0 0 [0®

Tb>* 7,81*10% 8,1*10° 0,9 8 NO

In>* 9,95-10™ 10,0107 1,25N (13

st 8,53*10% 3,810 1,0 7 0B

Mg~ 9,37*10" 43*10° 1,1 7 0B

ce” 8,80*10% 22*10° 1,1 0 [0®

Ge”* 9,03*10" 3,0°10° 1,1 3 00

Mn>* 8,83*10% 7.4*10° 11 1 N9

Gd** 9,17*10" 1,4*10° 1,15 0D

Pt 947*10% 6,010° 1,1 9 08

sOldtsdz , Ctlstste” j EZaEzZHMAPBlS W sistsls (

Lu>* 10,11*10*% 3,2*10° 1,2 7 00

Yb%* 10,54*10% 1,1*10° 13 2 0D

Sp** 13,71*10% 21*10° 1,7 2 0B

y3* 16,2*10™ 29%10" 20 3 86
a  T=952°C 4.650.15 ° “e*c L, T=852°C 4.650.15, © ~e ¢ T=8252°C 0.850.03, ° e

Ve oy, = 12401

0,8 k=(22.2+1.5)*10*

A/A0 @460 nm

k=(27.03+2.2)*10*

0,0

®  MAPD,EU, 1,
*  MAPbI,

o I
© =]

A/AO @460 nm
o

VoV, = 0.66£0.04

U %o o °
k=(8.65+0.56)*10"*
] D
L)

044 k=(13.08+0.40)*10*

® MAPDbEu .1,
MAPbI,

A/A, @460 nm

®  MAPDEu .1,
o MAPDI,

Vi oVyypop, = 0.770.05

k=(6.14+0.38)*10"*
L

o
©

k=(7.99+0.32)*10"

o
o
I

o
~
1

o
N}
h

0,0+

0 100 200 300 400 500 600 700 "o
[ SLEB dzlz yJ ded W (Dfnoe § sts

tdhkzdstod@nd gsMmis!

T T T T T T 1
100 200 300 400 500 600 700

[ SLEB dzz y 4 ded W (Dfnoe § s s

dzts t6 3O dzd L t5 0 QfdAlAs)?  tistf ds G On ¢ deck

00 0 20 300 ad0 sto o 700
[ SLE®B dzlz yj ded W (Dino

5B dzlz yJ dfdevdziz fudzfzdzZ®@EbtEd MARHLmlsf ted t©WOL dzd ydz' -

Ols di3tsfWaj 6 = NEN,285 N 0, 15
(o, 85N0, 03

s IsiiAdsLmts{esty alas  ddtpts i 19 &f & 62 -3 f tdzd dipisdzj ®AAC

[ dzv

dL zyud ded ™

o ts Azegy,) 8 5 NOQ) dzdz5y)geB(68R) A4 N 2
b s dzdzy)

(o)

[ A @20 i@ § dzz W dzd . |s B f) & s J5dzn Ez J fig)toiadip d 1svROL of

d3d Is O dzdzd Y Py & t5 et ) f) Y JIs@Dzdzts th Is dats " | dzd |
d Boj®  tzlrj HiBFY J dedf PLON diztse) § dalf B 1 ¢
OIS j ted PdgOdzj, W BLRBE GPE Y OfIsts ddsj s s fddz dzlz s

Meslke jlsfilse s h da

"l jClster

Hisdkdy)e dMistedese Odzd i) € .

mo.

dz.

fs¢ dZBMAkagiggBlbOlm:S:sz- tzhdzso v

H

ozw
(ARK

ddzls j ¢ tcOdz' ¢

(SBJSE fiy s

z f) G851 jefdzadt24,86 j ¢ to
dSCBEZEZOSO T d3 ¢ . A



109

Wsted3dtetso Ols' MW o odHJ dzOdesL jtoj dz, yYlsts tsmdztsy dav
Hi GOHOYdd, K©dizyw et gsdzjj ddL Clze Issyd
My Jd Ctetst slstsd3j Iste d yVhyB)duliidds Hddjdzdatz3dej 4, tlsdzsmdls g c
f dzj dBtAARbyodMooil-z (M= C*, F&*, EU', HE, Srf*, zr?*, B&, Bi**, Ag" d Si™) § s dzj
WisIstsH | ¢ EOeitoyidddd telz § s VA® J dfdsuzizdaQ ddgflz’ 3 L © tsHJd
5B odzlz y(ie dziz dzts ¢ 4 0 §

s sMisOo dzv v  § sdzz Usijdedrdg' s@OB @AY j i HT BRSO YD
otz © oL @3ty dshisd W st d3fAPBIMRIdEd W d3lls © $ o H 1j Bzd
Cirfifcj Hd CObdtdtses B sOdzdzse, fls OB d dzd4 ()€ BHs Y a3z
St EF, zn* dBi*, My tsMmeds | odzj HicWIs! O aRPHEH )iCISXlsl stz
Cd, Fe*, EUY, Ba®", HG®", Ag*  Si", ClstgtergiOmy tej H j dzv f Y ts oRBpd I e
d orlsjfmdmesmw dL tejh jlsSdsydth) sfi®@p I5Hds 5 e iDEzOE
odBtdzj j Mddz2 d' &3 MisOBdddL qtekzs P dd HJ2Mise dj ds,
odzj Hicjdedw o MbstekClktelz. [r §toj HY SEEOGHPB) ol
Ldteddzr Mislzy Q¥AS dols dig smdzdts B ts dzts U J IS tscbdids - Ygashipfifpoiia] ot tdstz

333 [flstst dzj Slotctstietigp Sz SWduj MS dj Mo ts2fls

[flsst dzj € Istetsdadz Mo ts2Mise O  fomMallyj @ Sits  fftedr
Slsdzd YO8 IsMmw 5 iy dzM A REbGMAPby odMooil-3 SH  dZOC 59 52  Istsdzh (
MsOydtsdOtedzr j M jSlter S, REOFEMEEI iz d o tsHOMSIE &z f
Iszh jdeds ddzisj dzido desfyisd aAJ 65 MeOg dzgddgds ) 4B Oyt
fSHEGOLEZ®G] 90jls SBwOL ) Oy, ddz@ Sk BCHRshEW | T
BjL'LAEZEzZYOj d OV tjCtsd3BddOydy dshdlsy &'y Bote
9" LM 90O8ls LOBjIsdetsy ko jdzdyjdd) WtlstsMmisOBddz datsfls
B dls BT Ist MmowL Oezgsj M3 dedsd wzd 0 gaded gatEdIsj dzi 2 d
dLo jMdets, Yl HjGBOHOYdWY fjtesoMCdlsO hsy jld d
ddzd  dzj Sbtosdetse ff (9. sMMmlsOdetso dzj dzedd Pb

) tod d3j WOIlsj dz dats, bt dadoeiy caiz®& saf THOME &Y 48
Mg®*, Zn*)  ddzd B tsdzjHD®) o " (fipiEsCjidm (o dets fyls tsls deismiptf. I$ | dzj dz
B dzd S OL Odg' wel§ts zatA Js Ols b dHg¥, O Isfftfsteln s B @' tc i3y to Iz € Is
PP [l HO By dets MHj dZOIs! o' 9 ts MAPblsydsdsj j Usdzj &£ Isfitg
Istsdzd tOdzls desfyls: ¢ § ted d3j figdz" Caits dlg sias@A vy @ d3j1h jdgsfl2.
OS] orf MsC ks s ts dhytei@idglsuges fifls + + d€). dfj. dgls 8 of W cflaPd totishy
GOl jtedOdzse . v OCYj daj L dzOydlsj dzr dz*Q Cey NBwE’H ", Mo



110

co'd Be | Of A0 s [ tzh glztzgdzO adzs H O dzts iR O lot§ Bz B &3

d €a ybt

csotstedls © Ist,

U Isfislz Ndj=f Isfoty ddbytizdadiias Baigs|a

fMlstekClkter (5 CtOddaj 2 Rjtej, d&sCOd dsdsiz) .
24/, i
;gso‘ Hg™(x=0.01) 4,50 1 & § WMAPbI,
Jg t6 j ¥MAPbI, §40 ]
;;40 o 30
= ‘T
5 £20 -
2,201 3
X0 =510 -
B . § . Pt* (x= 001)
% 7 00 750 800 850 o 700 750 800 850
[ dzd dz2O0 o sdzdzr , ¢ [ dzd dz©0 o tsdzdz" , d
10
- HgL
Re uZn 3+
_m L ** Tb
& l'J- .--a.- -CeS~ Baz. , SHZ‘ N co? o
< Mg™ Gda.ngl Wﬁl -Sﬂ . -
E 0,14 MAPbI, B e W A.g’ G o
< cd* Dy* u [ ]
= [ ] v
< 0,01+ sb L
0 " .
Bi
1E-3 5 sn* P e
s Ols d t&xe8,01)
1,2
1 H 2+ N
+ i Lang+ . |n Mn?g,,
10}1 . ek .I.CldlllES v
o ] = WaEgs e,
5 AN Gd* 9'gr
‘§ 0,81 "MAPDI, . l:
LUEO,B-
8 C;-eb
m 0,4 sn* it
O Ni
Qg ] B N
, .FeBI3
|
0,0 .
s Ols d tixetf,01)
t d Mk dzs® dzdk'8 M Is & O f dzfnaeg 2O dzO A [ dzO MAR) dsipoteils (Y dzd dz

) od di3j o fddz dzsc s ISNEAPK, afsth -3 A [0 rLdp,
d dzls j dzfd o dets fr) ISMAPy oMo dfl 844 aidts.¢
Mistcz ¢ Is Haipds 1 ofiglwj P 55 6 d W .
dstc BOd&zd L ts9 Odadz’ j

1 OB dz¢¥ HOJ 3" J

Bsckls BT I

dMmmdzd Hizj d3"
gL tsBtcOY j dad W

Sret, sif*

TE**d &d 1t

I fjewL Ody M Mt

4C [ f] t=tOs 0dj

Fekze

slsdasdlsj dz dzs S( o). H.
d L o3 daj dzd W

Bet [ Isdshdls
1jdzjdzr &8 9" Hjdzj dz"
1wl otDoltsmdztse § |
G U

d dzls j Hefivfles, dzts B) Is d o MKGzdz' t
f bsdstordar s eddgd.  tg @zvdzd durd

C Ols d ts dztstodzj deBAPbesM By t5'dzts e dfests © dzO dzd L d te

& teld@ndsd "4jaded W I dHdes, Y

, G&", B, EU”, F€*, PEY, C&*, NiZ", SP*, Cd, EFt, Ce”, Mg®", Lu**, Nd™*, Dy*", L&
Cezffz MtshmlsOs dv s Is

COIsdsdz |, ¥ dzj



111

Y3* IR Y, . SB Istd € @ls GOy h301s s BtV 5 dzudsds  off drjc
9B 15 dz! mp%uymgcjgazc&mgzt Zret, Mn**d Cuted ). 45) .
Tt x0T mt T T T MAPbE O

mt*+*'“*'*hx(@:'0’91)< "’t*oe.

300 nm

300 nm 300 nm

{ dikz4gsEL 5B 6Oy | daffdzj dtBMblad  § dZMABBGMool-3 20 f S H dzts )
ITO/SNG, G Hijls B d dzd L d te  sfiflsd@ip d(d@f)L dofs bkgjh d j € Ols s dz'
fMsHj ey O dj SIsHj dz' dz" § %ldzqws@sdzdmwsmt@fdmwmdsw
Clsster 7 L OWtgazyd®bs Izd34dzJ jdeds dodzd diyg L
- =8 500 -
a : . ;}i 1 "Di Ag
8 4004 Mé=i=1
5
33300-
_1?200- pure Mn?
@“3 M,ogvlal3 cu’
T 100 + Zn2+
Z
) 0

0 10° 10® 10% 0.05 0.1 0.2 05
Vistse j dz L ORK] (X dad

t Mz dzsL dzdd B dzd j L FbRgz® jdps W sdzseds  jtese MG dlsdz m
ITO/SNG: 6 OL telzh j dzd j o C g dilti GadgdisfpPazdij tetseo ) dttigt] O

"RLEBBWGOY jddW ul[-&3f iz iaEsE§sy .1 .1 .



112

(B)sdzyj dzZlste Oyd sdzdzOv L Oo d fnd d3ts s ! MARpis M H-¢iNl A", 6 O L
Cd*, Hg™", Mn®, CU**, Zn*"; 10°%<x<05) o Mmttslse jlsMiseadd Mt Mmd

Askbtsotsdz sOduimMSdy MNARDNIsHEO dfiBfgdzicd Baz@dz’ o
Z fls te ts ATRISBO/PCs1:BM/MAPD,.M,|-s/PTA/M0Os.¢/Ag. [ dzw Mt 0o dgj dad W
COldtdztso BAJHOO rdzmes O dzO® MlsxEtD j @'l , L QdgjsB J dzdizy dzd d3d L
o dzd W dzd j o Is tots (floujd Wa ) dEDE®@ H O fls to PR IstiztdastzChy mHizg. HQolsj iz
isj 4 &P dzdyd 1.1 (fftdgjddinssGrouejy ddzdpQ) | Jf d2de'O thgl lsitedzO
smdetso |  NARhISND IS o

1dLCOw 1 WWjClsdoe dzsthlstctsd g SdsPdaf iy BdisDdi], M, PE,
FE*dBi** Mo dHjlsj ds ds@fipfjdse dzs?2 toj S tsdse  dzOyd d 43fF, z wds
e zOMEplsmMis Qo dzj dad® ddsd" pdf drdgedsh Jdzedsd p P tetsb s s OY
LWWJClsdo dztsiflsdz® lfutats H j o3ts dzdigts ¢ f & SBORLD RBOIs j tod Odzs
COlbdtsdy d3j ls Odzdgtses z SO B 15 ezts B2 to i3 o Is jozd 7 dz@ dRlés @dptsiaf
h j dzsydzsL § dgj @ dagir’, SB*, St"  Co™. Clsdi Odzdz" | At h 5 Mt
HisfisOlssydzs o MisC 52  d dals j Hzi € ezeizg bizg § O3 M & dz2GlZS fryw
ColststsBjg MY j ustods dste j fizf dizdagts ]  Iskzh jdedj SA gl w1 ,or fb
o jteswisdts, Mifg Wi ®detsj S d d3 o SHOMLASSG- Endseziy ] &6 Is dz’ &3d
Colbtstets] fHtedoasHdl ¢ Edakzyh j ddomisEos 1y dn shle s L o.
BsH WV d OO diers ¢ Ols Jas'ZQHdy>", Cd*, Ba, In®*, Mn?*, ELV?", SP*, Yb**
dY*HBd) dB ' 5! figehw LAASRAED dad L iyl @dcd y dzS Bls BP0 H My dsd to
CteOdzd y'd Lfjteafj dz Istsd3 dzjf j thotgliiaf®iglsvfmice. Iz & Is

[HdzsL daPmoEzZs jdedj €. §. H.s e &g tHesdgREuRéii=s,61)
) 5l sEplsCp ' M R BijtEd] toff ©dd j BRls d e o O datc 8 Y OdE OL
Cdzyj ZNEOL dRésls o j Is fi) ootz MQ Y j oz’ jnf § & wr | o dzj M dz
LYWW CIsd EMMisd (Ot @Rdgd Isftdg j H Mls Oo de§ 48" deO IstD fodl upj dz
MAPb. M3 M = B&" d HI* @ flsd®R0de dets?2 fls P jOdzt0°-0,01) o3
5B J MY judoOsls 5o g dgazd FF. 1L QfCodteddg”” \Bese s s a3
Hd Of OL tdzj € 68zy () pa P olsts fils O B WARbIgzE fi} I fr) CHg?ta] Be’E
dzJ L Odzd B3O8 Py 5L dmdj IsS j , fzjdeasphjSaddsj@ S . f .du .
W slssiis OB d ded Gts iiadslsr atase B Is! feowL Odzgs ) f Offde O
2O cCwLOddyOn Ljtjd vOCdd BEOL sdyls s sdtzrydg W
fjtesomMCdlsdy n §dzj dzsS tOL dzd ydzr B S Olsiff jseAP i ¢ sk
fsHAtSH sB iz Jded Nis OB d dzlt e B d.o dats s d



113

v OB Z§ OO ORjdsey " &1 ) OF Is d o MAPbeMispezt(y1Ba®" d Hg*),
Eftj Hdzj dzder ([ 5 RPPdzse jtolsCj §silsj dzyd OdzO

M Voc, &3 | o stids] FFR% | s 4.H, %
Ba " (X) MAPb, =Bas
0 978N2 214 ND 70,0 N4 14,7 ND
10° 1041N09 222 ND 740 N4 171 N®
10° 979N11| 2233 N0 71,7 N4 157 QN5
10° 10015 N 22 4ND,1 742 {1 16,6 N6
107 9 9 11N 21,08\0,04 71,7N0,3 15,0N0,3
Hg”* () MAPby.-Hgls
0 10 477 N 19,8ND,6 68,7 N6 14,23N0,04
10° 10564 N 21,32ND,05 70,9 {2 159 N4
10* 10660 N 19,41N0,06 72,3N\2,6 14,9N0,6
10° 10448 N | 2033\0,05 689 N2 14,7R0,1
10° 103312 21,47ND,04 72,2\1,8 16,0 N6
a o MAPb_Hg I, 201 [__F| MAPb,_Bal,
6] | F } -
127 R
5 i: v el 249 120C
;F__o 0AO - 2pO 4‘00 6PO .'E 1 )
= : —laos % o
S 1400 7 2]
] — 140 ]
160 1@g? il
100 4 MAPbHHgXI3 24 1004 MAPbl'XBa"I3 22
. t S 5
) 70 168 7 f;g“
o) | 1 S | “7
Y0 io_. A;OE’ Ty _‘0“ :;U;’
304 —1040° © 30 —140° s _U
201 — 1040* 16 _;; 204 _1@0,4 1a —;;
—a0’) 108 oo ;2
300 4[’)0 ?E)Odzq dG;’)(g a?]iodz@rS(')f) d:g;] 300 400 SrOOqu dzlé E);Dudz’jzr B?o dz;m
10° 1
- L2 10°%% 1% 124 107 1%
208 £0,38]
Ll
|§ 0.6 g 0,6
IéJ 0,4 § 0,4
0,2
0- 6 15 b g3 102 0,0- " 5 .4 oa P
0 10°10°10%10°10%0.050.1 0 10° 10°10%10°1020.050.1
Hg™ (x) Ba’ (x)
t Mz dzbLtsdz6ls ORY j todirtejd YHgpoktsjR®BUzs j tolsC j (@) tsls j «
iy j CEQE(M WY sdddlsj d d & YoedIdEyE) ded § tgdzig g flzls @ Oy
LOadmd d3smisd Glsdesdidyj dziudzh g ©FS I d & dzlz §30 fnjidafs gz to i) 1§

MAPbl.Xnglg d MAPleBaXI3



114

3.4  Csp1FA0sdPbixMyl -3
341 RMMdzj Hsoe Oded ] MsMisOoase dzO ftojHBIIS BBEKGO

dstsdls tsB 5L dzO Y dlgpiFAcslis s Mtz ls B dEpRPE 5 Hisdzsy §
COw fsdsihr (¢ dasnjzteddL sc@OW dC o , 20OEARDL diz0
Co1FAcsPbbMtsmis O pofifvtslsle § Is,fiyls ® Pdedzty 1, 547 + 1. ¢ dzOdzdL
f dzj dZB§iFAosPbiMyls (x=0,0:0,20) B EMmlsOdzso uisfis o dzj S Slstste
ftsorhjdedj Cto@ugj teplstBpddf toj Cztocmstey HtodoatsHdl €
C Ol dtCdsta W @gFAcsPbl, Ulsts dzj sBABHIBES Eydlsr avd)s:
My smsedy 5 odzgj HigwIs! fw o  fijlstd z SYCHds] Ydds® ¢ & daff j ot
Cs1FAosPbk dzGCsPbt d FAPbk ff tots d iy AfieHaddse St OW  ff tsdzte iy iy Istfstd
Btsdz! h dn Hdzd dg s® s fizdz §f tsdztsy 4 dzd 4 CteOW f sdztsfyr it
SBjHz dedets? O iEmOdfdslststcts? K OwOCIsj tedz® d3j dg' h
fscdzsh joRePh (H/j 2zlstd yjtedsts? WOLT) f Bd hj2 2z)
fsC OL Odzts, Yylsts dBsydets dzj eS8 tOL cteOdzd ydls: Ho C
o' HJj dAjsted j

Rdzlsj toj dets, vyl ftedL dzOC s Mmaififtg jSas@uadrd  fre@D yayte
ftcOCIsdyd MC o dzjdayj tbsj dfdteld € Olsd sdzso . YyOfmlsts jji f§jto
stsdz 5 fted OCdn o ' MsC DO RBIGEHRse Py d W rcdL dzO¢
Hisdzd ¢ Qs'chts ddtm 1 FAcssPbMlstf tod o dzj Hisj dzdd S Olsdtsdztse
20% Y SL o Sdztizf B OzOB M3 M § dedtf) s St diiivdztcfisdz € tstetsis €
rd?misoadisj dz dagts, §ts tsfrbk, {tdiMBbiziizsglr Bifstdd " dd
COlddas S qBE S BBz o j dzd udo 08 s sflsdyj MS ks dgQrj Mdpt
ftodL dapldspis toj dzed v o MlstclzSsiztclz.

1,0

—— FAPbI,
| ——Cs, ,FA PbI,

1,528 1
1,547+ 1

1,50 1,&35 1,I60 1,I65
hn, + 1



115

{dMkzdsftc@¥dcd voOky @gAigbl{gfﬁﬁnJﬂ%@mfi Jdzd O 1 A AdzdP ks ¢

15 GLOWISOR vOokzysyomigaiad@® difs, d 49, &
Yl 20  BjPIfls s s to ZCisEAGaPb Y O M ls doydigs tow v Isfpw o ]
HoZRLOWWHAr j] d btejoLOeWHd j SCObkdtd dzooes o d
Colstste” 2 ftod o SH ddelz B d@ " td @zdjs dzdetss @B 0 € W B[ iFAlgRRDE,
Mftess By R@AS " jded § d3 H dzd dz" o sdzdz" BOGM ddegly B3O Isndfd
ce(6s) wodw jlsfqw olstster d3 { dzj o3l leAssir] D ol ta zha’tElias O
5COL" MH@&PB s o tcoOdyd dakEsS tc GREG dzs M . | Ddejorsts f @d §$ & dz
ZOdzls OdetsdHtse ) YOMmlsd ydze di-tscb dedfiztytfudSifitpzf Biis €z jOJY tsec didr@izg
Mz My e OW  f sEdztsh jdedw. 1 yOfmlsdesfisd, f whéye4f¥) dzd
Hi Bsdzistedtolzjls dzOdBBdzj j oF Oy j dzdzatsxE 0 o L B dzj2dzcB j4
x=0,2), MeOoddks] Itd ¢t MNeYbHEEw g §d i s 6
fs2Hils ] y! HOdzJ J . v0Cdd3 BBEKOL 503, f etsmadzy » d ¢
ZOdzls Odetsd H g tod® ME His des G thrn BZOMj Gl O@dzty? ¢ sdzW d 6 2t
[y des LOBRjIsdls! , vyt {§ tsdzihwzddsd® 't L © st
ZzOdzls Odztsd H s tMAROL Q@Y tef) TaSjtelz Bty dj taidiAs colisiflsidzdis
ZOdzls OdetsdHtse, dd3jeshdo Mmjfjd Sdmdjddw 3+.
orhj, 8C0L0dd, vyt dOddydj o FA ik McOeidA bz d
Byl MismMsemMlsotseo Ols! odzj Hicj dzad¥ SCtelzfdzr = COIsdt
{5 L ORjPH ddh* R=0, 93 E¥Y(R=dL, 01 ). r1ddzO®BdSO d
fsEdzsh jddw d Af §S0OLT 9 0Ojxl§ Ol dfjtaidtc Bty ¥n  fn de
d dzd dzj e Oo dzs B3] to dats, x= Ols t2G0H O f &AL R Hedls tojL S d2 f
Msslse jIsmise zs h 2 Z11=2,172 IO Clstster 2 mMtsae
Co1FAosPusYbodscuj tedets 6 5 -Cdg@mutac Qs [ H dets o to j d3j dzdzts  jdEOm win
Ho O MBOSHMIBEZRO o CtOmdtsd HJOf OL sdzj HA&zddz o sz
fsHIso jtey HOj s dzOdzd el jO degiiccCmddztCoRfj nte E@ s vidz i Hizte jsd
Li*dYb*er LT 9 Qs dzOdBtSdzj j Mddz R pFASEPhEdzd uj dzd j 2z )



116

1,04

1606 1
1.5941 |
1.5881 |
15471
0,0 T T T T T T T—— 0,0 T T T T T ]
200 300 400 500 600 700 800 900 150 1,55 1,60 1,65 1,70 1,75 1,80
g [ dzd 2O o tscdzdz" , ez hn, ¢ 1
2 1,01 2+
o 244 2+ '
N Dy X: Dy
= 2,0 0 084 x:
N —0.05
O 16 —0.1 —0
o —02 *~ 0,61——0.05
£ 12 o —01
- =
= £ 04{—02
= 0,84 < 15514 1
o 1.5544 )
] 15514 ]
= 041 0.2 15471 1
)
0,0 T T T T T T 7 0,0 / T T 1
200 300 400 500 600 700 800 900 1,50 1,55 1,60 1,65 1,70
g [ dzd dz0 o tsdzdz" , dz hn, 4 1
2 3,0 2+
0 24 2+ !
§71Yb Yb
= 20 259
s 1.553¢
o 16 2,04 15494 1 21724 |
o o 15474 1 :
£ 5] oo 157 —0
> B ——0.05
= 084 < 1,01 —0.1
Q —0.2
= 04 0,51
)
0,0 T T T T T T T 0,0 T T T T
200 300 400 500 600 700 800 900 1,6 1,8 2,0 2,2
[ dzd dzO o sdzdz ,  dack hn, 1 1

(dfkdse 48k’

mfdClter

fscdzsh jdadw,
A [Co PR Mse(x=0050 , 20) ,

-
<
2413 797 dzds
_ 3x10° +/3+
) Eu X:
£
n 2x10°7 —0
3 —0.05
® et —0.1
= x —02
8
- 1x10%4
8
o 5x10'4 764 dz
0 T T T sy ' )
600 650 700 750 800 850 900 950
_ | d&zd 20 o tsdzdzr ,  dzcB
<
2 790 dacs
- s ] .
o 140 Dy X:
— 3
£ 120 0 (*10)
5 —0.05
- —0.1
o 1,5x10°q —0.2
§ 797 dz3
.S 1,0x10"
8
o 5.0x10° 790 dact
797 dzcs
0, r 7 - : > " )
600 650 700 750 800 850 900 950
.
< [ dzd dzO o sdzdz' , dazds
1x10°q
2+
P Yb 708 dac X
£ gx10°
a
8
® 6x10°q
=
£
8 4x10°
-
o)
‘E 2x10°4

0 g p———
500 550 600 650 700 75
[ dzd dzO

M=Eu***( eQy>"( B YO’ o)

f sMistetsj dzdz" J
fMtsH J te O d A

S —
0 800 850 900 950
o Sz , dacs

dzO
¢ Ols



t dmMkz4lsLy j S Ister

A

117

—

797 da
10 = 12q0° L 3+ s
- a X:
9,0x10°z
08 27 ——0(R10)
7 ) ——005
o § 12x10°4 01
- 06 .
o ® —o0.2
£ E 8,0x10°4
< 04 § o
=
0,2 ﬁ 4,0x10°
P
o 0,0 . , 004
200 300 400 500 600 700 800 900 150 155 1,60 1,65 1,70 175 1,80 600 650 700 750 800 850 900 950
e [ dzd d&zO o tsdzdz" , dads hn,t ) - [ dzd dzO o tsdzdz" , dads
a i Oy
8 1,04 3+ 1,5%10° 3+ niced 805 ERA
ﬁ Ce - Ce { X:
g 084 x: - —0
= } 0 —0.05
—0 5 1,0x0°4 —01
H * 0,6{——0.05 ° —02
o > —01 =4
o £
£ £ 04{—02 3
> < — 5,0x10°4 i 797 dzds
o Qo
a 0,24 8
= 1547+ 1 «
- H
0, T T T T T T T 0,0 T T T 1 00 T Y T T T T \
200 300 400 500 600 700 8OO 900 1,50 1,55 1,60 1,65 1,70 600 650 700 750 800 850 900 950
g [ dzd dzO o tsdzdz" , da3 hn, 1 1 ; [ dzd &zO o tsdzdz" , dzd3
<
0
» 244 Nd3+ 10 Nd3+ 2,5x10° Nd3+
8 a
= 2,04 08 ]
005 « i 2,0x10°
& 161 —01 0 B
o —02 - 06 005 ® 1,5¢10°
£ 124 N’:‘ 5 z
—_ —0.1 £
= < 04 8 1,000
o 08 S
u °
- 0.2 1559 | 8 5,0x10°
T oaq 15531 1 o
15474 1 i
o ; - T T T T > 0,0 o, " 7 ; iy
200 300 400 500 600 700 800 900 150 1,55 1,60 1,65 170 1,75 1,80 600 650 700 750 800 850 900 950
a
5 [ dzd 2O o tsdzdz’ , dzd hn,t 1 . [ dzd dz®@ o tsdzdz , dzdy
] 1,0 3+ < 781 dads
244 3+ ! 2.5x10°4 3+ |
k) Gd Gd P Gd X:
= 2,04 0,8 —0
' ! . £ 2.0x10°4
: X n 2 0.05
O 16 * oel—0 8 —0.1
& ;- |——o0.03 @ 1.5x10° —02
£ o o
12 £ —0.05, £
= < 04——o1 8 1000
T 08 -
0 02 1553+ 1 u
1 15594 J 2
: 0,44 15591 1 'E 5.0x10 \
15474 \‘
0, T T T T T T T 0,0 ‘ T T T T ] 0. - - - Y y - \
200 300 400 500 600 700 800 900 150 155 160 165 1,70 1,75 1,80 600 650 700 750 800 850 900 950
E [ dzd dz0 o Sdzdz’ , dzd3 hn, ¢ 1 : [ dzd dzO0 o tSdzdz" , dzds
° 1,0 . -—
0 244 3+ ! 3+ | Loao 3+ 785 dads
£ Tbh Tb 2 Tb : "
= 2,04 08 £ -
8 7,5%10° 0(210)
= 8 —0.05
8 1,64 0,6 g —0.1
E12 o X: £ 5,0x10°
o S 04 8
= < 0 >
o 08 = ——0.05 A ) | 789 dack
2 02{ —0.1 15591 J 8 25007
=04 15471 ] @
=
0 00 X " " 7 " 7 T )
200 300 400 500 600 700 800 900 1,40 145 150 155 160 1,65 1,70 600 650 700 750 800 850 900 950
" [ dzd dzO o tsdzdz , dzds hn, ¢ 1 - [ &z 2O o Sdzdz , dzd3
2 <
+ ;
8 . |E? mes
= 2 1,0x10°4 | —0
0 ——0.05
=
° 8 —01
o d —0.2
£ o
= § 5,0x10%
o -
a 15831 | 4
- 15550 1 8
— 15471 ) -3
15474 )
X 0 0, " 7 7 i
200 300 400 500 600 700 800 900 150 155 160 165 1,70 1,75 1,80 600 650 700 750 800 850 900 950
[ dzd 2O o Sdzdz' , dzd3 hn, 4 1 [ dzd dzO o tsdzdz" , dad3
£ -
0 <
8 2,0x10°
1 2,0 g 3+ 786 dads
@ 24 3+ 3 3+ - «
P Lu : Lu X Py Lu ) x:
8,0 —o0 ) & 0
01 ——0(210;
- —005 15 —0 g 1sa0 —_ 0.85 )
. 16 —01 o —o005 © oL
o —02 —01 = 779 dacty e
< 124 o ——02 £ 1,0x10° :
¢ 12 < 10 8
- < -
= 08 = 2 s
= 05 234301 B 50407 787 cats 797 dacs
a 044 19381 J -3
- 15654 1
- 15481 1 o i
o 0,0 —— o
200 300 400 500 600 700 800 900 14 16 18 20 22 24 26 28 30 600 650 700 750 800 850 900 950
I e 2O o tsczdz ,  dzds - [ dd &zO o t5dzdz’ ,  dzds

i) 5 MEsRBAGHPLL.M,l-3 (x=0,050 , 2 0)
dzO dzls O dit=dfai"ts ©e’ ( BN ( 9Gd) ( ¢TP’ ( B ( § Lu™'d ¥ )

ftsedzsh § dzd 'R, tstnEdsls tgts 5 ded2W o CdEO v Iz 1
, MmMtsH jtey O A

stej AL



[BtON OW fy!
hj dzsydetsL j d3j dz' dz'
o dzj H toMigtedodt” o SP* e
W dw j Is fyw
s sflsokjls fdd dsj

Bty 4 s B Isfy Ciiplsvdi @ittty BaZj H to ]

1

{[fdujm¢ov {f dslsda

118

CeOW dC O u Ok QErfADsPfVils s tO@Is it d

T k) ls Odzdzs o

(tedfy. 50), &6y ds

" JlsCl f]Btso f)FfdshBsJagiin, shxBals

] M92+

X:
1—0
—0.05
4 —01
—0.2
15414 |
15631 |
15564
15461 |

0,0+ T T T T T T T
200 300 400 500 600 700 800 900
[ dzd dzO o tsdzdz" ,

Jfisduj McoOw f eztsls dat

[ dzd dzO o tsdzdz |,

Jfsdyj mSoOwv f dzslsdatst

[ d&zd 20 o tsdzdz ,

(fsduj mCow  §eslisds

[ dzd dz0 o tsdzdz' ,

t d Mz dzself j5DVIster
n s ) IsBABRPbLIEM I3 (x=0,0:0 , 20 ) ,
B Is O dhbiztvin> ( OQ&" ( BT ( aBa*( ¢) b e MG, QAN §SPf ted o tSH W ks

s mils G @3IF digj
¢ OL Ols Mg* fdteBs’".
teOL H j G107 A0 sPbk,

,0 T T T T T !
1,40 145 150 155 160 165 1,70
hn, 4

X:
—0

1.567 eV 001

1572ev ——0.03

1.567 eV —0.05
1.558 eV —0.1

1.547 eV

,0 T T T T T |
150 155 160 165 1,70 1,75 1,80
hn, ¢ ]

x:
—0
—0.01
——0.03
1576 eV
1.560 eV —0.05
1.557 eV
1.549 eV

0,0 T T T T T ]

1,50 155 160 165 1,70 1,75 1,80

hn, 4 1

d Ba2+

X:
—0
—0.01
—0.03
—0.05
1.5301 1 —0.1
15471 1 —0.2

l,éD l,éS l,‘70 1,‘75 1,‘80
hn, 4 1

0,0 T
150 1,55

f e dztsh j ded W,

J HddeMmise § dede” 3¢ aziz QO sigMmbls isedy wiPmadd
hdte dedd MdedOzO A M ¢t

dzd § d3

—

< 4
3,0x10 M 24 -—
0 2,5x10' g X
£ 0(1210)
_§ —0.05
o 40x10° —0.1
ks —0.2
£ 79%
8 793 da
v 2,0x10%
o)
58 801
4
0,0 7 " ; T > r )
600 650 700 750 800 850 900 950
- [ dzd 2O o tsdzds , dach
<
1,6x10°4 2+ 779 dads .
2 Ca x
£
£ 1,2x10"
8
[~}
2 8,0x10°
£ 8,0x107
|
-
@ 4,0x10°
4
0,04
600 650 700 750 800 850 900 950
[ dzd 2@ o tsdzdz' , dzds
.
<
~ 1,2x10%*4
Q
£
a
B |
& 80x10
o
£
8
 4,0x10°4
0
8
4
0,0+
600 650 700 750 800 850 900 950
B [ dzd d2O o tsdzdz' , dzds
-
<
1,2x10' 24 791 dadg SR 2B
- Ba
9
£
2
2 8,0x10°
@
=
£
8
- 4,0x10°
o)
|
o

0,0+
600 650 700 750 800 850 900 950
[ dzd &2O@ o tsdzde' , decs

fshistetsj dzdzO§ » gzO fdf 3 €
MsHjtey Ohdrn COIdtsdz

tOMmh dted dzd® 2z

R nm

f to s NG Lk jdejWaEf o © H j d2§ ,dzd J3ts dzy
M HX©OY @dedfited o SH d Isd3z& O fg 15 dBEPAEt

odHdBES2 §COC &OEkh jddj &sdsls



119

A d/ ddzd SOy fststizts bizlr dzf st thif & ¢ 8 dzj dad flzdso Huzda dzO €
FAPbk. )} tod ded &3O% ot o ded 3O dMp’ d BE'dafer jdi& QdHdiashy § d
fiotslsdotstf sdztsy dz' 7 Mststesdz olststes? ctolkzd §r [ ] datsdf deii 4
By dzts  § o H Y Sfzjsa td Js EAPDLGIE ts M dzts © O det® tfifsdfaedef o d &3 =
PK*,

10 tdMmikzdSj 51 ftojHMIsOo dzj dzr & tc OGS XA s DMid3y O
fl C Olsdidfdp@dich sHdz' 7 Bj sOdzdzss, Glsdshwh Cofpg’, &%, ¢ te
C*'dHg”, dd3jshdj § sddtshls! s s1dB8# tsdedajlizizl § 1 © dzj tzdzdz'
My jCWesnd Af] (C0OLT 90]jl, yAE, offgdaedan wdsd ¢ §jtc
tso1FAcsPbl, d ftod L Istsd3s Hdzv ¢ GBS S tafdiL da@tnts edzjds o
My jddw, eor atHWHh jgjsded jJO ZA tchARMEOZ 'dztsj L dzOy

10 tedfzdzSj 52 ftojHMmlsOo dzj de¥ O daCrsizBAG Pty ld i) H (
sflsOdz dzf 3 df Qe Ed@da] 7 & sOdzdzse fip-tsg Gighsdg dstd . L
Mn®* d Ni** f ts d o 5 HdzjlsL dBD Y diiiz) dff edgsdzd, W ded ¥ afffi FMESdgio
dfmfdz Hizj &3" = ¢ sdayj dzls e OYtg@~H J ol Plad tsgh M5 P B0 € o fizd € d
BsHdWdCOydd dz0 z) ) ME Jf tewiGs,in0v3 0 dfn difztat©jo dzx § s @)
fzz Wi&§ 1| ®tBjdn Mdhlsj BOR KOS d B3O dNESL d Mdildpe
1,554 MnfJ ¢ 1547 H 1,577 L), Yyls ts H 5 dzy dats B
dzj Mstslso jsMmise d j &5 d P A d bffissalz s usPydedgr 5y j dz

1 OC tsdzj v, SB O OW fiy! C  HOdzdzr 5  dzD1F APl MgkS, |
fMsH jtey O dr COldtsdyr 1§ Pl gt B d ity ~d difj tecPBEgsp O df
SBY , Bty dets L B IS isy , o dgjshtsdzj 2 B dsyS 2,  HEsL
My 08l z11. 1twdyjd d&3dded d30dz' dzr j L dzOyj dedhs H2ls)
tojWjtejdmdets] L dzOyjdedj z1 ) FAPhE528lsts ] f Sih OE@C Sl§ to
odzj Hicjdedd 1 Isdn ¢ CPBJ@Os SECEEiGFEYaf o S sd3 Mis
ftedeasHwils ¢ yYOflsd ydas 2s1FMepble i ¢ @Yy daffj W fn M dij Quistzj
f 5 dzz Bj sSPlrBEY Iz § § dzdf uzp O Is



120

B -

@ <

8 2+ 2+ ) ¢ o) com B0 dds
a @ 1417n - goo{ ZN } sLzcds

= Qa i :

B 1,24 e ——0(210)
z 2 ——0.05
5 104 8 — o1
o o : o 6,0x10°1 : .
£ -~ 08{ —0 < : 0.2
. ol = 804 dzc
= £ 061 8% B
- < : 15251 1 = 3,0x10°
L] 0,44 ——0.05 15391 | )
= —0.1 15451 ] 8
= 0,2 15451 [

15474 ) |
0,0 T T T J 0.0 - —— i . , 0,0 f f T T T T |
200 400 600 800 1000 140 145 150 155 160 165 600 650 700 750 800 850 900 950
5 [ dzd 2@ o tscdzdz , dzdy hn, 4 ] _ [ dzd 2@ o tsdzdz , dach
. 9
-~ Mjcte] cSmdw
B 2 ] 2+ 2+
1.6 2+ % 144 807 dzd .

i Cd o Cd PRELSUS Cd X

? 1,24 =) 0(10)
= 124 yu) —0.05
o o 107 B 15x10° - 01
& ~ 084 —0 il —0.2
- 087 = —0.01 a
= £ 0,64 15324 1 § 1.0x10
o> < 0-05 15361 1 o s

0,4{ —0. 154014 1 804

2 044 ) 1540 8 s.0x10] 797 o 807 s

- 0.2 . 15481 | o <5
00 ; ; ; ‘ 0,0 P==mE—— ; . . \ 00 ‘ ‘ . — ‘ ‘
200 400 600 800 1000 1,40 145 150 155 160 165 1,70 600 650 700 750 800 850 900 950

- [ dzd dz0 o 5 dzdz" , dzcy hn,+ dzcs
8 <
Q

- ¥ 1,4 H92+ 5, 28107 Hg2+

= 1,24 £ 2 ax10* 0
s _g 0.01
° o 1,04 b 2,0x10" 4 ——0.05
o - ] = ] —0.1
& A 0,8 2 16x10 0.2
= < 0,61 0.01 B 1 20
ad —o003
a 0,4 —— 005 3§ 8040
- 1.5191 |
= 0,2 15441 ] 0'2 © 4,0x10°

0,0 : ; : J 0,0 . . . . 0,0 . : : ! . . .
200 400 600 800 1000 13 1,4 15 1,6 1,7 600 650 700 750 800 850 900 950

b [ dzd 20 o S zdz ,  dacB hn, 4 1 - [ dzd 2O o tsczdzr ,  dzcB

ﬂ. <
+ ﬂ 1,4 Ag+ _ 28x10'q
Q

= 1,2 = 2,4x10'4
s )

o) 1,04 8 2,0x10%4
(%3 o= @
£ ~. 089 o 1,6x10']

. = £
> c —0.01 a

0,6 8 1,2x10°4
g g 15464 Jj — 005 bl
a 0,4 Lol —01 Q 8,0x10°]
- 154614 | —0.2 8 s
i 0.2+ 154614 1 @ 4,0x10°
0.0 T T T J 0,0 T — T | 0,0+
200 400 600 800 1000 1,3 1,4 15 1,6 1,7 600 650 700 750 800 850 900 950
8 [ dzd 2O o tsdzdz , a3 hn, L [ d2d 20 o Bzdz ,  dads
s 4
=
=
o o
o
£ o
- <
)
-
—
0.0 ; ; ; )
200 400 600 800 1000

[ dzd 2O o tsdzdz’ , dzdg

t d Mz destEy S tor f SiewHpd tgsgddedz | 20 dn  shEzsle @S X
My jSlster A soifR\ipPRMEe(x=0,01:0,20) MsH jtey O dfj € O Hsdiz
Bj Is Odedztz el § IMEZng ( )@C2F (B) HG* (0 )Cu' ( GAg'( H)dzd dzj o MistcO(

stz Gd zasfgj L Addofints d oS tdasmlisin § dzgo GEAFssPbEdzO Ho | W OL



2.0

f ek

1.5+

1.04

0.5+

Ifldyujmecow

v

200

2.0

L Jzs.ls dat

1.54

1.0

0.5

[fldyujmcow

800
9 s dzdz' ,

400 600
[ dzq 2O

1000
dzds

X:

Mn2+

—0

200

2,44

1 dzts s dats

2,04

1,64

[fsdujmcow

800
o ts dzdz" ,

400 600
I dzd 20

1000
dzds

Fe2+

2,04

f Jats s dat

1,54

1,04

0,54

[flsdujmcow

2,44

f dzts s dats

2,04

1,64

124

0,8+

[fsdujmcow

0,44

0,

900
dzd3

700 800
9 fs dzdz"

500 600
[ dzd dz©

T T
300 400

X
—0

Ni2+

400 600
[ dzd dzO

800
o s dzdz"

1000
dz

C02+

—0.05
—0.1

2,04

f ez ls dzt

1,549

1,0

0,5

Iflsdyujmcow

.0 T T T T T T
200 300 400 500 600 700 800

900
[ dzd dz© o tsdzdz , dzd3
X:

—0

—0.01
—0.03
—0.05

Pt*

200

{ dfk skl B5Rster

My 4 Clste’ Orefss AP MI-3(x=0,0x0, 20) ,

1000
dzd3

800
9 s dzdz' ,

460 660
[ dzd 2O

1,50

121

Y3+

15244 1
15330 15431
15474 1
15461 1

1,65
hn, 4 1

1,60 1,70

1,55

Mn2+

1.5635 eV

1.547 eV

1,60
hn, 4 1

2+
Fe
X
—0
——0.05
—o0.1
—0.2

15214 1
1.5400 |
15441 |

15474 1

1,44

1,60 1,65 1,70

hn,+ 1

1,55

X:
—0
—0.01
—0.03

155414 ) 0.05

1.5474 |

0,0
1,50

155 160 165 170 175 180

hn,+ 1

C02+

1.529¢
15471 )
1.5474 |

I

1,65 1,‘70 1,‘75 1,‘80

hn, 1 |

1,55 l,éO

4 Pt2+

15474 1
T T
155 1,60

1,‘65 1,‘70

hn, 1

f s¢dztsh j dad v,

AL

797 dzd3
= 2,5x10° 2+
@ Fe
£ X:
2 2,0x1074 —0
3 —0.05
@
—0.1
P 2
= 1,5x10° 0.2
8
= 1,0x10°
)
B8
@ 50x10'q
00 : " i " \
- 600 650 700 750 800 850 900 950
< [ o Q0 Bl . cads
"
60x10° oy
- Ni
o)
s —o001
B 40x10'4 —0.05
[~}
‘T
£
8
= 2,0x10°q 792 da
o)
8
«
0,0 - - i > - )
600 650 700 750 800 850 900 950
- [ dzd dzO o tsdzdz" , dzd3
-
< 797 dads
2,5x10° 2+
. Co
)
& 2,0x10*4
@
8
® 1,5%10°4
o
£
B8 1,0x102
-
o)
B 5,0x10'
4
0,04 : e :
. 600 700 750 950
‘: [ dzd 2O o tsdzdz" , dzd3
2,0x10° 7 24 797 dads
- Pt x:
Q0
£ 1,6x10'4 0
0 —0.01
5 ——0.05
» 1.2x10°4
‘T
£ 3
1§ 8,0x10°
)
o)
5 4,0x10°q
x
0,0 T T I T r T )
600 650 700 750 800 850 900 950
[ dzd 2O o tsdzde" , dads

f smistetsJ dedz" J
MeH] egO) gfr €O

dz0

Bj Is © dxtize’d(: ONIN** ( BB ( NI ( 6Q% ( WP ( j ) R L Mnézd Ni**
zo J dzd yzfp @t ®» fmJ
tcOL H j¢ dzjOdzds 1560 sPbbs

dL

NI R , d 1§ fipdsidsy &z § o5

m
m

{f Qiots] et H dzlists G



122

g
a Q
w 24
]
= 2,04
H
o 164
o
£ 4,
~
= 1531
‘T 081 15181 |
4 15371 1
= 044 1547+ 1
=
00 T T T T T T ; T T T J
200 300 400 500 600 700 800 900 1,50 155 1,60 1,65 170
8 [ &zd 2O o tSdzdz’ , dach hn,+
~ 0
a
§ 141gn%*
=
- 1,24
=
] 1,09 13561 1
o 1.434
= ~ 0,84 14621
= = ——0.01
= £ 0,6
> < ——0.03
0 0,4 —0.05
- —0.1
— 0,24 - o2
. . . 0,0 T T T l
. 200 400 600 800 1000 13 14 15 16 17
8 [ dzd 2O o sdzdz' , dzds hn, 4 J
)
-
8 .
iy 1,41 BI3+
=
7 1,21
s 14850 |
4 15104 J
S & 1.0 X: 15140 1
e 15231 1
£ - 08 801 15371 1
] = —0. 15471 1
= £ 064 0.03 '
o < -
o 0,44 ——0.05
=
— 0,24
: ’ ’ y 0,0 T l
. 200 400 600 800 1000 13 14 15 16 1,7
8 rdd 20 o sz,  dacs hn,t
Q 3
) 4 3+
+ ﬁ 24 |n3+ Xt 1,4 |n
= 2,0 0 1,24
z 1,04
O 164 X:
(% -~ 084 —0
E 124 ol ——0.01 15351
= £ 06 0.03 153514 1
= 08 < ’ 15461 |
a2 044 —0.05 15461 1
— 0.1 15461 )
: 0,44 0,2 0.2 15461 |
\ T - - ] 0,0 " T T )
200 400 600 800 1000 13 14 15 16 17
b} [ dzd dzO o tsczdz ,  dzds hn, ¢
-
b 2 1,04 24
0 244 2+
5] Ge Ge
= 2,0 084 x:
=z —0
e w061 —0.05
Z ~ —o01
= =, |—o02
= £ 04 :
= 08 <
2 15234 1
= 0,44 0,24 15801 1
- 15514 1
00 15471 1
5 200 300 400 500 600 700 800 900 150 1,55 1,60 165 1,70 1,75 180
a [ dzd d2O o tsdzdz' , dzd hn,+ 1
ﬁ 1,44
< 2,04
= 1,24
o 15 1,01
Z ~ 081
- 1,0 =
X 0,61
z 3
I 0,41
o 051
— 0'27 .
15471
T T T — 0,04 T T T T T Y
200 400 600 800 1000 150 155 160 165 1,70 1,75 1,80
[ d&zd 20 o tsdzdz" , dzc3 hn, + |

t d fk skl 53Is ter

HSoyleAoygngl_xM X|~3 (XZO,OJ:O,ZO),
Srt*( BBI*T (edIn*" (@) ,

ftsgdztsh j dad W
fMtHj ey O d

m
m

AL

R dzls § dafd o das s

A

R dzls § daid o das s

797 dzc
2,5x10° 4+
Sn X
2,0x10° —0
——0.05
—0.1
2
1,5x10 02
1,0x10°
5,0x10"
0,0 . . T T ? bk aay
600 650 700 750 800 850 900 950
[ dzd dzO© o tsdzdz' , dzdg
2,5x10° 2+ .
Ge BB g gy X
2,0x10°
1,5x10°4
1,0x10°
5,0x10°
0,0 - - - - ; r )
600 650 700 750 800 850 900 950
[ dzd 2O o tsdzdz" , a3

d
¢ Olsdtsdy

f smistets§ dedz" J

R70)
f N@f@ﬁ“ﬂ( jog j

0 kO¢ qsgsezq(m@sﬁam)la@dzmlgqmﬁrqs
Ml @IS G 8 OMh dtew ¢ Is Is 15t In
UmJSBH@Ebﬁm@EHJ(tﬂmﬂﬂ%wf%

o 9 MBSt MEH



123

I i L doyj ddY z:FARENEQe sdz0 2w | dzde’ jS Offss v Ot
sBBN jd d2O twdmkzdzeSj 540, cGHJ] GBtL&OYjd I[OC
#S1FAosPbMul-s f FAPbE. v O3 X J§ o' HJ dzj dzr  CtOBLdHs|da), zd 1 t
uso1FAcedbk: Mg, Ba®", PEY, Fe*, Co™, Mn?*, Cu', zn**, C*, Hg®', G&*, s, In®. |
fQdzj Hize h j2 GdzOoj BEZHjlb YCOLOds, ybt ksl ftt
Hj2fMsoads Mo jlsO BEOLEZ: N jetsyw &BOIj td OdzO.

[ dzv  dz0G dzlz®@ dzs tilgE dzC j] 548 MOl  SEHS s tah] jls Oatfitsio W |
51 A0 s Mul5, f 856 OL Odz" M) dMYftsd LseOdedjd3 §JjtdtsHd
[jdgH jdzj jo O, GHJ tsBi jHddzjdzr ) OdMA®RIS My dz Idzd ¢ Ist
ftojHMIsOo dzj ded d EZHBsB s MHJj &ZOI!' BYyj dzlxaa)  t©] HIgadg |
cOMlso stcOBstHdgh s Bz Mizzy dls fslsjtew Ctsdyj dzlstc Oy
10 ftod njuti jitizts sBtsdR dMMdzj HEj B 7 cEdBtedHdzr 7 f jte
MAPbL,Myl5, ©® )5 f)lsg@BAsROM,| suBSE Els o AtsHdls! dzj CBlststs
COd®SBCR=R =1, 1'% =1( 93 ), Ho kAL OEYR=dt, K 0REOREISs (
i) d @ZOdzsOdesdH ) Ho s EZEAY s jode 5 )< df figfda jissl w -
R=1,07R F0d97 i), oda H icNMARYIM,ISdsHDpsSc '8 dats Ws@Ltdzi H j
fts dLd&3jdej dzd® § OteOd Istetso | egjFldsdtlsiadete]2 ZOuzd 2 G ¢6}
ZzO cwOWdEOr vOkYyo s ko jddyjddr z7)1. 1 JjteswWis
CoaFAoePbbd3j dz2 1 j 5 (MARKsdzHdfi®] s jfip 5 o3j By pls fgw B 4o @ w
st dlsOdzj 2 .

[dBilbdd, ybt ©OL djitds & Odsjd tsjdash dzflsfof jQdzddy 2 f Ots
SftejHjdVIs! ftojHjd dks Ctdyj destcOyds 4§ tod dzj fydzr
Br dzts f 5C OL Odets o  dzdtflsig o) Isoliz j teodzftsj (sC<Ctuta dispadgts © ff to j f W Ik
Wstoddtotse Odad ¥ yFEARDE, 52 [VG@BLS dz Udzts 2 § tod ¢ @EFdzOEas? O
Hdzv MeEVABIR @ dzlsOv W OL O dzj dL o j fifflasdid. d3ts ts MlAPD gD j
uS1FAoePbbH Sdzy dets o dzd W Is! dzO B i OLAPH MM | 11§ @ fntsrodgTs |
e MizdzS ] 53 joradfsihdsy, i PO®RYj ojHijls ¢ BBKLOEGS
FAPbE, f) yj & dBsyjls B! MaWuLHQABE" off degdAga®lh M.dsds dzc
(Xma= 0 , OMAPDb g3 (Xmax=0,1).

ulstsdls tldijlsdéf j sjORtiHdz julsdsj s Odzdzr , s j dzdzts
12 (fq odzjhdaj 2  dzj € dztzls? &8 dzts Y §S ozis dzdzr PR, My
YstsdBgi jlshv OS] M ROLOCIljteds &3 H &V dzd Xmadlzd L
HsMisdeOs hddgd 0, 05 ocNj’hddeimise j dzdzs dz fdziz y O



124

o O
a2 =
~ TN 24 Cso,leAo,sspbl-xMx|~3 -
°© %5 < 3
2 2,0 L <o Q’,;
: o 1,60 cs, A Pbl. b -t
N 4 g v ¢ 4 " a o ‘;’E X
Iy ° & o [oX3
- ; 1,55+ 8 g s o : 2 a g o § 8 s g : a8 : ¥4 g g g g 5 o B g giuJ A
O == .y 3 FAPDI 3 q . 90 sg¥o 001
w o 15077 % |a 003
E s v € |v 005
—w v 1,45- s 0.10
= ° < 0.20
T = 140 '
u o 7
=
— 1,359
SN B Mg Ca? Sr2 Bal’La® Ce¥ Nd* ELZ/Gd* Th* Dy> Er Yb? Lu® P2'Y* Fe2 Co?Ni*' Mn®Ag Cu* Zn?'Cd®Hg? Ge> Sn*In®"Sb*
s Ols d Wiz Cs, ,FA ,,Pb, M1,
¥ "mco TEX THtm Y h ~ % ot .
H Ce . T hoyOt ma )p@+£ o T a . e’ 'ygt He
Li Be ¢ ho m_OMARbE A Cs;FAsfbl B C N O F Ne
O fe ® h yOt ma ')p[g?ﬂ omt h xMApr re
A ~ - o = = - - .
Na Rige+ . T.Yor e Al Si P S Cl Ar
. A oA
K g Sc Ti Vv Cr Mnzr Fe+ T+ NIz cu S Ga Ge+ As Se Br Kr
A A, QA
Rb gb+ Ye* Zr Nb Mo Tc Ru Rh Pd Ag Ce* In* St 8 e | Xe
Cs Ba&* Hf Ta W Re Os Ir e Au H@* TI P BB+ Po At Rn

e o QR Pr R P Sm Bl Rip S By Ho For Tm vip: B

t dilzdeb%) B4 dzO sy jlsdeds' By & OfipfyjOs Is to O B dzfs dztiz& N j

650,17 Ao s bxMxl-3 (| OR) dzdz® MiIste Oy d v Ofigd d Y & gzt 5o f YJ ME 52

R. [ jdHjdzjjo0O ©jLEd kOkBse

S, 1F Ao sPbk  MAPDIzd  d =

s OB dZd y® ¥} LYHJ dz' dzr §

fnd
fts oadzjHtcjdad® € Ols
o dzd W didet) dzO z 1)
Ztotse dzd fls B IOk49 des ¢ & d B @iy

f4JjtchqgmHde n

ﬁmmpﬁ@~m: S(HlZFAOSéD bl—xM xI ~3

M™ Xmax® W © IMAPD1 Myl -3 Xmax® W O S 1A gePbr.Myl-3
sOldsdyr f odaj hdzgj?2 tBBAEEMS 2, dL !

Srf* >0,2 >0,2

Bi®* 0,05<%12x<0,10 0,2

SE** 0,1 0,01

Ge”* 0,03 0.1




125

[ € 5 dzy Odaciy’ Is1@B dzqd

SOldtsdzr dzOdzZsOdetsd H ts9

Dy?* 1dls odzdwdzdw dz© 0,05

t A D OXnlXBX0
La® 0,05 [ Odzs § o dzd W dzd § 710}

Xmax=0,1
ce* 1dls oadzdwddw dO z31)
Nd>* 0,1
Gd™* 0,1 0,03
Tb** 0,05 0,1
Er* 0,2
BV 1dls dL B daj ded?2 7z
Yb?* tcjhjlssd
Lu®* 0,05
sOldtsdy N j izsydesL j d3j dz' dzr 7 o&j s Od

Mg~ 0,05 0,1
Ce” 0,03
st 1dls dL d3j dgj dzd2 z1/0,05

ey hjlscd

sOldmdsjtcj ntsHdz n &) IsOdzdzts o

zZn* 0,01 1dls oadzdwddw dO z31)
Co’ 0,03
Pt 1dls oadzdwdzedw dz0 |1 4ls adzdwdzedw dz® 2z

t A &max=0,05
Ni* 14l odzdw dzedd z®tc @ 0,05
Mn?* tojh jlsCd 0,03

ulf jClster L &3dMMdd Af togsFhoeblzthdgi B Is § dzj Hzts 2! NS
ffHede 0,008 +1 d kLSt fmlsOlsdfmls oSty (tedOBEH tclj
11). [OShdied A tcjRARbleREANZS R o BB cPr 5as® Is 8PVl  odzc
(15301, 510 +1). stdeyj destcOydeodzdzr j L Oosdmddsilsd
MdMmisjds (o MmMezdkkd 24) HdY foHlss jteyHiddY HJdO
tedfkzdzSj 55 o dH deld,Coludets CE GHgf'sdexE &, 2 o' L' 9 O ls t



126

f sdzdztsd tOL H seladFAgebk, W @O yjet dsyjls dei shkh jMmlis
odzgj Htcjdzedj o HJjttseamCdls.

RL9Jj Mmisdats, Yls s  syugfplsdPbR HsfipsiPls@oy dzts Lk Mists?2 yd e
f 5L o Steigvgidsmiste etso Ols! didj dalseL jHdRSGjte O djed oty @ 1A 2@ |
L Bj dzj dzd™w W OLBotsE MsMsOs O 5 toj dzlsc j dzts @ te O RARC
ftod 3j toj OSrdwdag’d 1 j 2fvoddds +Isd HOdd j fSHIsS ]
C sdzyj dzls e Oy dSd Hfdgidds D rjvasis fHjstedsio S d lstas® W ©dzj dzd J
2O toj discj dzsctcOBRBBOR ¢ OC BalhQmh i) tf wds alzif § M s SoPb dzl |
uSo1FAoePbbd dzd M Bj M j dadg foj WA MMIO o flsstets dalz Fetlsj dz
dMg®) , 50OS¢ COC Ot OBPIkE stz M jjilsC digwfdmdel. (u j o] o
W OL s 1AePbk Hisdzy dzO B ' Is! f ted yd dats 2 f sweoe dzj ded W d
ftod d3j Mdets?2 Y j-CBis? [MeOeOL #HOQdzd jf teof 1SOC 52 dzgdL §15°
12°C, dzj sB' Geb HCAD'C d Isls W OBE, FE M fotc dfdgijipdgadn
CsPhifns R e Odzed d&zOM* fted fMi jBS] tAd dzO oL HERGSPbE Ists
B dztigelzs ftoj o tcOh Ojlsmw o-W OORIR ) Bfiadw Sz Us Lz
COL HJ d&zi, §tsiewh j dzdRidp CePdils d ydes? L Ok dzj

| OB stesls, toj W dzj C 1GsPbix FAPBY e sW@Ldzy (¢ IB)Y 2O 16
MisfmlsOs so  fZn’t dAsfE s dgOdsdsatedzjj H tljs sy o f jtese MC s,
o j HGj Bz &3j dz' M j Gafe fijsteasio MC Jlsies B B Bsg Odatbd § dzj dz€ d
[dzvw dzdn OS] odHdd toj W dziz€lid Cdigej 1 lsts o fipdsd lsaf
fMH j dzOdzdz” 3 o' h j o o td didls fifdmls fipiste diiyfls ok CHkiadasts M < d |

[ orwideddzd oM j, Y s tso,1 44 BHipISAD9-5 ) tStfHd jtedptsXls
#5017 Ao sdPbks, fsmMCdz S22 dzOB dz¢ HOZzZMW C OtOCISjtodz" 2 H A&
toj dzlsc j desG e OBBOd3 9 g’ dg, ) Is tfspliEts CHCEsHAdEiA) IS ¥ o K SH W
CsAgls (tedf. 56j), o Ctbttets?2 dMftd LEskmw ¢ Oldr
du 0 M jydOdz dzts MsL H O PJF'dts df 5 dz@cx]j RBelzj HIYS fij lT IS j t
oBLHERJ ftoesdMasHdIs dzOB dz¢TH2O | 3 R tc A Lz © dgO Hzfs tc duGk
fMdzj Hise o] Wdzj C Pl oVYllic WOBM dzs B ' Is! flo W L O dzts
cdeotesmMC s d ydsils® * z@)inisj dgd v diplsj ndsii stedd §jtots



127

t dMEzdziSi€j GBdz! SOIsT

a

d dzls j dzfnd o dat

1 Bted3Odzd L s OdzdzOW

d dzls jI dgfn ddedeissifipiEn d o dats fyls ¢

1 Bted3Odzd L s OdzdzOW

l
¢
(SN0)
MtsH

CSDY12FA088Pb1-xBax|3
x=0.10 l
e
x=0.05 i
—-—-r‘—'lf““'l“'.""-‘ A .
x=0.01
| A 1Y
T T I 1 N I
=
x=0
T h L L L
a-FAPbI, }
N |
T "
d-FAPbI,
L L L L L L
gCsPbl, |
d-CsPbl,
L L L { L 1
5 10 15 20 25 30 35 40
2q, deg.
* Pbl, ~
xdzso OV ftod B
CSDJEFAUBBPbl-xzanC% ¥YoL0o
X=0.20 - F = e M
* WL.J;_..J-J (b
x=0.10 A
WML’“
h L " L
x=0.01 A
e o | \
x=0
A_.-‘JL‘“"
f el L L
znl,
— A A
d-FAPDI,
L L L L
gCsPbl, n
l ll TH T T A
T T 1 1
d-CsPbl,
L L L 1
5 10 15 20 25 30
2q, deg.

m
dz
Isd sdzts o,
J

d dzls j dzfd o dat

1 Bted3Odzd L s OdzdzOW

d dzls |j gzfnd eetizis tlad o datsfls

1 Bted3Odzd L 59 OdzdzOW

s Ols d ttizb Cs  ,FA Pb

— 178 -
< 176 R X: =
© 1,74 * 0 |48
] . —
N 1,624 cs, ,FA, .Pbl, * 0.051 | g
o 0] e « 010 || 2
o 1604 | * . < 02| | 5
T *
= 1,58- ¥ * * * * * *| | g
ot E % x * * * * * o)
© 156 . .
’ * * * * * * * * * * * * * * * * ; * * * * ©
— 1" * * % * o
1,54 1 * * s
1,52 FAPbI, : # ©
T T T T T T T T T T T T T T T T T T T T T T E
Mgz+caz+sr2+ Ba* La*Ce® Nd*Eu?'Gd*Th* Dyz+ Er* Yb? Lu* Pt¥ Co? Ni%* Ag+ Zn?* cd2+ng+Gez+

M I

1x  x-~3

5 Bt H]djddy obfddgs@rAsdszde"

xM x|~3
CsovleAo.sspbl-xFexk
=020 ] -
x=0.10 J
T T % T J
x=0.05
St
! T h !
x=0
Jd
Y n A N
a-FAPbI, i
I
d-FAPDI,
I I I I
gCsPbl, Il
. l Jl ulll‘l.u "
d-CsPbl,
i i i i
5 10 15 20 25 30
2q, deg.
Cso.leAo.sEPbl-xCdxl3 * Pbl?
x=0.20
* .,_L)L_
x=0.10 W N
1 1 1
x=0.05 P )
L L L
n s
i
f L L
Cdl, A
d-FAPbI,
I I I
gCsPbl, Il
. l Jl A,
d-CsPbl,
1 L L L
5 10 15 20 25 30

2q, deg.

EEBECd dz2Od S O d L d3j dzj dad W
Y j dzlxtc OB (a), FE€" ( BMg? ( 9Ag" ( 62’/ ( H S jiY tod d3j tor
ftcdotsHWh CCEPbiFARDE, tc OQ o dXdzd s
MM (oS ¢ Ouj flse j

MaterialsProjec)

©
‘g CSOJZFAO.SEPb}ngXIG
- @
T | x=0.20 j <
3 J
8 |
b
ﬁ x=0.10 J
N S
z x=0.05
; do
g 1 1 1
B
o) x=0 J
@
0 ; . A A
- |a-FAPbI, ‘
g 1
[o] T T
g’ d-FAPDI,
8 ‘ ‘ ‘
gCsPbl, n
‘ ll NV 1T PTE N
; ; !
d-CsPbl,
i I i i
5 10 15 20 25 30
o 2q, deg.
ﬁ *datso OV fted
< 8 Cso.leAanPbeAnga WoLo
o | x=0.20 -
Xx=0.
E duk LM \/g
8 D
' | x=010;
870 Al
. 1 ,
T | x=0.01; % Jl i
g J
_..p oo s
2 —
u | x=0
3 I ;
= = 1 1 1
s CsAg,l L
Q
g . A
o |dFAPDI
@
o I I I
;_ gCsPbl, l IL ll
g . ; AL u11 il
® | dCsPbi,
s
m 1 1 1
s 10 15 20 25 30

2q, deg.

t o A8 (G bt 3O dds rflsdsjd:

djafLj tots o f

t6 jof" j yafeirpdz g’ o4 HYjidzs ) § dad v



128

342 RiMMdzj Hso Odzed j] W slstsiis OB d dz dztsfls o

t dWdte] dhndy Bs . fMEBlh0ve dzv j s tsHddd dL dods!
Slsfpls j & dzs Blsceds Htkzeds by o Gdaz@y G omds ¢ g 1
FA™-I"-Br, Cs-MA*-FA™-I-Br, Cs-FA™-I-Br, MA*-FA*-I", Cs-MA*-FA"-I", yls ts B dzfs
f sCOL Odzets[2%/]. e OB BIs |

rdzv ¢y J tod dgisdils tgayj tztts sls OB d &)1 BAEHPMool-s B " dzO
o' B tc QxiEAzts fy  Isizd dz'Tddtizy j dzldviE" @xg@{01), Y Is ts 83 dzd o3d L dotats oddsy dz
o dzd W 2@ Y H j dzQdBdCiny J te a3 fndiztsiH dz AFO Myidsd) iR dzj H W as@dpdHdfl)dzd ¥
f dzj dfIseGHFAosdPlyoeMooil-z dzCmis j Mddd) Is OC of g dzj dEsGFAosdPly,9dVo,01l-3 M)

f OmMmde d iz g diCabi(IB dzds s MO H Of ©30 iBte A Hsjts dzC figdztsy) StSH s
Isd te B UH MY ©dled@TO. 1 dzhtc O o daf figaff™Is ' olsCXEgG W | tc | tizB)tizO Y y
dS01FAcsPbk  d Hs1FAcsdbb/Cab. [ Odzy 5B d MdMmisy ls j A zeSd ]
flsj C dzts/ fQalstsm e qBdd M) B j &' & Mo j Is Bt (EED 2O 1 3ts ) W
Noo Isjuyjdedj 9®OO0ORIMdz] 48O QAd, HtotsHBdY Odztsf! o
o' MC 2 MsOsdd dshisd §sdkzyj dd & Ol jjdysissth
ftod dsj dzj ded s yOMmlsdudesets L Odj  j dzd v Gab (d Ay GoRifleddf Qfr
fisOs d dzdj BEHESssEEG B Mis OF A Jd2BE.J

10 tdMmezdti 578 {§6¢OL Odts, Yls s senFAfsd8ls i,
feCter Gy sweodvjlsmy Mmdd fdasj s G G igfigdaepigecdadijlg figvo © 1§
sflsdud Mes2 § dslsdshisd o tsd»flsiec 'Hd Off ©d3bslsizlz] dzadigddiz
by jtid 24 -u®m®) CtddnlsOdddL Oydd. uvO0Cdd GBGOL &
My jCltOr focdsh jddY sHOk] Gl §StScO fsdsh
dmf sdz' L s9 Ols! Hdzw o1 yjtlst®dz' o € fi2aOEE®" MldsefPiintd)d Isf © & dzdfe.
6j CE@zdL Oydd, Ut L dzOydlsj d dzs L Odsj H dzv jRbb. t6C
tsOBddzdL ol f R4 GRSt sh 5 o g H dgs 2@ ) UV D 16 @ Tls 15
2 fjfvisflsobjls §sWwedjded® Mg descts OMMj do

10 shdtssej MfjCltetse { 5ddO) dpsBAsRMHCARE J daf ¢
BsHIW Jydtetse Odedz" o1 FAHBINBOA BGaL ECr'sdzts o " W o dzj dats, 1
tsltHj cOHOYdd MEj" Odkdscts fjtsomMSdsO ofMj ¢HC
SBL dZOYOE "CFifLo MBEIES SLic' |, 56 @UBOL g dagd 1 gz tacts o f
5B tcOL s 4-BARNL] GsPb.



129

“ D | 120°C &Y T=57c /o
{ Ofiso BT ‘ —) ——) Sl %07 16 00,
Csl + FAI + Pbl, + MI, =SS Csovleonsspb@0,01'~3
‘/
U8
g z 2 Is O $FA 5Pk wo Cs1 P s 0¥ 015 % Cx.1 5P e 0Nt 013
35 570 dads - 3 s by 225
8 1 —0 yal Ly
23 ' —2000 20l —0 2 20l — 0

N
[}
L

—— 5000 — 2000 ——— 2000

2 H
© 50l 7500 & 154 —— 5000 o 154 — 5000
a7 o 7500 o 7500
£ 154 £ ol
3 ’ -~ 1,09 = 1,0
Z 1ol 080 dacs 2 hal
Q . @05 @ 051
= 0,5 —efj ki cqud= qv =
— —s —
. . . - 0,0 ; ; ; . 0,0 . . . ;
§ 50 600 700 800 900 § 500 600 700 800 900 § 50 600 700 800 900
@ . 570dads [ dzd dzO asd%dﬁ, s @, [ dzd dz©@ o tsczdz' , dzB a ., [ dzd dz0 o sdzdzr , ded3
RN 2% e g v
= = —0 = —0
207 201 —— 2000 2,07 —— 2000
3 —— 5000 —— 5000
15 o 151 7500 1,54 7500
£ —— 9000 —— 9000

—— 13500
—— 16000

— 13500
— 16000

[fsdujmcov

[fsdujmecov
I
=)
o
il

o
Cl

Cteff dzfy’ @ad 5 dad 3 d toff @l 2V

0,0 o T T - T T T T 0,0 T T - -
500 600 700 800 900 500 600 700 800 900 500 600 700 800 900

r dzd dz0 o sdzdz" . dack [ dzd d2O o tSdzde" , dzd3 [ dzd dz© o Bdzdz' , dzcs

I dMEzdes(8) Su7m § BBO  d L ¢ 5 Is@xpHab @2th YMofildzy dzts € 5B dzlz W J ded ¥

dzOdzj M ded J dL tEOshipldsajutgO (dkQ , Mtsdsds d ¢ Cadb k) Is ts i) B H3H

5 eBEHUSEE dMY O] ™ O Htbcedj f§dj kS SOCE
Cotsdzs ydvw My j ¢ s di¥evis)lf tipOiztdftgjddesfPea HAo Rl (dBS) ¢,
Cs,1FA0 8P 9DYo0,01-3 ( 9 JC, 1A s oNdyodl-3( ¢ ) cBtgLté" Babj o

Cotdz ydWis thfo § 56 dzsh §1e2lo¥PhfaBydd:Bo @ TssCter Isd W
fsCOLTr 90jlIs L dzOydlsy dz' dats L Od3j H dzj dzd j Dy S(456@) to
sCOL" 908 ls ek sH YRS ldn ¢ 2O dzts ¢ d Y dzts, ftedmMkzlsmisaedj
x=0, 0 1d3jCWk, totso  ff dzpBER@PbL €L f ts Ty Usigfjwdz' P Oj Is d dzd
BdzsC dtoclzjls toj Ctod ls Odzdzef L O WRy & iztf] dizOdigstE™ o df jHddzC st O
My J SlstcOn f g ez W §f dpd s 0 Odadz’ n i dzj dzts € dzj @k j~H'dz] f
tcOL Hj djjtelmfovinCid Is dz@F tc¥f @y tc, OB &t HOJjIsMY HJdBOE O
W OLFAPDL o f dz§ Qs 1FAsPmoDYo0ils  &GFAcsPb sfdzj 2000 y tsB
odHdets dzO0 tedf. 57B d 57 o s sfipisaake B s@ds O - & caifts

dtc@zo 1 otdzt ydr mMfjSChtctse §tsedzsh jdedw ftod ¢
Ntshls OF'Y s f ¢ @ab,ls qujask) OfdmSuwtey jIs fjctjcoOyds
sBdzzyj ddvy d twOL sy jdd] fJjttseomidlsdts?2 WOLT dzC
mMsodgddacskzs h d2 +WWjiClk B jMfjydoeOjlsmy ¢ OlsdtsdzOd
lteddi3j etsd btsdsz Weodzw jlsfmw 1 o tsdz® ydghFARPNsldedss:s | f 5



130

fsCter sdw fted tBdEYjddd Ms by dbtsdghhkedg)d g
No*(x=0, 01) tCOLMo90jls jhj Btd "d2 MOBdddL dtekzs

10 tedfmizdtj 58 (i) didazd W otgjdafzled | dzts ¢ eCalEes | dz
ftsfjdzj 16000 Yy oftLHj2Mbsoadw Mo jlkO® H& MtcOo dzj
tej L zdz SOISOd3 { Atfpts doLdir@RED d3 wilsj s L0 H Q - ofsPblgGak gz@ § bph) 5
Sldatsfwismw (1) §tswodzj ded PP dhs j(WaRj Chipdd) "ozij decPidzdze juj da g
WOL" odzjots, nOtOCIs tramblt tecflzv i) jsdtsjod @&y Pdizd W s 6 H |
usPbp i35G Zlds' B dagj odHdz , jMmdzd tOLBjte da yoOmisdy
toj dzlsc j dztsH d % e OC y d ts dzdzts ¢ t9bb fifd RILZ) 2O dzj 1§ W g j4ERDE C
odLEZOwdL dtelz® Is ) Wo1FRsPlhsdioddBah Bz 16000 y HJ
wo dzW ff ts(fBdds B tsdzj J teEOL R telag alag W ) dzts ydediste s I 1§ e stp it
WOL T dzj Y dzd soaBAogPbCaby d Mt e dz0dndzQuiy j Iistctse  f 56
1 0fteslsdo, d&zO to] dzls ¢ §6etsethodk@ gCal fdiy filztsjC 10650 0 0w
stsdz S5 dzj g IsS dP dfm dgjsHn ks fsdzz® isO § o L dz20S d Mj Gt G

A s te 3O ff jCltetso {56 dzsh j dad W Sftej Hjdzw j Isfy
toj CtedMlsOdzdzdL Oydd fdzjdetsS o fetsyjMmmj HJjCLOHO
f dzsls dets- B d e @M o OWAfls | fnp qzdet®©G 5 Jtc GL dztsy | dzd W PbY ¢ to s
PP, ftedeotsHwh jats ¢ Jjj Mdadyjdeds . 1 b5 e eMdslial J
s ofj B COldtdOBd KjlsOddss lshdjyds OkzOmY)
shdsidlsj d &2 fhtsdandsitcd ftesdL otd dits?2 Hddd
sls B d&OMisd d&OMmrh jddy nmfjSksdkilsed, @ orf yj
fjtesomMCdlsO (Acd =598 Busodad50)/(Auds o=570 Az o=980 -ag } 5dzlz Y
L O dMmd d3stmfipis'Oo tzfp @ dz2O twdmMizdzC j 59 Hdzv BsHdW d Yyt
fsCter sdve ChEOodzjdzedd M SCodzlstetsdz dF 5 ydmilsr o3
CoaFAoePooMool-s ) M j dztsydztst § Bj dz’ MeeMigd, Calls f Brd dzaz@@ dzls © dats
EF*, Nd®, Gd™, Lu*, Tb*, La®* Dy** (o fnj orf Hjdzj dzr L jozj dz" B dzO te
sBdzzyjdds Mo jltsds, yYjd& dMosHd 2 §jtesemSdls. |
fMsmsOs fjtesomMCdldes?2 YOL', <yYlsts B' ks § ¢ OL Odz
ftotswo dzw sbsgzi B o § jtodtsH ©BhEZYj ddw €&, 65B8 fgo W
jets &S OodkdLOydj?2 ody tjhjlSd fjtsoamMSdlso d Is
fjtesomMCdlsdats?2 WOL'. [IstedyOlsj dz' detsj o dp¥ dBf] d dac
EVP*(or njdzjdg CtOMmde d3 dzO tedfm. 590), daj hdsslsww
[lsBjIsdd3, Wbl @WOysid SEHA OL " 9 Odz dzj ¢ Olsd o dztsj MARDIEW dzc
yists C OBfOJgHsA, sded dzaj L Odsj h OF Is Pliffls MAPDIS b BalEkss @ s



131

dzj SH dzstetsH dzts 6 OMY to jFAdd®hlsMipts JEFFGLRjsHGs o jj f
B dzts fBCOLOdts o' hj. ] 54 stsBlz  §MABbIsh g dzdzf &2 Hihdd
fis OB d dz! dgEfMssdPloodlgol-s BBSY jIs BT Is! Mo wL Odets Q@ LOdzddNg
Hdzj Hiso OB REUW Iz dzz yh O Is W slssMisOB ddz' dzsfylst  j totso
cOMftoj Hj dzj dg¥ dzO CcteOdzd yoOr L j o] da.

»

t=16000 y,
mijctjco

0,88

(100) ‘ Cs, ,FA, ,,Pbl, t=16000

10) Pb (220)
N (111[ (200) \(\21 )o1) h
\ \

-

\
| |
MWWJ‘} e o W WmJWww

| CSg1FAPDI, =0
VT O O | N I
40 50

‘ (300) (222)

10 20 30
. 200 ‘ CSOVHFAOVBBPbnggDyoml3t:160001{‘ 216000 4
d-CsPbl Gtej GO
PbI, (200) {210 miced !

2
\ (110) (111) Pbl, |

OV W 1| Koo

‘ CSO,lZFAO,BSPbO,QQDyD,01I3 t:0 1{ ‘

.

(220)

M

L

33

| 5edoddL 5o OdadzOY  ddals§ dehd o iz 5o dzg L 50 OdzdzOv o dals § i d o BRSO dd L 5o OdzdzOW  (f dzls § g
| BledBOdzd L 59 OczcdzOW dzls | dzfifd o dastiEBQ dzdts ksdp O dzdzO v d dzls § dzffd|e dzts Bls'O dzd L 5o Odzdz@W  d dzls § dzly

10 20 30 40 50 30 31 32
2q
t=16000
° (200 | CS41FA5sPDy5sNd 14116000 |
‘ (110) @o0) [?0 (220)
(111) H. (211) ﬁ (300)
| \
|
‘ CSO 12FA0 EEPbO QQNdO Oll ~3 t= 0 1{ ‘ t:O u
A— ,A o mtpfhriml Wit st J i\
10 20 30 40 50 : - - s
2q 2"

t d Mz desG dEss j dzts ¢ ) ds GFAq ssPbk/Cab ( 00 Ao s b oMooil-d/Cab, & H J
[ Dy*(8) MEN*( si)s d fsfqdzj 16000 vy BB dzyj dd

10 tdfMkdz$j 59B fCOLOEO HdZOBICO dL &3j dzj o
MsmlsOo tse . 1 dH &b, SHiytgt, PE GE (A GNI dAg" (9" H j dzj dzr L
ftojH]j ZOR] odsE® 5B B BEORHEO tOdzdzd R { IsOf OF 5B dzz Y
Yedzyh 08 ls ¥ slstsfiyls O d caFAls sMoolfa & ded0Srts 667, G d Ni?*

"t j dzls ¢ j dzts ¢ tolOdyfig s ac@ dedf Mls j § dzd § -B.O®ROjpPdztba 14 . K. S(ARA 1 mA



132

onBHWYIE o MsMisOs jsomMCdlsdats?2 WOLr, f yYjd
1 OB tstesIsSCU Cagditgdle CtoOMmdz &3) LkEMSsw jls ttOL dzsnj dz
dzj o 5L sy detsfyls & j o5 dzBE @ dzdeis® PiPIs aiz Qs L1 izl va&] j o3
WoLd or MBS Misjfjde ¥ de@j S5 Bl RezizzIC@ud p,0j Is |
. OfMMmj diotOfzd ¥R 0 udz OB d dz' dats iBE" IN*E ) 6 af Ma® fifis f sfls O d
e W jtej dhtsd. Rdbsjt] Mdts, FALY B 6 ® izl fxlediyl  thd patpesg
o j dzd utff safdztsh j dzdv o kL S 605 0H D QzGs daAf j 1895470 1 s Of
Hisdzy dzs B 'Olsizs fimeo we OMMj d o Odzed j &3 dzPbhb B EPERE BRIy, -
9 llsts?2 tBdOMIsd S0 f§odsh §tedsh jddy (~539
fjtesomMCdlsO oL @3y dzO Istsdz' € ®abidzy Mdzthalz] dzdf B © 9126 gadz™
M™:

—f—1 JW.

—_—— Yb2+

w

2
M. I —o— Ba™*
0.99 "0.01'3

] CSO.lZFAO.SBPb

'At=0, 1 =980 dz%
1

70 dzds
L
[=X N}
|

O Eu2+/3+

—o— Ce**
—o0— Sr2*

—o— Ca’*
—o— Mg**
—o— Dy**
5 o— La®

—o— Th*

L o— Lu**
—o— Nd**
—o— Gd**
—o— Er’*

1,8 M™:
167
1,4 —O— Bi "
| —o—cd
—0— In**
—o—Y*
—0— Mn**
=R |=—0—Ge?*
Fe™
—o— Co*
—o—Ag”
—0— Ni**
—o— zn**
—0— Sb**
1 —0— Pt
0,0 T T T T T T T T T T T T T T T T T T —_—— Hg2+
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 sn?

t, Y —o—Sn*"

t dikeseslL Eyd dzdj W slstsis OB «HA Rt o sll-s gz pls § € @5
fsCtrCaldw Hd OC e Odidsr , d dzdzy Mls to d 6 b “shsdigs fid dsts s dafsiRfn €
f dztsls desdy 57 Of ededs M o' yjlbtsd ©OMNY Gl PEaEY dE®dels O &
hj dzsydetsL j d3j dz' dzf 7 Bj sOdzdztse ( ©) o i

10 tdMmMikzdSy 60 MsfsmisOodjd Mikmsdado® §ddaol

Slsdesdlsj dz' dz" &3 W OLBo" i3 MisMis Oo tsdp1FHoPytMOuzezd a3

o T T T T T T T T T T T T T T T T T T
5 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
< by

(At, 12570 dzd}At, | =980 dz%/ (Arzo, | =570 dzd}At:O, 1 =980 dzr)5




133

CoiFAosPbbf etF9000. 1 sfdzj 9j0 0fgts Hy totsifiPlstalgts Wdgsis s @ M€ c
Slsdzsmdlsj d desets toj W j toj dzifuZis®rs SritfPlsZp%, @a®",eNi®"f Lar], dz$
Gd**, EF*, Tb*, Nd®*, pists 2Ok jIsiw M sflsduj MSdBd HOdd o
FE'dCo™ (or Hj dzj dz j Mfiglstadcfdd j og dzts PipO ¢ Gtfsdzdig00 jSIOMY P Is
dzj B Otz do Ojlsfmw. uvjd dzagj d@Bidai j, SCwdzdyj Mmlse jc
syd dz § tedB dze 1O] lsojtxe! gD dafsl?  OtsteW dL Oydd ddzd fmd
dz0 ¢ s dibkzdzs ) jIsls'B L Od3j H dzj dzfPhih, Weslsisafdz@scets f todc
COsdtsdzse. | Mmdzjubkshjd tcOk §f €&f ds ogjjSlss sfsteIMPL Oic
L dzOydlsj dzt dzgs L Od3jRblgzw ¢ Is tOL dztsy j dzd

~ n nnn ;
£
814,
& 1,2 _
S 1,0 T — . Rdzls j dzld o desfls! H s

<, 0,8

L e

Ref Fe?'Co* Dy*La’ Ni*Lu* Gd*Er**Ge* Sb* Tb*"Mg*'Sn*"Hg* Nd*'Pt**Sn*"Ca**Ag*Sr* Ce Zn Y3 B| Mn Cd In Yb Cu Eu Ba

570 dzd}Atzgooo W | =980 dzd At:4000 W 1=570 dzd_jAt:4000 W 1 =980 dzc

9000; _
2 R dzls j dzifd o dzts s H
8 1,0+
2 _
T 0,8
g
~ 0,6
%
S 0,4-
S
i ﬁ
. mNRERSN
§% 0,0 . .
<‘% © Ref Fe?'Co? Dy La¥ NI Lu® G Er* Ge? Sb* Th*" Mg *Sn Hg "NA¥PE*Sn? Ca® Ag SrP'Ce¥Zn?'Y* Bi*'Mn?Cd?In*Yb? Cu'Eu""Ba’
0
=
ﬁgm 9000; By, csomc@@prp, [ Pd
- - -- -—— —] -  — =
- 80 ] .l u - l. L Il . L
T o L ]
60 - - - -
- 40
JAO)
Ny 2 . .
17 ]
— 0O Ref Fe*'Co®'Dy*'La*Ni*'Lu** Gd*'Er* Ge*'Sb* Th**Mg*'Sn*"Hg*'Nd*'Pt**Sn*'Ca**Ag"Sr**'Ce*Zn*" Y*Bi**Mn?'Cd*In*'Yb* Cu'Eu""Ba®"
22

s Ols d Bz(1%)

t dMzdzbE sthOfmisOo dzj dzd j Blsdetsdls j dzr dzs?2 tesdf dsrqry j dg@
58 @00 d 9000 v) d isfiyEAyGiEiag talz Crase®is o @i ds o 5 ¢
CoaFA0gsPbb Y sydzj B dZEYJ ded W B § dzf d3( M H gzks tedzdzo o sy U gzglzdk

fnd dz' dz" &3 MisOB d dzd L dtelz® N figss Hf I Gniisep b d) ofzf 16 1 2 figlddse offs
ftosWodwe h iy Istsdz’ S5 o 1§ toj Hijfde@Re MO0 ju Sts Bipfizit
HdPbbte OMMj do Odzd-6 5§ tcdzds~ 5 4 0

[IsH]jd dzs flstsdls o Hj dzd BB, NPOGGHE dzr ¢ ttOsims Ojdztsts| B
fOSIdyuj MSd  tdzde®i G ttGdzjsdidj MOy § d&sls dzts fls
Hd Of OL sdzj H dzd dz o tsdzdz. 1 sfdzj ~9000 y oftsLH, 2
sB dzOtclzy do Oj Isfqw  dzO dzd Y Rbb, Is dsds'cHO 3% € {f tdod] dJj fed] dzf «



134

Bts d3d dels zy d fMtsH J ey Odzd B4 [s-Oadz@bld M Crddy  Mmip df idalpt
Co1FAosProMoolscM =T N> G slsfpklsflso zjls HJZOB]S O H &
A d CStOvw ftedtsh jddy O coOVdeOn vOEZYyo L O f
sL d2Oyojls, Ylsts L O dzp te jtideyts d o' kigizde jj dizffwv CSO d s dits®
CoiFAcsPlroMool-3 | Of teslsdo, SO f EdddRby )zl ¢ @ pdg foats €
810 dzt3 kx4 YMdzy 2000 y otLHj2Msadw Mmoo,
HtcOo dzj dzd ] f totso tsH dIsmwe diz ug jdfdjvis j L tSElgs df jisifn dfj ts tasts Is €
CO¢ ftsfqdzj 9000 vy Jjets fazjdz2CO ftOSlsdyujmMsd ¢ sd
tcOmMMmi do-O@d nddzt dets?2 Mlsif jded twWOL dztsy j ded W, CoO¢ E
fesdmMatsHdls fwO0CIsdud RE d MY szfzgdy sipte e H dzaf dzf
fststetsdzz C tstotsls § § IsIsrsdzd @&, o b crgasty GLitisy @ dgh Jr & O Mc OL

~

— ~ —
LS o< 12,0
_ _ 3¢ 797 dz ‘
n ~ |Gd™N 794 @ U
9 2 200- LN —0(, /107
= = \ N 11,5
prs e \ —— 9000 _
B B v -
@ ~ (] )
o < = 110 -
§ < § 100 3
S <
i)
oy oy 105
B B
[+4 [+4
0 fenbestar . : === pasd 0,0
600 650 700 750 800 850 900 950
- [ dzd dz0 o tsdzdzr , dzdk [ dzd dzO o sdzdz' , dzd3
PR 794 dzd3
= 150+ \ 420 _
- Tb3+‘ 791 dads 7 34 V791 dacs 120
a ! ' —_—0 S Nd™ \ t,
2 . | (I, /100) . \ )
& . 9000 115 o 1004 \ —0(, I/10 )
¥ 100+ - = ' 3
S B - — 9000 1{:*
o 11.0 8 i
g : ‘\}_: (] A 1,0 -
= - =~
~ 50- < £ % £
0 105 8 =
8 o 10,5
o %)
3
0 . . . : 0.0 LI _ T wked 0 0
600 650 700 750 800 850 900 950 600 650 700 750 800 850 900 950
[ &z z@ o tsdzdzr , dzch [ dzd dz@ o tsczdz' , a3

t Mz dzis d BAdYdSdBsy j ded 2 BOS M Bz BO Af d StLOw

f dzj @2BEFAcPbL( O) ftsg da dzs 3 o 5L HisD fidssandsd s MBBING

(v=3QN2jj fwOSlduyj M) GlmkzlsMisadj HMEY
C.1F Ao gPly oMo o1l -3 M=Gd** ( BTb>" ( 8 N> ¢ )

[ dzv ftsHIse jtoyHjdedWY oL i3y desfylsd  sH O9 dzj dad W
COosdtdse ¢ HoifdPihHEY G daslsj & dts ftetso j Hj dats § C
fdzj detsS ) o' Bty &f JHES d sds@aRds o 52 RIS tesMC s
Bdzd 3 dzj § SA EHAsB Y RESEMMSEY d j 2 &0 yOfmistlsj CoN®dryidls d



135

mMds(tedm. 62). utfsfmsOodyjddj ¢OwLls, §sdzikzyj dedz =
cOMy toj Hj dzj dAEp]. ZQofsthides® Olstsfis! fdzj dzCd tslstcOy O k
fsi sz tyjdSk ddisj demde detsilsd Mdc dzOdzO G twimiims jn¢
ftod Bj odzts dz0 GHosHB bLtetseodj, &Ofteddjte, d&zO tHJ:
odHdts, vyt fsdj Hddlsjd dsct o GAgRhEBEd nib:
toj Ctod MlsOdzdzdL Oydw fdzj dz2S, o tjL Ezd sOtsgt CusGLsds,
f sded ¥ § dedzr 3 MEN jotey PBed julf delsteOdzr des?2  yOfisd. 1 L
d dzls j defpd o desflFA o d G dzOdr@ dsl® yJj delste@n L jtejdz. ClO
Mo jydma BBKLOLYBSS, CEHJj dOdetdzjj o' MisC @& d uzb ff) daf
vd 3 dof Bidzid, Moeixndi BBLOLY" Mshisswls dL s
tojLEzd SOIj fuiFAtedbE OBHdzj C2000 Yy oBLHj2Mlsedw

FAPbLdzOR sHdlsfw ftoj qdi3zh j lse j dzdzs dzO cGteOdzd yOR L j

- L™ LLom T HAanp oM donnn HLL I AL m T o m 27 nn

e
e Al MT Mhm 2

h o
t hom oc ¢

“ h t
- X h 'E

m c

~ e

h o
SE 2. BEE RS

thom oc ¢

” \__ X'h ,E(.'

- h ot
c
e "A' MmT mhm a

m

t orfnlzdzissowlsZcf teists&dzw s &d¢ tcis/fnlitdsﬂmmﬁzﬂtﬁmtsﬁ dzm
YOMmlsslsj o Odzj dzlEehit sts 1671 2 ddgifladtvdzj j o dzls j deffd o dzr 2
CtOmde o3) ted W j tojoddMeledPh ( Pz dets Gzj € SIS 15 te Ao s MpisiNdsis0 15 8
M=Tb* ( B2n*' ( o H’d ¢) Ht d § sfdzj H dzdls jdgm hdemsfis @ osts L&
Bl IsF(fpz3@Q)N20 Isjyjdzdj 2000 d 9000

1 dzj dzSodFAGEPoMool-s T, Zn* dHG™ § sfdzj Hdzdlsj dz' dzsets ¢
(2000 ddzd 9000 ) dftfrldz o QjlE todfjndzOiddzd L ®isd d ,
Ctofdzr j] LjtedzO ftosHESCIBY HjGtOHOYJ g6 ). tc OF jsdflatg

"sOlsdietso Oded ] L tsdzH 5o 52 o3 SnckstdrE fsif Il 2 ts ig ¢ thtfsduyj IsiOaial tts drdzdR «
[ &3 dz' W dzgtseo 1 . ¢ .



136

Yomis!: fjtesomMSdlsdy 7 Ljtjdz dzO ff dzj de Of  tsfydzj ts¢
COlbdsmatss Ylsts HECOL Yo @l 1 WiREAEY JSOydd COIsd
LOBj Hazy ded™ MjctejcOydd Mmd3j " Otdbzent of Hef'J tc 5§ S didg ©
fjtesomMCdldy j LjtedO dJdjels d3jdz hd2 tOL @) €
cOL dztsy {f i MO s @Oded yOR L j t6j dz

]l sMe © yOfls! 1 S j tod d@3gj dzls O L OC dz¢ yOdzO M )
CoiFAosPooMool-s) § OMMmdoe dekzs M Ceb. § BC tzsls g § @30 dzj dzGab Y
By jls Efdddls! nlsos Ml disdstsd j g3j 8@ &dgsd d f te PF YO
[ HdzO§ gezd 1+ W W j C IsCabffde@degzsedy o dz' M) (k= 0, @il , Sksts
MfiSChtese  seffsiPhdddotl/Cab §tod B dzZEZYJ ddd MicOs dzd ¢
CsaFAosdPbb/Cab ( dzOff t6 d B3jM=SF)S 56 H O

R tsHsdg@d yd ME Oy dejddstisCdpsfifissts s H H | o d 8 Of Isfw - o
15000 y fHtd BsHdY¥JCOydd fjttadfiNi aa’ cTel GdEdz0 d
EF7P LB EP) Cff*(x=0, 01), JjHddzmlse jdzdzr &8 MtejHd h j dzsy
L j dzj dz" o3 dzCRL 3] fiaj dadfIs@o)fisth toj W j toj deffdese s tsBtOL YO
.

1 dzi § CHdBEC QY FHaf@ Hindzj HEZE N j§ L O ddd M
fOHjded j &8 ddzlsj demdo detsfisd R OOSIsjtedz HoW MslsOs
Bj Is O Mgl 0SP"(d Ba)  ddzlsd@izts qYWOMBEY (o ' H j dzj dz@  fd dzd d3) .
W OL @iFBsPholaols SBEZOHOjls MO®Rs?2 o' MtsCts?2 flsOB d dz
Hiolz G d R o1 FBePGlomls, CHIOBdd N j dsydssL j &3j dz' dzf 7«

R dzls j toj f)dets ,Cabuidsfty ,dzdfiedztgds d HOYj BLONOjls dzO
LWW Sl ¢ O dEeEs d B 20 Mis OB d dz dztiifAosPdMOdds. Cs
stbdS e IsdL dAGakzy @) d uGsls L Isd  § dzj dzb d ®IO teyjjSetdy fdzjOd
LYY jBaAsdzd o j dzdtedr | SOYE T EC™ § s scdzdgw ¥ Is M I S fiylk
LOBj Misdlsjdzj?2. [tydes ftjHtsdsydls:, ybsts ftogd
fjtesoMCilsdazs fMistelz COalzitc@Istafz HifiAS G tis™ Isfdnj © ' H j dzj dzd
¢ dzsdzdetsils: ¢ f totsls jols@dedntn Of ts 1Ot BdddgjcdEdztsf fj ctej ¢ O
tcOflso Al f 5 § ssRY/Md8EHjls ©OMMBslste] Z0 o  tof
Yyomlsdudets? L OCsPdzj Mo ddzy0O o



137

Cs, FA,,Pb M, I/Cal, M™:

099" 0013

— R;ef
——Sr*

2+

—e— Ba
2+

Y 24

3+

2+

! = |

— Lua'

Eu201'30

—a— Gd™

—a— Tb*

—— (g%

La™
3+

(A!, 7=570 rm-Al #2080 -m)/(Al-O. AwS70 m'Al-o. 3980 m)

—e— Nd

3¢
5 —=—Ce

(Ax A=570 m'A:. 7.=580 nM)/ (AI-O 32570 n»'Ax-u. A=0B0 m)

t dimkzeBsEL Eyd dzdj W slstshls OB (B2 a2t ez f dzff &L jiels -
Cab( 15 ded3d) : HJOGtOBRB , (dzdzs fls tesdstetdtssiddsty fois eflassif) €
f dzslsdzsmisd fted 570 dedg M o Uy ISitsde lsefCefiptiy j oGO o
h j desydest Fsikizls@dzdzse ( ©) d GMlsOd dz .

10 tdmikzdSj 638, o dH s § to \Bafey tfdmigtjlsizjtdzd B o
My dydw dyud iPblsf seH dzvj dedJ t©OMMJ do Odeeb's 0 o dzdg d @HOOL ft
fsedsh jddy RO e dsd sisiistcBg BNy HOMSM! or b
fsftsdzdzv ¢ ls Isjtfjte! toWH dzO2Hj dedz’ 7 9 dzO dyts sty @ dif ARy
Mis OB  dz' dats M ls o1 FAp P e Gil-o/Cals f toisH dzj 9 O Is oM Isj ¢



138

Clsster | MlsOB ddzdL d talEAsPheiBlslisBd Oz’ @8 sfists € Ol
s, Srft, PEY, SB, Zn®*, Ni**, Ag" (9" H j dzj dz@ toifdg] dz'6B B 2@ OHE @S 3
G (or Hjdzjdz Mddeddz), 1 W¥WjCl Ctslstster o L OfRj-Us@ daf 3
BOdzts?2 L WWjCldodetsisd f s Caiytc Op @zfztizgf ¥ O &f dsdor dstdlg ¢
cOdedzd n ¢ sOf On fls OBES o dipffPvd jL O dstsilsts cislzvdzj B ' dzts
fi) dzts@ab. vud o3 dai 3§ dai d, sdzs Cttej dzdtelzjls M
MAPDg 99Bio 01l -3-

~ Onnn

GO |
S MC nnn
(] .
U8 R dzls j dzfyd o dztsfyls: Ht
7 2 10 %
o @
gl &
gl = 0841 _ _ _ _ _|I. L _ = _ _ R I T, - .
I ¢
L. 06
- 0,4
o
< 102
f_f' &
% Oyo T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
§ E Ref Yb2+Dy2+Mg2+Nd3+Ni2+Pt2+C02+Gd3+C63+Sb3+La3+Lu3+Sn2+Sn4+ca2+Tb3+Er3+Fe2+Eun+Bi3+Zn2+Ag+|n3+ Sr2+Ge2+Ba2+Cu+Y3+ HQZ+Cd2+Mn2+
<=
§~ MC nnn ;
. 2" ! Bl o mEPL, []Pb
100 — (| T o | =
=8k SOj ARSI Y e A E  E Eeee
9 @ 60 L] --
B o 4 L
Qa = g
—0
3z Ref Yb2+Dyz+Mg2+Nd3+Ni2+Pt2+C02+Gd3+Ce3+sb3+Las+Lu3+Sn2+sn4+Caz+Tb3+Er3+Fez+Eun+Bi3+an+Ag+ In% sr*Ge?*Ba**Cu’ Y3+ng+cd2+an+

s Ols d Bz (1%)

{ dMkegEE sy sflsOo dzj ded j Gldesmdlsj dz des? ©flduj MS

60 OPO0 J LEsAMdl) df dscts ¥ 0L tofPhitils®s O

CoiFAcsPbb sdzy tBdZEYJ ddY Mo jlstsd o Isjudddj 160¢

fnd dz' dz" &3 MlsOBddzdL dtekzs Mg s @Bt dzd | dte z 1) dedg d3H

f oW o dzv YshsoizB#s RO dr O dzdzd B ¢ Is Of CChtc Gsfpodizds)ig dizg @ Is j oz’
LYWW iChksds dz@ MlkOBddz desimls: )

10 tdfzdSj 64 MsfsMmisOody dr fj yjdedw € ddzjls
Slsdzsmdlsj dz' dzr d3 W OL 59" &3 ofFiRHRNAMEi/Cab,B tc @ isyAzal j dzdz
HOdzdz" 5 Bfpacdtj 16000 Yy oBLHJj2Mleadw o jls®d, aet yo
Tb*, SB**, Ni?*, Co™, P&, Sri** f dzj dzSo FAGR oMool-d/Cab s H j 6y Ols  ddp% B
ftotsHEZC Istso  toRbL dptPy) dzdfsfydzgj 16000 <y oL Hj2MIsse o
ojWjtejdfdzer 1 ©GBOLYtse (COLT 90l { tcd fifttls flsSolso








































































































































































































































































