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ftesjdedj 3 d Emdse dw Bd 2 { tagisSy@iddde”  -~Odndf disugjishex
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(20232024 EZy. G.).
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WSOk yq@daifdd dj Isjtedsd dzOdz dzzv O dzC  dzd dz twlpizdzO Setds ko
iz YO, &OdslstkzeCd ftjHo Ottdlsj d' dzlO9BsH W dyd ol s

ZnPc-SWCNT R SWCNT-ZnPc

t d5enj 8O fsdzzyjdd™w cdeBtedHde » BOIsj tod Odzt
OL sd3j Isq ded dztb g O ¢ U@ IS PaztEfe € cias § to d e H dEjidED ( B)
15. uwj dziptstedz | fipozts2dipldod® dzf 7 3OS j ted Odzts o
1OctewiLdzgj dzgdj BCtekzyOsh j2 MmMejH' weodvwjlmw Md
BO&ZOdEZMNO d ftjHMsOoadvjls Mjt!h L bk ttsOR s s i
o dzd 3Odzed § [kHJ dzvjlIlsmw d ezl Hdshh Odaddz O HA@GLets ay'd As dagigts
fjtose Sy BidaOHc.z ¥ j sEfjjtsBNiHSH Bt © f tetsd3r h dzj dzdz’ R, o3
Eezsodwan. 16d hoOw yOfls! ORBRRBIOCO o Ctoky Oshizs
@ZOo sL O, Bj telsh " Fd de®lindg’j Rzd 2 [ B Yydes tsdz ftod Mizlsmiso |
ftsyes O d atSHER K sazydgedzstcOyd W R ( & tc Nidsdzg dzzg ¥ )W p pLk
OL slsdzts ¢ 5 t5ff ztmEOrOR 5 d3 Y £ detlsds jwfo@v g Isfqw  f)j dz' S s
MydeOddj dMSfOj Bsets Issfddo 0. ¢ BBJOS Wodwjl
LOGtWLdzlsjdzj2 otGLHEZARO o f Q) " jl dzd F Oflzdtg S OB HOX
dZdLCdn Cdzyj dzsteOyUdwn sy jls 8" Lo Ok! COhjd, O
ftoj Hj dz' dzts H 5 tfyjzdpléste GR@Eit)) & sisz s ¢ ® o0 N p da. 1 d ¥ da
Cdzyd delstcOyd tsdede” 2§ toj HJ dz (dCHiLY)te tsHidets Ofgafgiddg o Q@ Bz
Misfmis Oo dzl2Glls 15 %
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{fteinjdjdd] MiStEBHBEHOLO] s bY@z dojsdasy
stczHO yj dztse j € O, O OS] o | Ggdetsd oy sipiae | tzs f
CototetsL disdadz” 2, L dzsotsdeder 2 d dzjGStso sy dzOdgy dgw & b
tcjLbdz O] BOCIsjtedOdz dztsets tOL dztsy jJ dzgdWw, HEtSB' yd
9 Iz ydmdzy ftesdLotsHmMlso © Mjtodets?2 € d Mz degd W lelaf
f tod totsH dztf262i204F O L1 QoY B if HBigEdsigzy | s QP §J tctso spsBiSH @ 2 A
tc OB sy j A&z MistOdizte tzfstize j e d d 1 2881 . @B dFc[2088 | s
Yd izse § £ O i35y § 1S tfBtaihO lizsidfus) daldterny @ € sday dekE®D Y d
ppm Exj COL" 90jls dzi BdzOetsftedvWisdetsjy o s5L[RBOBR Mo C
ss oty " C0OC ftod ¢ spemiezhtcQidasog O] SI&GO jiIs y
M smtse dzsMmils! yYkoMmlse so Ols! LOf Or MjtcBo SHEIStGISH O.

1 sd3d d3ts  ff tod d3j dzj ded W HOIyd ¢S s H dzW ¢ ts dzls tc ts dz»
dfmf sdz' L se Odzedj r~rddBIuUdMEdnrn Mmj dhtstese o B HJYJC
L 20y d d3r ~ O tcOo dzj dzgd 2 Mo toj d3j dadats 2 34 Hdyd dz
d$SClsz0Odz dzsmls! HEGAzdgH sy B3 sdMSsd3 BJL s OMdz
hOHwh dr ®wjlssHdS LOBSKEO ®BOjtedOdkO HAY &jHdYd
gfmyrisr a0jls Btsdzd, WdLduyujmMStsets d 1 d@sydtsdOdz' dzts
fofmdzdHdzj 4 otej 3" WEAIssle Odedels | fslsO©o @Mmor H' - O &
dzj d dzo OL do dztse 5 Bj ssH O Hd Odydzthfgls f Mds * s U B 16 dedzn 1S dd
Nz HB bz ude 7 d dzj Stslstste’r 7 HtEkzddn L OBtsdy o Odzq !
LOBBdzj © Odzd W d dzd @ ofjLdyj g edzd BEy ds®B dFg g dzOIs! f s
ojhjMmlse, or"HjdYjd®B » Htcd H' nOdedd. [ Mmdetso detsj o dz
M zhstcdzr » fMdzsy 8 Hdzw HjljCIsdtetse Odzd vV O[20Y,208]dz0,
ltcd {ssdz tcOBtsSls 5 sftejHjdzjdede IsOCdr cOLtse, ¢
stsdzyj dzZlstc Oy B s plRE ©OO" 9 OjIs dzO0 § syj ydzgze dzj H sl
OjtsMSdj esL J  syj yder = Otelsj ted[209]. stk finld yde® ¢ f B H
OBBIOSO o o' HMONOjdBsd oLHEZS] kOS] &syjls
GjBsHJOdZJLO fted ®Mmistets? ddzd -~ tetsdifle)j M§ 2 dzd & U f
dimMmdzj Hise Odzd 2 6B ddPtedz ¥ jogefif d BIOIsstcdz” = L OB dzj 9 Odz
BzSCtsoadmMydutsLt d Ofgldiz. d4JjtososHBSteSH ftodL dzOdz
~ntesdzd Yy MEts?2 wBMistczCIsdo des? BtsdzjLdzed dzj eSS dm (mJ
[2111213] v LHBSteSO ' 7 dzf Hg BB L OB O&ZH & Oded[? | Y dotiztz B8 ts5 g0
Ctsdayj dzlstg0OYyafw o HH" R Oj d3tsdz o sLHEZR | [20] Pt jfacdjhe@ jhl
MH jtey Odzdwv Mjtctso SHBteBH Oc GHBL SOC ] ECOLT™ 9 Ols
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vOCdd3 BBEOL A, dzgj 85B-tSHJ BO tcOHIGOSEtsIs COB BV S
ftcd CdBRAEOIsds? Isj B JjtcOlskztej d tBEZOHOBh R o' MEC

151. b4 demtstcdz J mMots2Mmlse O cdBtcdHdz R~ BBOIs j tod ¢
OtesBOIsdUj MSdr &sdj S kd

ANzdzS ydtsdzOdzd L Oydw ftso jton dzsfisd e dzj totsH dar
Mt Hddjdmsprjdsl Mizhj Mise jddadgs s Mlg @ s edosHdls! ¢
dsj dzt M jdad ¥ EzHj dz dgts? $ezisOf Bgred Jdaso Fte o dziish) zd ded ¥ s
WiEzde$ yd sdzOdz! dzf = ctolzf § dzO [IR]so [ s dats(fydxiz]] foie@xdty 5 s 5 |
sCOLM 908 ls Btsdz! h s odzdwvdzdjy dO kOSCd] r~OtOCIs
ROdsistezB S, COC M dzj € Isd &gy B dais Calfticidddy deO [216]s Ctedd
Bl dzs ff 5C OL Odets, Yt fj dzistede’ 2 t5lsCdzd & OFC Isfo dats
(64 ¢ MBadstesS MddL sy tetsde@ dz) iz Islaff dizisidis d dzi s MW s dzO s
cOLO or"hj 5 MeOodzj dzds M M demtstetsds dzO tsMmdatso
OQolststcORB § 5COLOdes EdzEyh jdzedi M dzi SIsdoe detsmisd Mmd
slsCdzd ¢ O d&O § Oter sted Odzad yj MSdr MisjHddzj dad 2, Is
HgR dZsted3j sOdz, O 1sOCyj §Oter otH' . [Ildj yodsf:
toj 6 J dijte (W 0 Ekfglz yh d zOMm! otsMftesdL o tsHd BsMis tsls ¢
Ctsdzgyj dzlstcOYyd2 HgdBj Isd dzdzj Is d dzW s ¥ ts dRIF|H. dzv] EzteZrBy Iy |
fhj dzhstcdzr n MOWECAMIso W 2 dzC yd sdzOdzd L Jtetso Odzd - W §
BJ dzL d dzs € i d € Ote B ts-Gdy-Qdd Jdzd y d cdiztsialz f(LZd3j t6j dz M dztdtc dz’
gdzls jtco Odzj S Bdeyj delsteOydd wls 20 H/D 7p0Op mp ponta j dIV to «
MsmlsOo ddzs 88f, O yYkoimBe kg W detwiFBENTEGHRAS tc O
Hi Bsdeiisted tetse Odz dzlz y" o M J dzfuslscddrd) § ~PizeeOif dsgj delsliifddid
d fr S HSWCNT1 Ok ydzOv delk§ tf Ot kil Besgfs ts dziz yjJ dd@iz@ s ) dzts o
e dzj tetsH dz' 7 ts § dzOWdsdzSadpds tda®atO dzdzr 7 f ts dzd H t Wi Od§ ctadztdsds -
f s dzd O dzd dzd dztfd). ( lupi1dEG o " FRERASRGE o d b ¥Cdz! Nikts fRlsf Of OL t
sls 0, 5 ppmti) 20 j HJ dzsd3 tsB ppd OF 5 @B 3B dzj € Is d o dzts
Stee Odzd Uj M d - de Ohfds® eischecy’ Isclptafydy: d3v L S MY j tod d3j dzlstso .

vydlsr 988 BOIsd yj MS ztew HPEC Py ls [z dzj 2 , fMtsH j o ON

cdBtcdHdz | CHOB @ Pt dz2 ftojHMIsOoadzwels dqdelsjtej m H

ejLdMmisdoeds n Mj dMsteOr. 1 0fteddiitt, IsdONRYsdiR]E

Oes®@BOISd YU My Ctdz ysc i OBRJdsctkzffs2, (it

fticdmMsjHddzj des ¢ B sRO) r & teifld iJdsY Qs OBNTEOIsd yj MSE d 2

CiljttsOltsds" , vyl HjdOJIs jets 1+ WWjCIlsde dg' d3 H dzw
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MtsjHddaj dzd?2 (f &) . NReBOEO®©OE akBGsCrT fMj djClsdo
Oyjltsdlk f Mmjdhstd & oibhegELisekzd , ld WOREDODRS
ptojd3jdzj 3 5lsCzdC O d tejejdgjteOydd 47 d 49 f Mt

ez dd3 € dzOMmsiRd dydslj delstBlmg) dadaRdzv & Isfpw  § sSteW d tod def
fododzjSOljdz dg' &5 o' Bstesds § O Hdw dzj S0 Odzj dals
CtsoOdzj dzlsdzgs?2 WhkdeC ydsdzOdedL Oydd. ) sweWdedd
o' MsCsykze mMise disd dygemb d & tc@o dsdfdslsftayj ME d~ MJ deMisteC
feso sHY B §otWdedd weodvwslshmw §dosiddhd $O
) sk yjdedj cdBtedHdr & &OkjtedOdss dzO shdss j k¢ d
ted " dls ftesBdzy &3z dn  ded LIHEOE DS {fististslzn) wrOd &Sy ls d . Y Isft
f sz yj dzdz’ & BOIs j toq OHASA68220]z0 dzj o ' MC 2

stojHd (ddOsdOlsdyj MSdE dsdj Ckbd tHdddad Jq
Hdzw ftsdzzyj ded™w cdBtedHdz & &BOljted Odztse ) CNT weod

152. 4 j dztstedz” | Mots2MmMlsa ® EdBtedHdzs » BBOIjted Odztso
Bj s Odzdzts

ANsOdzsyd Odzd dz"@ 3] sOzdztse ( MPc ) tslsdesfqwisfpw ¢ €
LOadMmMdsMmisd BIs Isdf O LOBI Misdlsjdzji?2 o OtetsdiBOIsd yd
co¢ i sdzlz f tc t5-9 ts HIsAY C-lscdf Opn R dzls j to j-B) dethg Wik Lddi¢ s me
WsOdzsydQdzeds @€ dj S OC dr or MsC OV Isjtedzdyj MSOw
2O VYWtsdy Hikzedh foseosHWhdR tstecOddyjmsSdn  oe
mMsfteslsdodzj dedj (Msftetslsdodzj dzgdj BBtOLYO 0, 10 4 C
shdztse j  dzO dasdirpls@aledir sz ot C Mfd H s 3 s Odzdzse W o dzw j Is T
ftcOCIsdui Mitsets dMf sdz’ L so Oded W ) j[22AM ts tefdat &2 dg Mdsits ts
fsLotsdws hdn ftojtsHiBsdzjls! HOddks] dteOdsd yj dedj, v
shdets o § WisOdztsy d Odzd dzts o d or Moi¢sftsosHwWhdn O
RZOdsIstczB 5€ d dzd i tctsdn ls GdzEa] ¢ OfdiafttiyotidzvdzAs L dzOyc¢
OH MtsteB Yaijts dfdgds d o dz' 2 i dzZhstcdzr 2 tsls ¢ dzd € ftod
L dzj CSlstotsdesH sdzstedz” dzd, IsOC d M 2221z & fsdzBIOR tgj § &5
ftodd3j ef dMitsd L so Odedw cdBtedHdz = BOIsj tcd Odzso |
B sOdzdzso o € OWjdits® wfts ©F igofj s dfthyls d o dz" &0 Ml At jets g O
NH3[44,223,224]H2S[225], NOx [226], S02[226], C2[227]] ff Oter tste¢ Oded uj MS d 7
[225,228 230]
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dbolsster WOHBLEryddkd cdsttdrHdy j &OkjtdOd
bedzj esHdg & OdslkstekzesS (MWCNT) d WikOdsydOdzdc
dfmdzi Hse Odedj d8 Mmjdhsted 7 Mets2fise dO § O’
] 5C OL Odats, ylsts foferth dn e @afdejj dief dzzy W yj26k My te
BOjtcd Odzises o 5L OMsOdzs, O 9 jdzd yd dzO® twslsdetsdlsj dz
MWCNT/ CuPc fMMtfmMsOoaddkzO 3,8 d 24, 2% MmMtstslse jlsMmise
skCd&zdSd d ROwEOSlk)tdL td Ouj dPdzd iz GBS diz i) dz0 df
tcOBtslsj] dzgj HtwdojHjdzr HOdzdz" | & Mmj deffstedzs?2 yYko M
skfmizlsMlsozs s HOdedz" | B Msjf jded WkdeC ydsdzOdzd L Oyo

10 thdtssj WYsOdsydOodddzd® fMeddy® d d&dbascish
ROdetsIstelzB 5€, T@@OH] e 47, B dzd MmddzlsjL dtetseo Odzr
PbPC/MWCNTCOOH d Pb P-COGHNEENT utcOo dzd ls j 2 dz’ 2 0OdzOdzd L
dz®Hze ddzlsj tco Odzj Ctsdgyj destcOyd?2 s 3 Hts 80 ppm
HdzY cdBdHbGEes KOljedO®O f ddscshlsj ddy &g bk
COOH. CIsd fdzsd dd3j d&zd Sstesh by o s eEdC &kyd dgs
OBBIOCO 10 ppm, otjd¥ tojcjdsjteOydd BSddco
HdOf OL sdzO ¢ Bdzugg @& @D y® 80 ppm.

[ & OL OB SIsC d Jitg samsHotiste s izOf thd ¢ t5d3dzO s dztg233]1s j d3!
f sdzz yodzd dOIsj ted Odz Ctso Odzj dzlsdzs?2 W 2z dz§ y d 520 dzd 1
COwhtE j dod dzts ¢ ) d WEPDOEAS@) QRzGalk). o j dzfts WB-a CcNPTc GsB dzOH
fstedMmiss? (o jtrndtsiis! §r  alls Gskmmishyidisy de QzstEn Is -
s5B dz20tclzfj dzf 9y sSBpESH O

polstster 200 s’z yd dzd d dMmMmdzj Hse Odzd 6 dBtedH
SHdsMIs] ddzr = ROdKS EsEBASE IsjlstcOL Od3d MV dzdzts G ts
L Odzj Mis d COBMCEEH(CF)2(OH). R 3 B Y dziIS O j H j dgts d MMdzj His9 O
SsCdzd 0 Mdzsy 9 cdBtedHdzBEets dz2Odztslz G dzj tetsSH dzsG 5 d3C
(DMMP) . ¢obtster fB8C0OLOdzd, vyt fttd 99 jHjddd Wj
o MeMmlsOs LOd3d MisdIsj dzj 2 W IsQizfgy d Qd=dodz® j Czag g O dim Qdr
f sz yoOJ &3 n GdBtedHdz n BOIj tcd Odzts o , 2 dzz yh 04 Isfiy
fseo jtocrndesMisd dzOdeslstczeBtsS, d ko jdzdyde O0j Isfmw M dzf
BN dzts tcOfMmydlsOdets, Yt d@sd dzOv H dzf) sk Odetezy qzO dz(
f s MmMHo dc¢ kmdiaRIBddthing mode$ BsH -Md | $ltcOn cdBtedHAz m
Slsdzsmd Is j dz' dzts mMetslse jIsMmise ¥ h A i sdzts iy ) My J
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ftotsH ] 3sdeMistcd tc s 0 Odrts O dddgddmdj\Rdimjls o d W 3 Y HEZ dfmnr sH
GdBtcdH MG s BOIs j ted OdzO. ANzdz€ yd sdzOdzd L Oydw daC
ykzefmlsodlsj dzv detsfplsd OSIsdodzr = MmMdztsy 9 M dzmtstetse B
OHMtsteB ydd d dzhejjzdifudz=izd®H s f tso j ton desisd .

] zdlsj cOIskztej ftcd HMIsOo dzj dz W H tcOB s, i ts
ykze mlseo dlilsj dz' dztsfisd ¢ dSB tcd @aEbEzd & Q I8 jdOdcdrdyty adzts Yls
slsC dzd ¢ d&& B Pis MBd OENT ¢ sfgtsj g fotz j bz’ 5 W 2 dzC y d 5 daC
M Codzd yj MmMotsds dBsdzj Szdz MPc, OHMRMMRcsy O dgdzB & dz
misd ¢ J§ d& WS ydsdzOdzdL Oydd cdBtcdHdzsets diOIsj tod |
fsorhjddy Mbsjfjded Wk ydosdzodzdL Oydd d Edzzy",
Zcdzj esHaRddasdstczB C OB ftedBjcOtls € tOL dzd ydzr @3 M
dmf sdz' Ltsea Odzgdj CNT, TMmtsH jutep OEEE237]H j W j € Bflis datisfipldzdilz
MtsOo Iststc Od3q [237] 5 ¢ WYldsBdrfs y dHPdzd dDH MtsteB Jtelz j IsMmw  dzO
Fedzj csHdzr 7 dOdeslstezBs8C Mddz dzaj j, yYjdB dz2O dMmntsH
Mo WMPFCNTIzo § dzd yd o Oj-M¥F 1 dzOC Qz0 G35 dz! o clOEz GApdds e M |
stedj dzgsOydd HjWjSlktsa. [twkedj dMmMmdzj Htse Olsj dzd Hd
BOIsjted Odzso ftedBj GO ls ¢ MBcoH itfj slafded Isq) dz/dz®C & ts Pdf §
LOMJ MisdlIsj dzj 2, zOf tod dzj tpy) R8s d LB asrHtde [Frme b §[R3PHIZO iy t
dmf sdz L shhcOdzff MPc M fdted detsor™ d3d L Od3d Misd Is jodzv d3c
stee Odzgd yj MSdr tOMlsotstedlsjdzva cdBtedHdz = BOIsj tod
ZOk ydzts 2 ddntizAf] s o O dzthyfis'j o i Ealz? vzd 5 dzCQHEB] | @MEtgdzr 2 iIsC
OBBd O¢ edBtedHd n RBOIs | difPdiaispls tazOy disttneii= gz 0T dz
Yyddt © (zZnPc) M {§ tsdzd ¢ Mg fipdfdiafjdisste d isifiss BnPEREAI]] d
MtsH j o BHEHA tc ] BROR] Misgd tgj iplss GHEses § sdats Md
1 sCOLOdgtsts-PyYZnAddz dzjj oL OFWRENT j 2WilsBzZBPd) BJ L
LOGI MiIsdIlsyg dzv. uvMmddzjdzedj oL OddBsHj2Mlsadwy fftedotsH(
COC MmMaziwMmlseady, ¢ kododzd dintzdo dzBe figsts s § dizd @ dzO  (

[ hy sHdzd 3 M sMsetsdy Edzkzyh jddw oL O0dd@sHj 2 M
W dzv j lsfpih dtej ded j OtesBOId U & 52 fpdmls§ d3 Bt
WEdS yd sdzOdzd L Oyd d . 285 et ©3Q 1@ diftsit| tc @B &l f sH| Bls
GOl jed Odzs o dz0 s fpdztisedjdze O MT M Mindzds tedi Is ¥ Is O dzts BA)Edzd dzt
GdetedH sz d3O@lsiZOEfS@ dftlp@iy figh dzts y d Oded dzso ¥ d3  Bugkdzf dzj
dzOB dz¥ H O dzts iy o jddyj dedj MmEENTtj dedz o Misded 1§ deiiz@retzd is

OdiRg OF Iz .
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I kOBd 1 Hd&" fddhjtcd fojHiisOs dzj d &0t
OHMGEe Yafjedfdgis d o dz' & M) dzlistetse 20 O®RBI OF dzO s fi) dat
ZOdslstezBtsS d tSECMdHO cteOW j dz2O, BsHdW dydtose Odzds"
5B ZOH Otslel! detso dzd L S8 G tojHj OB B dzOtelzy j ded ™
tj 6 jdaj eOydd 5 MOodzj dzdé ) OdzOdzse d ydzr ofsd me d B
dz0 dzts Y Ot d@ tipd H  ts dzd d3j 6 O A3 .

v OB dd yo

JtejHj &z SBdzOtlky j dzgd¥ OBBIOC O, otej & t5lsC dzd S
BOl jted Oddtsson % Jygtetse Ocdzgdz’ = W Ils Ocdztsyq Odzd dzO Bq 3

ykzeofMmise dls 1 toj Hj a2 [ddzj 2z [ 1 tej Bv ts1ls e
J Mdzsq tsB dzgOtclzyppmdz HJd Of Oppis iy toj ¢ j dzj, O
GO/CoPc 0.8 0.8/ 50 50/ 350(50 ppm) | [241]
rGO/CuPc 0.8 0.8/ 50 50 /250 60 ppm) | [242]

G/PEDOTPSS 10 5i 20 138763 (200 ppm)  [243]

SWCNTf Is4
U(2,2,4

Is te d d3434s q 500/ ~20
§ ] dzls d s 0.15 0.1540 opm) [244]

WisOdztsy d G
ds4 HI] (

SWCNT/CuPc - 5-40 120 /- [44]
MWCNT f)
s j s O 0.65

dL s j dzlsd 0.75 10.30 360/180 (10 ppm) | [245]

WisOdztsy d G
s Hd (]

GO Is s
O i3q-dzts 0.850
W Is oiiu g G 0.8 100800 -/350 (50 ppm) [241]
CtsB O I

SWC'\F')ZFON' 0.076 1-50 28 /133 (1 ppm) | [138]
PET-NHo-

MWCNTS/PAN 1,1 33-100 47 [- (50 ppm) [246]

1 tod d3j Y@z L MdH creOWe AP ls Odzts o dzj dzdz” 2G-8CHY §j dzg
PEDOTPSS { sdzd-{ I8¢ dzj dzH d 5 C-ftf zd i) |5 dele 5 dziR@eNEPAY ljstﬂ%@hﬁg)
HJBS s d dziNdzi@EMgY jdrzd dzH J-e3gFErdf Ezy O ded dzd dz) | PET
f sdzd 1 Is d dzj dzls,PBNIW lss@f @lsizd dzd dz

Il Ists 3§ otjdw fHtoddter MJ dzhMtstetse dzO MmMj tetso ts
ZGdzj etsH dz' = dde® e m iy aBgdd @zozdztso , o dzdilsj wOlkztej SIS
Yylss kcedzjtesHdzr | &3O ted Odz" , BsHdW dydtese Odadz" J

42



sCMdHOBd o&j lsOdkzzse (s OB dz. 2) tsB dzOH.Q# jlsts B {f jst8 T tfk:
slsd3j Isdls! , MukehtttsOC @ ddegjcsls sHisEsa! dzs Btsdz’ h dj

6 6 jdej 6Oydd ftod ¢ sddzOpdzsd d Isfd3t ste@s zdorjlz uj dzd J
cdBtedHdzr 7 dBOIjted Odzseo dzO s diolsjO dzis w) ezt a0z dAs o
wodzw jlsfqpw OCIkzOdz degts?2 L OHOYJd 2.

v OB dA yoO

ltejHjdz tsBWZOtclzy j dzdWv MJjtetso SHSWiSH B)dztsg 8§ d3W
Fedzj csHde 7 BOKBEwedOdgdtcso Odade” 7 f sdzd d&3j e Odizd d
sCMdHOBRd d&jlsOdzdse

vykzomlsadls JtedHJ (] ddzd 2 d tOBtsyqg l toj v ils{ u mr dzf
fmdzts d sB dz2Otcz) Hd O Of Isj BB J 16,0 toj G § daj WO
ppm ppm C
SWCNT-P4VR 0.014 0.2510 s sdzdzOIs| 250/750 (100 [138]
PtPOM3 ppm)
SWCNT- 5 5-200 s s d3dzO Is 60 /6000 (10 [247]
TEMPO ppm)
G/Ag 0.1 0.1-50 60 360/20(0,5 pnp| [248]
SWCNT/AuNP 0.003 0.020.16 s sdzdzOIs| 300/-(0,2 pmp [249]
SWCNT 10 10-60 90 300/ 300 [250]
(100 pnp
rGO / h-WQO; 0.01 0.01-40 330 7/55(10 pnp [251]
CNTs/SnQ/CuO <10 10-80 s s d3dzO Is 240/ 6000 [252]
(40 pmp

1 tod d3j yO4YEBti f tsdzd ¢ 4zd dztf o ®OMB d ddp[PV3MogOuag], TEMPO i
2,2,6,6ls j Istc O3] Is d dzfldstf fnmjudtii izl dzts y O My ls d Wi 5 gzt 1)@ ¢ 5 dz0 dz
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¢€jCM@dH RSk e sNApi®®R] J MsedOdd Wdd sStso
tOMmlso stewdzd o HARdsSEdilsOd] d ¥ dJigA &k s Oded) dnidn
Ctsdgyj destedtetse Odzd . ) tsdzzyy dzdg' 2 § tetsH k2 S Isf ftf e © dzef
COyjMmlsaj 1+ d¢jdzs® Masj M NAclOBdes delc(d st ) R7%EAI4A. &zt t o

RHJjdadsdWwWdsoydw

RsMY J € lstets(h) Mk} 2p42 (O dzd ¥ Ols di GH) MAOIPR2869 @ dzd ¥ Ols d-y j M€
CH); 1605 Ar-C=N); 1377 C-N); 1232 C-O-C); 1097 (OCHg).
Cul (1 f maf )dad3 & 695(522),[B21(451), 371(489).
He [t [ o {ds) :=923i 7,72 (brd, 284, Ari H); 6.04 prs, 4H, OCHy); 4.01i 3.96 (,
8H, OCHy); 3,74 3,69 (m, 8H, OCH); 3,67 3,57 (m, 16H, SCH;, OCH); 3,55 3,51 (m, 8H, OCHy);
3,51 3,46 f, 8H, OCHy); 3,15 prs, 12H, OCH).
[ Offrirf j Sdig tistis @ALDI-TOF ) , m/ z : H dzeC@HpHNaOhIZN: 17514.
1 O2 H JtE8[M]", 15330 [M-d3§ Is d dzf*dl8235dM-2 ( &34 Isd a2 d tej dz) ]
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o d dZ&GPe2 iy sk h j flso dv dziw  fdzj HE® " d s BB LOL 5 d5:

458 d ff(dltc j ded dzckj IstsC o Y Wls @ dzts dzgf Is te § ¢z2 0 & d dgdhts a2, )
sted 56 ) Oia-fipk gzS W adzd dz) W s O dzts dzd Is te d oz (0,970 - ¢,
HdOL OB dYydS dzevfi Gz 4.1 GJub dzr(jly 5 @UOAC:A ,09 22 0dBdsdz’ )0 , cf
Cdfwisddzd ) BBLOld & A6zt Odets dzgf S (55 edzinkz 8 k) Ugj
Ot tsdz®. |1 0ljd tj OCyddgzs Mmdsj M 5 d&OYHOA] H
CjSCMOd veojteH' 2 fHEC L j dj dessts Q)b sith O sH
ftots 3’ o-Ofzf MBdzs 3. ) sdzz | dzdz’ 2 §SGjsHBS §d Gz § OO gzdzj d
fdsj ! t©OMise sted sk Mtz dzd O Bz ig B | & dzf2e 15 HRITIYB

RHJdsdW¥Wds Ooydw

RsMY j ¢ Istets iff ,shifdg):w 3040 (O dzd ¥ Ols diGH),p QIpL, 2918, 2870
O dzd ¥ Ols di GH) 159 AFC=N), 1371 (CN), 1260(C-O-C), 1085 {OCHb).

C & 1 CHECL) :madodzdd ( 710 §40)IP3: (542), 632 (474), 370 (522).

He [ t( [ o {ds) : =8[b547,20 (brd, 26H, ArH); 5,64 (brs, 4H, GCHz-pyrene); 5,42
(brs, 12H, OCH); 3,60 (brs, 36H, OCH, SCH); 2,60 (brs,42H, OCHp).

[ Offff j Sy sts(IALDI-TOF) , m/ z :H dzE:osfufNg@RdSeZn: 21079.
1 O2HjdzgM-2 ( 637 Bq dzff d te j dz) ]

AN I o o s°
o, O‘*\O OHO J . oﬁ s ~ ’O e
%o \s sj,—lof SI:—’O o] s r-JOf
— s N\/p,S ~ (p,s
SEASE \ N
b Qe Sy
N, !\"Zn.N P N_Zn‘N,/
éf b, 28 tes
s s 0, s
I Loy I %% g )
f o \, I o o /O
(,0 / '\u - ’,9 ’ ~ o
§ o o o o f
-0 oj 10 -0 oj Q
I ZnPc-Opy ZnPc-1py ZnPc-2py

\O !

N F
el Sres o Oe]
Qo R
N \Zn/ ,N
s‘é)\ )\b \/‘ ] Sy
O o oy
5
I
B () & Sy
£ ,.? go
ZnPc-2'py ZnPc-4py

{ M6 A SOty d Odzed def HdpdaS O dg' j Hdzw ff tsdzlz yj dad W
BjssHEd djC o Odzj dzls dzSWCNTEZ dzS y d 5 dzOcdzg L O
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AlsOdzs Yy d Odzd dzZnPo d dzS(Qs 7. d M sdz' L 2 j d3'Cas o Owdapitizls d;
Wz dzC Y d 5 dzOSMENDydfYY  § sdzz yj ded v ¢ d B SWONTZBRGED, RIS jdis
g dzls j L B ozOfipdzts 5§ d O ddARIB]. ©Odzj j d3j IsStsH S j

X\@uiio// W "
ij—ger\\gggiEl

e Q/&

Oll

"

{ d W7 ¢ ls to iz COsMztictezBl M0 dzts y quaidefdBd M sdz' L 2 j dsse s H d
3D ¢ dBdH dzts SWCNFRPG3R.d O dzO

222 uddzlsj L W ls Oxigh H E Odzd KO

Als Odzts Y d © ted GefCoRc@py, CoPclbpy) d M sdz! L 2 j o8 j Hdzv  d
WEdC ydsdzOdzdL Oydd SWCNT eztkRE 3@ lezzS\JcAamRe1my),d B to
SWCNTCOPc16py, ff t6 j H ) ls O sl jiRACOPEE®@ y B ' dz ) (fodsq dz@ffipdsts Ot
tOdzj § dBRIsSH]C

\ 4 1
[e] o e
10 o o- Y
ol S £
RN \s SI,_IO
s

SWCNT/CoPc-1py SWCNT/CoPc-16py

t M8} tsdLotHdy j CoPc, dmitsd Lkzjd j Hdv f
BjssHiS®R dzj Ctso Odzj dzls dzts? W.z dz€ yd sdzQ@czd L O

¢ d dzlsCpkelopy MsMmistsw dz dL  yglsr toy Al) i1sWindzstouwz 5 dzOhbs(@
ftoesdL o sHUMsCISE dfpte s Otecd d dz! dzr d3d Gtz f Odsd fn i s
H § tots f-Pete LSO sdzz yj ded j § tesf Otcc d dzfts H3)( tefl®). j ¢ S
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IMifsdkzyjddj (st Ote ddzL Odzj M | dz0eBE(B3,H1B, Bdrs23,§40 dzd
5 < Is O Goglj fiistfr d ) ( (-Adteistf S Md ) d3d Isd dz) Wi @S M Pdzd dz 11)) & 5B
yqedazdLoydj? fsfowcdaznSa ] tdhipehlsd @Okl ® d
f sdzz jiff fad j dzL O3 M j dedzts G s W Is O dztshy)O dAd RSP S usts jored dg jOdz
38" dzd f sdzdztsfilst 8 SR OwOCIsjtedL 59 Odzr S tsdzdzj 6 ORd o
By stsH OB ftd ¢ Is rts FOEGIjISHY e ( MALOBI) d 4 dzj d3d

OdzOdzq L O.
OH
HpONapruioBbId ciupT O O
Br Br it (607 _ - /\ /\
0), cyxoit TT'®D
0 °C no 25 °C, B Te4eHHE HOYH
1 Cl CN
cl C \/O\/ﬁj\/o\/
N

(I) CsF, cyxoii IM®, B Te4eHHE HOYU 0 CN
>
O

(II) K,CO;3, cyxoit aueToHUTpHII,

25 °C, B TeUeHHE HOYH /\O/\Q/\O/\
3

t diQurnj B0 skt @Gaded dzL O3 " v dedetse s W s Ok
stej Is! W (s s dpron j fls o dzw dzOM:! fzj HEs hdds tSBELOL &

g3y ! MsB6H dg ded¥, Qo049 Y dc, 1, 0 Bisd )
fjdlsOdesdzO®. 10jd § t©OMsSNNElEBHIEE @b O day 2O Bdsd2.dz
i ' ctwjdd §wod 140 o ljyjdedj 3 yoOmse. 1 Ok
Bo jtoH™ 2 1 totsHjzRjlsdztdsci@eBAEE f B Pdz steso o Odzd M) d MY
1T dej O d BYdh Odzd &0 CwdsdSj M MdEOadDL] o,
(1:19) o § OUJfFsoHj: 11dz62j dgls @.4 3 %) .

RHJjdlsdWdsoydw:

R MY j € Iste (@R d)3d27, 3285, 2917, 2852, 2114, 1611, 1456, 1349, 1198, 1095,
634,

He [ t(r § wdp) : =867 6 8H); 7.29 6 16H); .86 & 32H); 3.49 § 32H); 1.88 §,
16H): 1.60 €, 24H).

By f t( 1 «dp) : =150.66; 143.66; 137.10; 132.38; 131.68; 107.24; 105.39; 80.20;
77.44; 77.23; 77.02; 75.25; 68.12; 58.50
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[ Offff j S Ust(MALDI -TOF), mz  te O fi) fi) uQidsHi26NsDd00; 2509.6612
1 02 H P5REs6380

Cdzj d3j dals dz' 2 O dzO dzGrs-H1NEDRAPUC 69.906, HAYOD%. | N 4.26%.
1 ©2 H LCEAs80%H 4.96% 1 N 4.0%.

yjlbe jtolsOw . BpsCintafvj fiflsoddiy &zOf:' fMdzjHEzYh dds BB LOI
CoPc( 350 3¢, 01-QAL JHdsHdjdd (822 &c, 3,2 dgdst

BJLOBHMRGG ndzstotsW 5 tc &3O . 1 Olsj dBul €10 tc O figls ezts B
HddL s tetstf d dzt Is d dzO d3d dz (106 3¢ dz, 0, 6 Bd3ts dz' )
AntsdzsHddz! dzd S sd3 o Isj yd ded J 12 yOmsoe. 1 Olj &3 to

CjCMOdesds d dzjMSsd 5 ©OL fsdk o0dd Sdfwh.
Ljdzj dese s Yo j BOL hdgdeef 2z § HHH7 0 &3¢ (87 %) .

X O, \'.'\ o o ¥ 80
. . o Y

o) ! N--Coy PERNIEN P N P 0 Ny
le] O /O 0\\ ocHoBaHue XyHura, 12 4 Oo.b /@\“&V% QD

© A == A
o'ﬂ\ Qﬂ? = o r@ ég\:jf Q ) “«
/// /i 00 N \ Y % o C»
&S Nd Qg g \\]7 e % SOt
P
core CoPc-16py

t dBQunj B30 f stadbtwmjj dad@d3j " v dzdets e s W Is Oaelépy O dzd dz
RHJjdalsdWds oOydw

R s § S Is to (@K d5)3¢38, 3137, 3041, 2919, 2862, 1918, 1721, 1603, 1455, 1356,
1414, 1270, 1198, 1090, 1045

He f th f & {de) :=98,58 6, 8H); 7,368,41 m, 176H); 4,555,22 (m, 96H); 2,352,49
(m, 24H).

Bacl 1t [ o {ds) : = 1877, 1440; 1352; 1308; 1299; 1290; 127,7; 1269;1264;
1257;1249; 1247, 124,2; 121,8; 1065; 66,6; 63,2; 50,7; 20,9.

[ Offriryf j Sdig tstes @ALDI-TOF ) , m/ z : H dzéCQlipiNaOdhI_Zn: 17514.
1 02 H a8 [M]", 15330 [M-d3j Is o dzff*l8&23,5dM1-2 ( 34 s d dzff d te j dz) ]
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Cdzj d3j dals dz" 2 O dzO dAthaaH 30l ot T O: C W4E2%, H 4,80%. T N
1152%.7 02 H:LCdazt2%, H 4.44846.7 N 11,19%.

sddzsjL d RO®BOCI tedL Oy d(€oPY (s Q @il y dfOTifdusdtHadng sl
Cto Odzj dzlsdzts2 W Iz ®WANTHs2O dai s dRiapgfjddzd v ¢ d ESWANTEaPE 5 o3
3D, " d=ff d MOU" I+ (sOF § 5QdPalfpyled

{ dBLulstolz COMztitezBY O dzs yd Odzed 20 C B Od O, My s
3D cdetdHdsets &Ok 3OO SWCNT/ CoP

223. uddzs jL WlsOdzsyd Odad dzO© € toj dzdad W

AsOdzsyd Oded dfy Cutel cgdfyllerd Is j dzv s o O SSiRE O das2fdn &
M sdz' L ] B Odajdeiels dets 2 W bz dEBWGNTsdED'dd f w4 o s ¢
BOIs | LSNCWTSPc3D, Efifdddzls j L st szOfpdzts , Bk 6§ PGzt 2 dad ¥

200 o6 ( OSIERcdBEs&E7H ddz (6, 4 Bisd! ) s Os
9 15 &z Mkzitsets fdtedHddO ftod Isj & jteOlskztej Sd1.
OetsdzO o Isjyjdzdj 48 yOfmtse. 1t (s jsfjdddfdi Oddsts
Cdi3dzOls dets? Isj 3 j Okt d HjCOdsdtese Odzd . 1 sdziz
dzj NS sdz' S5 6OL (o Oz Glssesyfg? OddsH 52 . f sSdBEf
N BOBEOYdd, dmfsd LEzv M odkszon®d sic) Isg dg @
] sdzidpytso jteHT 2 ftosHEZJIlS RisHE&Y dztge 5 ( § 4 Yok O.

RHJjdZsdWdseoydw:

R st j S IstetsfnS B:4386% (G(CaH); B0 (AFCH); 29902835 ( O dzd W Olsd y j f
CH); 2110 (G C); 1518 C=C); 1122 (Si-O).

¢ & }(CHCL) :mavm(logU) :7 (4867, 611 (3,95);, 362 (4,28).

lH¢ [ t(500MHz, CDCh)Uppm 9,68-9.66 (n, 8H, PcHa); 8,37-8,36 (M, 8H, PcH); 0,63

(s, 2H,-C [ B);-0,99 (s, 4H, -CH2).
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[ O j € Is to S(WALBIsTO®: 650 M]*, 595 M-OCH,CI CHJ".
/

NN\
Sl

NVASIN

N\ SN A
A

/

t d B2 ulste bk SO titeaBl KO dzts YyESQupdiilzd v, dMfsd L k] B
¢ dBtedH dzs ¢ 5SVEBIESIPBIPO dzO

224, uddzsjL ftesdLotsHdsets § dto] dzO

1.6Hd 4 Isq ded (@R of top dedz § sz yj dz § 5 fiag Q@iFjUsdstH ey dzts o
o ©OB IS [296Dh MFijtdEd Sttt dPisj HMlsOo dzj dz0 dzO

Br
..i br, PACIy(PPhy);, Cul
i § oo 1 TEA, 24h

Br

t dB3ernj B8O § Sphzyj dzd v

RHjdsdWdSoydw:
Rsmf j ClstesMC B d'B 2O zB05 BRCH))2097 (C [ C HLL82 (C=C-H).

H cft ¢CD@l = 3,598 (k1 @H, HCE CBI5(®B J=F.86. ,
&. H., 2H,59Ar(H), J = 9,11 & H., 2H, ArH)

[ Offff j Sdig stMALDI-TOFY m/ z :  tc O f)factidhils . 2 5H0dz"2 9C | O2 H
[ £

225. addzlsj L o &EY L dedbozliz B3Ot d dzO

(e d dG@ISEH B Isss Md ¥ J dihd) ¢ z 60 tzd dzf s dzlz yJd
BjlssHdS i, G dipotiiday.o OBl
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\
CHj3

X
HO_~_o_~° N0 0 0
OCH, HO OH O JIM®A, O P o
H3CO NaOAC/ Ac20 = - ~CH
3 o + " 0 0) CH, K,CO; O 3
HCI/MeOH J| SN
Br

*N 0 CH,
H3CO OH 0 O\ CHy PhC1
CHj3

tdP4Auern j B0 § skRe@lyj dzd W

7-6 d H o8 @BMhIlstcd d3j stsC Md W j Ot @) CdgazOte d2 1 8 dBzd3ts dz
B3z rfAd d ¢ tcOMmMlse stcklz HSBOo dzvw dzd f tetstf Otec d dzB
fjted BIhdoOdzdw o Isjuyddzedjy 10 Bs@R2BE2¢ BEEOMldg BRL
t JOSydisdedelzs md3j ! dzOctej o Odzd fted 60Aw o Isj yj dz
fhd3j Mm: or dzde Odzd o dzj HWdzz® o tSHLE. I MOHtse slkWdd
o BHB?2 d hesgtdls tsydh odzd ¢ fs dzts dzts y dats 2 nlesdi30OIs
H - dzstedsj IsHHzO] o1 @O j ¢RIIA. (5T96).

RHjdsdW dgS oygw:
Cdzj ClhtetsdzdzOY MY jCltesMS s v Yfoc deimjagd.y 3( C o)

RsMY j ChtesmS s dw  3(236/0f) d&33036 8BI) (Al CH); 2943 2829
( Odzd W Ols HCH)j 1B CE0) 1607 1461 (C=C), 1218 1121 (Aii Oi C).

H ¢cft (500 f41vy, CDCI 3H);7,04H, (., H .1 H-H); Q006= (8
(s, 1H,ArH): 6, 96 (dd, 1H, -H) 694 (8 2H, Aff): 42,800 4(\d,, ArH, J
CH2); 3,93 (s, 6H;OCH 3)3,90 (s, 3H;OCH3)2, 6 0 (s, 1H, [ CH) .

[ Offff j Sy s®MALDI-TOF) (m/ z) twOMmMmydls3663®6, 37,

7 sy d ded3eztffCtdsff d dad dzs ¢ M d W jRBQRdy) ¢ § tgrie g @zdz
s dmMOdzdzts? o ®WOFE IS kenocak

\o o} o]
HO o.__0O O
$ -
. C
$ 0
OH

~

[ dBSe nj GO ¢ skRAy ] dzd ¥
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0,5 ¢ (1,9F6sRddu)H S dyjddd) $EEO0td z0 d
BjLOGHMOMWOMNK stcWdzd o 20 k)i HEE g0 Ofzd 6 5dts
fitej BihdoOdedd o Isd wd dzd § 20 dddzls s COfd
fosf O ddBiesddHO, §ofdi yjct tj OCydsddzzs fdsj
48 yOfse, O LOjd o' dzdo Odzd © BBY dsdz' BHEE B Y o Oz
©OL fEsd o0 0dd HdMsd ks Oddzs? o BHE2, L Olsj o
Codsdsydes? RetskOssceoOl dj2 d0 fMdddt e j dasDisdny
59 &¢ (91%) .

RHJdsdW¥WdS oOoydw:

RsMY j Cesms sY: d 8248 ((-€¥CH)is 30993050 QAr-CH);, 2968 2942
( Odzd W Ols dCH) M5B XN C)700 (-C=0); 1620 1513 (C=C).

Cdzj d3j dzlsdzr 2 O da©dizBhiH14Cc CffEHEHYG B 4,27% 1 O2 H jdets: C 7
1 4, 24%.

[ Offiff jCstesdj sted®F )(,MAlDZ : @@y d B30 HIB. O
330,10 [M].

23. 1 sdzeyj dedy G dBtedHdzr = ®BOIjtedOdzse M ke dzj te

[ &z sdzlz 44 dadfH d& B d30Is §j ted Odzts o dmf sdz L s Odzd fr
SHdzsMIsj dede’ | EZcodzj esH dz' | ddGdEBIs, 4z B dedf, JigBWADNGR)) o ( 9
fsdzzyjdedzr | @B sHBdR - ddBduj M s €WD) s fif @YCHs QAP Odp its
l sz yd dzdz" §| cdBtedHdzr §J BOIjtedOdzr fp E2COLOdzd § d3 t
Hdzw WiEdC yd SWONE] L PydfiflssHO dr Wkd€ yd sizO0dzL Oyd d

v OB dA yO

ldBtedHdz | &OLJjtedOdz d { tsdzd, O tofshpCeisdef . JEmiSag"jd
Wz dzC Y d s dzO GPCNT L] doi3jrIs e W E dz€ yd s dzOdzd L Oy d d

[ JIstsH

; ldBtecdHdz|) sdzd Otetsdf Wz deC yd tsdzOQg
BOLjted O SOV dBsd] (dzj <o Odzj
C s Odz)) dzls |

uf)r &€ O &o
f 5 dzd Ot ts BO
&Bts dzj S & ezt

1 | SWCNT/pynoncov py 14 89 Odzy d 23

2 SWCNT/py2-3D py2 s tse Odzj dzls 23
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3 SWENT/Phe2 PhC2 14 SBBo Odzj d 25
noncov
4 | SWCNT/PhCicov PhC1 s 59 Odzj dzls 24
5 SWCNT/PhC23D PhC2 s so Odzj dzls 25
6 | SWCNT/ZnPeOpy ZnPcO0*py 14 S50 Odzj d 16
7 | SWCNT/ZnPelpy ZnPcl*py 14 Sts9 Odzj d 16
8 | SWCNT/ZnPe2py ZnPc2*py 1 4 S50 Odzj d 16
9 | SWCNT/ZnPe2 6 p ZnPc2 6 * p 14 $B89 Odzj d 16
10| SWCNT/ZnPe4py ZnPc4*py 1 i St Odzj d 16
11| SWCNT/CoPelpy CoPel*py 1 4 S50 Odzj d 18
12 | SWCNT/CoPel6py CoPcl6*py 14 B89 Odzj d 18
13| SWCNT/SiPe3D SiPc stso Odzj dzls 22
14| SWCNT/CoPe3D CoPc S s Odzj dzls 21
15| SWCNT/ZnPe3D ZnPc s tse Odzj dzls 17

2311 sdzyj dzdj OLdHL Od3j My dede" » EZGdzj esHdzr = dzOdztsls

[ dzv  f sdzkyd ddw cdBtcdHd » BOjtedOdzse 3ilsts
SWCNT MmdzOyoOodzO d&BsH W d yd tcts S\OAGRT-NIY LtafdHipizr d@zff ) cif tadaiff i C
5 @BIIBHdS ], GO HESSEH0 tc@e sI6 L, 8AJ didsbdz! dgc N(
BRsdz! ) dBodsn dzstedHO 2BHO tOMmlseststewdzd o 25 d3dz
§dtwdddhaolOpdj dzdijlf €6 @iz M § sSMdzj HE® " JIYWCNTEB O o C
tcOMmilsogtedX yds fJtesotsHddzd §tod € sd3dzOls dzts, 2 Olisjj dgf e
slsWddz stetsea ™ 9 Odzd . v o jac@dud iR ki del € ts 3O tsds'ds
ZHOdzj dzgdWw daj f tetstej Oc d tots od@iznf" pAOChiptizjdgid dzj ded 2 o Mmkh
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ICI, NaN3;, CHsCN, N,

17X \
» S »
\

SWCNT-N3

t A6 e n J BO § SSHCNTFNR] W

2321 sz yj dzdj CHALIEE®Ess ojlssH L dzg § 65 Gargzdas ¢
SWCNT

l sdzzyj dzd § & d B ted HIWCHTIPEOf ldgjstafof. @ detsiodz" Woij daA e jiedi @z 0

14 ¢ 59 Odzj dals dzOW W Iz @AWGNT tscgzOdg L HKOdn@{dgds § o Hzcf3eletyf ¢ fn d
sy dded dzs ¢ d W j BaG2r) Y HAfO HylfdeQ azb j (3O 2§ MEH s Is 0 ol fils o
sfkzh j flse dzv izOM:! 5 Mmizg @ &z sddej 2 ( 0d3 I tibHsclf dsicisiacBelt ¢ fry f
sy dded dzs ¢ d W j RRGARZ) B Qigsd ded |, (B 6 td jpyilBars 9 st dzd
rfnd d HsBOQodwdzd s COfdzwds € MMy jdrLdd SWCNT
sSBtcOBOIs" 9 Odzd kdz' IstcOLoECtsd3 (kdz stcOLo S B9 OW 9 C
sj ujdedjy 60 dBBddelzls. 1 s dzlz ySVWNE /py-notcevyd tSMVCNT/PHCB ts H [z ¢
noncov d3dzts ¢ 5 € e Ols dzts  y J AABENTRIFHGEHOMESM Oz , 6 tsB/ d3d dz,
ftosddad HIMIsd dzdzd tetso Odzdets? o SH 52, LOIj d3 1 IsOdzts

o O¢ Iz {28H 3

SWCNT/py-noncov SWCNT SWCNT/PhC2-noncov

A b

t dB7.an j B3O { SSKECN Jpsatbrcovd SWCNTPhC2-noncov
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) sdzzyj dzd j ¢ d B te d HSWCNTipEGidsCalrfsOdgdighdzdz840E 8 O dz! Is O

1 4 Stso Odzj dzls dzOw W ZSWICNT wtz@rdz§ z @@ dsy  Ysls @ dztdlzf PO «
ftsHj O 1, 2 ddd 4 fdtefnReepy, » =L Adj Mk d)isq dzv
W Is O dzts yte O tizg] Gzl SisiQ, eRAN A6 d te § datso ' = jL XTARIC-if [syc] ris=j 1oz

16, sfmizh j Mlso dzw &zOM* s Mdzj Hbke " j2 dBilssHS §:

4 6 WlIs Odzts y dQiggd dg8Cs EAfEdistrSspCoPin*py) e OfMis o sStew dzd @
rfnd d ftHe jeccOdzd Ekdz stcOLo kS Soatts?2 BiOBSISE
4ol ARt 5,7, tOBBYOW YOMISESWONT8 51 Cq3adp) [ & & Mg @zl
Edz! stcOLo S Bd3 o Isj yd WdsQ z bdf @2 dzv (O hiss B dzv dz
SWCNT, f sdzlz ygJ dzdzlz® fd3 ! sBtcOB OIS 9 Odzd Ekdz' stcOL o
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1 5 HOdsdz" 5 Uy 6ZDROdRBIN @ W ( tdf dsfilp, | %) dIOWBd 7 F BA Y H
PhClL,PhQ SYWCNThtsmis Oo dz¥ j Is 4iBIs Is 94j4I% Isfodg9czaB8VA M Po, O H
cdBtedH A&z & OIS tcd Cursay, SWBINTRACE P SWENTPhC-3D i 17%,
34% d 38% Mstslse jIsMmilse j dzgdets. 1 ts BWANTPh@@dnfpv. @& dirpue dk
HiMseeBydd PhC2 f ftse jtern dzsis 9 MWO,dzts® toz dz'ts COW B ) B
d SWCNTBPhfgPslh j §f dzj dzd "PhGRsREERE 200 (34%1 4 %) d 24 %
1A%)Mstsls o j Is.f) IO ndzdz® W H SNdgwdiddgtiz®@ jo SWMNTPhC2-noncov( ¥, %)

MsmlsOo dv jls 18 %0 (8@®EL440O)NMsBEOEH HsdY 42% (20%
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SWCNT ) dmfitsd LtsoOddjd ftesdL o sH dzts ¢ BzY ¢ dizdf dzS dzl
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