it

FETEMER T > A MEICEX DB LERLT 0 V77 A4 8—D

TERURE & = OSERBEERIC B9 S F5E

(Studies on Porphyrin Fibers Synthesized by Surfactant-Assisted Method: Formation

Mechanism and Photocatalytic Activity)

SF24 3 A
A EE

MEPR SR 2 PaeE et



H R

BB T BR.covvvereerrrreersiinreeessiseeeessstnsseeesssseaessssseaeesssnnees 1
Ll S ettt ettt e e e e e e e e e e e e eeeeeeaaaas 1
1.2, BB TIUMR.ceeeeeeeeeeiieiiiit e e e e e e e eee ettt et e e e e e e e e e eeeeeenene 9
BB Ty AN RRICEEERIETE e 23
75 T = S U PPRUUPPPPPP 23
2.2, BEBRHBAE e 24

22 L. B 24

2.2.2. ZnTPyP RI¥LIZ T 2 FEEHER O T VX VHE DR ERAE......24

2.2.3. ZnTPyP 7 7 A /N—DFERL e, 25
224, XX T A UB =230 25
2.3, FE R B R e e s e e e 26
23.1. ZnTPyP &/ ~—DFE/BRICARE oo 26
232, FEIEHEIOT VX R DR 26
233, CTAB IR DB e, 29
234, HEEBROEEBLOTA DU FIREDRE 38
2. E L i eeaeeeaeeaeeaerrrraaa—————————— 41



BE=F ZnTPyP 77 A N—HFTESHEER...cciiivrirr 44
K38 DR - — SO PP PPPUPP 44
3.2, BRI et e e e e e e e e e e e e 46
320, B e, 46
322, ZNTMPYP DB R 46
3.2.3. FEIEMHAIT A MECLARLVT 0 U U FEERO B ESERD
B 47
3.2.4. ZnTPPZxd 2 2 JEEL F DB oo 47
325, XX T 7 H U B = a8 47
3.2.6. B AR B e, 48
327, BIEFFMTTE oo, 48
33, BB B R e e e e e e e e 49
33.1. ZnTPyP 7 7 A N—JER @B < FHAEAEFHDORIE ..o 49
3.32. ZnTPyP 7 7 A N—DIWIVFRFE ..o, 54
R I T > SRR 61



HIE ZnTPyP 7 7 A N—Z Lk B —& I v B OR[FIE el

S PR D T B R e e 66

AL, BB e e et et eaaeaaeeeeesterreaann——— 66
4.2, FEBRIBIE. oo e e e e e e et 68
2.0, BRI 68
422, ZnTPyP 7 7 A /S—OERL ., 68
423. ZnTPyP 7 7 A /S — DIl S A OFA . 68
424, BRI T VIO 69
42,5 RN .. 70
A3, BB BB it e e e ee e e e e e e e aa e e e saanes 71
43.1. ZnTPyP 7 7 A N—DJefilit & U CORREMEDO B ..o, 71
432, ZnTPyP 7 7 A /N— DR D N AETEMEIC 5 2 D88 72
43.3. RhB OB REERE . ... 73
434, R RRAIBRNT ... 77
IR YRR SPSRPRN 83
2.5, BETUBR.eeueeeeiienieeeiiiiee e etire e e ettteeeeera e e ertae e e e rraeeeeannaeaaennaeanes 85
B T EE AR ..eeeeeeeeeeeeeeeeieeeeeeeeeernieeeeeeeeeeeeeeeaaaaeaeeeaeean 91



F—E WS

L1, WF7EH

SRR &3, RS E S E & Z T E O T, RIGHTR THHITEELRWETH Y |
ZNH D% ADNFHERIC L HWbiEICAS 2] 29, 1972 4212 Honda & 238{LF % » D
FRA~OFEIAHZ L0 | K BEEFR KRB NRAET 2 BIR(ARZL —RIEZN ) 2 @& Lz, =
FUDARE, AR R 2 & BR%E SHL, BUEE CHESIGUE OO, Ko, e bR D&

. KEGEHL e Rk & 7250 B~ OISR e S 4T & 7204, Figure 1-1 1239 K 9120k
it e Sl & & EANE L, EFL(h) EEE 23U 5, A U7 ht &bk
BAITENEIBRCRIS, BIURSZ i 23 2 & THE S, ikl 1 7 L hsEl> T
— T, AU h e hEEFITHAEGEZEZ L, BEGIEAMEEEOIK T2 7267, L
o T, R Z A ESED OIS 2T o 0ERH H, & HIT, AT
ZWIR L7 E TR MEZ R SR T mVERINEEE A5 2 E AR R TH D, FFIC
ARBEDOTFIETIL, KA L TH5Z LA BIEE LTS 720, A A b3 I <RI
L. PG HER VAN E EN TN D

Reduction
_ Reduction
Recombination h

Band gap (Ey,) l Energy gap
between orbitals

Valence band A
_ Oxidation (AEGro—gxc)

Conduction band
(CB)

—

(o)

4.______________

Recombination

v

Oxidation

Figure 1-1. Schematic representations of events occurring on semiconductor photocatalysts

(left) and molecular photocatalyst (right) under light illumination.
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Figure 1-2. Structures of metalloporphyrin and free-base porphyrin.
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Figure 1-3. Electron distribution of HOMO—1, HOMO, LUMO, and LUMO+1 of porphine with
Dy, symmetry. The quantum calculation was carried out by density functional theory using

Gaussian 16. Functional and basic function was B3LYP/6-31+G(d,p).
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Figure 1-4. Electron transition occurring in porphyrin compounds with D, symmetry.
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Figure 1-5. Absorption spectra of (a) ZnTPP and (b) TPP.
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Figure 1-6. Explanation of spectral change of dye molecules arising from aggregation by

Kasha’s exciton coupling model (o = 0).
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Figure 1-7. Explanation of spectral change of dye molecules arising from aggregation by

Kasha’s exciton coupling model (a # 0).
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Figure 2-1. Chemical Structures of ZnTPyP and surfactant used in this study
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Figure 2-2. (a) Absorption spectra of ZnTPyP in CTAB aqueous solution and (b) relationship
between absorbance at 426 nm and concentration of ZnTPyP in CTAB solution. Light path was

0.1 cm.
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Figure 2-3. (a) Dependence of the concentration of ZnTPyP dissolved in surfactant aqueous
solution on the concentration of surfactant and (b) relationship between SP and number of carbon

atoms in alkyl-chain of surfactants.
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Figure 2-4. TEM images and distribution of lengths of the ZnTPyP fibers fabricated at y =200 in
the aqueous solution containing (a, d) DTAB, (b, e) MTAB, or (c, f) CTAB after aging at 40°C for
10 days.
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23.3. CTAB EEDKE

ZnTPyP O FVEAVEE N @ ME E 7 7 A AN —03 & < Bl L 72 (Figure 2-3, Figure 2-4) 2 & 71 b
T 7 A N—HEIR S S 72O ORARSM & LT, ZnTPyP A FLmiEtERl & AR HAEH 3 25 23
P> %, FHETEMEANIEESR I B RE(CMOLL T TR & LTFEL, 2Ll BTtk
WIBAVEEKT D, CMC UL EOREICBW CRmEANTB RS 723 T2 2 &2
ARE L 72 %, E7o. Figure 2-3 (TR K O ICA—DFREEHAITH-> Th, REXPELS 2D
O TR EIEE L 72 o7z, LIeddi> T, CTAB DIREN T 7 1 R—DRRICK & %

595 LEx 55, Figure2-5 12, y=10, 20, 50, 100, 200 ¥ L 500 TEHL L 7= ZnTPyP

Figure 2-5. TEM images of the ZnTPyP fibers fabricated with the y values of (a) 10, (b) 20, (c)
50, (d) 100, (e) 200, and (f) 500.
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Figure 2-6. Distribution of length of the ZnTPyP fibers fabricated at y = 10— 500.
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LEAIILTWRNT &1, Tehrani-Bagha & O#E & —H LT %, Figure 2-8 121X, 426
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Figure 2-8. Dependence of absorbance at 416 nm, 426 nm, and 454 nm on y value (a) before aging

and after aging for (b) 1 day, (¢) 5days, and (d) 10 days.
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454nm D 2 DD ' — 27 12 537%L L 7= (Figures 2-7 (b)~(d)), L72>L. y>200 OFiH Tix, £
J~—OE—7 EFCBIHI S, EORNET v ERRESRDICONTREL R-T
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VR L OEMAHE S, £/ v —OBOCE DD BEL ol LRSS, Flol y=
500, 700 IZFBWTIE, =4 P 7 5 HIZIZE BT Soret Hr O ZRENHEIT L, 10 A% TIL,
TRTOy TSHHEAXRZ MABIZEAEEL LD oTc, TNHORE LY, CMC LA
Eo CTAB JE OKIEKRH T, ZnTPyP 1TE / ~—& L CERENL SN, =4 Y ZiwfEHIc
Ty AN=~EEEL TN EEZ LD, S HIT, y=200 2A—EDZKMT ZnTPyP, CTAB
OB OPREEZ TS, WINA T MVORPEZ1T -7, Figure 2-9 (21, & CTAB JRE
(2815 % ZnTPyP KIFROWIN AT R Z7~d, CMC LLTF® CTAB IRIETH 5 8.0x 107
mol dm™ ORF, FEFPEZIZIB VT Soret /32 Rt 2 RICHHE L TW=dZxt LT, CMC LA
® CTAB IRETH 5 8.0 x 107 mol dm™ 35 L UV 4.0 x 1072 mol dm= DREIX Soret /32 K723 1
AROFEEMFFIN TN, Flo, =/ P27 1 HZETIL, 8.0x 107 moldm™ 38 L1V 4.0 x 1072
mol dm™ @ Soret /X2 RN 2 KIZ/HpH LTz, ZORER Y Tehrani-Bagha & DS & L T
BV, X5, Figures2-7. 2-8 OFEHE LA S & CTAB LA CMC LL BT/~ 72
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Figure 2-9. Normalized absorption spectra of ZnTPyP fibers (y =200) aqueous solution synthesized
with different concentration of CTAB after being aged for (a) 0, (b) 1 (c) 5, and (d) 10 days.
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Figure 2-10. Average (a)length and (b)width of the obtained ZnTPyP fibers fabricated with
different CTAB concentration. The average length and width were obtained by measuring those of
100 fibers.
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AL ST A OB EE 2R LTS, y BNREL D & WO EE DI 33
YUz, LIeh-> T, CMC UL ED CTAB IRESMFE TIZHBWT, 7 7 A4 =D EIZ K
LB EEZ2DDTyETHD EEZ B, Figures 2-7, 2-8 [Z/R LTI AT FLd
R L —F Lz, ZROOREREL Y, Scheme2-1 125 % 9 B USRS #2759, CTAB D
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Figure 2-11. Fiber formation rate at (a) the different concentrations of ZnTPyP and CTAB (y =
200) and the different y value ([ZnTPyP] = 4.0 x 1073 mol dm™). The reaction solutions were aged
at 50°C.
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TELID RPPICHEEENEZ D FRE LTHEWT 7 A A=K LIZEE XS

Wb, vy OEFITMHED 7 7 A NS—TEEE DK T IL, ZnTPyP EfHAMEH L T 72y CTAB

BT LD ZnTPyP 2 B ARITOEfOMETHL EEZBND,

[CTAB] < CMC
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low [CTAB] (< CMC)

[CTAB] > CMC

s CTAB
CTAB

micelles
I l ZnTPyP

S
micelles fibers

high [CTAB] (> CMC)

Scheme 2-1. Formation process of ZnTPyP self-assemblies when the concentration of CTAB is

lower or higher than CMC of CTAB.
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CIETORET, CTABIREN 7 7 A NR—DRICKE L HF 5T 2L 0MAEHL 2 &
NTET, ~HTHEREISNIZT 7 A4 /3—7% CTAB JE1F(E F CLIEITHFETE 20T &
TIX72\, Figure 2-12 (a)lX, ZnTPyP 7 7 A /N—/KIAK % 40°C D&M FICE &, EETH
%K% T RTCHESE SETER, B O ERO TEM B4 ~d, WRP LI <, 77
A NR—ENHEL 2o 7208, 1D W& 2 Fi> ZnTPyP H CESRNHER SN, LI LR 6,
BRNZAFIET D CTAB ZRET D 7DIAT 7oK ED R, 7 7 A N—3RITHA L T

7= (Figure 2-12 (b)), ZDFER LV | ZnTPyP 7 7 A N—%HEFFT B 72D, 77 L —F

Figure 2-12. TEM images of ZnTPyP powder obtained by decantation of ZnTPyP solution (a)

before washing and (b) after washing with water.

& LT CTAB 78 ZnTPyP OFAPHIZH D Z EMARAIRTHDH EEZBND, ZORBEEEDL
IR D 72012, y=200 TERLL 7= ZnTPyP 7 7 A /S— /KRR 2 Kk % 72882 %2 TEM
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Figure 2-13 |2 TD ZnTPyP @ TEM B &7~ 3, KUSOEEEIZ ZnTPyP 7 7 A /3
—EMATRE, 7 7 A N—Z BT D Z N TERDo T2, KEBRTHOW-AHELT, R
mEMER| OB KM L FHAER % Z & C. ZnTPyP AP S CTAB ZfRET 2 Z L A ARET
bDH, Lo T, ZnTPyP 37 7 A N—JBIRZ MR T 572 012iX, CTAB AR TH D

T EMIRE I, £T2. Figure 2-14 IZIXFNENDOEIRDWIN AT "VvERT, 77 AN

36



.
wle 10

T 7N i 3
" * ; li« ‘a, \o? o 2
ﬁ‘?&i 200 nm 200 nm

Figure 2-13. TEM images of ZnTPyP fibers after being added into (a) water, (b) acetone, (c)
methanol, (d) ethanol, (¢) DMF, and (f) DMSO.
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Figure 2-14. Absorption spectra of ZnTPyP fibers aqueous solution in various solvents.
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TRiR % CTAB KIEIRICINZ 1 REE DIRER AT o T BE O DB SV Tl L 72, Figure
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Figure 2-15. Absorption spectra of ZnTPyP fibers fabricated at different temperature (a) just after
stirring for 1 h and (b) after aging for 10 days.

BRI ORI AT R VT C(Figure 2-15 (), 426 nm @D ZnTPyP €/ ~— /LD
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DMMZE o THEEM STV DRERH 5 &5 2 B, IR S 40 CTUie ZnTPyP [ZRIEIC
HOEATDEEZDND, EHIT, 10~50°C THEEBEZIToTHA. 7 7 A4 =D EN
T2, 60°C THHPZATST- & ZITIET 7 A4 NI L TR O T, AHAIZRERE R R
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Figure 2-16. TEM images of ZnTPyP fibers fabricated at difterent stirring temperature.
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Scheme 2-2. Formation process of the ZnTPyP fibers.
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Figure 2-17. Dependence of the average length of the obtained ZnTPyP fibers fabricated at y =

200 on aging temperature.
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Figure 2-18. Time profiles of absorbance at (a) 426 nm and (b) 454 nm of the CTAB solution
containing ZnTPyP aged at the different temperature.
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B=FE ZnTPyP 7 7 A N—HCE < HHAEH

3.1. HES

AWFFE Tl FLmTEHEA T A MEIZ L W ERL L 72 ZnTPyP 7 7 A /S — O JefiiiE o
REFGLZEZARNE LTWDIR, F—E TR L9 I2 B Eawix, 200 i,
AR, A REELSED Z & ThRA RIEBEA T 2 ERMb TSI, Lichi> T,
ZnTPYyP 7 7 A NX—=RED L 9 2 AFHIZ Lo TSIV TV DA 50T T 2 BN
H%, Guo HEFZFLWL DO T N—T1E, WINAXT SMVORPEDE ZnTPyP 7 7 A
AN=2 - FHAFHIZ LY J 2EEDPDERT 22 & THEIND EFRLTWHDBEE, Lo
LN E, 77 A NI n-n B AR TND Z LA RBLIZORTH Y | FEE
\Z - HHALEHDN T 7 A N—=% BT DI ORI RRHAEH TH 200030 50 CTlidze
WV, =T, Lo L VU PVEOERF AR TORNA S TH D & FEiRkT D58
FHHWBHO00 Sun 5 IEER L7z ZnTPyP 7 v RO X #EEMENTIZ & 0 BULAS B SR S 4
TWD EfEamfHT 7228 X s T I @ (AREED ZnTPyP 1 v R T{ThN TV D728, K
WRP COMBMERIZOWTIEIARATH D, RETIL, ZoTPyP 7 7 A "= IN DT
WIZAR AR I A BEAEH 2 A3 5 72912, ZnTPyP. 5,10,15,20-Tetrakis(-4-pyridyl)porphyrin
(TPyP). Zn(ll) 5,10,15,20-Tetraphenylporphyrin (ZnTPP)35 X U8 Zn(Il) 5,10,15,20-Tetrakis(1-
methyl-pyridinium-4-yl)porphyrin (ZnTMPyP)(Z [k D F TG AT & A MEOBEZITV, T
RRLU7-H CEAREZ R LTz, £7o, F W ORLIZ, 7 7 A S—RED Soret 17 0053 24

WZOWTiEFH v 7V v 2T A EANWTELRLT,
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ZnTPyP Zn N
TPyP 2H N
ZnTPP Zn C-H

ZnTMPyP Zn N-CH,

Figure 3-1. Chemical structures of porphyrin derivatives used in this study.

N _
7\
[N/j "\

Pyrazine 4.4’-bipyridyl
(Pz) (4,4-bpy)

Figure 3-2. Chemical structures of pyrazine and 4,4’-bipyridyl used as bidentate ligands in this

study.
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3.2, ERR(E
3.2.1.

5,10,15,20 -Tetrakis(1-methylpyridinium-4-yl)porphyrin (TMPyP) p-Toluenesulfonate, ZnTPP,
Pyrazine (Pz). 4,4 -bipyridyl (4,4 -bpy)IZ B ALK CEMKX S L VA L7-, CTABGUIK),

7 au RV A(CHCL, fiYt—if%)., B2 v ud/L ACDCI, NMR H) | HEALIEER(ZnCl, &

l

SRR ITE L7 ¢ L SRR NSt X VA L72, ZnTPyP, TPyP (X Sigma Aldrich

DIEA L7z, IEFIET ~ U 7 ANaClOs, sUHERR)IZBI A L2 DA LTz,

3.2.2. ZnTMPyP D&

ZnTMPyP |3 3CHkZ S 512 L CHEA L7212, 50.02 mg (3.67 x 107° mol)?® TMPyP % 10 mL
D IR S 7=, RN ZnClh KEAHE 0.5 mL %2 TMPyP ZKIEHRIZIN Z . 300 rpm DEFEDO T,
100°C T 3 RFEIEN L7z, WA =R E THm L. fgfl NaClOs KSR A1 T L CAERM %
R S ¥ T, BoNTBRZIEE, B, KEHOCHEREITS 2O bICHBRE ST,
ZnTMPYP DERRIE. SRAMVATHR IR 2 -V T TMPYP @ Q /X R34 A 2 Kl
TALT DR 2 BB % 2 L1 X 0 R L 7= (Figure 3-3), USRI OWIL A2 v O JIE
X, BUEBHLA D D 1 RERE IS BOSERIR A2 [EIL L, KT 20 AR L TITo 72, BRI 0.1

cm & L7,

1.2
Reflux
10 } time
[0}
% 0.8 | —3h
Ee] —2h
o 06 F
§ —1h
04 | N R
650 750 oh
02 F
0.0 . -
300 400 500 600 700 800

Wavelength (nm)

Figure 3-3. Absorption spectra of ZnTMPyP reaction solution during the reflux process.
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323, FEEMERT A MECE DRV T 4 U UEEERO H CESIRO /R

4.0 % 104 mol dm3 DF/L 7 ¢ U UFFER 7 o oAV AERHE 5 mL % 8.0 x 1073 mol dm™ @
CTAB /KI&EHR S0 mL (2%, 1200 rpm C 1 RFfRER L, 7 & 1 ARV A & 7838 S 72, ZnTMPyP
IKBEETHY, 7 aa RV ACTHETH o220, IREGKER 50 mL 2B 5
ZnTMPyP 35 . OV CTAB JE N Z 24 4.0 x 107 mol dm™3, 8.0 x 103 mol dm™3 £ 725 k5
2. ZnTMPyP /K¥&#Z 5 mL % CTAB /KI&HZ 45 mL HIZHNZ 7=, ###P% OKIEK % 40°C T
10 BlmA P07 Uiz, £72, 70 a iV ANERE LIEBOKRETORLT 4 ) Abh

WIZx+ % CTAB OE /LI y il & BT 5,

_ mole of CTAB
mole of Porphyrin

Y (3-1)
3.2.4. ZnTPPIZxid % 2 RN DOFN

4.0 x 107* mol dm™> ® ZnTPP 7 v a2 7R /L AEHE 5 mL 33 LTV 4.0 x 102 moldm=> D Pz H L
<X 4,4 -bpy 7 v 2 7))L AFEHK 5mL % 8.0 x 107 mol dm= @ CTAB /KIZ#E 50 mL (21 %,
1200 rpm T 1 WEfEEHR U7z, BEdR% O K& A 40°C T 10 A=A Y 7 L=, ZZ T

Li-H OEAREZ Z N ZnTPP/Pz, ZnTPP/4.4’-bpy & 1<,

325, ¥ 7720 E—vav

ERL L7207 ¢ U > A EESRORITEEA E PSS (TEM, JEM-2100, JEOL)%
AWTHEIZE LTz, BWIROWBIL AT S VIZERSN a5 SO R HUV-1600, B AERT) &
WTHIE LTz, KEF DMK IEE(HNMR) 27 kL II AR 08 % & (BRUKER

SPCTROSPIN AVANCE400S, Bruker, 400 MHz)% H\CHIE L7=,
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3.2.6. ELFEE
LSRR IL Gaussian 16 % F W 728 FE LB BB GG (DF T H S S FHRIC K 0 1T 72,
PLES%IT B3LYP B L M N NEZE S 7= B97D 24 L. AJEEEIE C. H, N JFF 2%t

L TI¥ 6-31+G(d,p). Zn JF-1Z%F L TiX LANL2DZ % i ff = w7z,

3.2.7. #OtFFmHIE

FRRHK AR E S E AT M VIEAR U 7 1 A — & —(Acton Research, SpectraPro150) % fii 217 7=
AN =7 A=A =7 A, C4334-0D) &R LTz v IV T+ oo T v
THEEHCTE L. Ti: V77 A7 L—%— (AT T+ 7 Y v 7 A Tsunami 3941-
MIBB, fwhm 100 fs)% % A A4 — RphEEK L —H—(AX7 FF - 7 ¥ » 7 A Millennia
VIls)& & It 32 2 & TL—F— L R %584 K72, ZnTPyP Z bt & 5 728912,
Ti: "7 7 A7 L—HF—OREZEHIEHELERAI FT « 74V 7 A, GWU-23FL)%

255 R &I 58 AE(SHGIZ L > T 420 nm & L < 1% 450 nm (228 L 7=,
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3.3. fER - BE

3.3.1. ZnTPyP 7 7 A N—JERIFIZB) < HH AAEH ORIE

Figure 3-4 [ZENZEHND RN T 4 V ALEW TER L 7= H C4ESIED TEM Hiff %, Figure
3-50210 HREl O A U2 7% OZNENDITFRR DWW AR kv ZERT, ZnTPyP % /-
WA, 77 A NRN=B L TV, TPYP, ZnTPP, ZnTMPYP TiI 7 7 A N—RER SN

723> 7=, TPyP, ZnTPP, ZnTMPYP OWLUL AT R L= A 22 JHith TEILN A 57

Figure 3-4. TEM images of self-assemblies composed of ZnTPyP, TPyP, ZnTPP, or ZnTMPyP
after aging at 40°C for 10 days.

2.0
0.10

15 } —2ZnTPyP
9 0.05
Q —TPyP
810
5 —2ZnTPP
< 05 500 550 600 650 700| —— znTMPYP

0.0 . =

300 400 500 600 700

Wavelength (nm)

Figure 3-5. Absorption spectra of the aqueous solutions containing porphyrin derivatives self-

assemblies after aging at 40°C for 10 days. Enlarged region of Q band was inserted.
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o T2, ZInNTMPYP [XBIKMETH U | Figure 3-3 Tox L7= FmiE Al 2 & £ 22 W KSR T
WAL A T by e 2T MAVDOTGIRN—F L= Z &b, CTAB EIEBAEZEKLTED
T AKBERPIERE L CTWD DA THD EEZX BID, —F T, ZnTPyP, TPyP, ZnTPP |
WTILHBUKYETH Y, KIEHET CTAB EMAMENT 5 Z & TRPITIHEME L TV D LRk
IS, ZnTPyP 3 PRI EH CESEREZEAR TS5 2T, B2V 9 2HAEMFEMLE LT, o
nMAEER, h T4 -n FHEER, Zn £ B Y DAEO N JF OB A NS 2 b b, DFT
FHEBE ST, ZnTPYP, TPyP 35 LT ZnTPP @ HOMO D 4347 . meso {iL.0D &k &
RNV T 4 ) =7 a o JHAIEEN L TEY, 6T RTORET o EHICLDHA
TEFNZIFEREICE Z 0 9 5 &% 2 b b (Figure 3-6), £72. I F A -n M BEAEAN 7 7 A /13—
FERRICA RIS BEER CH -T2 6 . ZnTPP THL 7 7 A N—1IKT 21T TH D, L
MU B, TPyP, ZnTPP TiX 7 7 A N—=DER L2072 2 LB ZnTPyP 7 7 A 73—
DR FF5T D AAER X ZnTPyP 7O H LD Zn i & ZnTPyP O &Y /LT

& END NIRFREIORNIEE THDL EEZLND, ZOMEILY . ZnTPP ® L 5 72451

ZnTPyP TPyP ZnTPP
(71.29) (73.0°) (73.29)

Figure 3-6. Electron distribution of HOMO of ZnTPyP, TPyP, and ZnTPP calculated by following
density functional theory with B3LYP/6-31+G(d,p)/LANL2DZ. Values in parentheses show
dihedral angles between porphyrin ring and phenyl or 4-pyridyl group.
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WIZENT FTREZRFRAL 2 A L TV MG Th - T | JBARERNL 722 5 Z & T, 1D
HEERPMERIAEECTH D L FHlS LD, FEEIC, B TIE 1D M&E 2B L 72 52> 7 ZnTPP
WX LTy 2 FERAAZF- & LT 100 YD Pz 6 L <X 4,4 -bpy 22 T, [FERD i Al
T YA MEIZ X DBAEEAT o 7ok R 1D MG (R WERE S 472 (Figure3-7), & 72 Figure 3-8 I,

ZnTPP, ZnTPyP 7 7 A 73— ZnTPP/Pz 33 L U' ZnTPP/4,4>-bpy DWUL AT N L% 7RT,

ZnTPP/Pz @ Soret #71% ZnTPP O Soret #f DWULHE LV b RERB IO EIZY 7 ML
THEY ., ZnTPP/4,4>-bpy TliX, ZnTPP @ Soret i L ¥ HRILET 7 LTV, THHDRA
X7 MVEARIE, TLO Zn JRA EENL AT O N FA L ORMESIZERT S L5260
%o POLOHERFEIZx LT, B U DVEDBENLRTRE TH L 22diA 3 5 7212, 'TH-NMR #I
TE %17 - 7=, Figures 3-9 (a)~(c)IZ1 ZnTPP, 4.4>-bpy 35 X OF UE /LD ZnTPP, 4,4’ -bpy %

Ete CDCLIEHED 'TH-NMR F 4 — FZ2Rm LT\ 5, 7.26 fHED ' — 2713 CDCl IZEE KT %

Figure 3-7. TEM images of (a) ZnTPP/Pz and (b) ZnTPP/4,4’-bpy ([Ligand]/[ZnTPP] =100)
fabricated by surfactant-assisted method at y = 200 after aging at 40°C for 10 days.

IFNATHY ENENDOE—7 OlFEITHIZR L TH S, Figure3-9 (¢) ITRL TS
X912, ZnTPP & 4.4°-bpy 23 IAFT 5 R TIL, 4.4 -bpy O H ITIFJE S D > 7T/ s mlik

BNz 7 R LW, B DU A ROl -7 ZnTPP I B 2 U B 2 L C axial
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Figure 3-8. Absorption spectra of self-assemblies of ZnTPP, ZnTPP/Pz, ZnTPP/4,4’-bpy and
ZnTPyP fabricated by surfactant-assisted method at y = 200 after aging at 40°C for 10 days.

PN SEUNL L7ZBRIZ, BV DAVED a (LB X BALOT 1 b Db 7 NI mBaG I~
V7 ML EHEINTE DB AR TH LN 'THINMR F¥— MIBWTHEU X

IR PFONTZZ LD, BV PURMFIETO0 Zn ICRALLTHD LB LD,
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ZnTPP

Figure 3-9. 'H-NMR spectra of ZnTPP, 4,4’-bpy, and ZnTPP/4,4’-bpy with equivalent

concentration.
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3.3.2. ZnTPyP 7 7 A /N\— D SR IR

ZnTPyP 137 7 A N—Z TRk L7z & X Soret 17723 2 DIZHE L, ZDAXRT ML D 4y
X, Ty 7Y I K0 EEZ S AR LT — DRI IR T S ATRENED
H5, L1ein->T, ZnTPyP 7 7 A /N—H1C ZnTPyP 7y F-Rl LB 0 v 7' ) v 7 & =
L 9 D0k D MENH 5, Figure3-10 (2, BO7D Z L% & L CTHW /= DFT #H8&IC X %
BArfE A 28 L TR S 7z ZnTPyP — BiR O Fi bt 2 k3, £ D ZnTPyP 431
DIRNT 4 V<=7 uBRIFEZLTELT, HWZKEE D, &L CTAB I&/AHICE
WTH, FEEOERINFEL TND EB XD L ZnTPYyP 7 7 A N—HDZNZID ZnTPyP
S AfIE BEEET D ZnTPyP 0 f- & nn fHEAEHZ T 5 2 ENEETH L LB bIND, £z,
RFEE A7 e A7 D VIRIZ K D@ e FEmINE 21T > 12555, ZnTPyP & / ~ — O i
%, B, ZnTPyP 7 7 A /S— Tk —HEfHBIE T H - 7= (Figure 3-11), 420nm
ORYEYETHE L7/ ~—O#FHFmMIL 144 ns THY, 77 A A—TIE 1 H, 2 &
DEMBRZNEN 022ns, 1.24ns ToH > 7=(Table3-1), K7 1 U ALEWN n-n FHEAVERH %

L TERBERE LTk, Bl 70 > 7Y o 7IC kT, R 4 U o F T ophid

Figure 3-10. Optimized structure of the ZnTPyP dimer formed through coordination bond
calculated by density functional theory with B97D/6-31+G(d,p)/LANL2DZ.
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1000 % o ZnTPyP monomer

800 | » ZnTPyP fiber (420 nm exc.)
*g 600 0 ZnTPyP fiber (450 nm exc.)
3
O 400
200
0
0 2 4 6 8
Delay (ns)

Figure 3-11. Decay curves of fluorescence lifetime of CTAB aqueous solution containing ZnTPyP

monomer or fiber.

Table 3-1. Fluorescence lifetime of CTAB aqueous solution containing ZnTPyP monomer or fiber.

sample Aexc (NM) 71 (ns) A1 (%) 7 (ns) Az (%)

monomer 420 1.44 100 - -
fiber 420 0.22 88.78 1.24 11.22
450 0.20 88.03 0.76 11.97

TARAX—OBBNE Z o 7o f R, #EHFEMNE 22 L@t S Tnple?l, Lo,
ZnTPyP 7 7 A /X—H Gl ZnTPyP 23 F-[A+2 nn MM EAEA 2N L Chie 70 » 7V > 7 %
R LTV, 0.22 ns OENFMITHET AL X —BEICHET 2HEMTHDL LEILN
Do Elo. 2T A D 124 ns 13/ v — TR S 72 144 ns [TIEVWVEAZ R L TEY . 77

AN=ZJBR LRI T2F ) ~—IZRBARETH D, TNHDRRED | 77 A = TilE
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ZHENTEIND ZnTPyP 731 OEE IR 1-E— A NOHAEIEAIC L VA TTRE D v
TV I L - T Soret H N 2 RICHEH LT- LB 2 B 5, Satake B[R EIZ7au i
BRHGAE— A M X DS v 7V v ZIEIE AR A () DB A K& < %) 5 L ik

L TR 2 & 27 MLV RIR(AE) 1T egs. 3-2, 3-3 TRT I LN TE D,

K= (cosGT - 3c039,-cos«9j)2 (3-2)
AE = Zerng'K (3-3)

Z 2T, O 6132 DOEBIMR AT — A 2 hOFLEREATIER & Z N OB -1

F—ALPEOMETHY, Or1L2 DOBBIBUGRAE—A > EORT 2, M, M;IE

& N

Figure 3-12. Orientation of two transition dipole moment in a non-parallel plane

i, j OB T — A 2 M ITEBREAE— A 2 ORI HE O EETH D (Figure
3-12), EBRAR-E— A FORE SIMITIRE FIRENOZHONCTHRES 5 Z LR ARETH
0. IRE) RS & W e — 2 OF VIR E(e)F X OYM| & DBIfRIZEINE L egs. 3-4, 3-5
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ICL-oTUREND Z el ST a7,

f=432x10"" f &(w)dw (3-4)
= 812mCaw M2 3.5
© 3he? (3-3)

ZZTom, C, o h, elZFETNENEFOEE(=9.109% 1073 kg), BZEHFTONOHS(=
2,998 x 10" em s™), FH(em™), 7T > 7 EE(=6.626 x 10734 Js), BAFEE(=1.602 x 10717
O)TH 5, 4.0 x 107° mol dm™> @ ZnTPyP £/ ~—% &Tr CTAB KIERDOWIL AT kL
(Figure 3-13)? 426 nm % H1.0> & L7= Soret 1 QWL FEIKOEEE K 0.1 em) T, eq. 3-4 IZHEVFE

DEAT-TZL 2 A,
f &(w) dw =229 x 10% dm® mol™' cm™2 (3-6)

L0 FEBRIIZHFTZ ZnTPYyP & / ~—® Soret #1215 B EB OIRE) 758 E X f=0.99

€ (105 dm? mol™* cm™)

2.2 2.3 2.4 2.5 2.6
Wavenumber (102 cm™)

Figure 3-13. Absorption spectrum of CTAB aqueous solution containing 4.0 x 107> mol dm™ of

ZnTPyP monomer.
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Lleolz, N7 f Offi% eq.3-5 ITfRAT 5 Z & T, ZnTPyP € / ~— D WG 1 —
AL FOKEEIE, 947D (ID=3.34x 1070 C m)& FHH T 7, Figure 3-14 [ZR-4 K 91,
BO7D LB S & TR L7z — &k o> ZnTPyP 53 - DEB UG 1-F— A > b & T ~ULAf)
J L7, EBIMRAE—AL FOFUNI ZnJiF EICH D LT 5 &, ERMGBFE—A b
OHFULFIEBEZn — Zn)1E 9.63 x 1070 m L 7e o7z, ZHHDfELE egs. 3-2, 3-3 MW THEH
L7c45/3T A —4& % Table 3-2 1277, TNENOEBIRRAE—A L FDI TV 70T
KoTHALLZEFEBOEEIL, =AY 7% 10 HIR T2 7% 0 ZnTPyP 7 7 A /N— T
HE N5 e — 27 Oy (Figure 3-15) & BW—# %" LTz, L7 -> T, 77 A4 13=0F
% U7 B0 Soret Oy ZIE - H » 7V LV BlERRI S TnWb EE LR, T

AR SO~ S ZnTPyP 70 [F L3, mn fHAAFAZ L TWnoH 2 L &R LT,

Figure 3-14. Transition dipole moments of ZnTPyP dimer whose structure was calculated with
B97D/6-31+G(d,p)/LANL2DZ. Chemical structure with stick type was displayed by using

Mercury. Hydrogen atoms were hidden.
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Table 3-2. Estimated energy splitting of the Soret band occurred by excitonic couplings in the
ZnTPyP dimer.

Coupling 0; 0; Or AE 2 (nm)
(deg.) (deg.) (deg.) (cm™) | Emon—AE EmontAE

M;—M; 56.1 34.4 46.0 689.8 439.8 413.8
Mi1—Mg 56.1 55.8 141.3 1736.9 460.0 396.6
Mi—My 56.1 55.9 38.6 156.6 428.9 423.2
Mi—Ms 56.1 34.4 134.2 2096.1 467.8 391.1
M>—M;s 77.2 34.4 125.6 1139.7 447.7 406.3
M>—Mg 77.2 55.8 61.7 102.5 427.9 424.2
M>—My 77.2 55.9 118.3 853.2 4421 411.1
M;—Ms 77.2 34.4 54.6 32.5 426.6 4254
M;—M; 88.3 34.4 42.9 665.0 438.4 414.3
M;3—Mg 88.3 55.8 129.8 697.1 439.0 413.7
M;—My 88.3 559 50.2 595.2 437.1 415.5
M;—Ms 88.3 34.4 136.9 811.2 441.2 411.8
Ms—M; 29.5 34.4 129.7 2572.5 478.4 383.9
Ms—Mg 29.5 55.8 43.1 576.9 436.7 415.8
Ms—M; 29.5 559 137.0 2047.6 466.7 391.8
M;—Ms 29.5 34.4 50.1 1280.7 450.6 404.0
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Figure 3-15. Absorption spectrum of ZnTPyP fibers after aging for 10 days. Dashed lines indicate

components of the experimentally observed absorption spectrum (black solid line). Peak

deconvolution was carried out by using Origin Pro 2020.
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34. kO

B =T TIL, ZnTPyP 7 7 A N—NED X 5 e BEAEHZ ST L TR S LTV 5 i
L7c. ZnTPyP EHEEDNRALL L7 T 1 U ALEWITHRE LT, [RIERO FLmiE R 7 o 2
MEDBEAEZITO o7z A CEARROIIR A R L7k R, ZnTPyP 7 7 A /N —drh
DDOTNRET L > ZnTPyP 23 T D v U DN DT 1M TR SN DRSS 2
LTAERT D EEADND, BT IDMEEERZIENK L7R7h > 72 ZnTPP &, 2 FEAUGBAL
& LTHRET 5 L HIRFEN A BT VU044 — B8 Y YU % 100 Y BN Z 72BRI2iX 1D
MEPAER S D Z E 26N L, BASAIZ LD ZnTPYyP 7 7 A /N— DR & SR
52 ENTEIZ, ZnTPyP N7 7 A N— %R LTZBRIZ A 41D Soret 1 D3 RIE, 77 A
S—H1 D ZnTPyP 73 THEM T % nen BHEAERIZ Ko TR Z Db+ » 77V » 7IZiE
W92 LB x 6, LT OREDN B ZnTPyP 45 Thlt = /L& — DB E N 2

LT EbRENI,
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BHE  ZnTPyP 7 7 A /S—IZ & % v —4 I B O SIS 7 O B iR HOARAT

4.1. &S

ZHET, MOBMENEAT 22 Linb, BBET 2 (TiO)D & 9 7 M 5 O il )3
BEZ RSN TERM, L LR b, HAERLEEMF v U 7B LV e) DI
ALK VIEEDIR TR b6 3ND, LIeh > T, MBS Z M XS 572012, T
BEMEITD2LERD D, Z ORI 572012, o =8 efit, 4mesikes Lo
BT R L OEECORERIEZ G102 < OF7 7 n—F R g S CE 25, Z2oHhT,
T T AN=RT /vy RO K S 70 1D MG R, FRVEFBBIZIIZEIEDL 2 Lh
SHERSAZIHTE S L LT, IFEERZED T AW Fi- - KB HEL=RNO LED 7
A FIPOEGITH/FOENLAHENEE AW TOMEERIS 25 &/ T 2 EREEN L, BIfE
JEA &R TV D TiO, D3 R¥ v » 7133.0~32eV TH D, IS T ¢ LavEAgEE
MEFRBLLZR2V, —77 T, ARG FTHEIRICK 100,000 LLEOEAWICAREZ AL T
HbONREL . R AR FRETH 5,

AFFETIX, BT 4 VRO 1 D THD ZnTPyP 7 7 A N—ZAE LT Y | ZnTPyP
T 7 A R TN R R ARSI AN FTREZR 1D REIER T D Z L b | il b L CTHYET
bo L ENG, ERIC, IDfEEZ L ORI T ¢ U U BED A CESKROKABEA~DIE
& #ds TR0 Zhang 514 5,10,1520—7 F 7@ —t RRXF V7 o=KL 7 ¢
VonbsRISNDT ) U4 v —2/ER L, KEFREOHAMBIIEH L72PY, Guo B
ZnTPyP 7 7 A /N—ZAEHL LI RhB O WA #IZ KV ZnTPyP O Yl 4 54l L 7=
29301 L L72?d B, 24D OB TIE, RhB ORERAD Z 5l L T DDA TH Y | il
BRI SV CEgam STV ey, et o b Z B4 5 2 T, Mo 5Ok
AT 52 LIIARTH D,

W ST, ZnTPYP O 7 7 A R—DIBRRIC W Tl LTz, T OFEH. ZnTPyP
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7 7 A 7N—IX ZnTPyP 43 F [ Tl Z ZBAE S I KV R S, m-n #H EAEHIC X 5 bk 1
Ny TV T HELDZEnbnote, o, (FREMHCE T 77 4 X—DR S HEAL
THZ LB bnErole, ZOWEAEEZ T, HMEFETIL, ZnTPyP 7 7 A /— D fil
BETEPEIC RAZ TR AT OV TR Uy ROSHERE D1 7L 2 15 2 72 DI R B RR BT 24T - 72,
F7o, RPICHET DR OB, — B SR B W CRIGHEAI T 5 L S
5 OHPUDAERIT, 7~V v & W sobIEP2 3N X 5 00217 5 2 & T L, Rfeiyic

FR D DRICHEER R LT,
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42, FEEREE
4.2.1 I
CTABGRI), 7 v a kv AFk—#k), RaBFIE—#%), fHEEH U 7 A(KNOs, R3EFRr#k)

BLORAAD Y ¥ A(KBr, IR WILHIERDITE -7 4 v ZFEHESER A R L W I LT,

422.  ZnTPyP 7 7 A /S— DKL

ZnTPyP 7 7 A /S—ZLL F DRI ARSI & U TER L 72,4.0 x 10 mol dm™ @ ZnTPyP
7 v a7V AR 5 mL % 8.0 x 107 mol dm™ @ CTAB /KIARIZAN A, 1200 rppm C 1 HEE1E
R U7z, 18R OKEIR % 40°C T 10 Hfl—=A > 7 L7z, T Z°C, ZnTPyP IZ%xI3 % CTAB

OFENMEE yEELTERT D,

mole of CTAB

- 4-1
77 mole of ZnTPyP -

423. ZnTPyP 7 7 A /S— D¢l bt O A

TERL L 72 ZnTPyP 7 7 A /N— O efhiiE ML RhB OSBRI LV Al L7, £/~
—H#H T 8.0 x 107 mol dm™ @ ZnTPyP 7 7 A /X—% & Tp 2.0 x 107° mol dm= ¢ RhB /K&K
212 R A NT Y v 7 LT, BRONT Vo T affi LicEE, n SR T 4 v i —
ZIYAHT 72300 W & 2 7 G H S Max-303) % VN CRIEDE(L > 422 nm) % 75
mW cm™> OFRE T 180 ZHIRG L7z, LS 20 43 Z L o —E B OKEIR A BRI L, 550
BLOr S LGRS ERT. UV-1600)% FHW TN AR S RV ZJIE Uiz, 15 b7zt

& Lambert-Beer Hll(eq. 4-2)7> 5 RhB O & 8Bk L 7=,

Arns = ern[RhB]/ (4-2)

68



Z 2T, Arp ¥ 554 nm [Z351F % RhB OWSEEE, [RhB]IL RhB O, ernp 1E 554 nm (235
75 RhB OF NS ARE, TR ETH S, REBRIZEBUW T, erap = 1.09 x 10° dm? mol™
em ' BN I=1cm THD, KSR ORGREREDEBIIBR ATV T 52L7- 1256

LT 5 2 L THMA L,

424. b FRuXTIThLoOm

'OH OftHIiE, 7~V & s e ikIc L0 90 L7623, 7 < U U3OH & i
L, 7-t Raxv 7 <Y (T-HO)ZAKT D EMmbn TRy, 7-HC IHF OS2 Rd 7=
W, FOCTREE 2 BBA 5 2 & TOH AR O H 23 /[ HE T & % (Scheme 4-1), 2.0 x 10° mol dm™
DY ~<V bl InTPYP 7 7 A N—% G /KERIRIZZERZ NN T U 7 L, 300W ¥k T
7 O TR > 422 nm) & 75 mW em ™2 OFREE T 60 G L=, JeiE 10 3 21
—E RO KEE 2 BRI L SO EERH(A A6, FP-8300ST WRE-3102) 4 VN TaE A7

ML zaERIE L, ERE R 322 nm IZEE LTz,

Aexe =322 nm

Aem = 454 nm

v

NS
0] O

Coumarin 7-HC

Scheme 4-1. Detection of OH radical by fluorescence method using coumarin.

69



425 AR

RhB Al 53 i O 3R BE G AR AT I W EEVEIC K VAT > 72, B/ ~ — R T 8.0 x 107 mol dm™
D ZnTPyP 7 7 A /N—% & ¢ 2.0 x 10 mol dm= @ RhB /KIAHRIC 1 B¢ a7 ) 7 L
“o ZERDONT ) TR LTI £ 300 W kT 7 EAWTEEEGA > 422 nm)
% 20 Sy MRS U7c, SEIRS 2 50 LB RO KRR Z BRI L, SRR e R4
WTHRIN AN RV fE Lic, WA IC 381) 2 IR HEFEBR S % Table 4-1 (2”7,
EXOFH O IFHEFERSN T2 JEHE L L, RhB FIIBE (RhBnia), €/ < — e EE T
U T-A1 ZnTPyP % ([ZnTPyPlinia). WIS IGIREE (fo) 2 22k & & RhB O AR gt F2HR
IR LTz, S HITKEEDOA A RES LT CTAB O 7T =42 Th 2 Bt A 4
23 RhB O/l \ 25084 5 2 5 i3 iR A 2 72912, KNOs 36 KO KBr O KT

DOV THIHA LT,

Table 4-1. Reaction condition in the kinetic experiments.

[RhB Jinitial [ZnTPyP]initial Io
(107 mol dm™3) (107 mol dm™) (mW cm™2)
Standard condition 2.0 0.8 75
Effect of [RhB Jinitial 1.0—7.5 0.8 75
Effect of Iy 2.0 0.8 12—167
Effect of [ZnTPyP]initial 10.0 0.4—3.2 75
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43.

4.3.1.

TR - BER

ZnTPyP 7 7 A /S— DAl & U T OREREM: D A HE

AMFFE T IH U 72 SEARIE S RSO O USRI ZnTPyP O & SmEfEEAI 3 & £ T

BY | ZnTPyP 7 7 A /— N FEETEMRIEE & U CTHEEE L T 2 2MTE D TIE7Z2 W, ZnTPyP 7

7 A 73— RhB D3RI kT B et s U THERE L TV 2 &2 A9 572912, RhB D4

ZETKIRIR, RhB & y=500 [ZfHS T~ 5IRE D CTAB %5 Le/KIER. 38 L O ZnTPyP £ /

~— & G TR ARG 2 B L. RhB OWOGE % BB L 7= (Figure 4-1), ZnTPyP 235 £

[RhB] (10-6 mol dm-3)

2.5

1.5

1.0

0.5

only RhB RhB + CTAB
2_0;::!.::.!.
[ | B g
| [ ] ] m - -
- O RhB + CTAB + ZnTPYPmonomer
(before aging)
| Lo
Lo
<
B <
RhB + CTAB + ZnTPyPipe, © o o
(after aging for 10 days)

0.0

0 50 100

150 200

VL irradiation time (min)

Figure 4-1. Time profiles of the RhB concentration under the different conditions. [ZnTPyP]initial
= 8.0 x 1077 mol dm™3, [RhB] = 2.0 x 107® mol dm™ and [CTAB] = 1.6 x 10™* mol dm™

corresponding to y = 200. Only in the case of the reaction between RhB and CTAB without the
ZnTPyP, [CTAB] = 4.0 x 10 mol dm™ corresponding to y = 500.

TWARWISEIRT TlX., RhB TSRS N2 03->7-Z L 525, CTAB IX RhB OS5 iR 5-

LaneEBZHND, EBIT, oA P T HID ZInTPYP F / = —OWfHHEIEL 7 7 A 13—

X HIEN T EAVURE R, ZORRE X Y . RhB i O Yt iR 1% ZnTPyP 28 7 7 A /3 —

ERRT 2 Z LI DA ET D LRREND, JREEROBK LIARIEEY T BER
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WZHECIA L7238 A OB Tl Z 2880 n S+ DOh v 7 ) 72k o T, EFOIERELIIE
TAHLEMEENTNWAHRNS] = TIRA- L 9T, 77 A A—FTlE nn AHAANER ME)
WTWD EIRBREINDLFERDEGE N2 LG, 77 A N—% L= 2 &1T X 2t

IEVED W _EIIFEERY 72 nn FREAEIC X 2B FOHRIEICERT 52 L B2 615,

432, ZnTPyP 7 7 A N— ORI HAMETENEIZ 5 % 2 528

5B I RmEER OFRBECIREIC L > TT 7 A N—RDB R D Z & 2R Uiz, tfil
PSRRI OTARIC b B L 2T 270 ZNENOLIMETHER L7z ZonTPyP 7 7 A /3
—OIEMEZFHL L, K & TEEOBRZ AT 24 ED & 5, Figure4-2 121X DTAB, MTAB
# L < 1% CTAB Z W THERL L 7= vy = 200 @ ZnTPyP 7 7 A /X—% fi\ 7= RhB O ¢fitisy

e DRER 2R,

mol dm )

[

O

150

VL irradiation time (min)

Figure 4-2. Photocatalytic degradation of RhB on the ZnTPyP fibers fabricated by using DTAB,
MTAB, or CTAB.
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JefiEYEIX DTAB<MTAB<CTAB TH V. ZhIULT7 7 A N —K DA (Figure 2-4) & —£
LTCWeleh, 77 A N=PEL 2D, RhB OOfHEMERE 8D B2 b5, L
7o o T, UBEOER THWE ZnTPyP 7 7 A /N—(X 9T CTAB # HWTIERIL 72 D
To 5, Figure 4-3 121F, v =10 225 500 OHiPH CTIERL L 72 ZnTPyP 7 7 A /3 —% U TTT
72 RhB O A fRORE R %79, Figure 4-3(b)/ 507035 X 912, y=150~300 T RhB
DY R (ro) 3 < oy = 200 DREIZIK E7e o7z, VT 7 A N—R L WlT 25 &
RhB O3 EENEIL T 7 A NR—DFE &M 1.0~2.0 pm THREL RDHZ ENbhoT-, Lizdi-o

T, VIBEOSEAEEFEERIT S~ Ty=200 TIE# L72 ZnTPyP 7 7 A N—% W\ T{T o572,

[RhB] (10 mol dm?)

y value
20 t(a b
( ) ®10 —~ ( ) o °
A = ) ® ¢
A A20 =12
15 } [ 2 ; s, S
a m50 °
3 "0y o5 .
o | Q% $ +100 ©30 g Py o —m=——-—-- ->.
R 5 £ ¢ R 0150 O:C_ °* - o
I A O A200 O 4 @ °
0.5 A © o o
A ° = [
a x % ©300
0.0 . . . X 500 0 . , . \ .
0 50 100 150 200 0 100 200 300 400 500
VL irradiation time (min) y value

Figure4-3. (a) Time profiles of photocatalytic degradation of RhB on the ZnTPyP fibers fabricated
at various v values and (b) effects of y value on the initial degradation rate of RhB (closed circle)

and average fibers length (open diamond).

4.3.3. RhB DJfiliE o) i Bk

— RN, KEHERIZI T 2MIEROS IR, KA S5 2 & TARCT 5 OH THitA
IDEWVDILTNWADBI Figure 4-4 124257 ) VS TORIE 60 SrflicisiT 57
~ U VKR OB A T "V ERT, T-HC IZHEEK T 5 454 nm O EITMEGR S uie o

72 L7205 T, ARRIZBWT, "OH IR L TWhang L FEEMTH Y, RiBITOL
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AR LT W RO RS TND Z &R IS, Guo b, ZnTPyP 73[R D 5
FHAEAERIZ X VAR L7 h L E OB E Z V. RhB 28 hiIC XY s s
EHE L TWBRI) F7- Mandal 513 5,10,15,20-tetrakis(4-calboxyphenyl)porphyrin H .4

AR % 2 RhB O fRIZEB VT, RhB AR L2 Wi L0 o ST b &fsimtt

30

0 min

7-HC

Fluorescence intensity

400 500 600 700 800
Wavelength (nm)

Figure 4-4. Fluorescence spectra of coumarin aqueous solution containing the ZnTPyP fibers

fabricated at y =200 under VL irradiation for 60 min.

FTN 2R, ARICEBWNT HIRERIZ, RhB IIEAR L7z hi X 0 orfig S i, bl 1230
FOBICIZHEBE SN D Z & TS A 7 VRl Tnd EE X bD, £ 2T, BRORE
TTOFEEZFET D720, N7V 7T DRKZ 2K b ERIZE ST RhB O 5 i
EERA1T o7, Figure 4-5(a)8 LI ITENENZER, EFEENT U 7 LIZEED RhB
KIBTE DOV ALk )VZEAY, Figure 4-5(c)iZ 1% RhB & ORFfRGE 2~ 9, 225 % 7
Vo7 LG, EFRENT Y 7 LG KV b RhB O fREE N H > T2, Ziu
B33 ZnTPyP 7 7 A N—HIZAE Uz e lIC L VIBIIL SN D 2 & T, h' e e OFfEE Z 1|
LTS ThdEBEZLND, LnLaRs, BT Y 75 F T, ZnTPyP

T AN ERRICOREN TWAZ ENbholz, — T, BEART Y 72BN T
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I%. RhB OWSEEE TR U722, ZnTPYyP 7 7 A N— O ITHR S E £ Th -

oo ZORERED . ZnTPyP WAL L U THEREL TV D Z ENH G E 720 | BRFRIFIE
TTiE, BREROBICICEV AL A—N—=FF T RT =4 T D H/W(0:7) e & DIEPERESR
FEIZ L > T ZnTPyP RSN TWVAH EEZ BND, S 5T, RhB O fiFsh=ZR LM EHEs
RIZREKFET D2 b, WICEES MBS Z R D HER D 1 > ThHhDH I LRE

Z B % (Figure 4-6),

020 |} (a) 0 min 020 } (b)
[0] [0]
2015 2 o015
S g
S 5]
20'10 § 0.10
0.05 | 0.05 }
0.00 . - 0.00 . .
300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm)
2 } () <O Nitrogen
) 8
'% o ® Air
S 15} AP o
g ° ° o
¢ ° o
o 1F
@. [ J
° o o
0 'l L L
0 50 100 150 200

VL irradiation time (min)

Figure 4-5. Time profiles of the absorption spectra of the reaction solution and the RhB
concentration under air (a, ¢) and nitrogen bubbling (b, c¢). The ZnTPyP fibers used in these

experiments were fabricated at y = 200.
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W Long-path filter
& 2.0
o")E +470 nm
+
% 15 0 0450 nm
£ + A 430 nm
2 ¢ o + ©422 nm
~ 1.0
A o Mt © 400 nm
o’ A 1
05 $ o & «
= L] O g #*
$ 3 o
0.0 L " LR e & |
0 50 100 150 200

VL irradiation time (min)

Figure 4-6. Time profiles of RhB concentration under visible light whose wavelength was adjusted

by using long-path filter.

IO DORER AR E 2 T, eqs. 4-3 ~ 4-7 12 RhB O YGfilfhe /3 figt o B s b & =97,

(ZnTPyP)iper —  (ZnTPyP)mper” (or h' +¢7)

(ZnTPyP)giber” (or h™ +€7)  —  (ZnTPyP)fiver

(ZnTPyP)ier’ (or h* +€)+RhB —  (ZnTPyP)sper™ + (RhB)*

(ZnTPyP)fiver™ + O2  —  (ZnTPyP)fiper + O™

(ZnTPyP)giver + 02~  — Degradation

1,9

ko

(4-3)

(4-4)

(4-5)

(4-6)

)

Z 2T (ZnTPyP)giver 1E ATHEIREHIZ X 0 A2 U7z ZnTPyP 7 7 A /N —D iR E A 7~ L | ko,
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kel XL egs. 4-4, 4-5 2B DRISDROSHEERZR L TW\WD, El2, L 1T ZnTPyP
T 7 AN SN HDORETH Y | LD 1Z(ZnTPyP)pe* DA E I YT 5, Zh
O OESITIERIN, s B BENERRZ & 2, — R —R RE—R OIS
THREZT N E g 279, Eio BREROF(EIZ LY eq.4-4 OFISI I S 41,

£V %< D h3 RhB OSMRICFIATE 5720, EERM LTS EE26N15,

4.3.4. HEERHRIAEDT

FOSFERE O 1E M VA AT 2 72012, RhB CARBE iR O BERRHOMRAT 24T > 72, BOSIE
TETNT Y TR C, ZInTPyP 7 7 A /3= D3 fift % A C & D411 0> 20 43 TIT o 72 (eq. 4-3
~eq. 4-6), M L7z ZnTPyP 7 7 A /N— X3 XTy =200, 40°C =4 P> 7 TR L7=H D
Td D, RhB OYIMIMMEEE 101X RhB OWREIKFT 21T ThH D, LT, 1ol

[RhB Jinitial 2 FHVNT, eq. 4-8 D L H TRk 5,

d[RhB]
o= — di = ObSd[RhB]lmtlal (4-3)
logryg = nlog [RhB], ;... +10g kqpsq (4-9)

T 2T, nIESUSRER, kobsa (TR DO D SEEEETH Y | eq.4-9 1 eq. 4-8 [TK)
LCHAMNEE E>T/RRSEONHTH D, Figure 4-7(@ITIERRE 10 oM, 2725
[RhB initial D SISEEIR % AN THERRIE 3 i 21T - 7B D RhB IRE DR ZEL 2”3, £hE
o7 vy SO BIEROM E T o lZxHe LTEY L log ro @ log [RhBimital (2%~ 2 A7
7y NL7c/ 7 7% Figure 4-1(b)IZ" T, T 2T, eq.4-9 b3mndkoic, vy b
OITNEARDOMEZ 13X ny YIN X kobsa (2K T 5, Figure 4-7(b) IR L7z 7 2 > FOIrHlE
M(E G, IO EIX 1.0 THY | SFUKKEn B 112785 2 LARL TN, KoT, eq.
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Figure 4-7. (a) Time profiles of the RhB concentration under VL irradiation for 10 min and (b)

plots of log ro vs. log [RhB]nitial.

4-8 IIFRED eq. 4-10 L L THRT I &N TE 5,

RhB O SEAf SR 2 331F 5 BRE YE a0

[RhB]

B2
s

initial
=k
[RhB]

obsdt

(4-10)

% Figure 4-8, [ZnTPyPliita P 52% Figure 4-

9IZRT, T IZT. ZnTPyP 7 7 A N—DREIIA LTIz, £/ v—& L TR

0.3
(a) ,2 Iy (MW cm?2)
) o 0167.0
N ,’
Z 0o A, arses
= 2 +100.4
= ré ’
£ 2t XT84
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< 0.1 7% :
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Figure 4-8. (a) Time profiles of In ([RhBinitial / [RhB]) at the different /o and (b) dependences of

kobsd on Io.
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(a) [ZnTPYPliitia
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4

Figure 4-9. (a) Time profiles of In ([RhBJiita / [RhB]) at the different [ZnTPyPliitiai and (b)

dependences of kobsd on [ZnTPyPinitial.

L 7= ZnTPyP £ T 5 [ZnTPyPlinitia & FHV N CUN 5, Figures 4-8(a), 4-9(a)lZ1) DU PlE AR

DAE Z VX kobsa (2K T D (eq. 4-10), Figures 4-8(b), 4-9(b)Z. kovsd & EALZE L Lo, [ZnTPyPinitial

WXL T7 a2y b UIERERZ RS, kobsa (% Jow [ZNTPyPinitial {2 1 IR T D T & NEHRAE R &

LTRbT, £, A A BERLRM A A OJRIEAN RhB O3 R

7

—H =

ERARIL =

PEDR & D720, RhB RIEEICK T DA A M, RACWA 4 REOREZ A Lz

(Figure 4-10), Z D#EE, RhB DifEE 1T A A L 38E B LORAb A A4 REIIE
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Figure 4-10. Effects of (a) ionic strength adjusted with KNO3 and (b) concentration of Br™.
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Figure 4-11. (a) Absorption spectra of the ZnTPyP fibers fabricated by changing the initial
concentration of the ZnTPyP monomer at y = 200 and (b) the relationship between absorbance at

416 or 455 nm and the initial concentration of the ZnTPyP monomer. Absorbance was measured

in optical cell with path length of 0.1 cm.
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