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Dimeric Porphyrins and Platinum(I) Complexes:
Red Shifted Emission from Hydrogen Bonds between Dimeric Porphyrins

LUO Kai-Jun® ZHANG Shi-Lin SU Yi-Wei LI Quan
(College of Chemistry and Materials Science,Sichuan Normal University, Chengdu 610068, China)

Abstract: A new series of dimeric porphyrins with two amide groups linkage and the corresponding platinum(II)
complexes were synthesized by the amidation of ethylenediamine, 1,3-diaminopropane and 1.4-diaminobutane
with 5-(4-carboxy-phenyl)-10,15,20-tri-(4-dodecyloxyphenyl) porphyrin (HAcTPP) and characterized by 'H NMR,
BC NMR, MS, elemental analysis, cyclic voltammetry, UV-Vis and fluorescent spectrometer. It is found that
photoluminescence (PL) spectra for the dimers show concentration dependences. In dilute solution (107 mol -L™),
maxima of PL peak for dimers was located at 657 nm, which has identical PL peak with single porphyrin,
HAcTPP. When concentration was increased to 10~ mol -L.”!, the maximal PL peak value (675 nm) for the
dimeric porphyrins exhibited 18 nm bathochromic shift (relative to single porphyrin, HAcTPP). Moreover, the
concentration dependence PL spectra become more sensitive for dimeric complexes that were obtained by

refluxing dimeric porphyrin with PtCl, in benzonitrile solution. The maximal PL peak values (about 673 nm) for
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dimers complexes showed 16 nm red-shifts compared with that for HAcTPP even in 107 mol -L.™" dilute THF
solution. With concentration increase to 10~ mol - L™, the emission peak for complexes of dimeric porphyrin was
at 727 nm, which is red-shifted to near-infrared range. To examine the correlation between the luminescence and
intermolecular 77-77 and/or Pt(I)-Pt(Il) interactions for the dimeric complexes, the solid-state luminescence for the
dimeric complex, Pt,C3(AmTPP),, at room temperature and 77 K was measured, which showed low-energy emissions
with a maximum at 658 nm at room temperature. Upon cooling the solid sample to 77 K, the solid sample
exhibited red-shift of 16 nm (from 658 to 674 nm) and there was more structured spectrum with an additional
weak emission at 706 nm. Furthermore, sublimating films of the complexes also yielded red-shift emission at

about 727 nm and broadened PL profile with an additional tailing at 760~810 nm, which would account for more

intensive 77-7 interaction and/or P{(I)-Pt(Il) interaction in sublimating films.

Keywords: dimeric porphyrin; hydrogen bond; amide; red shift of photoluminescence spectra
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PR BRI, — B DR AT S 8
UM LB I 58 U, H Ak A 4 G g 2k L e
Wk 1 FL 4 J AR BC A 2 — P B B AL R R R
T K& HHIEETE 650 nm 2247070 3 2 X I ok i) o o7
o, B O HEAT B, AT LARE AR bR A 4 1 RE B K
JEiE LT RS sh BT 21 /R X 34 55— Jr i P ek
RS RE e | 2L dh ROt L H H A
FEISOIZE Y B A 5] T AATHAFSE B S, kAR
£8Py NN O SR A A R T B u iS5 LR N
B PR RUBE | R SERE 2 A DL A b bk i 4 7E —
E RN AL G, ORI A Uil ) I 452020 ) i 5 AR
L A BT R TR IR Sk A bk R AR =
A AT S BRI A ST e 5 B I b A Y R S
WK (TPP) %5 1) I WL R A B e B AR — B Zhan 25 1
T LA A6 Bk S0 i i P R P ik 3 AT DL e A 3 4
RERMAEY ., B TIREERY K, 78 820~950
nm T 2040 X3 A= AR 58 ) U . Fenwick @&
BT —ZRE T LU KR B PR oS AR BL 549, T
m R R YK RIE S RIS IR BIAA G
Ok F61E B R K Sk A T SR IR ik Ak A
Sy LIRS 2 873 Fl 920 nm,, Fi 5 A 252 i A [R] B
HE I e AL G L T — b bk R AR 4 S AL
Yy, 9250 kB Y BcEE R B KT 6 MR T RE, 2R
TRAE Ve BE N AR <P A X0 A 7Y 4 N IR A 22
] 7= A — o TR B Y ar-ar AHELAVE ) T 51 2R A

B W WA AT A B S I 21 R . Cavaleiro 55229058 i —
AN T R BHEKE 2 A MR A 2 42 T M bk R A 7
SRR W W ORI K Bt T AN L b R L0 RS T
JUAIK AR CLL 5-(4-H R FE R $5)-10, 15 ,20- = (4-
+ T IR I MRS 2 TS N A T 2K
BT A T AT A I bk — SR AR R 4 TR AR A
S R B AN bk R A R LTS G W 0 R S
VP I 2 D) AH DG | A i ViR B Y YR T A R rh —
BRI K SRS R THRARMLLR  FRATXTLLRE
SR AT T

1 SEWHES

A bk B A R H 4 TR BATL B 4R LT A
285 WL Scheme 1,
1.1 L8R XA 5K &

S BT 24 SRR 2 Sy o pr i, K v B
U & Wk R (THIR) 55 95 700 FH AT 28 1 9 b 0 A% g 3
P=1L ('H NMR,400 MHz,"C NMR, 100 MHz Varian
Unity), 5 A LS 7 (CDCL)/A AR = H R (DMSO-dg) 1F
B % (MS) : Finnigan-LCQDECA iS4 ; Ha fk 2
TAER(LK2003 Kidt); TA Q500 #AFE 2 AW, 7 ikt i
F£ 10 C-min™ N, TR 475 540l W 635 (U V-
Vis): Unico UV-4802s 2540 a] W 2r 0T, 2800
7% . HORIBA FlouroMax-4 #a2&/B 528 661X,
i & A FlouroMax-4 Ml i\ NANOLED370 & i % )%
J8(A=373 nm, 1.1 ns pulse), e FULH A H] TCSPC 1
X, TCFE MR H CARLO ERBA 1106 JCE MY,

PEIAR 220K R = AR & AR B
TAEHE M AR H R (Ag/Ag, CH,CNY A S LI A H
e Sy %l B B AR | B SR 0.1 mol - L7 PUIE T 7S 9
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=4, C(ACTPP),

=2, Pt,C,(AcTPP),
=3, PLC (ACTPP),
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Synthetic route of dimeric porphyrins and the

Scheme 1
Scheme 1

corresponding platinum(Il) complexes

R, MRS N, AW HIE N 107
mol - L™, ZRH N NFRY, MK 3 E R 50 mV -
s, REUEH 10 mA
Bt 45 0 1 OB AE BR K B THF Y678
E LS R A 2,2 - EE) B TS K G )
(Ru[(bpy)s]Cl, - 6H,O) UK I W 1 5% Ky 4.2%), Z It
Yy R A P R BEAE 1.0x1075~5.0x10° mol - L™, ¥
T B8R VA VR — B - A A0 A B R vk
(freeze-pump-thaw cycles).
1.2 WM ZRERE K
121 R R e S 2R B A 45
4-FFFERHEE (12.2 g,0.1 mol), 1-78 A8+ =4
(27.3 g,0.11 mol)MIA 100 mL N R | 35 $1 75 fd | fin
AHTIE R 7K B B B2 B0 8114 0.3 ¢, 60 CHEHE I 8

h, PAK B BRI U, &I HLZ LIS K B
FRBET 1 12 h, TlUE  EZ8 B IAA T A A%
fife 0 T 1 B IRy A S 1) 4= R R Al U
WARIE S Y DAAE (s 61753 2, #E S (200~300 H |
FEE AT ) A 1 A Al e/ TR SR (1001, VIV) R
WRVEFR 5 — A R 1T ke B
H AR %+ b R AR | e 28 A% 2 A HLIE
R aE AR 21.1 g, 7% 72.8%, 'H NMR(400
MHz,CDCly) 6:9.871(s,1H,-CHO),7.829~7.824(m,2H,
m-alkoxyphenyl),6.990~6.968 (m,2H ,0-alkoxyphenyl),
4.041(t,2H,J=5.2 Hz,a-CH,),1.823~1.786(m,2H ,3-
CH,),1.479 ~1.424 (m,2H,y-CH,),1.370 ~1.265 (m,
16H,-(CH,),-),0.897(t,3H, J=6.8 Hz,-CH,),
122 5-(4-RHEAIH)-10,15,20- = @- T Zhe i 5
ZRHE NI (HACTPP) I & 1%

4-F2 He R T (1.80 ¢,0.012 mol), XF -+ ik bt
SR HE (10.44 g,0.036 mol) IR f# T 300 mL
PR B FE BN 0.5 h, B 3.22 g BiZEMLIg ¥ T 5
mL R H I AE 3% W =5, 76 2 min NI AR
7V S VR E R S R R B R S R
o ARSI REHE 0.5 h, WUEZRIE RS & 2/3 B,
BEEZWR A FRBEE RE S E
o A TG F g, DA B e 4 0B v 2 IR 1R TR 52 4
BRI R, 25 T4 24 h, DARERE(200~300 B, # )2
B 1) Ry [ AR, 58 H e/ B (201, V/V) R ik B
F 55—l Ry DU (4 e SRR I P bk AR
TRRH BEZRRS AL, DLRER(200~300 H
FEJZ AT ) A [ A, — S W e/ BE(60:1, V/V) R ik
I R RGN AWS AL S = iR gusk /I T 3 )
iR BAR =9 HACTPP, HJ5 0 2 BRIk &
Yy, 57 eV AR | LU B Y LA TR 24 h,
75 0.81 g O REA, 73 52%, 'H NMR(400
MHz,DMSO-d¢) 8:13.293 (s,1H,-COOH),8.864 (s,
4H ,B-pyrrolic),8.842 (s,2H,B-pyrrolic),8.830(s,2H,
B-pyrrolic),8.108 ~8.079 (m,4H ,o0-phenyl),8.031(d,2
H,J=4.4 Hz,o-carboxyphenyl),7.269~7.240(m,8H ,0,
p-phenyl),7.106(d,2 H,J=4.2 Hz,m-carboxyphenyl),
4.223(t,6H, J=6.8 Hz,a-CH,),1.988~1.952(m,6 H,B-
CH,),1.635~1.577(m,6 H,y-CH,),1.532~1.419(m 48
H,-(CH,),-),0.897(t,9H, J=7.0 Hz,-CH;),~2.750(s,2H,
inner NH),
1.2.3 7 B B AR bk — SR AR 1 45 i

C3(AmTPP),; V. i 5t 54 (SOCL,) 8 JH i 25 18 | Bt
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85~90 CTL A5, HACTPP(0.28 g,0.23 mmol)¥% fi#
T 15 mL A IR RE R, DA 1 mL BERE 5
mL F1 7 SOCL,, 10 min W 56, VAW 582400072 Jy 2
LRAn ARSLIIUE 2 h, VRN, R 2 pk e h R AR
T W 2R T 25 H R R A5 P b R S, DL TR B
KA H R PR AR 2~3 YK, 15 mL HY 2 ¥ i b ok
G, IR  1,3-P9 (12,7 mg,0.173 mmol)i# fif
F 2 mL H2EH I, 3 min PR 58 IR AR Ak A
BHAR RER LT AREERN 2 h, JEZEIRAS R
F AR A K vE, AP e A, A IR AL
2 JOKBREREE T 12 h, e BIRIR &Y, LhkE
JKE(200~300 H , 43281 H) A [ o A =50 e Ry itk
AR WA B — iy | I o H AR R AR 5 5 ) ok e
= iR &Y, VAEERE(200~300 H | KE 28T H) N
] A, S B R (11, V/V) bk A —
SR AT Ry LN I Jre £ B 58 €Al B Sl H AR
it Cy(AmTPP),, i€ 7% , .25 T4 15 0.11 g TR 65
&, 7" % 44.8% ., "H NMR(400 MHz,CDCl;) §:8.872
(d,8H,/=2.2 Hz,B-pyrrolic),8.807 (d,4H,J=2.0 Hz,
B-pyrrolic),8.485(d,4H,/=2.2 Hz,B-pyrrolic),8.350 ~
8.275(m,8H ,0-phenyl),8.104(d ,4H, J=4.0 Hz,o0-carb-
oxyphenyl),7.992(d,8H,J=4.0 Hz,o-phenyl),7.653(s,
2H,-CONH-),7.345~7.208(m, 8H , p-phenyl), 7.125(d
4H,J=4.4 Hz,m-carboxyphenyl),4.257~4.242(m,4H,
a'-CH,),4.100(t,12H, J=5.8 Hz,a-CH,),4.034(s,2H,
B'-CH,),1.995~1.889(m, 12H,8-CH,), 1.619~1.565(m,
12H,y-CH,), 1.455 ~1.256 (m ,96H ,-(CH,),-),0.881 (t,
18H, J=4.4 Hz,-CH,),-2.773(s,4H,inner NH),, *C NMR
(100 MHz,CDCl,):14.166,22.724,26.219,26.251,29.399,
29.458,29.535,29.556,29.692,29.729,31.949,45.125,
45.161,45.178,45.200,45.242 ,68.174,68.324,76.701,
77.019,77.337,112.579,112.687,120.095,125.508 ,
134.074,134.761,135.470,135.522,135.553,135.592,
146.018,158.862.,

Co(AmTPP): 5 18 7715 [] C(AmTPP),, 0.12 g &
A, 7% 48.3%, "H NMR(400 MHz,CDCL) §:
8.868(d,8H,/=2.2 Hz,B-pyrrolic),8.833(d,4H,J=2.4
Hz,B-pyrrolic),8.790(d,4H , J=2.4 Hz,B-pyrrolic),8.340
~8.264 (m,8H,o0-phenyl),8.096 (d,4H,J =4.0 Hz,o-
carboxyphenyl),7.962(d,8H, /=4.4 Hz,0-phenyl),7.677
(s,2H,-CONH-),7.277~7.259 (m, 8H ,p-phenyl),7.102
(d,4H,J=2.8 Hz,m-carboxyphenyl),4.255 ~4.202 (m,
4H,a'-CH,),4.079 (t,12H,/=6.4 Hz,a-CH,),2.000~

1.882 (m, 12H,8-CH,), 1.625 ~1.523 (m,12H,y-CH,),
1.302~1.231(m,96H ,-(CH,),-),0.919(t, 18H, J=4.8 Hz,
-CH5),-2.766(s ,4H ,inner NH), C NMR (100 MHz,
CDCly):14.164,22.721,26.218,26.251,29.395,29.457,
29.534,29.554,29.689,29.727,29.863,29.881,31.947,
68.172,68.323,76.700,77.018,77.336,112.579,112.685,
114.123,114.283,120.092,125.511,134.078,134.773,
135.470,135.591,158.865,168.901 ,

C4(AmTPP): 5 L J7 2: [ C(AmTPP),, 0.12 g I
LR, 7% 45.4%, "H NMR(400 MHz,CDCL,) 6
8.880(d,8H,J=2.0 Hz,B-pyrrolic),8.848(d,4H, J=2.2
Hz B-pyrrolic),8.780(d,4H, J=2.2 Hz B-pyrrolic),8.354
~8.281(m,8H,0-phenyl),8.100(d,8H, J=4.4 Hz,0-phenyl),
8.020(d,4H, J=4.8 Hz,o-carboxyphenyl),7.507(s,2H,
-CONH-),7.290~7.259(m ,8H , p-phenyl), 7.154(d ,4H,
J=4.4 Hz,m-carboxyphenyl),4.248 ~4.221 (m,4H ,a’ -
CH,),4.110(t,12H,J=5.8 Hz,a-CH,),3.795(d,4H, J=
4.4 Hz,B'-CH,),1.999~1.946 (m,12H,3-CH,),1.660~
1.587(m,12H,y-CH,),1.481~1.261(m,96H ,-(CH,),-),
0.902 (t,18H,J=4.4 Hz,-CH,), -2.764 (s,4H ,inner
NH), “C NMR(100 MHz,CDCl,):14.185,22.741,22.768,
26.223,26.257,29.355,29.416,29.463,29.518,29.563,
29.622,29.636,29.703,29.751,29.820,31.967,31.997,
68.317,76.707,77.024,77.342,112.620,112.710,134.178,
134.723,135.515,135.596,158.990,
1.2.4 & JEAAMIN b — KT & WG

Pt,C; (AmTPP),:PtCl,(24.4 mg,0.092 mmol) A
11 mL & A, B P A, R 5 b, WU
B WA R, AN T RIKEE C,
(AmTPP),(66.5 mg,0.027 mmol), M #A$5 £ B3 3 h,
TR 2 €60 3 WA 00 5 7 ) B S A U 28 S A
FRYLIK, AP BEVE TR, AW, B IFAHLE,
EZEAS BARIR 5, LAEEIE(200~300 B 28T H)
Sy ] 7 AH R ol A R (121, VIV SR IR S
— R o RS N RO AR I LS ) P
(PhCN),Cl,, 2 #0714 H A5 %) PLCy(AmTPP),,
L5 R € Sy bk I A v R R AR A AT 2 A w7
Yy, el LS e/ H R FEAY A LAY 18.8 mg
RELLE R 723 18.4% ., 'H NMR(400 MHz, CDCI)
0:8.795(d,4H,J=2.4 Hz,B-pyrrolic),8.754(d,4H, /=
2.4 Hz,B-pyrrolic),8.683 ~8.650 (m,8H ,B-pyrrolic),8.221
~8.139(m, 8H ,0-phenyl),8.022(d ,4H, J=4.4 Hz,o0-car-
boxyphenyl),7.832(d,8H, J=3.8 Hz,o-phenyl),7.368(s,
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2H,-CONH-),7.215(d,4H, J=4.4 Hz,m-carboxyphenyl),
7.008(d,8H, /J=4.0 Hz,p-phenyl),4.178(t,4H, J=6.2 Hz,
a'-CH,),3.993(t,12H,J=6.4 Hz,a-CH,),3.712(s,2H,
B'-CH,),1.987~1.838(m, 12H,B-CH,), 1.651~1.504(m,
12H,v-CH,), 1.448 ~1.237 (m,96H ,-(CH,),-),0.845 (t,
18H,J=6.0 Hz,-CH;), "“C NMR (100 MHz,CDCl,).
14.166,22.724,26.219,26.251,29.399,29.458,29.535,
29.556,29.692,29.729,31.949,45.125,45.161,45.178,
45.200,45.242,68.174,68.324,76.701,77.019,77.337,
112.579,112.687,120.095,125.508 ,134.074,134.761,
135.470,135.522,135.553,135.592,146.018,158.862 ,
MS-ESI m/z 2 875.6 [M+1]*, Anal. Caled. for Pt,Cs
(AmTPP),:C,69.59% ;H,7.29% ;N ,4.92% . Found.C;
69.71%H ,7.44% ;N ,5.03% .,
Pt,Co(AmTPP),: 5 8 )7 2 7] PL,C3(AmTPP),, 21.3
mg B L0 R, 0% .21.2%, '"H NMR (400 MHz,
CDCl;) 6.8.780(d,4H,J=2.4 Hz,B-pyrrolic),8.730(d,
4H,J=2.4 Hz B-pyrrolic),8.676~8.630(m,8H ,B-pyrr-
olic),8.222 ~8.157 (m,8H ,0-phenyl),7.963 (d,4H, /=
4.4 Hz,o-carboxyphenyl),7.828 (d,8H,/ =3.8 Hz,o-
phenyl),7.577(s,2H,-CONH-),7.203(d,4H, J=7.6 Hz,
m-carboxyphenyl),6.993 (d,8H,/=3.8 Hz,p-phenyl),
4.172 (t,4H,J=3.0 Hz,a'-CH,),3.959 (t,12H,/=6.4
Hz,a-CH,),1.962 ~1.821 (m,12H,B-CH,), 1.610 ~1.558
(m,12H,vy-CH,), 1.508 ~1.222 (m,96H,-(CH,),-),0.882
(t,18 H,J=4.8 Hz,-CH;), *C NMR(100 MHz,CDCI).
14.164,22.721,26.218,26.251,29.395,29.457,29.534,
29.554,29.689,29.727,31.947,68.172,68.217,68.323,
76.624,76.700,77.018,77.224,77.336,112.579,112.685,
114.123,114.283,120.092,125.474,125.511,125.533,
131.443,132.003,133.940, 134.078 ,134.269,134.605,
134.693,134.715,134.742,134.773,135.392,135.470,
135.591,146.008,158.865,158.976 , MS-ESI m/z 2 861.5
[M+1]", Anal. Caled. for P,CAmTPP),.C,69.51%;H,
7.26%;N,4.94% ., Found : C,69.41%;H,7.43%;N,4.83%
PLC,(AmTPP);: & 75 ¥ [A] PLCs(AmTPP),, 17.1
mg B LL AR, 77% 17.6%, 'H NMR (400 MHz,
CDCly) 6:8.828(d,4H, J=2.4 Hz,B-pyrrolic),8.815(d,
4H,J=2.4 Hz B-pyrrolic),8.693~8.681 (m,8H ,B-pyrr-
olic),8.497 ~8.477 (m,8H ,0-phenyl),8.282 (d,8H,/ =
4.2 Hz,o-carboxyphenyl),8.037 (d,8H,/=4.2 Hz,o-
phenyl),7.521(s,2H,-CONH-),7.245(d,8H, J=4.4 Hz,
p-carboxyphenyl),6.998 (d,4H,J=4.0 Hz,m-carboxy-

phenyl),4.236(t,12H, /=6.4 Hz,a-CH2),4.161(t,4H,
J=6.4 Hz,a'-CH,),3.998 (s,4H,B'-CH,),2.029~1.942
(m,12H,B-CH,),1.701~1.582(m, 12H,y-CH,), 1.428 ~
1.254(m,96H ,-(CH,),-),0.881(t, 18H,./=7.2 Hz,-CH3),
“C NMR (100 MHz,CDCl;):14.185,22.741,22.768,,
26.223,26.257,29.416,29.463,29.518,29.563,29.622,
29.636,29.703,29.751,29.820,31.967,31.997,68.317,
76.707,77.024,77.342,112.620,112.710,134.178,134.723,
135.515,135.596,158.990,, MS-ESI m/z 2 889.6|M+1]",
Anal. Caled. for PL,Cy(AmTPP),.C,69.67% ;H,7.33% ;
N,4.89% . Found:C,69.58% ;H,7.49% ;N ,4.78%
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F AR 73 BT (TG A) X I bk — SRAKHATE & 0 1Y
PAE AT T 0B 1), BLEY PLCy(AmTPP),
Pt,C5(AmTPP), Al PL,CAAmTPP), 2K T 5% 53 fif 1 &
5352 340,332 F1 268 °C, Fifi & ik FiE 1< B2 (9 35 0
Be G W A8 A — e BEAIK

1.1

—Pt,C,(ACTPP),
—Pt,C{(AcTPP),
—Pt,C,(ACTPP),

1.0+

0.94
0.84
0.74
0.64

Weight / %

0.5+
0.4

0.3 ———

100 200 300 400 500 600
Temperature / 'C

FEL PR TR A ) 1 AR A3 BT 2
Fig.1 TGA curve for dimeric porphyrin complexes
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PLZ % 8 (Fe/Fe ) B N AR, XIEE & 9 Puc,
(AmTPP), Pt,Cs(AmTPP), Fl PL,C(AmTPP), #17 1 1
IR A2 i (18] 2) 78 BA A A4 ok A b 3 AT & P 4B
7R AT S A e SR W ISR L 1 A 4 e A
BT RE T AT R A R, R TE 59 0 4
A LA FE A AR 7](0.99~1.00 V), AUAHZE 10 mV, 16
EATH RS B AR 1 i AT 0 A, ZRAKBEC S
W R R A AR R | 5 AR BN R 3 D
B YA B AT 3 R R AR 43 0.12.,0.1
H10.085 V., MR 1 ] WL | Bl A e A B A 380 i
T AL RS AT N, C S W) AR I PR 22 i 2k 5k
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Table 1 Electrochemical data for dimeric complexes
Complex E.I'V E.alV AE [ V* Evono I €V Eino I €V E, | eV* A / N Optical E, / eV*
Pt,Cy(AcTPP), 1.00 -0.99 0.12 -5.71 -3.72 1.99 588 2.10
Pt,C3(AcTPP), 1.00 -1.02 0.10 -5.71 -3.69 2.02 585 2.12
Pt,C,(AcTPP), 0.99 -1.05 0.08 -5.70 -3.66 2.04 585 2.12
*AE=IE,~E,|, " Electrochemical energy gap, ° Values were obtained from onset value of the lowest absorption band, * Value of optical

energy gap was calueclated by the formula E,=1 240/A.,

ﬂﬂ*%‘%12!£@EA%¢6&%LE@J&FX¢E1|‘]E@EE{Jci—‘é'ri B W EA AT 0 8 b —] WG v BT, FRATTE
FTE MmN A A AR AR LAY PG, LR C3(AmTPP), FIBC &4 Pt2C3(AmTPP)2 Fitit e
(AmTPP)g\PtZCg(AmTPP) Fl PLC,(AmTPP), FIRERR 43 TR ISR BT (LI 3), HLJR FE UM ik HACTPP 1)
A 1.99 2,02 F12.04 eV, Sl SEAM-FT WKL Soret 74 420 nm, FE R WL R %L () 3.18x10° L
B B O RE B (2.10~2.12)HIE mol™-em™, Soret i W WA & T MK 7311 - BR

T REE W TR H1 ay(m)-e () HL T IO BR AT ™

—+— Pt,C,(AcTPP),
—+— Pt,C,(AcTPP),
—»— Pt,C,(ACTPP),

A=, TE 510~650 nm XA 4 AW B2 32 9 55
1 Q W g e 7E 1.1x10*~3.6x10* L-mol ™+ cm™!
ZIE], TNk T e BRIT S — B I

6X10°

5X10°
5X10° E 1
N L 3x10*
4% 10°4 ,”| SZXIO“
f) ! \ S X100
B IX10°] 0
—— g f
2.0 155 1.0 0.5 0.0 05 -1.0 -15 20 = s | !
Potential / V ¢ 2x10 ,’ \ X HACTPP
B ‘ o g « Iy C,(AmTPP),
B2 WAL Tk (Fe/Fe) o AR BODE PR AR 22 Hh 2% 1x10 - % - PLC(AmTPP),
Fig.2 Cyclic voltammetry (vs ferrocene) for dimeric o
complexes 400 500 600 700
A/nm
23 ul\ ik — %ﬁ: H,‘] WI‘I& i ﬁﬁ JeiE Insert: Enlarged Q bands
231 FIh-rT WO B3 SRIEINH HACTPP 5 C(AmTPP), & K AL &4
PR S ORI I o R A R LA T B W L 1 PLCA(AmTPP), 9 5 5177 WL Wi e
107 mol - L™ U & Wk Wi (THF) H 11 45 4 — 7] WL W i S Fig.3  UV-Vis spectra of HACTPP, Cy(AmTPP), and
TR I 2, i TaX — R A0 SRR A % e PLC{(AmMTPP), in THF

R 2 AMWRED (R 5 SAEL & ¥ B 28 50 AT 0 IR L o i B R

Table 2 UV-Vis data of dimers and corresponding complexes

A / nm (g / (L=mol™-cm™))

Complex
Soret band Q band
HAcTPP 420(3.18x10°) 516(1.12x10% 552(7.10x10%) 594(2.67x10%) 652(3.60x10%)
Co(AmTPP), 422(5.13x10°) 518(2.48x10% 554(1.52x10% 596(7.88x10°%) 650(7.86x10%)
Pt,Co(AmTPP), 406(6.12x10°) 535(5.34x10% 562(2.05x10%
C5(AmTPP), 423(4.86x10°) 540(2.60x10% 581(1.66x10% 616(8.82x10°) 675(8.14x10°)
Pt,C5(AmTPP), 406(4.50x10%) 512(4.78x10% 538(9.48x10°)
Cy(AmTPP), 422(4.55%10°) 538(4.01x10% 580(1.52x10% 620(4.87x10°) 675(4.79x10°
Pt,Cy(AmTPP), 407(7.09x10%) 533(3.65%10% 563(9.10x10°)
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R H ay(m)-e (m*) BT BRI = A=, AR 2 AT
3 AL, BRI R [R] Bl 9 R BN R
BRIG, WG H Soret 47 AT Q 47 A H BLILAN 94
KA R A RO T M I TR S A U R
ik R 7 B PR IR 5] A FR I R IR AR NN RRAT AR 2%
fRlo2 | FEAH [V BE R RAKAE Soret 77 Al Q 7 1Y
JBE IR WAL 2R B0 26 N 22 S AR RN iy 2 %, X2 A
HEA ZRAK ST A 2 AP RIS TT , TETE K
&8 PUDBC G4 — ARG |, Soret 7 19 W2 A LY FE 1 i
#7215 nm, B T4 08 B 1 P s R 3
FULIALE 4 A N R 5 HRCN, B9 T 4T
XPFREE, A RRHEENE,Q WEH E I 24,
S T & BT d T e (dar) BLE 5 bR fi
I H 745 B3E (LUMO) I AH B AR T 38 T T IR bk 3R 1)
e (LUMO)FLIERE S, T B G W11 Soret 47 Fl Q 47
WU = T — e R R 2B FRATA
Pt,C5(AmTPP), M 5 3 T Be & 9 v B X 5% Ah ]
UL WO 1% 1 5 (L3 SO L 7y, A TR
(110* mol - LI, Bt & 7E 512 1 538 nm &b H B 2
A Q AP RHAE SO | 33X 55 IE A AEAR VR BE (1107 mol -
L) W e 78 4> — B0, R & VR B2 B 7 580 nm B
VIR BT — AN 0 i R A 55 A W U UH R T e
e I IR EC A 4 47 1R S B - B Pr-PyAH E
YRR ™ AR B W,
232 JEH AL

FLFR FE bk HACTPP 5 Pb mk — 2 f& K HAH
O 4 E 45 400 4 016 UK 6 (PL) G 15 85088 B H AN AE 3R 3
o R 3 EI 0L, BURFEIR Ik HACTPP 76 AR ik B
(107 mol - L) 1 =5 ¥ B2 (10 mol - L)Y PL JGi 58 42
— 3 VR I AR AT PL JGTEAS AR R B KR G
WETE 657 nm Ak, 7E 713 nm &b — 455 1 & S i
55 R BRI DU 2K BE R Ob (TPP)AH L | 55 K & G 04 AAY

ZLRS T LA~ nm,, DEWINNBR AN ] 04 g S R LX)
BRI PL OGS AR BN 52

Fl 4 FniE 5 3 33 m R AR C(AmTPP), AL
AW PLCy(AmTPP), 7E MK YR E (107 mol - L)l = ¥R
(107~107 mol - L") Ay PL JGi% . &4 PLOGIE /30 =
43 7E 550 nm 2247 AR 59 & 51 9 I8 T Soret IR
AR S,-S, HHR S = 0 A5, 7E 650 nm A1 710
nm 3 FL 9 & 55 158 F Q(0-0)F1 Q(0-1)7™ 4= 1 & 4
U 3 2ok T e B R SR BT S v A
PL G5 BT, X T ok — R AR F , #E 107 mol - L~
T T VR R 1 B R R ST R 657 i, 5 R FE MR b
HACTPP 19 5 K A It e — 3, vk B3 m 3] 107
mol - L7 B | AR R R JH1E I 657 nm 2155 3|
675 nm, ZLF T 18 nm, [FNFBEE &K A& G5 i 21
B P TERAIN AE 713 nm AYES & ST PLOG
T I VA 3 7 A ) 21 B 52 LA K TG 25 KRR AT 1Y
PLOGIEE R BRG0PI AT —E BEWN 77
AHE AR R pl o SRR v i e B EL A 5 1 L

—t—10= mol-dm™
—*—10"" mol-dm™*
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Normalized emission intensity / a.u.
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Wavelength / nm
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4 K C(AmTPP), 7£ 102,107 mol- L H1HY PL
ik

Photoluminescence spectra of C3(AmTPP), at 107,
107 mol - L™ THF solution
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Table 3 Photophysical properties of dimers and corresponding complexes

A/ nm

Complex D 7/ ps
107 mol - L™ 10 mol - L 107 mol - L Sublimate film

HOACTPP 657, 713 657, 713
Co(AcTPP), 675 657, 712 0.037 0.009 2
C3(AcTPP), 675 657, 713 0.039 0.011
Cy(AcTPP), 674 657, 713 0.036 0.009 4
Pt,Co(AcTPP), 725 673 726 0.025 29
Pt,C3(AcTPP), 725 672 726 0.023 27
Pt,Cy(AcTPP), 727 673 727 0.022 30
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Fig.5 PL spectra of Pt,Cs(AmTPP), at 10, 107 mol - L”!

in THF solution and sublimating films
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673 nm, ¥R = E] 10 mol - L B d5 K & 4 i
L E] 727 nm, 774 T 2 50 nm LB | e K&
e 2, 2 b A ) 30T 21 A0 X8k i Wk g A Ak X e 5 4
PL JE % 1 52 Wi K F X BCAR B 52 i O AH 4 7E A )
WRETS | BC A W d R R SR 25 7 A TR 40 7%
Wgo FRATHED 48 A P i I W nT RE s e T i
WRER AR IR T AR E T AR 2 () Y - AR LA
R ZE 2 VE R BRUNRIR Z [0 1) 7r-ar #H
HAEA 36 n] BEAFAEAE 42 )8 — 42 J& (Pt-Pr) B9 AH ELAE
8 BA - A Pe-PeA EAE R A BC A 4
RAEARIR 77 K(3% 10 K) F PL J6i 23 th 90— # )
MILLRS , JE PR AERAR MR T | WA Y kg 25
R I, BT 8] ar-ar F1E A Pr-Pr
BB E— A5 AR FRATT AL A ) PLCy(AmTPP),
) X AR A0 7E 77 K RUER R B9 PL G RE
17 e (WLIE 6), M 6 HmT UL & i T Bl & 9 B
KES PR H 658 nm, 7E 734 nm I —A58
5500 & ST SR EERE R 77K B A ok &
S 658 nm ZLAE 2] 674 nm 2L T 16 nm,, [FET
IR R B s B0 T A G 25 MR AR BR T AE
731nm H B — A JE R0 TR R 0 555 & S Ah T
706 nm 1B —H7 09 A 0 AR R E G A Y
ABMG BN S — 5 W IESE T % R 5wk — 3R
PRTL A W0 W B A7 AE — 2 B2 B 10 43 F 18] ar-ar B Pi-Pt

17T, R AR PL T 20%R1E 0.041~0.036 Z
[ AH LG A 90 0 1 RCRTE 0.025~0.022 Z 1H] , TiE
B R T RCRIR T R A X EE RN
FEM R A BE (107 mol - LY T, R IR & 9 1 fe K
RFEHER 720 nm 247, G C i AT LLAME
B 4 0 1 BE B L b bk — SR ARG | T BE BRI
S R OB A MU 5 35 T ROR BRSO A
PLC,(AmTPP), . PL.Cs(AmTPP), Al Pi,C,(AmTPP), i it
B3 ZRAE 1 7 2 A R L ) T A S | T g S i
177 PL OGS, 25 R W3 3 M 5, THE#ii s
10 mol - L7 W 1Y PL GG FEA — B, i K&k G
HBAE 727 nm LA AHJRFRATE BB TR PL F
U 55— 2 98 | IF H PL YT 7E 760~810 nm UL 41
A0 DX [ It i R ISR kR PR R A T E P T
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—s—Room temperature

1.04
5 J’t*—¢—77 K
<
208
=]
0.6
.2
£ 0.4
el
8
S 0.2
=
Z
0.0 T T T T
600 650 700 750
Wavelength / nm
K 6 BLAY PLC(AmTPP), BEATEH T FI 77 K N Y
PL %

Fig.6  Solid PL spectra of Pt,C3(AmTPP), at room

temperature and 77 K
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