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Photon Upconversion Dyes System using Novel Phthalocyanine Derivative Dye
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Abstract

Photon upconversion (UC) is a technique to convert long wavelength light into short wavelength light. UC fluorescence by

triplet-triplet annihilation (TTA) follows a mechanism involving two molecules of sensitizer and emitter dye materials. In this study,

it was examined that we constructed the photon UC dyes system which was applicable to weak excitation light and convert the far-red

light into ultraviolet or visible light in high efficiency by using the phthalocyanine derivative dye with end substituent group which

contained O or S hetero element and tetracene derivative dye for the purpose of application to optical elements and light medical care.

Also, we examined optimization of the concentration and composition ratio of photon UC dyes systems.
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Fig.1 Light emission principle of photon upconversion between

both sensitizer and emitter dyes.
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Fig.2 UV-Vis absorption spectra of (1)

[(AllylO)4Pc-Pd/Rubrene] and (2) [(AllylS)4Pc-Pd/Rubrene]
photon UC dyes systems in toluene.
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Fig.3 UV-Vis absorption spectra of (1)

[(AllylO)4Pc-Pd/Rubrene] and (2) [(AllylS)4Pc-Pd/Rubrene]
photon UC dyes systems in toluene.
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Fig.4 Emission spectra of (1) [(AllylO)4Pc-Pd/Rubrene,
0.005mM/1.0mM] and  (2) [(AllylS)4Pc-Pd/Rubrene,
0.005mM/1.0mM] photon UC dyes systems under laser
excitation at A = 670 nm in toluene after deoxidation

treatment by repeated freeze-pump-thaw (FPT) cycles.



LN T3 5 S B P AR JE A 57 53 (2020 45 1 )

OFEIIERDER & LTV 670 nm L—Y—|2HE3< B—
7 THD, b= 550~650 nm DFEIKIL[(AllylO)4Pc-Pd/Rubrene,
0.005mM/1.0mM]JEUC A FE R DFEUCHE G S ¥ —27 TH
%, [(AllylS)4Pc-Pd/Rubrene, 0.005mM/1.0mM]¥: UC 554 D3E
JEE— 27 1 A = 550~650 nm, 650~700 nm, 700~750 nm, 980~1080
nm TH-72, A= 980~1080 nm DFEMEIF(AllylS)4Pc-Pd DI
WIZEASL B—2 Th D, A=700~750 nm OFEIEKIX(AllylS)4Pc-Pd
DOEXIES E—2 Th D, L=650~700 nm OFEIHILFhEL
JE LTHWE 670 nm L—H =23 =7 THDH, A =
550~650 nm OFEIEKIX[(AllylS)4Pc-Pd/Rubrene, 0.005mM/1.0mM]
HUC EBFERDIEUC HEHICESL B—2 Th 5, bl 670

DOBFEZINE SN AR R OFA AT R VHIE RS
%4 % L, [(AllylS)4Pc-Pd/Rubrene, 0.005mM/1.0mM]¥ UC
355 D J5 H3[(AllylO)4Pc-Pd/Rubrene, 0.005mM/1.0mM]Y: UC
BFER LY IR EEE 540-640 nm (ZBUR S u7- 6 UCHOED
E— I BRENEN I ERMER S, ZHUC kY, HEEeR
D~TBIEHRE QT2 0 SIRTFIZEET 5 Z L THUCICE
G BHEREAS I U Te 2 & SHERR S LT, AR (A e
% 0.005 mM —E & LT, BIEEORRELZK%1.0 mM,
1.5 mM, 2.0 mM & L CIRE - Mkt # 2k S ¥ 74 )¢ UC
BHEFRORENEANT PV E KRS DL
[(AllylO)4Pc-Pd/Rubrene, 0.005mM/1.0mM] ,
[(AllylS)4Pc-Pd/Rubrene, 0.005mM/1.0mM]3t UC 55 % DY
A, 6 UC TR e b i < Bl S,

Fig.5 |Z[(AllylO)4Pc-Pd/Rubrene]Jt: UC a3 % (EHR 1)
K OV[(AllylS)4Pc-Pd/Rubrene] Yt UC 23% (E#E 2) &
Stern-Volmer 7’2 v hTh %, HiHlIZAE UC (AR D
Rubrene DL, #t#hlT Rubrene SfELEL RN E X DI
SR FE OBEIEIRIE 1°, & %R .5 Rubrene £ % Z5{k
SHT72KO0 UC 3R H O EHAI R OBECIRE [, O
ThHbd, BFONTZEMROME Stern-Volmer EI K, 11
AR ORRE = BES TR RV —BEj 2L 2 L TR
JCREED Db = EIEH S T & R DR IAE AR IR LT —
BT, RERE = EEH S TR L —BEoik Y
T &2 E W T 5, [(AllylO)4Pc-Pd/Rubrene] &
[(AllylS)4Pc-Pd/Rubrene] )t UC faFE % % L3 5 &,

15

1. O [(AllylO)4Pc-Pd, 0.005mM] A
2. A [(AllylS)4Pc-Pd, 0.005mM]

10 | in Toluene

Aeye = 670nm K,,(2) =5.9385mM!
VAN

K, (1) =1.2897mM"!

O
0 1 1 1 1
0 0.5 1.0 1.5 20 25

Concentration of Rubrene / mM

Fig.5 Stern-Volmer plots for the phosphorescence
quenching of (1) [(AllylO)4Pc-Pd, 0.005mM/Rubrene] and
(2) [(AllylS)4Pc-Pd, 0.005mM/Rubrene] photon UC dyes

systems under laser excitation in toluene after deoxidation

treatment by repeated freeze-pump-thaw (FPT) cycles.
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Fig.6 Emission spectra of (1) [(AllylO)4Pc-Pd, 0.005mM] and
(2) [(AllylS)4Pc-Pd, 0.005mM] sensitizer dyes under laser
excitation at Ay = 670 nm in toluene after deoxidation treatment

by repeated freeze-pump-thaw (FPT) cycles.
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Fig.7 Phosphorescence spectra of (@)

[(AllylO)4Pc-Pd/Rubrene] and (2) [(AllylS)4Pc-Pd/Rubrene]
photon UC dyes systems in toluene under excitation at Acxe =
670 nm after deoxidization treatment with repaired
Freeze-Pump-Thaw (FPT) cycles, respectively.
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Fig.8 Excitation laser power dependence of relative photon UC
fluorescence quantum yield, @, of (1) [(AllylO)4Pc-Pd/Rubrene,
0.005mM/2.0mM] and ?2) [(AllylS)4Pc-Pd/Rubrene,
0.005mM/2.0mM] photon UC dyes systems under laser excitation
at Aexe = 670 nm in toluene after deoxidation treatment by
repeated freaze-pump-thaw (FPT) cycles.
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