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Fig. 1 Schematric diagram of filter paper cell

system for room temperature phospho-

rometry

This sample cell unit (all dimension scale indicated in
a millimeter unit) fits into the standard Hitachi 650-
10S phosphoroscope accessory instead of the normal
cap and cylinder used for the dewar flask assembly;
(A) Brass cylinder (mounts on a phosphoroscope ac-
cessory); (B) Stainless steel rod; (C) Flat filter paper
holder made of stainless stell; (D) 'Thermometer

17ry ) vorCFRES Z\VIEEB EC AR, b
L. =47 wvy voofumk facol)-4, 0.5
pl FEOMK MU L, HECBRESESL., AR, b
DRCRRER, FER(FEEE D B LITERE O KRG X4
A, BrEs A £, b R 1yl © 1mol dm-3 KEE(L
F P Y AR LA, 50°C, 15 SR TS. o
Nhe o) @ s vr —a —dhe 5 kR, KA,
BEHICRR AL — 1Ty b LGRS 2m U eh b —
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ET 5.
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Fig. 2 Long-lived emission from thin layer of

YVO,/Eu
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Fig 3 Emission spectra from Sn protoporphyrin Sn-protoporphyrin IX dimethyl ester at concentration
) e 35 ng
IX dimethyl ester adsorbed on filter paper,
except (d) in ethanol-methanol-chloroform
solvent — 5 (
(a) Long-lived emission al 51°C; (b) Long -lived emnis- z o ©° ® %o
sion at 30°C; (c¢) Total emission (reflectance) at *2 4r
51°C; (c’) Reflectance from filter paper at 51°C; (d) - o
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© (A
o o
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Fig. 5 Logarithmic plot of the delayed fluores-
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R BARM R Y~ L (Fig. 5), DF #Hanid (9.4%

cenc decay curve of (A) Sn-protoporphy-
rin IX dimethyl ester at concentration 35
ng, (B) Blank (Toyo No. 51 filter paper)
at 58°C
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EHLWEEEORNHIETFERAELEDL L2 XD Y
ST 5.

LLE®D X 51 TADF, RTP &XHaIEE O%eHE
M) R ted, BSRENHEBYBEI X5
ki kh, BEXYO T ofkELOBRZE, EEICHXK
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-, PPDE o Mg, Zn, Cd, Sn §&{kD RNt o
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WA L., - TCHREFOEAK LS S,»T, oR[MIA
ZORME, Tiobb, ZHEERE T ORI IMAHE
iR bhtz, TADF gy Table 2 Rl L b
Y VHEE L ARCHLEBESERFIC /e 5 T
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##tho TADF @0 Z{LoE G Fig. 6 Rl
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Table 1 Fluorescence and phosphorescence pro-
perties of protoporphyrin IX dimecthyl
ester (PPDE) and metal-PPDE

['luorescence®’ Phosphorescence??

Sample e .

2 Lifetime . 2 Lifetime
(nm)  (ns) RO Gy msy RLY
R PPDE 634 11 0.70 — — V. w.

Mg-PPDL 597 8.1 1.0 757 78 0.033

Zn-PPDE 588 5.2 0.39 714 44 0.67

Cd-PPDE 597 — 0.022 740 — 0.01t

Sn-PPDE 588 5.2 0.087 714 21(9.2)® 1.0

a) 5x10-6 mol dm~3 in chloroform at 25°C; b) 5x10-6 mol
dm~3 in methanol-ethanol-chloroform glass at 77 K; c¢) Relative

intensity; d) Adsorbed on filter paper at 28 °C

Table 2 Declayed fluorescencc properties of proto-
porphyrin IX (PP) and its dimethyl
ester (PPDE), and metal-PPDE adsorbed
on filter paper at 58 °C

Sample Aem (nm) Lifetime (ms) R. L
Pp 633 — 0.046
PPDL 633 — 0.007
Mg-PPDL 600 45 0.065
/Zn-PPDE 587 29 0.14
Cd-PPDE 600 — VoW,
Sn-PPDE 587 9.4 1.0
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Fig. 6 Effect of atomic number on the emission

intensity of metal-protoporphyrin IX di-
methyl ester
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V) vEBETRERTFHRY T2 -0, At =
AL A R S RNET LIFBABE WYY, FoTay

£+ + Vv wa {(0.1~1)mol dm-3} % &%r 1mol dm-3
KERIE o~ b U w a% R AR, P RICHEML, EHRE
TADF o 7zl L. TR, #1740 v
tko TADF sz =2 vk YV v AD NEK LD
BAZ WA L, DML Stern-Volmer X2 56 5 &
Blisot, fE-Tavikr bV v a0 TADF
DHC B WTADHREYRT S LD b o

3.4 TADF (CRI[IFTIBEDEE

2 m — A & & PPDE §5k & o E(EHICD
WTZr= b 275 7B LICHRE, &RBHEOB
g (Re ) EFhL@ B0 En/ri & ORTCERBGRI K
L En/ri ORI E & BIT Re filind KEL 7eh 2 &iT
DOWTIIECHE LY, 2L, Ey B#E—-V v Io
BRIEMEME, kM4 v ERTH D, NEBMBH L L
TRaAMS v -7 b V(20 : 3, v/ vy H T, &5
BB Co(I11) >Ni>Cu>Co(I) >Zn>Mg
IECH b, High, = 7% v a0 RefliizFnFh 0.33,
0.20 ThH-t. L»L, Sn-PPDE  / e< ¥ 57
MIEENIFERIT, Re-E,/ri OBtRI D K& < fHh,
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Table 3 Effect of substrates on delayed fluorescence of metal-protoporphyrin IX
dimethyl ester (M-PPDE)
Filter paper (D=5mm) Alumina (D=3 mm) Silica gel (D=1 mm)
M-PPDE _
EX.max (nm) Em.p,y (nm) R.I. EX.max (nm) Em.gax (nm) R. 1 FEX.max (nm) Em.p,x (nm) R. 1L
Sn-PPDE 416 587 1 419 587 0.73 413 585 0.15
Zn-PPDE 417 587 0.14 427 589 0.47 — — V. W,
Mg-PPDE 422 595 0.065 428 596 0.29 -— — —_
R. 1. : Relative intensity; D : The diameter of sample spot, which was spotted by the following method. The tip of a syringe just

touched fitter paper, followed by spotting of two 0.5l portions.

7m= b2 ARACEE L. 20 X5 Sn-PPDE
Mre — APHECH CRFEE SN BER & LT, b
EBOBBIEECERNT L DEELZ DG, K7y
DV VBRI LI AR A X VIELT 4 ) VDR —AD
KEZDD AN 2{HCHERE LI LRETHDL EINT
WA, ZORDIERMBREEL L Sn-gikL v nm
—ADOMEFER, A, <= srxv v adl) 2K
LSRR OB RCHNTHRWLDEEZ B, -7,
Sn-PPDE (¥t r — AHHEC X 0 RECHFFEI R, £
OFER, Fig. 6 /R L7-X 5 Sn-PPDE ©» TADF
BHBEROHERN LV ED ORI D LFRTH. &
CERFEO I N EF AR OFT A e ALY
4V v-1IX © TADF 8L, ZD Y £ F L= AT A
6.5 558\ C E b IEE I B (Table 2 £11) .
FIHEEOERE L TADF offic o TR L.
HELLTEYV=FLvY, TAIF, DI Aifo
THERG Ui, SBEHEE chr RV =F1rvDH;
Lz hofko TADF, RTP L L 823X sk -
fo. TAIFERIEEEL-EA Table 3 WiRLA- X5
<, FHROGETHAEHAE D TADF iy it kP
RAWCHITL {(3~10)nm}, TADF BRI MO
#RL7. LaL, Sn-PPDE o TADF A L
to. FOREE LT 7 4 3 FEBEECE NI ELE
T574 3 =9 A(Il) LIEEMA%ZHFO/ Sn-PPDE &
OHBEARBECHEAT L 0LELS. 0.5 )l FoRH
BeRke ARy P LS, P 7430, 97
A bEORBAA, VERIZFRFNR Smm, 3mm, 1

mm Lich, Y I FrARRLEGRENERLTONS
ZEDYID, TOVY BB E LEE, P

DL L K LT Sn-PPDE o TADF BgpEix 3/20
CEA L, ToEFEREEFRMACRET Gnm) LT
5. Zn-PPDE o TADF 33E# 1253 <, Mg-PPDE
ZEWTIRED BRI ot
UEoHERIvROZ EEZ RS, (1) T35
CIREF L4 E-PPDE @B cLEkL, @MECLD
B RTE RS FROG ST I b MHESh D, ()

) -GBS O M ERNLIERIC o,
HEAT7 4V vDrBETEYY I P ADOREEETRL & D
MOCHEEA IR S h, ZokdrBTFO o B~
DEBPIHIh 0L BRTEL. ZoZ & 4-
e e, )y, T-e FrFvr<) Vil OAR
BAC S EFH LS D\ L7 v 1 itk wTik RTP,
TADF 2D LR ADEKL, vV A X VIZRE LT
REg<ix RTP, TADF i S hignZ &b bir
FEERB. f£-T, TADF B35 vt RTP ghickiT s
ARHRFRER & LGk, AR Fe#EECRFT 5700
DODRERMERTHZ L, LrL, TORENTETD
B AEIET 2 E EMETKR WL DONEE L Z 09
iR

3.5 $E-PPDE gk TADF 47

P Eo Mg-, Zn-, Sn-PPDE o TADF &R
i+ hnFh 0.2ng, 0.08ng, 0.0l ng(¢ : Smm AKE.,
F) LIEFCERETH D, NAFHEE - TADF sRE
& DR HLBIED H % BB Th ok 80ng
(p:5mm AH, +) FCLIFFHCIARATERIET
HHZENRGhot, Lnvd, TOHEREX c. vo.=
1.79%, n=5(0.5ng/¢ : 5mm XK, ) HEEILL,
NIEE I fHEC #fEhk A /v~ /57 ECERTE
L. o THAKTOHESRBR L7 4 ) VOERD D
IRESRRR OB AR L 7 4 ) VICHR I E DR E A
LB FFRIEROMEEEL TR L. B4 v D
HEAT 4V vADEMIE Mg<Sn<Zn DOIFCREE & it
D, HBRICHEROBSITELT 4 ) VICEBRMICRI X
HTENTEDODT, EROGFEERMCEFH LY
A7 4F V¢ OEBHRICOWTHRHL, RIEFTHEE
RN, TR OWTIRED TE OFMERET 5.

k =
4 %\l 1 llﬁ

=Ry A, B, ARX-FrbrHELT 4 Y v IX
CRAFNEATNERGHL, T OeEEEOBWIEMAL
BIEMEHMHC >WT B L. T o Mg<lZnl
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Sn SR DIFCBERCRETIEM L, Sn-gADELE
WM 127 OWEER L7 4 V) v 140 LB #EL
fz. XARBIWC X - T Mg-, Zn-, Sn-gEfkizth£h 0.2
ng, 0.08ng, 0.0Ing(¢:5mm AH, +) HHWLTHh
DY 80ng(p: dSmm AR, b) FTLINRERM
T, FECERES, LHrdfFcse<t 2757 BT
EEAETHHZ EXPLMC L. NS TREE
T g g ofE L TADF gt 0B RIS DN T
Bt LR, 743 7 Ao v 7 v D RE X
NHER TSI EDRDMh ot (€ TRAYHh OB
BEEEL7 4 ) VORER, HHVGILEHERALT 4 ) v
CEBA A VAR IR BEREERNTE D
A REME A IR L.

¥Hviz, YVO/Eu 73 27 v — F TS -
TR ()W A SRS R LIZE <&
WD L, RUPR L EE B ET R M AR GO
KEMEMBE BT X T -7 bDTH D, FoL THEH
DBEEETH.
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Studies on the delayed fluorometric analysis
of metalloporphyrins. Yoshiaki Onoug, Keizb
Hiraxki, and Yasuharu Nisukawa (Chemistry Institute,
Faculty of Science and Technology, Kinki University,
3-4-1, Kowakae, Higashiosaka-shi, Osaka)

Magnesium-~, zinc-, tin-protoporphyrin IX dimethyl
ester (PPDE) were synthesized, and the properties of
long-lived emission of these chelates adsorbed on a
substrate were studied. These metalloporphyrins ad-
sorbed on filter paper show two bands of long-lived
emission at room temperature, which bands can be
attributed, respectively, to delayed fluorescence arising
from triplet-upper singlet thermal activation (TADF)
and to triplet-singlet radiative transition (RTP). A
dominant emission is TADF, which emission increases
with increasing the atomic number of central metal,
especially, the emission intensity of Sn-PPDE goes up
to over 140 times that of free base, and the spectra
of metalloporphyrins are shifted to shorter wavelengths
(ca. 30 nm) compaired with that of free base. The
relationship between the intensity of TADF and the
concentration of metalloporphyrin is linear over a
wide range from 0.2ng for Mg-, 0.08 ng for Zn-,
0.0! ng for Sn-PPDE to 80 ng (spot size- ¢: 5 mm)
for each metalloporphyrin. The coefficient of varia-
tion of measurements is less than 1.79; (5 determina-
tions) for samples containing 0.5 ng a spot (¢: 5 mm)
of Sn-PPDE. This technique, which is very sensitive,
selective and simple method, would be quite suitable
for metalloporphyrin microanalysis.

(Received Nov. 12, 1981)
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