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Effects of Electric Field
and Magnetic Fieldon Photoluminescence
in Photoinduced Electron Transfer Systems
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In this thesis, I present the effects of electric field and magnetic field on
photoluminescence in photoinduced electron transfer (PIET) systems, which were
investigated by using electric field modulation spectroscopy in absorption and
photoluminescence spectra in the absence and presence of external magnetic fields. The
main aim of the present study is to find out the entire picture of the dynamics of PIET as
well as the electric and magnetic effects on PIET by application of an external electric field
and magnetic field in various donor acceptor systems.

In a mixture of N-ethylcarbazole (ECZ) and 1, 3-dicyanobenzene (DCB), fluorescence
emitted from the locally excited (LE) state of ECZ is quenched by an electric field,
indicating that photoinduced electron transfer from ECZ to DCB is enhanced by an electric
field. Electric field effects both of LE fluorescence and of exciplex fluorescence are
affected by magnetic fields, whereas fluorescence is not affected by maghetic field in the
absence of electric field.

In the mixture having a high concentration of ECZ and low concentration of dimethyl
terepthalate (DMTP), electric field-induced quenching of the exciplex fluorescence occurs,
and the magnitude of the intensity becomes less efficient in the presence of magnetic field.
In the mixture having a low concentration of ECZ, on the other hand, neither electric field
effect nor magnetic field effect was observed in the electrofluorescence spectrum i.e., plots
of the electric field-induced change in fluorescence spectrum, indicating that the hole carrier
plays an important role in the synergy effects of electric and magnetic field effects on
exciplex-fluorescence.

In a mixture of 1, 3-dicyanobenzene (DCB) with MAnt or Py, fluorescence emitted from
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the locally excited (LE) state of 9-methylanthracene (MAnt) and pyrene (Py) is quenched by
an electric field, indicating that PIET from the excited state of MAnt or Py to DCB is
enhanced by an electric field. The electric field-induced quenching of LE fluorescence is
reduced by a magnetic field. It was found that a reverse process from the radical-ion pair
produced by PIET to the fluorescent state of MAnt or Py occurs, which results in the
synergy effects of electric field and magnetic field on LE fluorescence of MAnt or Py.

In methylene linked compounds of phenanthrene-(CH,).-phthalimide, LE fluorescence
of phenanthrene is enhanced by electric field with a short methylene chéin, while the
electric field-induced quenching was observed with a long methylene chain. The field-
induced enhancement of fluorescence becomes less efficient with decreasing the
temperature. The field-induced enhancement of the LE fluorescence with a short methylene
chain is rationalized in terms of the field-induced reduction of intramolecular electron
transfer rate and that reduction of electron transfer rate becomes less efficient with
decreasing the temperature. The electric field-induced quenching of LE fluorescence is
ascribed to the field-induced enhancement of the PIET rate.

In methylene linked compounds of pyrene-(CH,),-phthalimide, the lifetime of the
fluorescence emitted from the locally excited state of pyrene with a short methylene chain
becomes longer in the presence of electric field, while the lifetime with a long methylene
chain becomes shorter in the presence of F. These results are similar to the one of linked
compounds of phenanthrene-(CH,),-phthalimide.

It is also found that the electric field-induced enhancement of fluorescence of
zincporphyrin in zinc porphyrin-Ceo dyads becomes more efficient as the temperature
decreases from 295 to 50K. On the other hand, the electric field-induced quenching of
fluorescence of free-base porphyrin in free-base porphyrin-Cep dyads becomes constant at
low temperatures.

In methylene linked compounds of carbazole-(CH2),-terephthalic  acid methyl ester, a
remarkable temperature dependence was also observed. The exciplex fluorescence is
enhanced by the external electric field, and the magnitude of the enhancement of the
markedly depends both on donor acceptor distance and on temperature. The field-induced
enhancement of the exciplex fluorescence suggests that the ion pair state is quenched by
charge recombination at zero field and the applied electric field inhibits the charge
recombination. The charge recombination process becomes more efficient with decreasing

the donor acceptor distance and temperature.
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KEHICK > TRISEFBHRN. WHWAAFREFRSHRIGIIEM ORI RICE
SNEHEDHRRICBVWTHEREERRIZRZLTWIIRMKTH . fxlnHae
MBS REDEERMICBNWTHRBEBNICFIAINTVWEIRETHS. AMETIE. F
HFFEANDEE, WEHREFRD LKL VEL OXFEETBERIGINEBES DM
BESEZEMUZHSITEDOIIREERTNEARNTVNS, F-BEHRICEL T,
BEENSEBETREZELIRAZERQIEDLDITELTEINEZRANRNTNDS, 51
i3, AFEEFBIRISANOEEDRINTURBEEM LU ZEEITEDLIITELT D),
EVOEHRBANDEE EWBEOHRDEEZFITNS,

FwXid, 26 TL 1ENSRO>TWS, Bl1EIFR. E2EIHLWEIERTIE
RN I TS B, BIERIHEMER. EEERALSN. BE LB ZFEICEIML
HEEDOERGT. BRSBREAES B IVESERABREOBREALSYE. BIERAE
DEBFE, EVoAMRICEARLUZEROMM., E4ENSE 1 0EITIIRRLE
2, Bl 1EILAEDEELEDERLTVNS, LTI, B4ENSE 1 0EZTTIRBRSN
TWHERBROENERT,

BABINFZEEFBERTHS NIFIVANWNI =)V (ECZ) EFLTFIEBED A
FIVOMTP)Z R ) T —HFIZ R—=FU RN L T, 8. SSIZEREEZEMLZE4
DHEIEDENZRNIZERIBRENT WS, ECZ DEFHZIRENS DMTP NOETH
BN BRICEIVEREESND I L, EFBRHOKERELDBSVNNMORIZDAE K
EROHMEERPEBICIDELL, DO ThIxnS ECZ ORERMBREOZ Y1
TV I AENSTRNREANOBEMBENEET A2HERELT, 8ENOEHEHREINE
SIHBICIVELTE. EWSERLRBEOMRIENBARINDZZEEHSMILT
W3,

BSETIEIABREESTFBHRTHS ECZ & 1,3-237 /) R>E (DCB) &R T—H
WWR—=FLRBNCEL T, 88, SOCRBEZEHML-EEONBEHERNREIN
TWw3, ECZ OETHERENS DCB NOBTFTHRHRIGHEEICLIVEESINIHRE

— 1041 —



LT, ECZ OBNNEHHENERT I L, T FOMRENRETIOEITE I &8
B, EFBEICEVELDSPHINMORRZ A REFOHEEERNOREELE
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{EEWCBEL T, 81 0BIIHANWN=INETFLVIINEBAFIVIATINDAFL > 8#5E
EEEYICEALT, B4 0EBLEMOETHEHE D) LETZHE (A MTEISRD
TFRAAFEEFBEBRBICHT2EE8DREBLI VT OEREREEZHRANBEZRLTY
5, AFL VHEERZLESMCEL T, BXOEIOAFLUHEEAVWSZ&ICLED., &
FREBRENOBEIRBICEDBREZREN,. D BLUNA OBLETEMDAR ST,
D—A FEIDEBEICKESEKETZ I EE2BRRTNG,
BROE1 1ED 2EOBRETHS,
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