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A Novel Optical Transistor Device based on Photo-induced Proton transfer Reactions 
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An optical transistor device is fabricated with thin-film lumichrome (7,8-dimethylalloxazine) on conductive SnOz glass; 
the cathodic current recorded with the emitter electrode is substantially enhanced when the electrode is illuminated 
(365 nm). 

Numerous studies have reported photo-induced proton trans- 
fer reactions. 1 - 1 0  However, reports of optical rectification are 
relatively rare. We now describe an optical transistor device 
based on photo-induced proton transfer with lumichrome, 
7,8-dimethylalloxazine. 1 1  

Typical emission spectra (Fig. 1) of lumichrome show two 
emission bands at 470 and 530 nm. Variation of the solution 
pH results in little change of the 530 nm band, whereas the 
emission at 470 nm shifts to a shorter wavelength 450 nm in 
KOH solution (pH 12). Since the associated acidity constants 
with the N-1 and N-10 positions are ca. 10-2 and 10-5, 
respectively, the 530 nm band is tentatively assigned to  the 
emission from the excited tautomer flavin during phototau- 
tomerization," and the emissions at 470 and 450 nm probably 
result from the excited protonated and deprotonated transient 
states A and B in Scheme (l), respectively. 

Based on the Forster cycle,12 the pK, difference (ie. pK,* 
- pK,) associated with N-10, between light and dark, is 
evaluated as ca. 1.9, suggesting that the photo-excited N-10 is 
expected to be a stronger base than its ground state. 
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CV [Fig. 2(a)]  recorded with the thin-film lumichrome 
electrode (Fig. 3) ,t illustrate a weak quasi-irreversible 
cathodic peak at -0.6 V vs.  SCE, showing a characteristic 
wave from a pyridine-containing free base. When the elec- 
trode is illuminated, a current enhancement is recorded. 

According to the photoelectrochemical behaviour observed 
in Fig. 2(a ) ,  a photo-induced proton transfer reaction occur- 
ring at the N-10 position is strongly indicated, supported by 
the control experiments that current enhancement can be 
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Fig. 2 CV recorded in MeCN-H20 (10: 1) solutions containing 
lumichrome (1 mmol dm-3) and LiCIOj (0.1 mol dm-3) under 
illumination (0) or in the dark (0): (a)  lumichrome only, ( h )  with 
acetic acid ( 5 % )  and (c) with pyridine (10%); scan ratc 50 mV s-1 
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Fig. 1 Fluorescence spectra recorded with lumichrome (ca. 
mol dm-3) in various pH solutions: ( a )  perchloric acid (pH 2); 
( h )  phosphoric acid (pH 4); (c )  KOH (pH 12); A,, = 365 nm 
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Fig. 3 Representation of the optical transistor device 
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Fig. 4 Chronopotentiograms recorded under the same conditions as 
the CV, Eappl = -0.6 V VS. SCE 
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(Scan rate = 50 mVs-1) 
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Fig. 5 Dependence of drain current on the gate and drain potentials 

achieved with the incorporation of proton donor, like HCI, 
without light, which is consistent with ApK, (Fig. 1). 

A greater amplification of photo-response is observed [Fig. 
2(b)] when a proton-transfer catalyst, acetic acid, is incorpor- 
ated, in contrast with the observations in Fig. 2(c) that current 
reversal is detected when pyridine, a competing proton 
acceptor (ApK, ca. 3), is introduced. The chronopotentio- 
grams (Fig. 4) indicate the photosignal is intensified by a 
factor of ca. 5 with 5% acetic acid, and the polarity of the 

photo-response can be reversely tuned when pyridine (loo/) is 
incorporated. The drain current output from the device is 
gate-potential dependent (Fig. 5); the drain current is 
optimized at VG = -0.6 V vs. SCE, when VD is held at +0.8 V 
vs. the emitter. Under such a condition, the drain current 
collection efficiency, ZDIJE, is estimated to be 20%. 
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Footnote 
-i- The emitter was constructed by dip-coating with 10 pL1 cm-2 of 
lumiehrome (1  mmol dm-3 in MeCN) on one face of a double-sided 
tin oxide-quartz plate (cu. 1 cma) which was spaced by 10 pl c r r 2  of 
Nafion (2 mm wide; 2.5 mass % in alcohol, Aldrich) around the 
periphery of the clcctrode; the other part of the tin oxide slide served 
as the counter clcctrode. The spacer thickness was estimated to be cu. 
2 pm.13 After drying in air, the emitter was combined face-to-face with 
another piece of bare tin oxide (drain). The whole device was then 
sited in a quartz cell filled with electrolyte. In the case with acetic acid 
or pyridine, the proton catalyst was incorporated with the electrolyte 
dircctly. Before cach measurement, the device was allowed to soak 
for 1 min. Illumination was by a 500 W mercury lamp with a 365 nm 
filter; thc flux was cu. 14 mW crn-l. 
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