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Photoinduced Electron Transfer of 
GFP/Viologen/TCNQ Hetero-Film 

JEONG-WOO CHOP, YUN-SUK NAM", DONGHO  KIM^, 
WON HONG LEE" and MASAMICHI FUJIHIRA' 

aDept. of Chem. Eng.. Sogang Univ., C.P.O.  BOX 1142. Seoul 100-611, Korea, 
bNational Creative Research initiatives Center for  Ultrafast Optional Properties 

Characterization, Korea Research Institute of Standard and Science, 
P .O .  BOX 102, Yusong. Taejeon 305-600, Korea and 'Dept.  of Biomol. Eng., 

Tokyo institute of Technology, Yokohama 227, Japan 

Photoinduced electron transfer in molecular hetero- Langmuir-Blodgett (LD) 
tilms consisting of Green fluorescent protein (GFP)/viologe/TCNQ was 
investigated. In this work, charge transfer process in the molecular hetcro-films 
has been investigated by femto-second transient absorption spectroscopy. Based 
on the transient absorption in the GFP/viologen/TCNQ series hetero-films. charge 
transfer froni excited GFP to viologen (TCNQ) was observed with subpicosecond 
ti m c  resol Lit ion. 

Keywords: Green fluorescent protein (GFP); Transient absorption; 
Langmuir-Blodgett (LB); Charge transfer 

INTRODUCTION 

Photoinduced electron transport processes in nature such as photoelectric 
conversion and long-range electron transfer in photosynthetic organisms are 
known to occur not only very efficiently but also unidirectionally through the 
functional groups of biornolecules.[l.*] 

Electron transfer in the molecular arrays is a sensitive function of 
donor-acceptor separation and molecular orientation. Transient absorption 
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448 J.-W. CHOI el d. 

measurements in the hetero-LB films have not been performed yet. In this 
work, charge separation process in the LB film has been investigated by 
femtosecond transient absorption spectroscopy. Based on the transient 
absorption in the S homo and S N A  series hetero-LB films, charge separation 
from excited S to R (A) was investigated with subpicosecond time resolution. 

A" 

FIGURE 1. Experimental Setup for transient absorption measurement 

EXPERIMENTAL DETAILS 

Green fluorescence protein (GFP), viologen, and TCNQ were 
employed as electron sensitizer (S), relay (R), and acceptor (A) units, 
respectively. The deposition of LB films was carried out using a circular type 
Langmuir trough (Type 2022, Nima Tech., UK). The experimental setup for 
transient absorption measurement system was shown in Fig. 1. 

A light pulse from laser system composed of a self-mode-locked 
femtosecond Ti:Sapphire laser (Clark MXR, NJA-5), a Ti:sapphire 
regenerative amplifier (Clark MXR, CPA-1000) pumped by a Q-switched 
Nd:YAG laser (ORC-I 000), a pulse stretcher/compressor OPG-OPA 
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PHOTOINDUCED ELECTRON TRANSFER OF GFP 449 

system, and an optical detection system (FWHM: 400 fs, wavelength: 400 
nm, repetition rate: 20 Hz) was introduced to excite the S molecules. With fast 
electronics using a VN amplifier of 300 MHz frequency (Model SR445, 
Stanford research) and a storage oscilloscope of 500 ps resolution (2Gds, 
model 546 16B, Hewlett-Packard), the interlayer photocarrier movement was 
detected as voltage built up between the electrodes which form a 50 Q strip 
line geometry in order to acquire signals with high time resolution. 

RESULTS AND DISCUSSION 

In A (TCNQ) solution, the TCI Q- monomer band at 7 0 an, 840 nm 
increased as the solution concentration increased. On the other hand, in A 
homo-LB films, TCNQ' dimer ((TCNQ)20) and TCNQ- dimer ((TCNQ)2') 
were observed at 500 and 660 nm, respectively, due to the dimer formation in 
A homo-LB films. Since LB films can be deposited through head (hydrophilic 
functional group)-head and tail (hydrophobic alkyl chain)-tail interactions, 
TCNQ functional groups can exist as dimeric form. In S/R(IO)/A(31) 
hetero-LB films, there was no new absorption band except individual S, R and 
A peaks, indicating that neither energy level change nor chemical reaction 
occurred in S/WA hetero-LB films. 

3.5 4: , ,4.5 

a 
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-1.51 '4 
.201 , , 
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Time(F6 

FIGURE 2. Transient absorption spectrum: a, 660nm TCNQ-dimer increase, b, 
500nm TCNQ' dimer decrease. 
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450 J.-W. CHOI et al. 

Upon photoexcitation at 400 nm, the absorption change or photoinduced 
absorption of dimer of A ((TCNQ)2', ('TCNQh-) was observed in the transient 
absorption spectra(Fig.2). The transient species contributing to the transient 
absorption spectra were listed in Table 1 ,  It can be confirmed that the electrons 
are transported from S to A via R. Since TCNQ can accept the electrons from 
S, the TCNQY bands would increase, and TCNQ? bands would decrease. The 
rising time and decay time of absorption changes in TCNQ2- dimer and 
TCNQ: dimer were c.a. 0.5~s. 

TABLE I .  Time constants and charge transfer rates of each film 

Suggested transient species Transient signal (nm) 

500 TCNQ dimer 
660 TCNQ - dimer 

CONCLUSION 

The fast charge separation process was clearly observed due to the better 
time-resolution of transient absorption technique. It is concluded that the fast 
electron transfer from electron sensitizer to electron acceptor can occur in 
sub-picosecond resolution. 
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