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The electrochemically-active ligand has synthesized, in which the tetrathiafulvalene module is 
introduced at the 6-position of 1,4-di(2,2':6',2"-terpyridin-4'-yl)benzene (TTF-bTP). The 
synthesis was confirmed by MALDI-TOF MS and 1H NMR. The organic-metal hybrid polymer 
consisting of TTF-bTP and Fe(II) was prepared. The formation of the hybrid polymer was 
monitored by UV-Vis spectrum titration and confirmed the polymeric objects by atomic force 
microscopy (AFM). 
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1. INTRODUCTION 
The coordination polymers consisting of the transition 

metals and the hi-functional terpyridine derivatives, e.g. 
1,4-di(2,2':6',2"-terpyridin-4'-yl)benzene (bTP), are of 
great interest in the field of the material science. I-6 We 
also have synthesized organic-metallic hybrid 
polymers consisting of the bTP and transition 
metals such as Fe2+, Co2+ Ru2+ (Fig. la). 7 We 
have called those hybrid materials as the metallo
supramolecular coordination polyelectrolyte 
(MEPE), 8 and studied as an electrochemically
active polymer material. The materials with the 
transition metals of Fe2+ and Ru2+ have 
characteristic colors based on the metal-to-ligand 
charge-transfer (MLCT) absorption band. 1

•
7 The 

MLCT band disappears when the transition metal 
is oxidized, i.e. Fe2+ --> Fe3

+. Thus these hybrid 
polymers are the promising candidates for the 
electrochromic devices like the electric paper 
displays.9 

(a) 

Fe(TTF-bTP)(X2) 

Fig. 1 Schematic representation for the preparation of 
organic-metal hybrid polymers. (a) Fe(bTP)(X2), (b) 
Fe(TTF-bTP)(X2). X: counter ion. 

In this study, we synthesized novel 
electrochemically-active ligand (TTF-bTP), in 
which the tetrathiafulvalene (TTF) module is 
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introduced at the 6-position of 1,4-di(2,2':6',2"
terpyridin-4'-yl)benzene. Furthermore, the MEPE 
was prepared from the mixture of the TTF-bTP 
and Fe2+ (Fig. 1 b). The formation of the MEPE 
was confirmed by UV-Vis titration and atomic 
force microscopy (AFM) experiments. 

2. EXPERIMENT 
2.1. General 

(Hydroxymethyl)tetrathiafulvalene (TTF-OH)10 and 
1-( 6-bromo-2,2':6',2 "-terpyridin-4'-yl)-4-(2,2': 6',2" -terpy 
ridin-4'-yl)benzene (Br-bTP)11 were synthesized 
according to the literatures. The UV-Vis titration 
measurement was conducted as follows. The solutions of 
TTF-bTP (CHC13, l.Ox10"5 M) and Fe(BF4)z•6H20 
(MeOH, 5.0 x 10·4 M) were prepared. The solution of 
the Fe(BF4) was added stepwise to the TTF-bTP solution. 
The UV-Vis spectrum was recorded at each step and the 
effect of the dilution was calibrated based on the 
Lambert-Beer's law. For AFM measurement, the 
solution of Fe(TTF-bTP)(BF4)2 (CHCb/MeOH, 1 J..LM) 
was prepared. The sample was prepared on the 
fleshly-cleaved high oriented pyrolytic graphite (HOPG) 
surface by spin coating. The sample substrate was rinsed 
gently using distilled water before AFM observation. 
The observation was conducted on the DFM mode under 
air at room temperature (S-image controlled with SPI 
4000 probe station, SII NanoTechnology Inc.). 

2.2 Synthesis ofTTF-bTP 
TTF-OH (250 mg, 1.1 mmol) was dissolved in 50mL 

of dry THF, and NaH (lOOmg) was added to the solution. 
The mixture was heated under reflux for 4h. Br-bTP 
(200mg, 3.2 x 10·4 mol) was added to the solution and 
heated under reflux for more 16h. After cooling to 0 °C, 
the NaH was quenched by the mixture (Me2CO I HzO = 

9/1 ). The solution was dried with MgS04, filtrated and 
evaporated. The product was subjected to column 
chromatography (Al20 3, CHC13/hexane = 3/2 and 
CHCh/acetone = 4/1). The crude product was purified 
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by the recycling preparative HPLC (Column: JAIGEL
IH and JAIGEL-2H, Controller: LC-9104, Japan 
Analytical Industry Co. Ltd.). The product was obtained 
as yellow solid. Yield: 100 mg (40%). 1H NMR (300 
MHz, DMF-d7): 5 5.54 (s, CH2), 6.73 (m, ~), 7.07 
(overlapping, a, 5), 7.58 ( dd, J = 4.95, 6.60 Hz, 5"), 8.02 
-8.15 (m, 4, 4"), 8.24-8.36 (m, Ph), 8.47 (d, I= 7.32 
Hz, 3), 8.80 8.86 (overlapping, 3", 6"), 8.95 (s, 5'), 
9.01 ppm (s, 3'); MS (MALDI-TOF): mlz= 772.09 [Mt. 

3. RESULTS AND DISCUSSIONS 
3.1 Synthesis ofTTF-bTP 

The electrochemically-active ligand TTF-bTP was 
synthesized by the coupling between Br-bTP and 
sodium methoxide TTF. Fig.2 shows the 1H NMR 
spectrum of the TTF-bTP. We can confirm all of the 
protons belonging to TTF and bTP moieties. The 
successful purification was confirmed by MALDI-TOF 
MS as well. The spectrum shows only the peaks 
corresponding to the molecular weight ofTTF-bTP. 

Fig. 2 1H NMR spectrum of TTF-bTP (RT, 300MHz, 
DMF-d7) 
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Fig.3 UV-Vis spectrum change in the titration of 
Fe(BF4) 2 to the TTF-bTP solution. (inset) The change in 
the absorbance at 589nm. 

3.2 UV-Vis titration for the preparation ofMEPE 
The formation of the MEPE consisting ofTTF-bTP and 

Fe2
+ [Fig.l (b)] was confirmed by UV-Vis titration 

measurement. Fig.3 shows the results of UV-Vis 
titration experiment. Before the addition ofFe(BF4) 2, the 
peak corresponding to the ligand-centered absorption 
was detected (Amax = 297 nm). The solution was 
colorless because of the no absorption peaks in the 
visible region. When the Fe(BF4h solution was added to 
the TTF-bTP solution, the color of the solution turned 

blue purple. This col or arises from the MLCT band (Amax 
= 589 nm). In the same time, we detected the red shift of 
the ligand-centered absorption bands (A.max 297 nm ---> 

325 nm). These results are well-consistent with those 
previously reported on the formation of the 
terpyridine-Fe2+ complexes. 12 

In order to determine the stoichiometry for the 
complex formation, the relationship between the 
absorbance at 589 nm and the molar ratio ([Metal]/ 
[Ligand]) is plotted (Fig. 3 inset). The intensity of the 
MLCT band increased in proportional to the molar ratio, 
th(m reached the saturation around one. From this plot, 
we confirmed that the TTF-bTP and Fe2

+ forms a 1:1 
complex. This result is in good agreement with what we 
expect from the structure depicted in Fig. 1. 

3.3 AFM measurement 
The polymeric structure of the MEPE was confirmed 

by AFM. The sample was spin-coated on a 
freshly-cleaved HOPG surface. Fig. 4 shows the 
representative one of the AFM images. The long strands 
(b in Fig. 4) over the graphite steps (a in Fig. 4) are 
detectable. The length of some strands exceeds one 
micro meter. In the successive AFM measurement, we 
observed the diffusion of the strands along to the 
scanning direction. This is due to a small adhesive force 
of the MEPE on the graphite surface. The molecule with 
the flat structure13 or the long alkyl chains14 can adsorb 
strongly on the surface. However, the MEPE 
Fe(TTF-bTP)(BF4) 2 has neither ofthese properties. 

nm 

Fig. 4 AFM image of the MEPE (Fe(TTF-bTP)(BF4)z} 
on the graphite surface. The arrow (a) and (b) indicates 
the graphite steps and the sample strands, respectively. 

In order to confirm whether the observed strands are 
MEPE Fe(TTF-bTP)(BF4) 2 or not, we compared the 
dimensions obtained from the AFM section profile and 
the calculated model structure. We confirmed the 
thickness of the strand to be 0.9 nm from the AFM 
section profile [Fig. 5 (a)]. We selected a model 
compound consisting of Fe2+ ion and two ligands 
6-TTFmethoxy-4'-phenyl-2,2' :6' ,2" -terpyridine [F e(TTF
mTP)2] to calculate the optimized structure of the MEPE 
Fe(TTF-bTP)(BF4)2. Fig. 5 (b) shows the optimized 
structure of Fe(TTF-mTP)2 by MM3 calculation. The 
calculated thickness, of the model compounds are also 
0.9 nm. The same dimension between the observed and 
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calculated structure strongly supports the fact that the 
observed strands in the AFM image should be the single 
strand of the MEPE Fe(TTF-bTP)(BF4) 2. 

As can be seen in Fig. 5 (b), the structure of the 
ligand is distorted by the steric hindrance of the TTF 
moiety. It is expected that this distortion suppresses the 
association constant between the TTF-side terpyridine 
units and Fe2+ ion, and results in the shorter chain length. 
However, we could detect long strands in the AFM 
image (Fig. 4). This result suggests that the steric effect 
of TTF moiety on the complex formation is not 
significant. However, it is notable that the degree of 
polymerization depends not only on the association 
constant between the transition metal and the ligand but 
also on the concentration of the solution. 15 Thus, the 
supramolecular polymeric structure can develop in the 
evaporation process of the solvent even in the case of the 
relatively smaller association constants. In the titration 
experiment, we confirmed a linear increase in the MLCT 
band up to the saturation (Fig. 3 inset). This result 
suggests that the association constant between the 
TTF-side terpyridine units and the Fe2+ ion should be 
comparable to that for the non-substituted terpyridine 
units. 

The globular objects scattered on the surface are 
considered to be the impurities including in the 
chemicals [Fe(BF4)z-6H20 and solvents] or the stacked 
MEPE strands. Most of these are along the MEPE 
strands or the graphite steps. As mentioned above, the 
adhesive force of the MEPE to the graphite surface is 
small. Thus, the MEPE strands easily diffuse on the 
surface and stacked at the protrusion part on the surface 
in the sample preparation process. 

(a) 
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Fig. 5 (a) Section profile of the AFM image. (b) Partial 
molecular structure of the complex Fe(TTF-mTP)2 

optimized by MM3 calculation. 

4. CONCLUSION 
In this study, we synthesized the novel ligand with 

electrochemically-active TTF moiety (TTF-bTP). The 
synthesis of the ligand was confirmed by 1H NMR and 
MALDI-TOF MS. The formation of MEPE 
Fe(TTF-bTP)(BF4) 2 was confirmed by AFM. AFM 
image revealed the fibrous supramolecular structure of 
MEPE. The electrochemically-active supramolecular 
fibers are attractive materials for 1-dimentional 
conducting wires. 16 The regioregularity of the ligand in 
the MEPE, i.e. head-to-tail or head-to-head, and the 
electrochemistry of the MEPE Fe(TTF-bTP)(BF4) 2 are 
now under investigation. 
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