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Syntheses and Electronic Behaviors
of Novel Networked Alternating Organic
Moiety-Ruthenium Hybrid Copolymers
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1Department of Applied Chemistry, Faculty of Science and Engineering,

Kinki University, Higashiosaka, Osaka, Japan
2Nippon Sheet Glass Co. Ltd., Tokyo, Japan
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The reaction of ruthenium chloride with organic dithiols gave ruthenium-organic
moiety hybrid copolymers. ESR and XPS spectral examinations showed that an
electron transfer from the organic moiety to the ruthenium atom took place.

Keywords ruthenium, hybrid copolymer, electron transfer

Introduction

Recently, advanced technology has provided highly functional materials, and a hybridi-

zation technique has been expected to supply such novel functions (1, 2). Coordinated

organic-inorganic composite materials have thus been developed (3–7), however, a

coordination bond in the metal complexes will not have an electronic interaction

enough to exhibit the original characteristic of metal because an electron supply to

metal from a ligand is considered to be limited to a coordination bond.

We considered that alternating organic-inorganic composite materials with covalent

bonding will provide new types of hybrid materials. In previous papers on networked

hybrid copolymers with covalent organic-metal units, an electron transfer was shown to

take place from the organic moieties to such metal atoms as Ti, Zr, Ta, Y, and Yb, and

further, an electron transfer in copolymers depended on the kinds of organic moieties,

where the higher degree of the electron transfer was observed in the case using an aryl

group as the organic moiety (8–12). In this work, we wish to report the syntheses and elec-

tronic properties of alternating hybrid copolymers with organic-ruthenium units

(Scheme 1).

Ruthenium is known to have high redox ability with several valences. Therefore, an

organic-ruthenium hybrid copolymer is expected to promote the electron transfer ability
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between the organic group and ruthenium, and the charge-separation state may be stabi-

lized in the composite framework.

Experimental

Reagents

Commercially available ruthenium chloride, 1,4-butanedithiol, 1,6-hexanedithiol, 1,4-

benzenedithiol, and 1,4-benzenedimethanedithiol were used.

Syntheses of Copolymers

A solution of ruthenium chloride (0.6 mmol) in 20 mL of anhydrous ethanol was added

into a solution of 1,4-butanedithiol (0.9 mmol) in 20 mL of anhydrous ethanol, and the

mixture was stirred with the use of alumina as a base in a cylindrical filter at 808C
for 12 h. The precipitate formed was collected, washed with anhydrous ethanol using

a Soxhlet extractor, and dried by heating under vacuum to obtain copolymer 1.

Similar treatments of ruthenium chloride with 1,6-hexanedithiol, 1,4-benzenedithiol,

and 1,4-benzenedimethanedithiol gave copolymers 2, 3, and 4, respectively.

Apparatus

Elemental analyses were performed for C using a Yanaco MT-6, for S using a Yanaco YS-

10, and for Ru by inductively coupled plasma atomic emission spectrometry (ICP-AES)

Scheme 1. Syntheses of hybrid copolymers.

Table 1

Elemental analyses of copolymers

Copolymer

Found (%)
Color of

copolymerRu C S

1 23.08 21.41 26.91 Brown

2 28.36 28.84 22.48 Brown

3 21.26 27.78 23.48 Dark brown

4 16.46 37.46 24.47 Gray
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using a Shimadzu ICPS-7500. Transmission electron microscopy (TEM) measurements

were done using a Jeol TEM-3010 microscope. UV-VIS spectra were measured using a

Hitachi U-4000 spectrometer. Electron spin resonance (ESR) spectra were taken using a

Jeol JES-TE200 spectrometer. X-ray photoelectron spectra (XPS) measurements were

carried out using a Shimadzu ESCA-850 spectrometer.

Table 2
IR spectra of copolymers

Copolymer Frequency (cm21)

1 2926 (C–H), 663 (C–S)

2 2941 (C–H), 655 (C–S)

3 1581 (C6H4), 677 (C–S)

4 1564 (C6H4), 668 (C–S)

Figure 1. TEM images of hybrid copolymers. (a) Copolymer 1 (–C4H8– system), (b) copolymer 2

(–C6H12– system), (c) Copolymer 3 (–C6H4– system), (d) Copolymer 4 (–CH2C6H4CH2– sys-

tem). Measurement condition: AcV: 300 KV.
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Figure 2. UV-vis spectra of hybrid copolymers. (Spectra were taken by Hitachi U-4000 with the

diffusion reflecting method.) F(R) is a coefficient of diffusion relecting, which is calculated by the

following equation: F(R) ¼ f1 2 R(lÉ)g2/2R(lÉ), R(lÉ): reflection rate of sample.

Figure 3. ESR spectra of hybrid copolymers. Spectra were taken by using 5 mg of sample. Measure-

ment conditions: C. Field; 337.00 mT, power; 1.00 mW, sweep width; 100 mT, modulation width;

0.5 mT, time constant; 0.1 s, temp; room temp.
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Results and Discussion

The reaction of ruthenium chloride with organic dithiols proceeded smoothly to give the

corresponding hybrid copolymers. The elemental analyses of the copolymers were carried

out (Table 1). The percentages of organic moieties included in the copolymers were cal-

culated from the observed carbon contents to be 84% for 1, 86% for 2, 80% for 3, and 92%

for 4, respectively. The IR spectra of the copolymers (Table 2) showed frequencies due to

organic groups and C–S bond. These results indicate that ruthenium-organic units were

involved in the copolymers.

To see the sizes and forms of the copolymers, their TEM images were taken and

shown in Figure 1. The forms of copolymers 1, 2 and 4 were found to be spherical

particles with diameters of ca. 250 nm, and copolymer 3 had a spherical particle with

diameters of ca. 100 nm.

Interestingly, the colors of the copolymers were found to vary by changing the organic

moieties; namely, brown for 1 and 2, dark brown for 3, and gray for 4. Thus, their UV-Vis

spectra were taken (Figure 2), indicating that strong absorption bands were observed over

the entire range of wavelength with high intensities for all copolymers.

The ESR spectra of the copolymers were taken (Figure 3). All copolymers showed a

peak at g ¼ ca. 2.07 which is ascribed to a free electron on the trivalent ruthenium atom

and a rather small peak area was observed for 3. It is noteworthy that copolymer 3 showed

another peak at g ¼ ca. 2.003, which is ascribed to a free electron formed on the organic

moiety. Our understanding is that, as reported in the previous works (8–12), an electron

transfer took place between an organic group and a metal, and the electronic states on the

Ru atom in the copolymers are considered to vary.

The XPS measurements of copolymers 2 and 3 were thus performed to investigate

the electronic state of the ruthenium atom in the copolymers (Figure 4). A peak due to

a 3d 5/2 orbital of ruthenium atom in copolymer 2 was observed at 279.69 eV, whereas

copolymer 3 showed a peak at ca 279.22 eV, indicating an increase of electron density

Figure 4. XPS spectra of hybrid copolymers. Non-monochromatic Mg-Ka (1253.6 eV) radiation

was sourced from an X-ray gun operated at 8 kV and 30 mA.
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for 3. One possible explanation is that the reduction of ruthenium atom through the

electron transfer in 3 took place, as shown in Scheme 2.

We believe that such an electron transfer will be achieved by various combinations of

the organic moieties and the metals with different electronegativities, and our findings will

provide many useful materials, for example, optical, magnetic, and electronic devices.
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Scheme 2. Plausible of electron transfer.
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