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Abstract 
 

Pure [Ruthenium (Bi-pyridine) 3] Cl2 and their derivatives were synthesized and the corresponding 
crystals were grown by slow evaporation method.  The structure of the ruthenium complexes were 
explained by UV-Visible spectroscopy, H-NMR, Mass spectrum and FT-IR. Electrical measurements 
were carried out on grown crystals at various frequencies. Photoconductivity of the grown crystals 
were also measured and the results are discussed herein. 
 
 
1 Introduction 

 
Recently number of research works is performed related to Ruthenium complexes. 
Ruthenium complexes have Varity of application, such as dye sensitized solar cells, 
Catalyst in photo synthesis etc. [1].The organometallic and coordination complexes 
of Ruthenium shows better applications compare to other transition metals. Mainly 
Ruthenium combined with 2, 2’ bi-pyridine will have major properties. Different 
types Ruthenium complexes prepared by exchanging new ligand instead of one 2, 2’ 
bi-pyridine ligand to form [Ru (bipy) 2(L)] 2-this types of complexes shows different  
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and better properties.  The variation in properties is because of the MLCT (Metal 
Ligand Charge transfer). Exchange of a single ligand from [Ru (bipy)3] 2- complexes 
show a big difference in the photo catalysis, electrical and optical properties etc. The 
electrons transfer from Ru2+ and the substituted ligand are the main reason for the 
change happened in [Ru (bipy)3] 2-complexes. This properties of [Ru (bipy) 3] 2-will 
depends on the structure  and properties of the substituted ligands some of the 
examples are given as follows imidazol(in)-2-ylidene ruthenium complexes and 
Ru(Cl-phen)3(PF6)2 (where Cl-phen = 5-Chloro -1, 10-phenanthroline) used as 
catalyst [2],ruthenium complex of [(5-amino-1,10-phenanthroline)bis(4,4’-
dicarboxylic acid-2,2’-bipyridine)] used a photo voltaic cells. Because of these 
reasons, in this papers, we have reported the synthesis of new Ruthenium complexes 
photo voltaic properties. In our present work, we have synthesized pure [Ruthenium 
(bipy) 3] Cl2 and its derivatives [Ru (bipy) 2(CH4N2O)] Cl and [Ru (bipy) 2(CH4N2S)] 
Cl. 
 
 
2 Materials and Methods 
 
2.1 Preparation of [Ruthenium (bipy) 3] Cl2 
 
RuCl3 solution was prepared by 1g of 35-45% RuCl3 dissolved in Double distilled 
water. To this solution add 2.5 g of 2, 2’-Bipyridine and 2ml of Sodium phospinate,to 
make a volume of 50ml..Reflux the above mixture in 100 ml RB flask for 45 min. 
Collect the pure solution by filter it through wattman filter paper. After refluxing add 
12.5 g of KCl and heat until the solution turn clear and allowed it to cool to room 
temperature. Dry the powder for recrsytallization process. 
 
Similar procedure was used for the synthesis of [Ru (bipy) 2(CH4N2O)] Cl in addition 
of 0.2g urea along with KCl , For [Ru (bipy) 2(CH4N2S)] Cl ,  RuCl3  was dissolved 
in5 % alcoholic solution (5ml of alcohol in Double distilled water) and 0.2 g thiourea 
was added along with KCl in the above preparation method. The above prepared 
complex was used for repeated recrstallization process to grow single crystals of pure 
and derivative of ruthenium. 
 
3 Characterization of prepared Sample of [Ru (bipy)2(L)1] 2-  
 
The grown crystals were subjected to structural, optical and electrical measurements. 
The FT-IR spectrum was recorded in the range of 4000 – 450 cm-1 using BRUKER 
IFS 66V FT-IR SPECTROMETER. The optical absorption spectrum was recorded in 
the range of 190-800 nm using VARIAN CARY 5E UV-Vis-NIR SPECTROPHOTO- 
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METER. Mass spectra (400-1000 m/Z), NMR (δ 0-12) , Dielectric constant, 
dielectric loss and the AC conductivity of various concentration of KBr in LAPB 
crystals were determined to an accuracy of ± 2% using an LCR meter (Agilent 
4284A) with four different frequencies (1 kHz, 10 kHz, 100 kHz and 1 MHz) at 
various temperature ranging from 30 – 150 °C. 
 
 
4 Result Discussions 
 
4.1 UV-Visible spectrum 
 
UV-VIS spectroscopy image of prepared sample of [Ru(bipy) 3] Cl2, 
[Ru(CH4N2S)(bipy) 2]Cland [Ru(CH4N2O)(bipy)2]Cl are shown in figure:1 a, b and c. 
The peaks are absorbed at 356nm, 436nm and 565nm for [Ru(bipy) 3] Cl this 
absorption peak in figure a) conforms that the prepared sample is  [Ru(bipy) 3] Cl2, In 
figure 1b)the peak are absorbed at the range of 354nm and 503nm and for figure c) 
the peaks are absorbed at the range of 217nm, 242nm and 339nm this conforms that 
the prepared samples are [Ru(CH4N2S)(bipy) 2]Cland [Ru(CH4N2O)(bipy)2]Cl 
respectively.The different absorption range of these three spectrum used to explained 
that the substitutionligand are successfully bonded with Ru2+ ions .The low-energy 
metal-to-ligand charge transfer (MLCT) absorption band of [Ru (bipy) 3] Cl2 is 
436nm range, this low-energy metal-to-ligand charge transfer (MLCT) in other 
sample are shown at 354nm and 339 for [Ru (CH4N2S) (bipy) 2] Cland [Ru(CH4N2O) 
(bipy) 2] Cl respectively. 
 
 
 

 

 
Figure: 1 UV-Visible spectrum of a) [Ru (bipy) 3] Cl2 b) [Ru (bipy) 2(CH4N2O)] Cl c) 

[Ru (bipy) 2(CH4N2S)] Cl. 
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4.2 FT-IR 
 
 

 

 
Figure: 2 FT-IR spectrum of a) [Ru (bipy) 3] Cl2 b) [Ru (bipy) 2(CH4N2O)] Cl c) [Ru 

(bipy) 2(CH4N2S)] Cl. 
 
 
 

FT-IR image of the prepared samples of [Ru (bipy) 3] Cl2, [Ru (bipy) 2(CH4N2O)] Cl 
and [Ru (bipy) 2(CH4N2S)] Cl are shown in the above spectrum image. The following 
peaks are measured from figure: 2a3539.56 (H2O stretching),1235.63(N-H+ out of 
plane bendres. deformation ring stretching),1090.88 (H in plane bend),910.28 (ring 
stretching + H bend), and 545.01Cm-1 (Metal-Cl bond)and for figure 2b 3484.85 
&3229.08(–CO Stretching),1625.32 (NH2Bend),1403.76 (ring stretching + H 
bend),1238.85 (N-H+ out of plane bend), 1108.63 (H in plane bend), 628.01(ring 
bend )and 550.18(Metal-Cl bond) and for figure 2c 3426.45(–CO 
Stretching),2222.42ν(NCS), 1599.94(C=C, C=N) ring streching, 1499.01(ring 
stretching + H bend), 1265.99 (N-H+ out of plane bend), 1131.09 (H in plane bend), 
998.56 (ring breathing mode) and 568.92Cm-1(Metal-Cl bond). 
 
 
4.3 Mass Spectroscopy (MS) 
Mass spectrum of [Ru (bipy) 3] Cl2, [Ru (CH4N2S) (bipy) 2] Cl2 and [Ru(CH4N2O) 
(bipy) 2] Cl2 are shown in figure: 2 a, b and c. The m/z value at 648.2, 567.99, 457.40 
are belong to figure a, b and c respectively this will conform that the prepared 
samples are all the expected compounds. The result of the mass spectrum combine 
with other result such as NMR and UV used to help to identify the structure of the 
compound. 
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Figure: 3 Mass spectrum of a) [Ru (bipy) 3] Cl2 b) [Ru (CH4N2O)(bipy) 2] Cl c) [Ru 

(CH4N2S)(bipy) 2] Cl. 
 
4.4 1H-NMR Spectrum 
 
The 1H-NMR spectrum of [Ru (bipy) 3] Cl2, [Ru (CH4N2S) (bipy) 2] Cl2 and 
[Ru(CH4N2O) (bipy) 2] Cl2 are shown in figure: 3 a, b and c. The peak shown at 4.4-
δ(H-C-N-) bond, 4.8&5.2 (-HC=CH2) bond, , 7.8 & 8.3 (Ar -H)and 9.1(–CH=N–) for 
[Ru (bipy) 3] Cl2.The peak shown in figure b) 5.0 &5.3 &5.7-( -HC=CH2), 7.8 
&8.0(Ar -H) and 9.0(–CH=N–) for prepared sample of[Ru(CH4N2O) (bipy) 2] Cl. The 
peaks shown in figure c)7.1-8.1(Ar -H) and 9.0(–CH=N–)for the prepared sample of 
[Ru (CH4N2S) (bipy) 2] Cl, this 1H-NMR results combine with UV and Mass 
spectrum to identify the structure of the compound. 
 

 
Figure: 4 1H-NMR spectrum of a) [Ru (bipy) 3] Cl2 b) [Ru (bipy) 2(CH4N2O)]Cl c) 

[Ru (bipy) 2(CH4N2S)]Cl. 
 
4.5 PXRD analysis 
 
The powder XRD (PXRD) patterns obtained for the[Ru (bipy) 3] Cl2, [Ru (CH4N2S) 
(bipy) 2] Cl2 and [Ru(CH4N2O) (bipy) 2] Cl2   grown in the present study are shown in 
Figures 4. The numerous sharp peaks found in the XRD patterns give a clear cut 
proof of the crystalline nature of all the grown crystals. The lattice parameters are 
calculated from the indexed pattern by using the software powder X [30] and are  
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summarized in Table I.     All the three samples  are crystallize in hexagonal structure. 
Substitution of ligand contract the unitcell which in reduces the cell volume. 
Expansion of one lattice parameter was nullified with the contraction of other.  
 
 

 
 

Figure 5: PXRD patterns of a) [Ru (bipy) 3] Cl2 b) [Ru (bipy) 2(CH4N2O)]Cl c) [Ru 
(bipy) 2(CH4N2S)]Cl. 

 
 

Table I: Lattice parameter values of grown samples 
 

Sl. No. Sample name 
Calculated lattice parameters 
a=b c volume 
Å Å Å3 

1. [Ru (bipy) 3] Cl2 13.250 19.985 3508.616 

2. [Ru (bipy) 

2(CH4N2O)]Cl 13.236 19.995 3502.957 

3. 
[Ru (bipy) 

2(CH4N2S)]Cl. 
 

13.132 20.096 3465.543 

 
 
4.6 Electrical Measurement 
 
The variation dielectric constant (εr), dielectric loss factor (tanδ) and AC electrical 
conductivity (σac) values obtained in the present study as a function of frequency for 
the grown crystal at various temperatures ranging from 40 to 150 °C shown in Figure 
5. The electrical parameters, viz. εr, tanδ and σac observed in the present study are 
increased with the increase in temperature for all the grown crystals. Temperature has 
a striking effect on dielectric properties. The trend of dielectric constant and dielectric 
loss as a function of frequency is the same for all temperatures for both pure and  
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mixed crystals. It is observed that the dielectric constant and dielectric loss slightly 
increase with the temperature. This phenomenon can be explained as follows: The 
electronic polarization increases with the increase of temperature. The increase of ionic 
distance due to the increase of temperature of the crystal influences the ionic and 
electronic polarizations.  
 
4.6   Photoconductivity analysis 
 
The experiment was performed at room temperature. The variation of photo current (Iph) 
and dark current (Id) with applied field of ruthenium complex crystals are shown in 
Figure 7. The current increased when the sample was illuminated and it decreased 
suddenly when the illumination was stopped. It is observed from the plot that the dark 
current is less than  the photo current for all the grown crystals in the present study, thus 
revealing that all the three crystals exhibits positive photoconductivity [6]. In general 
positive photoconductivity is attributed to generation of mobile charge carriers caused by 
the absorption of photons [5]. 
 

 
Figure: 6 Variation of Dielectric constant and dielectric loss for various frequencies 

 
Figure 7: Variation of AC conductivity with frequencies 
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Figure: 8 Photoconductivity measurements for various fields 

 
Photoconductivity results if the effect of light is primarily either to increase the 
density of free carriers or if the effect of light is to decrease the resistance of barriers 
in the material. When barriers are not present, the absorption of radiation producing 
photoconductivity ionizes either host-crystal atoms or impurity atoms, producing free 
electrons and free holes, or free charge carriers of just one sign, respectively. It is the 
change in the density of free charge carriers throughout the photoconductor which is 
responsible for the photoconductivity. 
 
 
5 Conclusions 
 
The result of UV-VIS spectroscopy explains that the different absorption range at 
436nm, 354nm and 339 nm for complex1, 2 and 3 respectively. This three spectrum 
used to explained that the substitution ligand are successfully bonded with Ru2+ ions 
.The low-energy metal-to-ligand charge transfer (MLCT) absorption band of [Ru 
(bipy) 3] Cl2 is 436nm range, this low-energy metal-to-ligand charge transfer (MLCT) 
in other sample are shown at 354nm and 339 for [Ru (CH4N2S) (bipy) 2] Cland [Ru 
(CH4N2O) (bipy) 2] Cl. The result of 1H-NMR, FT-IR and MS data’s used to identify 
the structure of the prepared samples. 
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