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The structural, thermal, electrical and optical properties of the phosphine metal complex including Ni have been 
investigated. SEM results show that the sample has a granular structure together with some voids. The complex is 
electrically insulator at room temperature, however, the electrical conductivity increases as the temperature increases from 
~366 K with the value of 1.4x10-11 S/cm, indicating its semiconducting behavior. The electrical conductivity result shows 
three conduction regions according to the temperature. The thermal activation energies are 0.70 eV and 0.60 eV for 
extrinsic and intrinsic region, respectively. Optical absorption studies in the wavelength range of 200-1100 nm at room 
temperature show that optical band gap Eg of Ni(PPh3)Cl2 metal complex is 2.35 eV. It is determined that direct transitions 
are responsible for optical absorption. The refractive index and extinction coefficient of complex are determined in the 
visible range as a function of wavelength. The differences in the optical constants are observed in the investigated 
wavelength ranges. 
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1. Introduction 
 
In recent years, a great deal of experimental work has 

been done on materials related to organic and inorganic 
solid state [1-7]. Research on the metal complex is being 
known as an interdisciplinary field of study, which 
combines related work not only by chemists and physicists 
but also by biologists and medical researchers. Transition 
metal phosphine complexes have been of interest for many 
years in terms of their importance in organic synthesis 
[8,9] as well as their medical properties including anti-
tumor and anti-microbial activities [10-12] and catalytic 
performance [13].  

Optical properties of metal complex are recently 
intensively investigated because of the interesting 
properties of their crystallized layers, considerably 
different from the properties of free molecules. The optical 
and electrical properties of these materials can be 
significantly different from those of single crystals or 
molecules in solution. Therefore, in order to enhance the 
information on organic and inorganic solid state, better 
knowledge of structure and optical properties of their 
layers is needed. Moreover, it is necessary to determine 
the physical parameters such as electrical, thermal 
conductivity, absorption, transmission, refraction, energy 
gap, oscillator and dispersion energies, dielectric 
constants, etc. of metal complex. 

While the chemistry of triaryl phosphine and their 
metal complexes have been deeply studied [14], but their 
physical properties have not been sufficiently studied. 
Therefore, some research groups have focused upon their 

attention on metal complexes of organic and inorganic 
solid state.  

In this study, we have investigated the microstructure, 
temperature dependence of electrical conductivity and 
optical properties of Ni(PPh3)Cl2 metal complex. 

 
 
2. Experimental process 
 
 Ni(PPh3)Cl2  metal complex were prepared by the 

similar procedure as mentioned Ref. [15]. PPh3 (Sigma 
Aldrich, 99%, 5.25 g,  0.002 mol) was added into a 
solution of NiCl2.6H2O (Sigma Aldrich, 99%, 2.38 g, 
0.001 mol) in ethanol (20 mL). The mixture was refluxed 
for 40 minute to give a dark blue-green solid product. The 
solid was filtered off, washed with ethanol and dried under 
vacuum. The yield is 5.6 g (%86).  

The microstructural characterization of the sample (on 
polished surface) was performed using Leo EVO-40 VPX 
Scanning Electron Microscope (SEM) with a LEO EVP-
40xVPX apparatus. 

The thermal behavior of the Ni(PPh3)Cl2  metal 
complex was investigated using a Perkin Elmer Sapphire 
DSC and  Perkin Elmer Pyris Diamond TG/DTA. The 
instrument was calibrated using the melting point of high 
purity indium. All the DSC and TG/DTA experiments 
were performed with ~10 mg powder samples taken in 
crimped aluminum pans under air. The DSC and TG/DTA 
curves were recorded in the temperature range of 20-250 
and 20- 550 oC, respectively, for heating rates of 20 
oC/min.  
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The sample were prepared in the form of pellets, 

which have  0.86 mm thickness and  6 mm radius, under a 
pressure of approximately 2x107 Pa, Then, the silver paint 
was applied by brushing the two ends of the pellet in order 
to make proper electrical contact. The electrical 
conductivities of the sample with respect to the 
temperature were measured by using a two probe method, 
with a Keithley 6514 system electrometer and a DC 
Keithley 230 programmable voltage source. 

For optical measurements, the sample was thoroughly 
ground and pressed into circular discs of 13 mm diameter 
at a pressure of approximately 1x107 Pa. Optical 
absorption and transmittance spectra of the sample were 
recorded using a Perkin Elmer Lambda 2S (double beam) 
spectrophotometer in the wavelength range 200-1100 nm.  

 
 
3. Results and discussions 
 
It has been obtained that the weight loss of sample 

occurs in a single step by means of the thermo-gravimetric 
measurements. The sample has shown good thermal 
stability until 200 oC and the decomposition started 
gradually in the range of 200-250 oC at which an 
exothermic peak occurred at the heat-flow curve, then % 
80 percent of the sample was lost at 350 oC. From the DSC 
(differential scanning calorimeter) measurements, the 
small endothermic peaks due to the losing of the crystal 
water in the structure and an exothermic peak around 233 
oC corresponding to the onset temperature of 
decomposition of phosphine were observed.  

The scanning electron micrograph of the Ni(PPh3)Cl2  
metal complex has been presented in Fig.1. It can be seen 
that the grains are regularly dispersed and, have an 
irregular sizes and some voids. Therefore, the electrical 
conductivity of the sample is probably affected by such a 
kind of structure.   
 

 
Fig. 1. SEM photograph of Ni(PPh3)Cl2  sample. 

 
We have found out by hot probe measurement that 

Ni(PPh3)Cl2 complex shows n-type electrical conductivity, 
i.e. the most of the carriers are electrons. According to 

Arrhenius theory, for semiconductors, a plot of electrical 
conductivity versus temperature is given by the equations 
[16]:  

              σ=σo exp[-Ea/kT]                                   (1) 

where σo is the pre-exponential factor, Ea is the thermal 
activation energy for the electrical conductivity and k is 
the Boltzmann’s constant. The electrical conductivity 
variations with temperature of a pellet shaped Ni(PPh3)Cl2 

complex have measured, and lnσ versus 1000/T graph was 
exhibited in Fig.2. It can be seen that Ni(PPh3)Cl2 complex 
shows three distinct regions depending on the increase of 
temperature. The extrinsic conductivity occurs at low 
temperatures, while the intrinsic conductivity occurs at 
high temperatures. The extrinsic and intrinsic regions have 
a positive temperature coefficient of electrical 
conductivity. It means that the increasing of electrical 
conductivity with respect to reciprocal temperature is 
linear and starts as soon as the charge carriers have enough 
activation energy. In addition, the electrical conductivity 
starts around 366 K and the complex exhibits three 
conductivity regions. As can be seen in the first (I) and 
third (III) regions the electrical activation energy of 
sample has positive values, but the second (II) region is 
saturation region. The electrical conductivity increases 
with the increasing temperature in region I, showing 
activation from the donor level to the conduction band 
(extrinsic behavior). This behavior is well expressed by 
semiconducting character with thermal activation energy, 
Ea, through Eq.1. Ea is calculated as 0.70 eV by means of 
slope of conductivity curve. Therefore, at low 
temperatures the lnσ versus 1000/T curve will again be 
straight line.  

In region II, the stabilization of conductivity with the 
increasing temperature is attributed to scattering of carriers 
by phonons due to lattice vibrations [16-18]. The slope of 
line and its temperature range change generally depending 
on the structure of the sample. 

In region III, the electrical conductivity has a positive 
coefficient with activation energy higher than that of 
region I. In this region (intrinsic region), an activation 
takes place from the valance band to the conduction band 
[3,6,19]. The high activation energy value is probable 
related to electronic band-band transition. The energy band 
gap related to this region was calculated as Eg=1.2 eV. The 
mobilities of the carriers also enhance during increase of 
temperature. This, again, points out a typical 
semiconductor behavior.  

As it has been discussed above, the dc-electrical 
conductivity behaves in accordance with Arrhenius law. 
This behavior is explained in terms of the hopping 
conducting mechanism in which the electron or hole hops 
from a localized site to the next one, and causes to change 
the position of the surrounding ions.  Then it is trapped 
temporarily in an excited state. The electron resides at its 
new site until it is thermally activated to migrate to another 
nearby site. Another aspect of charge hopping mechanism 
is that either electrons on the negative ions or the holes left 
behind on the positive ions tend to affect the local defects. 



Thermal, electrical and optical properties of phosphine metal complex including Ni                                     33 
 
So, the activation energy arises for charge transport 
[16,20-22].  

 

 
 

Fig. 2. Temperature dependence of electrical conductivity 
 of Ni(PPh3)Cl2  sample. 

 
The optical absorbance and transmittance spectra were 

measured with Uv+VIS spectroscopy. The optical 
absorbance spectrum as a function of wavelength was 
shown in Fig. 3. It is seen that the absorbance spectrum 
increases rapidly with decreasing wavelength and passes a 
maxima around 420 nm. The linear absorption coefficient 
α was calculated using 

 
      α = [2.3 (abs)]/d          (2) 

 
where d is the sample thickness. The optical band gap of 
the sample was determined from the relation between the 
absorption coefficient and the incident photon energy 
given as [16, 23]: 
 

݄߭ߙ                   ൌ ሺ݄߭ܣ െ  ሻܧ
                      (3) 

 
where A is a constant, h is Planck’s constant, υ is the 
frequency, Eg is the optical energy gap between the 
valance band and conduction band, and n depends on the 
kind of prevailing optical transition. Specifically, n takes 
1/2, 3/2, 2, and 3 values for transitions directly allowed, 
directly forbidden, indirectly allowed and indirectly 
forbidden, respectively. By using the values of absorption 
data exhibited in Fig. 3, we have plotted ሺ݄߭ߙሻଶ versus 
photon energy (hυ). As can be seen from the inset graph of 
Fig. 3, the optical band gap, Eg, is obtained as 2.35 eV. 
 

 
Fig. 3. Optical absorbance spectra versus wavelength and 

 plot of ሺ݄߭ߙሻଶ versus (hυ) (inset figure). 
 

The relation between the absorbance, transmittance 
and reflectance is given as: 

 
ܶ ൌ ሺ1 െ ܴሻଶ݁ݔ ሺെ݀ߙሻ                  (4) 

 
where T and R are the transmittance and the reflectance, 
respectively. If one consider the air as first medium and 
the sample as second medium, the reflectance R is written 
as;        

           R= ሺିଵሻమାమ

ሺାଵሻమାమ         (5) 
 

where n is the refractive index and k is the extinction 
coefficient. If k2<< (n-1)2, n is given as:  
 

             ݊ ൌ  ሺ ଵ ା ோ½ ሻ
ሺ ଵ ି ோ½ ሻ

                                  (6) 
 

The calculated values of the refractive index n in the 
present spectral region 400-1100 nm are illustrated in Fig. 
4. A tendency to decrease at the refractive index value is 
observed with increasing wavelength.  
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Fig. 4. The variation of refractive index with respect 

 to photon wavelength. 
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 The values of single oscillator energy, E0, and the 

electronic dispersion energy, Ed, can be calculated from 
the intercept and the slope of the fitted to straight line [(n2 

-1)]-1 versus  ሺ݄߭ሻଶ plots as shown in Fig.5, which satisfies 
Wemple and Didomenico formula [24, 25]. 
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where n(hυ) is the refractive index at photon energy. The 
values of E0 and Ed are estimated as 2.99 eV and 51.7 eV, 
respectively. 
 

0 2 4 6
0,00

0,02

0,04

0,06

(n
2 -1

)-1
 

E2 (eV)2

 
Fig. 5. The variation of 12 )1( −−n  versus 2E . 
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Fig. 6. The graph of n2 versus λ2 . 

 
 
The dielectric constant is partially due to free 

electrons and partially due to bound electrons as 
represented by following relation; [26] 

 
2*222 )]/)(/[( λπε mNcen L −=  (8) 

 
where, e is the electron charge, c is the light speed, λ is the 
light wavelength, εL is the lattice dielectric constant and 
(N/m*) is the ratio of carrier concentration to its effective 
mass. Fig. 6 represents the dependence of n2 as a function 
of λ2 for the Ni(PPh3)Cl2 complex. The value (N/m*) is 
determined from the slope of the linear part of graph. The 

values of (N/m*) and εL are determined to be 1.46.1049        
gm-1cm-3 and 32.57, respectively. 

We have also calculated the real ( 1ε ) and imaginary 

parts ( 2ε ) of optical dielectric constant by using the 
following equations: 

 
22

1 kn −=ε          (9) 

nk22 =ε              (10) 
 

The graphs of 1ε  and 2ε were represented in Fig. 7. 
Both real and imaginary parts of optical dielectric constant 
show peaks around 3 eV. 
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Fig. 7. The variation of real and imaginary parts of dielectric 

constant versus energy. 
 

4. Conclusion 
 
The structural, thermal, electrical and optical 

properties of the Ni(PPh3)Cl2 complex has been 
investigated. The complex shows typical semiconducting 
characteristics, acts as n-type semiconductor. The electron 
transport in investigated complex is influenced by its 
molecular structures. 

The mechanism of optical absorption follows the rule 
of direct transition. The spectral dependence of the optical 
constants indicate that both refractive and extinction 
coefficient increases with photon energy. 
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