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INTRODUCTION: Rare earth elements find wide 
applications in the field of lasers glasses, magnets and 
in many other applications. Lanthanum based fluo-
rides are important materials for their luminescence 
(optical) properties. In the form of thin films [1-3] or 
as nanoparticles [4-6], rare earth doped lanthanum 
fluorides show interesting up-conversion effect from 
near IR to visible light. Also X ray luminescence has 
been observed on doped lanthanum fluorides [7]. 
 
RESISTIVITY AND CONDUTIVITY MEAS-
UREMENT: Many solids show high ionic conductiv-
ity (> 10-4Scm-1) and find immense use in diverse 
technological applications. Many of these solids 
which may be good electronic conductors are often 
referred to as “mixed conductors”. The term 
“superionic conductor” or “fast ion conductor” are 
good ionic conductors with negligible electronic con-
ductivity [8]. 

Ionic conductivity exists in LaF3 samples due to fluo-
ride ions [9]. Fluoride is one of the smallest anion 
with high mobility, exhibiting high ionic conductivity 
in solid state. With the development of nanotechnolo-
gy, it was possible to increase the ionic conductivity 
of fluorides by fabricating the corresponding 
nanocrystalline bulk materials. Fluorides have been 
widely used as components of sensors, batteries and 
actuators due to their excellent electrolytes [8]. They 
also form important components of toothpaste to pre-
vent the tooth decay and as additive of wear and crack 
resistance materials [10] as well as of welding materi-
als [9].  

The Conductivity of the sample has been measured 
using sophisticated Hioki 3532 LCR Meter, with a 
conventional two terminal sample holder. The powder 
sample of the synthesized nanocrystals were put in the 
form of pellets and coated with silver on both the 
sides and kept in the sample holder for Conductivity 
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with applied frequency. Both ε'and ε"exhibit normal dielectric behaviour. Graph of log ε" vs log frequency shows 
near linear nature and graph of Tanδ vs log frequency shows that there is decrease in Tanδ with increasing value of 
frequency. This nature is attributed to the interface charge relaxation at the grain boundaries. The conductivity of 
the synthesised LaF3: Pr3+, Ho3+ nanocrystals at room temperature is found to be 1.565 x 10-3/ Ωcm. Thus by doping 
LaF3 the ionic conductivity of the sample is observed to be enhanced as compared to the conductivity of pure LaF3 
having conductivity of the order of 10-6 / Ωcm. Resistivity at room temperature is found to be 638.977Ωcm. 
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measurement. Proper care has been taken to ensure 
that the silver paste does not spread to the sides of the 
cross sectional face of pellet. Figure 1 shows a typical 
Hioki 3532-50 LCR Meter. The sample is placed in 
the Hioki 9262 test fixture connector and programma-
ble software is chosen to read the resistance of synthe-
sized sample at room temperature. 

 
Figure 1: Hioki 3532-50 LCR Meter. 

The dc electrical conductivity (σdc) of the pellet was 
calculated using the relation. 

σdc = t / RA        Equation 1 

Where, R is the resistance measured from LCR meter 
             t is the thickness of the sample  
             A is the area of the face of pellet in contact 
with the electrode 

Resistivity ρ =  1 / σdc             Equation 2 

 
DIELECTRIC MEASUREMENTS: The capaci-
tance (Co) of the sample taken in the form of pellets is 
obtained by using the formula Co = Aε0/d where A is 
the cross-section area of the pellet, ε0 is the permittivi-
ty of free space and d is the thickness of the samples. 
The HIOKI 3532-50 LCR HITESTER meter has been 
used to record the capacitance (Cs) of the samples in 
the frequency range 100Hz to 5MHz. The capacitance 
values thus obtained was used for calculation of die-
lectric constant and dielectric loss values gives by ε'= 
Cs/C0 and ε"= ε'x D where D is the dissipation factor 
obtained from the LCR meter, and  

Tanδ= ε"/ ε'                              Equation 3 

OBSERVATIONS: 

Sample 
Thick
ness 

t (cm) 

Area 
A(cm2) 

Conductivity 
σ (/Ωcm) 

Resistiv-
ity 

ρ (Ωcm) 
LaF3:Pr3+,

Ho3+ 0.110 1.326 1.565 x 10-3 638.97 

 

Table 1: Resistivity and Conductivity of LaF3:Pr3+, 
Ho3+ at room temperature.  

f 
Hz Cs 

Dielectric 
constant 
ε'= Cs/C0 

Dielectric 
Loss 

ε"= ε'x D 

Tanδ= 
ε"/ ε' 

100 502μF 4.703x106 46.982x106 9.989 
1k 55μF 0.515x106 5.144 x106 9.988 

10k 5.2 μF 0.048x106 0.479x106 9.979 
100k 305nF 2.857x103 28.541x103 9.989 
1M 23.96nF 0.224x 103 1.930x103 8.616 
5M 2.62nF 0.0245x103 0.077 x103 3.142 

 
RESULTS AND DISCUSSION: The dielectric prop-
erties of the synthesized samples were studied by plot-
ting the graphs(i) dielectric constant versus log of 
frequency(Figure2) (ii) dielectric loss versus log of 
frequency (Figure 3) (iii) log of dielectric loss versus 
log of frequency(Figure 4) and iv) Tanδ versus log of 
frequency (Figure 5). 

It has been observed from the graphs of dielectric 
constant versus log of frequency and dielectric loss 
versus log of frequency that there is an exponential 
decrease in both the parameters with the increase in 
the frequency which is the normal behaviour of die-
lectric materials as the dipoles lag behind in orienta-
tions proposed by Debye [11-12].  
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 Figure 2: Variation of dielectric constant (ε') with 

log frequency of LaF3:Pr3+, Ho3+. 
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Figure 3: Variation of dielectric loss (ε") with log 

frequency of LaF3:Pr3+, Ho3+. 
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Figure 4: Variation of log dielectric loss (ε") with 

log frequency of LaF3:Pr3+, Ho3+. 
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Figure 5:  Variation of Tanδ versus log of frequen-

cy of LaF3:Pr3+, Ho3+. 
 

CONCLUSION: The dielectric studies shows that the 
ε' and ε" falls rapidly with applied frequency. Both ε' 
and ε" exhibit normal dielectric behaviour. Graph of 
log ε" vs log frequency shows near linear nature and 
graph of Tanδ vs log frequency shows that there is 
decrease in Tanδ with increasing value of frequency. 
This nature is attributed to the interface charge relaxa-
tion at the grain boundaries. The conductivity of the 
synthesised LaF3: Pr3+, Ho3+ nanocrystals at room 
temperature is found to be 1.565 x 10-3/ Ωcm. Thus by 
doping LaF3 the ionic conductivity of the sample is 
observed to be enhanced as compared to the conduc-
tivity of pure LaF3 having conductivity of the order of 
10-6 / Ωcm. Resistivity at room temperature is found to 
be 638.977Ωcm. 
 

FUTURE SCOPE: The dielectric studies of the syn-
thesised nanocrystals can be studied by varying the 
temperature and the corresponding conductivity and 
resistivity. Doped LaF3 nanocrystals can be use as 
dielectric medium. Also there are reports on the use of 
LaF3 as thin film oxygen detectors [13]. This part can 
be extended for development of LaF3 sensors in fu-
ture. 
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