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E L M E L O U K Y   

 

 

 

 

 

 

 

Dielectric response, impedance, modulus, dc and ac conductivity of 

hydroxide double lamellar (LDH), [Zn2AlNO3], [Zn2FeNO3] and 

[Zn2Fe0.5Al0.5NO3] at room temperature and at frequency range (1Hz-1MHz). 

LDH prepared by the co-precipitation technique, the results of X-ray 

diffraction confirmed the partial and overall substitution of Al by Fe. 

The space group does not change neither the structure also. The dielectric 

analysis reveals the presence of electrode polarization, free charge motion at 

low frequencies which are related to space charge polarization and 

Conductivity relaxation respectively. Complex impedance plots (Cole-Cole 

plots) showed a non-Debye type relaxation. These are resolved into tow 

semicircles, indicating the bulk, grain boundary. Modulus studies confirm the 

conductivity effect by hopping and localized motion of ions.  

    The frequency dependence of the electric conductivity was found to follow 

a double power law behavior, in accordance with the relation σ’(ω) = 

σdc+A1ω
s1 

+A2ω
s2

, where S1 and S2are smaller than1. 
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INTRODUCTION  

 
In layered double hydroxides (LDH), have received extensive research in recent years. Interests in such materials 

rest in their remarkably broad spectrum of chemical, structural, physical and mechanical properties leading to 

numerous practical applications. The new developments of the applications of organo-exchanged LDH include the 

immobilization of photo and electro-active species, the complexation with organic polymers for the enhancement of 

mechanical properties and the selective adsorption of toxic compounds from water (M. Lakraimi et al 2003) as well 

as their use as pharmaceutical products, catalysts and gene delivery vectors (V. Rives 2001). 

LDH, also called anionic (anion exchanging) clays or hydrotalcite-like compounds (R. Allmann 1970), consist of 

brucite-like materials, where a fraction of the divalent cations have been replaced isomorphosly by trivalent cations 

giving positively charged layers and interlayer charge compensating anionic species or counter ions between the 

layers. Some hydrogen bonded water molecules may occupy the remaining free space of the interlayer domain. 

These materials are described according to the ideal formula: 
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x x

II III m II III

x x x m
M M OH X nH O abbreviated M M X

 



             

http://www.journalijar.com/


ISSN 2320-5407                          International Journal of Advanced Research (2015), Volume 3, Issue 11, 465 -  475 

466 

 

 
Where M

II
 and M

 III
 are divalent and trivalent metal ions, respectively, Xm the interlayer anion and x is defined as the 

M 
II
/ (M

II
+M

III
) ratio. For LDH prepared with ternary cations, its general formula is the stacked sheets are held 

together by weak interactions via hydrogen bonding and the anions, which are accompanied by water molecules in 

the interlayer domain, are exchangeable.  

This work focuses on the study of electrical properties of [Zn2FeNO3], [Zn2AlNO3] and [Zn2Fe0.5Al0.5-NO3](LDH) 

by impedance spectroscopy and dielectric. By analyzing experimental data by well-defined representations to 

determine the different dielectric relaxations of the LDH. In addition, we present the results on the AC conductivity 

and DC. The relaxation gives us information on the storage of energy. 

Studies on the conductivity of all samples are important in order to gain a better imminent on the ionic conduction 

mechanism especially in its usage cathode materials. Dielectric and impedance spectroscopy is widely used for 

investigating the electrical and electrochemical properties (El melouky & al). The application of   AC technique of 

complex impedance analysis is important and eliminates pseudo effects if any in the material. Complex impedance 

analysis makes it possible to separate the contribution due to grain, grain boundary and interfacial effects. Generally, 

these properties depend on the resistive and capacitive components in the material. So that, the result obtained from 

these analyses provide true representation of electrical behavior of the sample.  In case of the electrical properties of 

the oxides, grain boundaries play an important role. The measurement of conductivity and impedance shows 

dispersion behavior which offers an opportunity to gain some information of ionic migration process. Considering 

the significance, the electrical conductivity studies on various of the quantity of metal trivalent (Al or Fe) in 

[Zn2FeNO3], [Zn2AlNO3] and [Zn2Fe0.5Al0.5-NO3](LDH). 

1. Experimental of Zn2FeNO3, Zn2AlNO3 and Zn2Fe0.5Al0.5-NO3 

         The [Zn2FeNO3] and [Zn2Fe0.5Al0.5NO3] matrices were synthesized separately by 

the constant pH coprecipitation method. Salts of ZnCl2 (AlCl3 6H2O), (Fe (NO3) 3, 

9H2O) such that the molar ratio of Zn
2+

/ Fe
3+ 

= 2 for [Zn2Fe-NO3] and [Zn2AlNO3] 

matrix with Fe
3+

/Al
3+ 

= 1 for matrix [Zn2Fe0.5Al0 .5NO3]. Once prepared and dissolved 

salts in decarbonated water, adding them to a solution of NaOH freshly prepared in 

decarbonated water should be done under nitrogen dropwise while maintaining the pH 

at 8. After pouring all of the solution of salts, the obtained colloidal mixture is stirred 

for 24 h, washed thoroughly several times with decarbonated water, then dried 60 ° C 

for 48 h and ground to end for analysis. 

        The X-ray diffraction patterns were carried out on D2-PHASER of BRUKER-AXS diffractometer which 

used Kα1 (1.54056 Å) and Kα2  (1.54439 Å). Generator used at 30 kV and 10 mA. Computation time 15 and 70° 

(2θ) by step of 0.0101° (0. 2 s by step). Program duration is 18mn 06 s.  

 
        The measurements were performed using a transform spectrometer FT-IR-Spectrometer SHIMADSZU 8400S. 

The samples are conditioned in the form of pellets 13 mm in diameter, consisting of 1.8 mg of the product diluted in 

200 mg of KBr (support). The results are shown in absorbance wave numbers between 4000 and 400 cm-1. The 

resolution is 2 cm-1 and the number of scans 20 

        Thermogravimetric measurements were made using microbalance TG-DTA SETARAM 92. 

 

  The impedance measurements were carried out with a Solartron HP (Hewlett Packard) Impedance analyzer 

between 1 Hz and 1 MHz a source of 1V was applied to the electroded pellet samples. 
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        The diameter and the thickness of the sample were 13 mm and 1 mm, respectively. Curve fitting of dielectric 

spectra with complex empirical functions was carried out using commercial « Zview
TM» software (version 2.2) and 

non-linear fitting curve by origin Lab. 

 

I.2.Characterization by XRD 

 
The diffraction X patterns for all compounds [Zn2FeNO3], [Zn2AlNO3] and [Zn2Al0.5Fe0.5NO3] are characteristic of a 

hexagonal lattice with rhombohedral symmetry, and all the lines are indexables in the space group R-3m (Roussel, 

H., et al. 2000). 
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Figure 1. XRD Spectrum of Zn2AlNO3, Zn2FeNO3 and Zn2Al0.5Fe0.5NO3 

 
The angular position of the first diffraction peak (003) is connected to the spacing of the sheet, and allows the 

calculation of the parameter c (c = 3d003 = 6d006) or on the average of the first two harmonics, c/3 = 1/2 (2d006+ d003). 

The stripe (110) located in the vicinity of 60 ° in 2Θ is connected to the parameter by the relation a = 2d110 

(Rousselot, I., and al, 2002). It allows us to determine the value of the parameter a, that is to say, the metal-metal 

distance in the slip. In Table 1 we give the lattice parameters of the three test compounds based solely on data of the 

X-ray diffraction. 

 

 

 

 



ISSN 2320-5407                          International Journal of Advanced Research (2015), Volume 3, Issue 11, 465 -  475 

468 

 

Table 1.Results lattice parameters found by XRD 

 

 

 

 
The values of these parameters vary from one phase to another, the parameter is modified by the nature and the ionic 

radius of the cation own sheet but also the substitution rate of trivalent metal (A. Mantilla and al 2009) variation of 

the parameter c is related to the nature, direction and charge of intercalated anions, and the type of links created with 

the leaves and the rate of hydration.  Note that the parameters a and c decreases when the dope Iron 50% Al. Indeed, 

the ionic radius of Al
3+

 is less than that of Fe
3+

 (r (Al
3+

)) = 0.50 A° (r (Fe
3+

)) = 0.64 A°. 

 

 

I.3.Infrared Spectroscopy 

 
         The corresponding IR spectrum (Fig. 2) presents profiles that resemble those exhibited by all samples phases.  
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Figure.2. Infrared Spectroscopy of Zn2AlNO3, Zn2FeNO3 and Zn2Al0.5Fe0.5NO3 

 
- The broad and intense band corresponding to the stretching vibration v (OH). 

- The low intensity band corresponding to the vibration of deformation δ (H2O). 

- υ (NO3-) is the one nitrate stretching vibration band characterized by very intense. 

Matrices (HDL) c (A°) a (A°)                dinter (A°)    

Zn2AlNO3 

Zn2FeNO3 

Zn2Fe0.5Al0.5NO3 

23.88 

23.29 

23.15 

3.10 

3.09 

3.06 

7.96 

7.76 

7.71 
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-  υ (M-O) and δ (O-M-O) respectively correspond to the vibration and deformation of valence of clay slip (M is Zn, 

Al and Fe). 

Tableau.2. Absorbance bands of frequencies and powers in Zn2FeNO3, Zn2Fe0.5Al0.5NO3 

and Zn2AlNO3 

 
Samples LDH 

ν (OH) 
(cm

-1
) 

 () 
(cm

-1
) 

ν (NO3
-
) 

(cm
-1

) 

ν (M–O) 

(cm
-1

) 

δ (O–M–O) 

(cm
-1

) 

Zn2AlNO 3 3448.8 1637.6 1384.9 590.24 428.21 

Zn2FeNO3 3454.91 1636.32 1385.61 619.68 426.89 

Zn2Fe0.5Al0.5NO3 3431.5 1633.1 1379.1 621.10 428 

 

Infrared spectra shown in Fig.2 in the range of 400-4000 cm
-1

 of the synthesized compounds are typical of 

what is generally observed for HDL phases. The various bands of molecular vibrations and network are identifiable 

on each Spectrum. 

The infrared spectra of all matrices have a broad and intense band centered around 3448. 8 cm
-1

 

(Zn2AlNO3) and 3454.91 cm
-1

 (Zn2FeNO3) and 3431.5 cm
-1

 (Zn2Fe0.5Al0.5NO3), corresponding respectively to the 

vibration valence and interaction forces υ hydroxyl (OH). The observed shift in the position of this band is probably 

due to the difference in composition and in particular to the differences noted in the report (M
II 

/ M
III

) between these 

two phases. The town band for all LDH is the absorption at 1637.6; 1636.32 and 1633.1 cm
-1

 assigned to the 

vibration of deformation respectively (Zn2AlNO3), (Zn2FeNO3) and (Zn2Fe0.5Al0.5NO3). 

The values of these parameters vary from one phase to another, the parameter is modified by the nature and the ionic 

radius of the cation own sheet but also the substitution rate of trivalent metal (M. Lakraimi and al 2006).  

 
The variation of the parameter c is related to the nature, direction and charge of intercalated anions, and the type of 

links created with the leaves and the rate of hydration. Note that the parameters a and c decreases when the dope 

Iron 50% Al. Indeed, the ionic radius of Al
3+

 is less than that of Fe
3+

 (r (Al
3+

)) = 0.50 A° (r (Fe
3+

)) = 0.64 A°. 

          In the low frequency region, that is to say for υ <800 cm
-1

, there are the vibration characteristics of the 

network. Infrared spectra reflect differences in the nature of the metal cations present in the hydroxyl layers of the 

two matrices. The exact positions of these vibrations on the frequency scale, as well as their assignment to specific 

normal modes are tabulated table.2. We can distinguish two types of vibration ν (M-O) between the metal and the 

oxygen atoms forming the octahedron hydroxyl, as well as vibration of deformation of oxygen-metal-oxygen bonds 

δ (O-M-O) octahedral is joined. On the other hand, one can also note here that the relatively broad shape of these 

bands can be attributed to a domain interlamellar disorganized. 

I.4. ICP analysis 

The metallic ratio what were performed using ICP measurements. A plasma or gas consisting of ions, electrons and 

neutral particles, is formed from Argon gas, which is then utilized to atomize and ionize the elements in the sample 

matrix. These resulting ions are then passed through a series of apertures into a high vacuum mass analyzer where 

the isotopes of the elements are identified by their mass-to-charge ratio The intensity of a specific peak in the mass 

spectrum is proportional to the amount of the elemental isotope from the original sample, this technique of choice in 

many analytical for providing the accurate and precise measurements. Table (3) combines the different results 

obtained. 

Table3. H2O content in matrices Zn2FeNO3, Zn2AlNO3 and Zn2Fe0.5Al0.5NO3  initial masses and 

masses of losses for each compound 
Samples LDH mi (initial weight) (mg) mp (mass loss) (mg) % d’H2O = 100(∆m / mi) 

Zn2AlNO3 

 

50 7 

 

14 

Zn2FeNO3 50 7 

 

14 

Zn2Fe0.5Al0.5NO3 50 6.42 12.85 
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I.5. TGA of the Compounds Zn2FeNO3, Zn2Al0.5Fe0.5NO3 and Zn2AlNO3 

Thermogravimetric analysis enables us to determine the different thermal events during heating. In general, the 

thermal evolution LDH phase involves three main events for [Zn2FeNO3], [Zn2AlNO3] and [Zn2Al0.5Fe0.5NO3]. 
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Figure 7: TGA curve for Zn2FeNO3, Zn2Al0,5Fe0,5NO3 and Zn2AlNO3 

 

 
The phases of thermal images [Zn2FeNO3] and [Zn2Al0,5Fe0,5NO3] shown in Figure 7 can distinguish three stages of 

thermal decomposition, respectively. 

The first step is the loss of adsorbed water  interlamellar water, it is between 15.6 ° C and 185.61 ° C for 

[Zn2FeNO3] phase with a weight loss of 14.39%, and between 15.6 ° C and 201.75 ° C for [Zn2Al0,5Fe0,5NO3] phase 

with a weight loss of 15.15%, from 185.61 ° C is the dehydroxylation is predominant for [Zn2FeNO3], it occurs at a 

temperature lower than that observed for phase [Zn2Al0,5Fe0,5NO3], it accelerates from 215 to 360.4 ° C for  

[Zn2FeNO3]  between 226 and 371.22 ° C  of [Zn2Al0,5Fe0,5NO3]. The mass losses identified on TGA curves (14% 

[Zn2FeNO3] and 12.85% for [Zn2Al0,5Fe0,5NO3]). 

Above 360.4 ° C, manifests the start of nitrates for [Zn2Fe NO3], and 371.22°C of [Zn2Al0,5Fe0,5NO3]. 

The above results make it possible to say that the matrix [Zn2Fe NO3] is somewhat stabilized by the effect the 

doping of Al. TGA for [Zn2AlNO3] are marked by a first mass loss between room temperature and 200 ° C due to 

the departure of water molecules intercalated and adsorbed to the surface. The following loss that ends at 310 ° C is 



ISSN 2320-5407                          International Journal of Advanced Research (2015), Volume 3, Issue 11, 465 -  475 

471 

 

the departure of hydroxyl ions of the cationic constituent sheet, then the decomposition of the intercalated anion 

which ended around 660°C.  

 

I.6.Dielectrical Study 

 

I.6.1. Complex impedance representation 

           The application of the A.C technique of the complex impedance analysis (P. Rosaiah and al 2013), eliminates 

the pseudo effects, if any, in the material electrical properties by separating out the real and imaginary parts of the 

material electrical properties. It has unique feature to investigate the electrical properties of a material, which are 

independent of the sample geometrical factors and there by enables a better correlation of electrical properties with 

sample microstructure (Jingwen Yao and al 2013). 

Complex impedance diagrams have been found to be very useful to distinguish the contribution of resistivity from 

grain and grain boundaries of polycrystalline sample having different time constants in frequency domain (P. 

Rosaiah and al 2013). Impedance spectroscopy is promising nondestructive testing method for analyzing 

ferroelectrics and piezoelectrics. The literature survey indicates lot of work in variety of materials has been 

characterized for electrical properties using complex impedance and modulus formalism (Chahid and al 2013). 

Shows in fig. 8 the impedance plot the imaginary part Z’’ as a function of real part Z’ measured and fitted by 

equivalent circuit fig. 9.at a substitution of Al metal by Fe metal at room temperature in the frequency range (1Hz-

1MHz) . This diagram shows the appearance of two semi circles in the Cole-Cole plots indicates that there are two 

relaxation mechanisms, which may be due to grain and grain boundary. As the sample Zn2Fe0,5Al0,5NO3 all the 

semicircles became smaller and shift towards lower Z indicating a reduction in the resistance of both the grain and 

grain boundary. For comparative study of Zn2FeNO3 and Zn2AlNO3, indicating reduction in the resistance of both 

the grain and grain boundary where substitution Al by Fe. Hence, grain and grain boundary effects could be 

separated. In case of HDL, this is commonly grain boundaries are insulating and grain is semi conductive grains. 

 

 

Figure 8: Cole-Cole plots of Zn2AlNO3, Zn2FeNO3 and Zn2Fe0,5Al0,5NO3 

The impedance data can be represented as an equivalent circuit consisting of two parallel (R // CPE) elements in 

series fig. 9. (A. Ali Ahmed and al 2012), ( H.Kavas and al 2009 ). This is the one of the most common 

interpretation for polycrystalline materials having a contribution of grain (bulk) and grain boundary in series.  

 

http://www.sciencedirect.com/science/article/pii/S0169131711003905
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                                                    Fig. 9. Equivalent circuit 

 The impedance of the circuit is given by: 

* **( ) ( ) ( )g jgZ Z Z   
 

   
1 1

 ,                         and     
1 ( . ) 1 ( . )

*( )
RRg jg

p pR T R Tg jgg g jg jgpg pjg g jg
j g j jg

Z  
   

   
 



 

τg and τjg  represents respectively the measure of the width of the distribution of the relaxation time. The value of 

(τg, τjg) estimated from the Cole-Cole plots. 

In general, the impedance of a CPE is expressed via the following complex equation (Huebner and al.1995): 

1

( )
Z pCPE

T j


 

Where the exponent p may vary from 0 for pure resistive to +1 for pure capacitive behavior. 

Where ω =2πf is the angular frequency and Ti and pi refer to CPEi parameters. These parameters were estimated for 

each spectrum during the substitution and are summarized in table 2 for the corresponding Cole–Cole plots in fig. 8. 

As it is seen, the fitting curves (solid lines in fig. 8) exhibit very good correlation with the experimental data. 

Generally, the arc at high frequency end refers to bulk and at low frequency end refers to grain boundary. The 

resistance of bulk or grain (Rg), grain boundary (Rjg) could directly be obtained from intercept on the Z' axis. In 

Table 2 can be seen the decrement in the grain and grain boundary resistance is attributed to the conduction 

mechanism at the grain – grain boundary. 

Table 2: Fitting parameters of the equivalent circuit for the Cole–Cole plots of complex impedance 

shown in fig. 8. 

Samples(LDH) Tg Pg Rg(ohm) Tjg Pjg Rjg(ohm) 

Zn2AlNO3 8.03 E-11 0.86 46893 3.77E-8 0.78 5E7 

Zn2FeNO3 6.80 E-11 0.91 35477 3 .4E-8 0.57 5.02 E6 

Zn2Fe0.5Al0.5NO3 5.45 E-10 0.74 25909 4.7 E-7 0.52 1.57E6 
 

I.6.2.Complex Conductivity Measurements 

 

The real parts of the total conductivity ( )  are calculated using the following expressions: 

'
'( )

2 2
' ''

L Z

S Z Z
  


 

Where L, S, Z' and  Z″ are the thickness, the cross section area and the real and imaginary parts of the complex 

impedance. 

Fig.10 shows the variation of ac conductivity with frequency for the [Zn2AlNO3], [Zn2AlNO3] and 

[Zn2Fe0.5Al0.5NO3] composition at room temperature.  The ac conductivity patterns show a frequency independent 

plateau in the low frequency region and exhibits dispersion at higher frequencies and medium frequencies.  This 

behavior obeys the universal double power law (Banarji Behera, and al, 2013), (A.S.Dzunuzvie and al, 2015)
1 2

1 2'( ) n n

dc A A       , (the solid line is the fit to the expression) where is the dc conductivity (frequency 

independent plateau in the low frequency region), A1 and A2 is the pre-exponential factor, n1 and n2 is the fractional 

exponent between 0 and 1.   
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Figure 10: Variation of σac conductivity as a function of frequency 

 
The deviation from, dc (plateau region) value in the conductivity spectrum (in the low frequency region) is due to 

the electrode polarization effect. The values of A1, A2, n1 and n2 were obtained by fitting curve by origin Lab the 
1 2

1 2
'( )

n n
A A

dc
       (A. Langar and al, 2014) is tabulated in Table 3. 

The bulk conductivity (σb) value has been calculated (using the formula Jonscher, and al, 1983),
1

.( )
.

b

b

S m
L

S R



  

Where, Rb is bulk resistance of the sample, L is the thickness of the pellet, S is the area. 

 

Table.3. Results obtained by the double law non-linear curve fitting by using origin Lab 
 

Sample (LDH) 
dc

(S/m)
 A1 n1 A2 n2 

Zn2FeNO3 1.58E-06 1.69E-07 0.57 7.66E-11 0.91 

Zn2AlNO3 1.59E-07 1.02E-07 0.78 1.397E-10 0.86 

Zn2Fe0.5Al0.5NO3 5.06E-06 2.56E-06 0.52 1.724E-09 0.74 

 

I.6.3. Electric Modulus 

     An alternate approach to analyze electrical relaxation is electric modulus. The electric modulus M* can be 

defined in terms of the reciprocal of the complex dielectric constant *() (Chandra babu and al 2011). In addition, 

the electrical modulus (M) is used to interpret the electrical properties minimizing large values of the permittivity 

and the conductivity at low frequency which can sometimes hide relaxations process (Louati.B and al 2014).Due to 

the foregoing, the formalism Modulus was chosen, and the complex modulus (M) was calculated from the complex 

impedance using the equation: 

                                                      M* (ω) = Z iωC0* (ω). 

The imaginary part of the dielectric modulus M″ as a function of frequency has been plotted in Fig. 11. The 

maximum in the M’’(ω) at higher frequency region (Chandra babu and al 2011). At frequency above peak maximum 

M”(ω) determines the range in which charge carriers are spatially confined to potential wells, being mobile on short 

distances making only localized motion within the wells. 
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Figure 11: Variations of the imaginary part (M'') as a function of the frequency at ambient 

temperatures for Zn2FeNO3, Zn2AlNO3 and Zn2Fe0.5Al0.5NO3 

 

Conclusion: 
 

In this work we presented impedance measurements on matrices of clays based on iron and aluminum. We show that 

the experimental and theoretical results are in good agreement. 

These compounds have a very significant difference in point of view ac conductivity, particularly the dc 

conductivity of these compounds is compared it is estimated, using the values found by  equivalent circuit at room 

temperature and low frequency are: 

                                                      
2 0.5 0.5 3 2 3 2 3

(  )> (  )> (  )
dc dc dc

Zn Al Fe NO Zn FeNO Zn AlNO    

We see from this classification dc conductivity of the compound that has the best conductivity at low frequency 

direct current is that of the compound that contains iron and aluminum. For those of trivalent metal substitutions 

games in LDH we can increase the conductivity of the value 0.15μS /m as to the value 1.5 μS/m that is to say a 10 

times greater factor when clay contains only Al. The variation of M” as a function of frequency shows the shifting 

of the peaks towards the high frequency as temperature increases which implies that there is a distribution of ionic 

relaxation time. 
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