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Chapter 6 
Magnetic and Dielectric Studies 

A detailed study of the magnetic and dielectric properties of the samples has been 

presented in this chapter. The effect of the dopants on the magnetic behaviour of the samples 

has been discussed here. In order to probe the multiferroic behavior of the samples, dielectric 

measurements have also been performed and analyzed in an identical temperature range. 
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6.1 Magnetic Properties of CuFeO2 and CuFe0.96Ti0.03V0.01O2 samples 
A squid magnetometer (quantum design) was used to estimate and understand the magnetic 

properties of CuFeO2 and CuFe0.96Ti0.03V0.01O2 samples. Temperature-dependent magnetic 

susceptibility (χ) with zero-field cooling (ZFC) was measured between 25 K and 300 K under 

the applied magnetic field of 5 kOe for both the samples as shown in figures 6.1 (a) and 6.1 

(b). 

 

 

Figure 6.1: Temperature dependence of magnetic susceptibility of (a) CuFeO2 and (b) 
CuFe0.96Ti0.03V0.01O2 

 

χ-1 as a function of temperature for both the samples is shown in figures 6.2 (a) and 6.2 (b). 

The fitting of the Curie–Wess law [χ = C/(T-θ)] is shown with the red solid lines within the 
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measured temperature range. Here C and θ are the Curie-Weiss constant and Curie 

temperature respectively. A deviation in the 1/χ vs T curve is observed around temperature To 

marked by arrows, which indicates the magnetic transition from paramagnetic to spin-liquid 

phase at this temperature as proposed earlier [1,2]. The drop in To in the Ti-doped sample is 

attributed to the role of induced local structural distortions which leads to the changes in 

temperature at which the release of spin frustration takes place. 

 

Figure 6.2: Temperature dependence of χ-1 along with Curie-Weiss fit for (a) CuFeO2 and (b) 
CuFe0.96Ti0.03V0.01O2 

The fitting of the Curie-Weiss law gives the values of C and θ given in table 6.1. The 

negative values of θ indicate the dominant antiferromagnetic interaction in the samples. A 

substantial decrease in the θ value for Ti-doped sample indicates the weakening 

antiferromagnetic interactions induced due to resultant Jahn-Teller distortions in the doped 
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sample. Also, the change in C values with Ti doping also can be attributed to the magnetic 

dilution effect, which can again be observed in the decrease of χ values with Ti doping. 

Table 6. 1: Magentic properties of CFO and CFTiV samples. 

Sample C (emu K g−1) θ (K) 

CuFeO2 1.37 -912.49 

CuFe0.96Ti0.03V0.01O2 0.036 -80.45 

 

Figures 6.3 (a) and 6.3 (b) represent the variation of isothermal magnetization with respect to 

the applied magnetic field (0 ≤ H ≤ 70 kOe) at 25 K, 40 K and 150 K for CuFeO2 and 

CuFe0.96Ti0.03V0.01O2 samples. From the plot, it can be clearly seen that there is a sharp rise in 

the values of magnetization for the pristine sample at low applied fields, while there is a 

linear increase in magnetization values for the Ti-doped sample. Even at the highest applied 

field, no saturation magnetization is observed for the samples. Thus, it points out the further 

weakening of the magnetic interaction due to Ti doping at the Fe site and can be attributed to 

the changes in the degree of frustration induced by the enhanced local Jahn-Teller distortions, 

strengthening our earlier observed results on the samples using Raman and Mossbauer 

spectra.  
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Figure 6.3: Isothermal magnetization vs applied magnetic field plots at 25 K, 40 K and 150 K 
for (a) CuFeO2 and (b) CuFe0.96Ti0.03V0.01O2 

Also adding to the above explanations, the super-exchange mechanism, Ti4+-O2-Ti4+ and 

Fe3+-O2-Ti4+, as pointed out earlier can also be considered. This kind of interaction can lead 

to antiferromagnetic coupling reported earlier for ABO3 type perovskite materials [3,4].  Thus 

Ti4+substitutions at the Fe3+ site lead to the decrease like nearest neighbors magnetic 

interaction. Also, the interaction Fe3+-O2-Ti4+ is thought to be antiferromagnetic interaction 

and also weaker than that of Fe3+-O2-Fe3+. Because of the limitations in the available 

temperature range, magnetic measurements could not be performed to observe the phase 

transition Tc, but strong evidence of doping-induced changes in magnetic parameters θ and T0 

(K). Here we would like to point out that the observed changes are purely due to the type of 
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variety of dopants selected in the present correlation-based study, even though the effect of 

some of the individual elements is reported before. 

6.2 Dielectric properties of CuFeO2 and CuFe0.96Ti0.03V0.01O2 samples 
The dielectric measurements were carried out, without any temperature limitations, between 

room temperature and 5 K. The temperature dependence of dielectric permittivity (𝜀𝜀′) and 

the corresponding dielectric loss �𝜀𝜀"�  at different frequencies is shown in figure 6.4 for 

CuFeO2 sample within the temperature range of 5 K to 300 K. From the plot of 𝜀𝜀′vs T (K), it 

can be clearly observed that the values of 𝜀𝜀′  are found to increase sharply with an increase in 

temperature along with a significant effect of frequency. Also, within the same temperature 

regime, a maximum value in 𝜀𝜀" is also been observed which shifts towards the higher 

temperature side with increasing frequency. The temperature at which the maxima in 𝜀𝜀" is 

observed corresponds to the temperature region where a maximum dispersion in 𝜀𝜀′values is 

also been detected. This kind of relationship between the 𝜀𝜀′  and the Neel temperature is 

consistent with the earlier reported results [5]. The Landau-Devonshire theory of phase 

transition in magneto-electrically ordered systems describes such magneto-electric coupling 

behavior whose concluding evidence is seen in our findings for the CuFeO2 sample [6,7]. 
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Figure 6.4: Temperature dependence of (a) 𝜺𝜺′  and (b) 𝜺𝜺"  of ac dielectric permittivity at different 
frequencies for the CuFeO2 sample. The insets of the figures show the variations of the real and 

imaginary part of ε in the temperature range of 5–50 K. 

The variation of dielectric permittivity (𝜀𝜀′) and the corresponding dielectric loss �𝜀𝜀"� with 

respect to temperature at different frequencies is represented in figure 6.5 for 

CuFe0.96Ti0.03V0.01O2 sample within the temperature range of 5 K to 300 K at different 

frequencies. From the plots, it is clear that the dielectric ordering around 15 K becomes 

weaker due to the Ti4+ doping at the Fe3+ site. This could also result in correlatedweakening 

of the magnetic ordering in the doped samples, discussed earlier. A dielectric relaxation 

behavior is also observed in the temperature range of 80-190 K. This behavior is independent 

of the magnetic ordering and also distinct compared to pure CuFeO2 samples. It also follows 

Arrhenius law which can be seen in the inset of figure 6.5 (b). The activation energy obtained 

for dielectric relaxation from the fitted straight line is Ea = 0.15 eV. Low values of activation 

energy can be ascribed to the interplay among the lattice and polaronic defects like oxygen 

vacancies [8–10].  
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Figure 6.5: Temperature dependence of (a) 𝜺𝜺′and (b) 𝜺𝜺" of ac dielectric permittivity at different 
frequencies for the CuFe0.96Ti0.03V0.01O2 sample. The inset of figure (b) shows the fitting of the 

Arrhenius law 

6.3 Magnetic properties of pure and doped CuCrO2 samples 
The temperature-dependence of magnetic susceptibility (χ) of the pristine and doped CuCrO2 

isshown in figures 6.6 and 6.7, with zero-field cooling (ZFC) and field cooled (FC) 

conditions. The available temperature range was 25-300 K, with applied magnetic fields of 

100 Oe, 5 kOe and 10 kOe. It is clear that all the samples are paramagnetic in nature above 

140 K. Further, it was observed that the magnetic behavior of CuCrO2 is very sensitive to the 
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valence state of dopants. The value of magnetization gradually saturates at around 25 K, 

owing to its ferromagnetic nature. 

 

Figure 6.6: Temperature dependence of magnetic susceptibility of CuCr0.96M0.03V0.01O2 (M = Mn, 
Ti, Nb, and Ga) samples under 100 Oe Magnetic Field. 
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Figure 6.7: Temperature dependence of magnetic susceptibility, CuCr0.96M0.03V0.01O2 (M = Ti, 
Nb, Ga, and Mn), and CuCr0.96V0.04O2 samples under two magnetic fields 5 KOe and 10 KOe. 

A rather weak temperature-dependent variation of magnetic susceptibility is noticed 

in the Ga3+ and Nb5+ doped samples. This could be due to the closed outermost shell (3d10 and 

4p6, respectively), leading to their low spin configurations (S = 0). On the other hand, an 

abrupt increase in magnetic susceptibility appears around TC ~110 K in the Mn/Ti-doped 

samples and at ~135 K for V-doped samples. Each of these ions has a partially filled 

outermost 3d/5d shell. The observed feature indicates the existence of the ferromagnetic (FM) 

interactions, ascribed to the increase in phonon-mediated spin-spin interaction. 
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Figure 6.8: Measured M-H hysteresis curves for CuCrO2, CuCr0.96M0.03V0.01O2 (M = Ti, Nb, 
Ga,and Mn), and CuCr0.96V0.04O2 samples at (a) 25 K, (b) 40 K and (c) 150 K. 

 

 

Figure 6.9: Magnified M-H hysteresis curves for CuCrO2, CuCr0.96M0.03V0.01O2 (M = Ti, Nb, 
Ga,andMn), and CuCr0.96V0.04O2 samples at (a) 25 K and (b) 40 K. 
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Table 6.2: Coercivity and Remanencemagnetization for CuCrO2, CuCr0.96M0.03V0.01O2 (M = Ti, 
Nb, Ga, and Mn), and CuCr0.96V0.04O2 samples at (a) 25 K and (b) 40 K. 

25 K  

Sample CCO CCTiV CCNbV CCGaV CCMnV CCVO 

Coercivity (Oe) HC 3400 2200 600 1400 1500 1600 

Remanence 

Magnetization (10-3) 

(emu/g) 

1.84 2.78 0.4 1.22 1.96 8.11 

40 K  

Sample CCO CCTiV CCNbV CCGaV CCMnV CCVO 

Coercivity (Oe) 3000 2000 600 980 1150 1500 

Remanence 

Magnetization (10-3)  

(emu/g) 

1.66 2.55 0.39 1.02 1.68 7.92 

 

To further investigate the magnetic behavior of these samples, we measured the M-H 

hysteresis loop, as shown in figures 6.8 and 6.9 at 25 K, 40 K, and 150 K. The measurements 

clearly suggest the presence of a weak FM ordering in these materials at low temperatures 

(≤40K), figures 6.7 (a) and (b)), but are paramagnetic at higher temperatures (≥ 120K,figure 

6.7 (c)). The values ofCoercivity and Remnant magnetization for the studied samples are 

listed in table 6.2, which exhibit a significant variation in parameters for the V, Ti, and Mn-

doped samples. None of the presently investigated samples showed saturation of 

magnetization under applied fields. Earlier studies also observed low-temperature 

ferromagnetism with no saturation magnetization [11–17] in CuCr1-xMxO2, where M=Mg, Al, 

Sc, Mn, Fe, Co, Ga, and Rh,withcomparable x values as in our present work. However,none 

of these previous reportsobserved any significant change in the values of Coercivity and 

Remnant magnetization, suggesting the significance of our observations.  

Various models have been proposedfor the observed ferromagnetic interaction in the CuCr1-

xMxO2 system at low temperatures, such as the dilution of predominantly antiferromagnetic 

chromium lattice [18], the free carrier-mediated double exchange mechanism [11],and hole-

mediated Fe3+- Cr3+superexchange interactions [19]. The local spin fluctuations at the 

Cr3+site coupled with doped itinerant holesmay break the residual magnetic degeneracy [18–
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20]. The observed local disorder at the MO6 octahedral sites accompanied by observed 

significant changes in the magnetic parameters (table 6.2) suggests the strong possibility of 

the existence of double exchange along withthe Cr-O-M-O linkages or superexchange 

between M3+/4+-Cr3+ mediated via oxygen [21]. In particular, doping of 4+ ions, such as Ti 

and V, shows significant changes in the magnetic parameters. The doping of high valence 

ions does enhance electrical resistivity drastically, as shown earlier (figure 5.7). We have 

reported previously that a significant reduction in helical disorder in the vanadium doped 

CuCrO2 samples takes place as compared to other dopants [22]. Optimization of phonon-

mediated carrier-induced spin-spin interactions at low temperatures must play a curial role in 

the modification of the magnetic parameters, which warrants further investigation by varying 

valence and charge densityforsuitable ions. The advantage of mono/double doping,similar to 

the present work,can also be extended for further clarification. In addition to the magnetic 

order, these compounds also show multiferroic behavior [21,23–25]. 

6.4 Dielectric properties of pure and doped CuCrO2 samples 
The multiferroic CuCrO2 was previously shown to exhibit a dielectric peak at ~25 K [23]. 

This finding motivated us to carry out the dielectric permittivity(ε’)measurements as a 

function of temperature for the confirmation of magneto-dielectric coupling. As shown in 

figures 6.9 and 6.10, a clear indication of the magneto-dielectric coupling in the pristine and 

doped samples is observed. The Nb and V doped samples exhibit a peak in dielectric 

permittivity at nearly the same temperature. Earlier we have reported comparatively less local 

distortion in Nb5+ and V5+ doped samples during Raman studies [22], and their ionic sizes are 

also almost the samebut smaller than that of Cr3+, which results in the weakening of the 

distortion of the MO6 octahedra. Therefore, there might be a negligible change in the metal-

ligand hybridization-based spin-spin coupling, and the ferroelectric polarization temperature 

[26].  

In the case of Mn, Ti, and Fe doped samples,a strong local distortion was observed in Raman 

spectra [22],presumably due to the substantial Jahn-Teller distortions surrounding the Cr site 

[26–29]. This may be responsible for the broadening and shifting of the peak in dielectric 

permittivity towards lower temperatures. It is noticed that the Ni and Fe doped sampleshave a 

weaker temperature variation inε’ as well as a shift of singularity towards the lower 

temperatures. These findings are correlated with the much higherelectrical conductivity of 

these samples as compared to other samples. 



 
134 

 

 

Figure 6.10: Temperature-dependent dielectric constant of CuCrO2 and CuCr0.96M0.03V0.01O2 (M 
= Ti, Mn, Ga, and Nb) samples. 

 

Figure 6.11: Temperature-dependent dielectric constant of CuCr1-xFexO2 (x = 0.03and 0.09), 
CuCr0.97Ni0.03O2, and CuCr0.96V0.04O2 samples. 
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6.5 Conclusions 
Following conclusions can be drawn from the above studies: 

• For the CuFeO2 system, the Jahn–Teller effect-based local defects play an significant 

role in the magnetic and dielectric properties of the Ti-doped sample, predominantly 

at low temperatures and/or at low applied magnetic fields. Furthermore, the present 

correlated study evidently highlights the role of doping level and local distortions in 

determining the magnetic and multiferroic nature of this system providing an effective 

tool to tune its chemical and physical behavior. 

• For the CuCrO2 system, the optimization of the phonon-induced localized carrier hole 

density along with the reduction in helical disorder around MO6 octahedra through 

suitable electron/hole doping is an effective way to enhance the double exchange 

along with the Cr-O-M-O linkages or superexchange between M3+/4+-Cr3+ mediated 

by oxygen at low temperatures. Clear evidence of the magneto-dielectric coupling in 

all studied sampleshave been observed from the magnetization and dielectric 

permittivity measurements. 
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