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Chapter 5 

Heat effect in magnetic and structural 
transitions of YVO3 

5.1 Introduction 

The RVO3 compounds (with R is rare earth element) have become an interesting 

series of compounds since the discovery of an anomalous diamagnetism in LaVO;J. 

It is called anomalous diamagnetism since the diamagnetic state occurs below the 

antiferromagnetic ordering. This phenomenon is observed while cooling the sample 

below 200 K in a magnetic field H < 1 kOe [1. 2]. At room temperature. LaV0 3 

has the perovskite structure with the space group Pbnm. The structure is distorted 

from cubic to orthorhombic (with lattice parameters : a = y2acu\Jic.b = \/2bcubic and 

c = 2ccubic) by tilting the V 0 6 octahedral [3]. The tilting is a result from the mismatch 

between the equilibrium V-0 and La-0 bond-lengths in the cubic structure. This type 

of distortion is known as the GdFe0 3 type of distortion. Lowering the temperature. 

LaV0 3 undergoes a magnetostrictive transition at Tt ~ 138 K. The symmetry of the 

crystallographic structure of LaV0 3 changes at Tt from orthorhombic (with space group 

Pbnm) to monoclinic (P2i /c) [4]. Antiferromagnetic ordering in this compound is 

found below 144 K. This magnetic ordering temperature occurs just above Tt. 

Goodenough and Nguyen [5, 3] proposed that the anomalous diamagnetism is 

caused by a weak ferromagnetic component that results from canting of the antifer

romagnetic alignment of the V spins below the Néel temperature. The canted spins 

reverse their direction with respect to the applied magnetic field below Tt. The presence 

of a canted spin in the antiferromagnetic state is the result of the Dzyaloshinsky-Moriya 

antisymmetric exchange interaction. Beside the Dzyaloshinsky-Moriya effect, LaV0 3 

has a strong magnetocrystalline anisotropy. Goodenough and Nguyen have demon

strated that the weak ferromagnetic component can be generated by either cooling the 

sample in zero field (ZFC) down to 130 K. below the magnetostrictive transition, or 

by cooling the sample in a magnetic field (FC) of the order of 1 kOe down to 150 

K. above the Néel temperature. Subsequently, the reversal of the magnetization can 
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Figure 5.1: The schematic picture of a sign reversal of the magnetization shown by 

Nguyen et al. [3]. 

be generated either by FC from 130 K down to 4 K or by ZFC from 150 K down to 

4 K [3] as displayed in Fig. 5.1. It was found that not only the change in sign of 

the Dzyaloshinsky vector, which reverses the direction of the spins, causes the anoma

lous diamagnetism. but also that the strong magnetocrystalline anisotropy inhibits the 

rotation of the spins. 

The study of the anomalous diamagnetism has been extended to the other vana

dates involving the rare earths that have atomic configurations similar to La (Sd1 6s2) 

such as Y (öd1 5s2) and Lu (3d1 6s2). However, the polycrystalline samples of Y V 0 3 

and LuVO.3 do not show any anomalous diamagnetism [3]. Goodenough and Nguyen 

have noticed that this lack of anomalous diamagnetism is related to the absence of 

the magnetostrictive distortion in both samples. They further demonstrated that the 

anomalous diamagnetism in LaV0 3 will disappear by suppressing the magnetostrictive 

transition under high pressure. Another convincing experiment has been performed on 

the CeV0 3 compound in which a magnetostrictive transition at Tt ~ 124 K close to 

Tfi ~ 136 K was found. Indeed, the anomalous diamagnetism appears after cooling or 

quenching the sample from room temperature down to 4 K in zero magnetic field [3]. 

In contrast to a previous study [3] on polycrystalline material, single-crystalline 

YVO3 described in this work again exhibits an anomalous diamagnetism as shown in 

Fig. 5.2 [6]. This result has been confirmed independently by Nakotte et al. [10]. Sign 

reversals of the magnetization occur around 95 K and 77 K. These temperatures will 

be denoted as T* and Ts. respectively. Both temperatures are below the long-range 

canted antiferromagnetic ordering temperature Ty ~ 116 K. In this compound the sign 

reversal of the magnetization is observed both in ZFC and in FC samples. Ren et.a.l. 

[11] have proposed a mechanism to explain the sign reversal of the magnetization at 
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Figure 5.2: T/ie temperature dependence of magnetization f or a single-crystalline YVO3 
(SX) and a poly crystalline YV03 (PX) after ZFC and FC in 1 We [U J. 

95 K. They consider two competing interactions of the canted spins: the single-ion 

anisotropy and the Dzyaloshinsky-Moriya interaction. Both interactions are opposite 

in direction and produce a net moment along the a-axis. Just below TN, the single-ion 

anisotropy dominates, but the Dzyaloshinsky-Moriya interaction becomes stronger with 

decreasing temperature, eventually overcoming the single-ion anisotropy and leading to 

a magnetization reversal. However, the sign reversal of the magnetization at Ts remains 

puzzling. This transition is suspected to be a manifestation of various phenomena 

involving the crystallographic structure, the Jahn-Teller effect, orbital ordering and 

spin ordering. According to Ren et al, the absence of a negative magnetization in the 

powder sample is due to the freedom of the powder particles to reorient themselves in 

order to reach a stable state along the field direction. 

Another remarkable transition in single-crystalline YVO3 is found at 200 K. This 

salient transition in the magnetic susceptibility occurs as a change in the Curie-Weiss 

slope resulting in a change of the effective moment from 2.81 /iß above 200 K to 2.31 //# 

below 200 K. A structural phase transition at that temperature has also been observed 

in X-ray as well as in neutron powder diffraction studies [7]. Recently, a forbidden 

reflection in the Pbnm symmetry has been found below 200 K in synchrotron X-ray 

single crystal diffraction [8] and in optical studies showing a lowering of the symmetry 

[9]. 
In the following section, a brief review of the present understanding of spin ordering, 

orbital ordering and Jahn-Teller distortion in YVO3 will be presented. The unique pro

perties of single-crystalline YVO3 are in contrast to the observations on polycrystalline 
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Figure 5.3: The schematic diagrams of the C-type and G-type structure. The positive 
and negative sign point to a particular direction for the spins as well as the orbital. 

material and make it necessary to prepare a single-crystalline sample. The prepara

tion of single-crystalline YVO:i by means of the traveling solvent floating zone (TSFZ) 

technique as well as the characterization of these samples will be described in the fol

lowing. In addition to that, zero-field specific heat measurements have been performed 

in order to obtain a better understanding of the nature of the phase transitions in this 

compound, especially the one at 200 K. New features in the specific heat data of the 

single-crystalline sample, which are different from the data for a polycrystalline sample 

[12], will be presented. Moreover, neutron powder diffraction and recent synchrotron 

X-ray diffraction studies as well as optical measurements will also be discussed. 

5.2 Spin ordering, orbital ordering and Jahn-Teller distortion 
in YVO3 

The types of antiferromagnetic structure in Y V 0 3 at temperatures above and below 

Ts have been a controversial issue between different neutron studies. While Zubkov et 

al. [14] reported that the coupling between two adjacent antiferromagnetic planes is 

antiferromagnetic (G-type) above Ts and ferromagnetic (C-type) below Ts, Kawano et 

al. [15] found that the G-type antiferromagnetic structure occurs below Ts and the C-

type antiferromagnetic structure occurs above Ts. The schematic picture for C-type and 

G-type of ordering is displayed in Fig. 5.3. The results from the magnetization study of 

the single-crystalline sample has shown that the slopes (dM/dH) in the magnetization 

curves (M vs H) at temperature between Ts and TN are nearly the same for the field 

applied along the c axis and the field applied along the a axis, whereas below Ts. the 

slopes become smaller in the field applied along the a axis but remain the same in 

the field applied along the c axis. These facts indicate that the magnetic moments 

are aligned perpendicular to the c axis above Ts and parallel to the c axis below Ts as 
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Figure 5.4: (a) and (b) are a pictorial illustration of the spin vector below Ts and above 
Ts, respectively. The spins in (a) lie close to the b axis with a small canting angle 
towards the positive a axis in the ab plane, whereas the spins in (b) lie close to the c 
axis with a small canting spin towards the negative a axis. 

shown in Fig. 5.4. These results confirm that the antiferromagnetic structure is C-type 

above Ts, while it is G-type below Ts [11]. 

The electronic structure of Y V 0 3 is dominated by the vanadium d-electrons. The 

V 3 + ion (with two d electrons and total spin S = 1) is surrounded by oxygen atoms 

with a V 0 6 octahedron coordination. The crystal-field (CF) generated by effect this 

environment splits the degenerate 3d orbital states (dx2_y2. d3z2_r2, dxy, dyz, dzx) into 

two degenerate levels: the ground state t2g level (dxy, dyz, dzx) and the excited state eg 

level (dx2_l/2)d3z2_r2) with an energy separation of about 1 - 2 eV. In order to lower 

the ground state energy, a distortion which can lower the symmetry and remove the 

degeneracy must occur, known as the Jahn-Teller distortion [16]. In the case when the 

Jahn-Teller distortion compresses the octahedral VO$ along the c axis, a noncubic CF 

may rise [3]. This perturbation will split the t2g state into a singlet (dxy) and a doublet 

state {dyz, dzx) with lower and higher energy level, respectively. The separation of 

these levels is about 2 - 2 0 meV. 

Sawada et al. [17, 18] performed a numerical calculation of the electronic structure 

of Y V 0 3 using the neutron data obtained by Kawano et al. [15]. The neutron data 

find that below Ts, the V-0 distance in the ab plane alternates with the long-bond 

of 2.05 À and the short-bond of 1.98 Â. The results of the calculation show that one 

of the electrons occupies the dxy orbital at every V site and the other electron has 

the same probability in occupying either a dyz orbital at the V sites along the [1,T,0] 

direction or a dzx orbital at the V sites along the [110] direction. These directions are 

the same as the directions of the long-bond V-0 pairs in the ab plane. Therefore, the 

orbital ordering can be constructed based on the bond alternation which corresponds 

to the long bond and the short bond pairs as shown in Fig. 5.5. Sawada et al. [17, 18] 

found that the presence of the bond alternations in the ab plane will cause the C-type 

of orbital ordering for the G-type of antiferromagnetism. In analogy with the C-type 

antiferromagnetic ordering in which the spins align in the same direction between two 

adjacent planes, in the C-type orbital ordering the Orbitals are of the same kind between 
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Figure 5.5: Schematic picture of the orbital arrangement based on the bond alternation 
(long bond and short bond) in the ab plane. 

the two adjacent planes. Above Ts, where there are two kinds of bond alternations in 

the ab planes with different long-bond pairs such as 2.Of À and 2.02 A [15], they 

predicted that in C-type antiferromagnetic ordering, the dyz and dzx Orbitals order in 

the G-type. 

Recently, low-temperature synchrotron x-ray single crystal diffraction and neutron 

powder diffraction [8] have shown that at room temperature YVO3 has an orthorhombic 

perovskite structure with the space group Pbnm and the lattice parameters : a=5.278 

A. 6=5.606 A. and c=7.574 A. The structure is distorted cubic (with GdFe0 3 dis

tortion) like in the LaVO;j compound. The distance between V-0 in the ab plane is 

around 2.013 - 2.026 Â. whereas it is 1.995 À out of the plane. Between Ts and 200 K. 

the structure has become monoclinic with the space group P21/a and lattice parame

ters : a=5.611 Â, 6=5.273 Â, and c=7.553 Â, creating two inequivalent V sites. Each 

site has two long bond-lengths of V-0 and four short bond-lengths of V-O. Hereafter, 

they will be called as long bonds and short bonds, respectively. The long bonds are 

between 2.041 and 2.060 À. while the short bonds are between 1.982 and 2.001 Â. re

spectively. The combination of the long bond and the short bond of each inequivalent 

site establishes a bond alternation in the «6 plane. Below T,, the structure is again 

orthorhombic with space group Pbnm and lattice parameters : a=5.282 A. 6=5.589 A. 

and c-7.533 A. Each V site has a long bond of 2.043 A and a short bond of f .991 A 

and, consequently, a uniform bond alternation in the ab plane is obtained. 

The appearance of the Jahn-Teller distortion indicated by the bond alternations 

is observed below 200 K. Between this temperature and Ts, the bond alternation is 



Figure 5.6: (a) and (b) are the possible types of bond alternations in the ab plane. In 
the case of the a-type of Jahn Teller distortion, the bond alternations are of different 
type, i.e. : one of the ab planes has a structure with the bond alternation (a), the 
adjacent ab plane has a structure with the bond alternation (b). In the d-type John-
Teller distortion both layers have the same type of bond alternation, i.e. all have the 
bond alternation (a) or (b). [8], 

rotated over 90° between successive planes (a-type of Jahn-Teller distortion). A G-

type of orbital ordering can be constructed following the pattern mentioned above. At 

the antiferromagnetic transition (116 K) where the spin symmetry is broken, however, 

the lattice distortion as well as the orbital ordering is preserved. Below Ts, the bond 

alternation is the same between the successive planes (d-type Jahn-Teller distortion). 

Consequently, the orbital ordering changes to C-type and the spin ordering to G-type. 

It is found that the change in lattice distortions is compensated by the change of the 

atomic position of Y by which the tilt of the V 0 6 octahedral (GdFe03-type distortion) 

is increased. These results not only correspond with the theoretical predictions [17. 19] 

but also give an experimental evidence for the G-type orbital ordering above Ts as well 

as for the presence of the orbital ordering in the absence of spins ordering (above Tjv) 

up to the disappearance of the Jahn-Teller distortions above 200 K. 

In summary, YVO3 exhibits several phase transitions. These are : a structural 

phase transition from orthorhombic to monoclinic at 200 K. a magnetic transition 

from paramagnetic to antiferromagnetic at 116 K, a gradual magnetization reversal at 

95 K, and, finally, a sudden magnetization reversal at 77 K. The study of the magnetic 

properties, neutron diffraction as well as synchrotron x-ray diffraction on a single-

crystalline sample, has given a better description of the magnetic structure as well as 

the structural changes. At high temperature, YVO3 has a GdFe03-type of distortion 

without any bond alternation in the ab plane. Between 77 and 200 K. the lattice 

is distorted in a-type Jahn-Teller distortion, creating two kinds of bond alternations 

between the successive planes. This type of distortion arranges the dyz and dxz Orbitals 

in a G-type orbital ordering. At 116 K. the spins start to order antiferromagnetically 

without any indications of a change in the lattice. Therefore, the lattice distortion 
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Figure 5.7: (Oty Schematic pictures of the spins and the orbitals (a) between 77 and 
200 K (with G-type orbital ordering and C-type antiferromagnetism) and (b) below 77 
K (luith the C-type orbital ordering and G-type antiferromagnetism) [11]. 

as well as the orbitals are preserved. Consequently, the spins will order in a C-type 

antiferromagetic stricture. At 77 K. a sudden change in the magnetization refers to 

a change of the antiferromagnetic structure, due to a sudden change in the lattice 

distortion from an a-type to a d-type Jahn-Teller distortion. However, this sudden 

change is stabilized by increasing the GdFe03-type of distortion. As a result, the spin 

and the orbital order in a G-type and a C-type of structure, respectively. The spins 

and the orbitals structure above and below Ts is displayed in Fig. 5.7. 

5.3 Crystal growth and characterization of YVO3 

5.3.1 C r y s t a l g r o w t h of Y V 0 3 

Polycrystalline powder of Y V 0 3 is prepared from Y V 0 4 powder as starting material. 

The YV0 4 powder is prepared by a high temperature solid-state reaction of appropriate 

mixtures of predried Y 2 0 3 (99.998 %) and V 2 0 5 (99.995 %. metal basis). The oxygen 

in YVOj is reduced by annealing the powder in a flow of pure H2 at 1000 °C. To 

ensure the homogeneity of the reacted powder, a long annealing time is advisable. The 

Y V 0 3 powder is subsequently pressed into a rod with a 6 mm diameter by an isostatic 

pressure of 6 kbar. A densification of the pressed rod is carried out by passing it 

repeatedly through the heating zone with a proper adjustment of the heating power 

and the rotation speed of the rod until it becomes partially melted. This heat-treatment 

is performed in the four-mirror furnace using a lamp with 1500 W for each mirror and 

a flow of Ar gas. It should be noted that Ar gas is used to prevent a change in oxygen 



concentration during the heat treatment. The prepared densified-rod will be used as a 

feed and seed material in the crystal growth. 

Similar to LaV0 3 . Y V 0 3 melts congruently [13] with melting point of about 1900 

°C, e.L. below the melting point of LaV0 3 . In this case, the crystal can be obtained 

directly from the melt. The growth process was carried out by the TSFZ technique 

using a four-mirror furnace. During the growth the feed and the rod are rotated at 

speeds of about 28 and 32 rpm. respectively while the translation speed of the growth 

was set to 10 mm/h . The growth is performed in a flow of Ar gas. 

The feed The crystal »jl cm \* 

Figure 5.8: The single-crystalline boule obtained by the growth. The scale of the grid 
is 1 mm. 

Figure 5.9: The Laue X-ray photograph of the c-axis oriented crystal. 

5.3.2 C h a r a c t e r i z a t i o n of s ingle-crys ta l l ine YVO3 

The single-crystalline boule of about 6 mm in diameter and 60 - 70 mm in length 

obtained from the growth is displayed in Fig. 5.8. The crystallinity of the boule was 

checked by Laue X-ray diffraction as shown in Fig. 5.9. The elemental composition of 

the crystal is checked by EPMA and the results show that the molar ratios are given 

by Y:V:0 = 1.00:1.00:3.02. A separate check of the composition using the chemical 

analysis method shows that the cation ratio of Y over V is 1.00 ± 0.01 and that the 
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Figure 5.10: Typical SEM photograph for YVO3. 

oxygen stoichiometry is 3.03 ± 0.02. Both results are in good agreement. A typical 

SEM photograph of the crystal is displayed in Fig.5.10 indicates that the crystal is 

quite homogenous. 

5.4 Specific heat of YVO3 

5.4.1 E x p e r i m e n t s 

The specific heat of single-crystalline YVO3 was measured at constant pressure by 

using two different experimental systems and two different samples. The samples, 

typically rectangular, with weight of 158.34 nig and 50.33 nig were labeled as sample A 

and sample L. respectively. Sample A was measured by using a semiadiabatic method 

in a home-made specific heat equipment [20]. In this setup, the measurement can only 

be run automatically during warming up the sample. Unfortunately, it is found that 

upon heating above 75 K, the heat contact between the sample and the holder/plate is 

lost. Having this constraint, the measurement was performed only in the temperature 

range from 100 to 250 K. The other sample, sample L, was measured by using a 

relaxation method in a commercial Quantum Design PPMS. This apparatus can be 

run automatically with heating and cooling mode. In this setup, the experiment was 

performed in the temperature range from 2 to 250 K. In order to refine the data at low 

temperature below 100 K, the experiments were repeated several times above and below 

75 K. A reasonably good thermal contact between the sample and the holder/plate can 

be achieved by a rapid quenching or warming across the transition temperature around 

75 K. 
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Figure 5.11: The temperature dependence of the specific heat of the single-crystalline 
YVO3 from 2 to 250 K. The sample-L and sample-A are plotted by the o and o symbol, 
respectively. The inset figure is the specific heat jump at around 75 K with a thermal 
hysteresis of about 0.9 K. 

5.4.2 R e s u l t s a n d discuss ion 

The temperature dependence of the specific heat for single-crystalline YVO3 is pre

sented in Fig. 5.11. The data have been corrected for the addenda. Both sample-A 

and sample-L show a good reproducibility for the peaks around 200 K, T0. and 115 

K, TJV. In a polycrystalline sample, aside from the magnetic transition, T/v, at 116 

K, Borukhovich et al. [12] have observed only the transition at 77 K. Tg. In contrast 

to that the single-crystalline specific heat data clearly reveal three transitions. Two 

transitions, at T0 and TJV, are in agreement with the previous measurements of the 

magnetization and the crystallographic structure. These results confirm that both 

transitions are of the second-order type. A discrepancy, however, is found for the t ran-

sition at Ts, around 75 K. A first-order transition observed as a discontinuation in 

the magnetization as well as in lattice parameters at Ts is not corroborated by the 

appearance of a sharp peak in the specific heat measurement. Instead, a jump in the 

specific heat is found which indicates that the transition is of a second-order type. This 

discrepancy might be attributed to the inappropriate temperature step in measurement 

compared with the width of the transition. It is known that at T$. the a axis and c 

axis increase by around 1% and 2%, respectively, while the b axis decreases by about 

3%. Overall, this gives rise to a volume compression of about 1% [7]. In the series 

of measurements, the heat contact between the sample and the holder/plate becomes 

worse at lowering the temperature, or it can totally be lost at increasing temperature 
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while passing Tg. This effect may arise to less accuracy of the measurement around 

the transition. It is also found that the sample can even be broken by clamping the 

sample to the holder/plate. In order to be able to obtained more information around 

the first-order transition, a powder measurement is suggested. In the powder sample, 

it is expected that there will be more degree of freedom in releasing the strain force. 

The temperature dependence of the specific heat is analyzed in terms of the lattice 

contribution. Ci„t. the electronic Schottky contribution, Csch, and the excess specific 

heat. AC. 

C(T) = C,at(T) + Csch(T) + AC(T). (5.1) 

As a first approximation, the lattice contribution at low temperature is described by 

the Debye approximation, C/a( = aTi. The coefficient a is determined from the slope 

in the C/T2vsT plot. It is found that the curve starts to deviate from the linear 

dependency above 40 K. The Debye temperature of 460 K is obtained by fitting the 

data below 40 K using a Debye function. It is obvious that above 40 K, the C[at starts 

to overwhelm the experimental data. This indicates that the Debye approximation 

which consider only the acoustic mode of the phonons is insufficient to describe the 

lattice specific heat. In order to have a better description for the lattice contribution, 

the optical mode has to be included. The contribution of the optical mode can be 

considered by using an Einstein function. The C\al is. therefore, expressed in a hybrid 

Debye-Einstein model [22] as follows : 

CUT) = aDD(6D/T) + aEE(8E/T) (5.2) 

where D(6D/T) and E(6E/T) are Debye and Einstein functions, respectively. The 

Debye temperature, 0D, is fixed at 460 K, while the Einstein temperature, 9E, of 800 

K is adopted from one of the oscillators used in the YMnOs compound [21]. The 

coefficient aD of 2/3 and aE of 1/3 are obtained by extrapolating the low-temperature 

data to the high-temperature data. The result of this extrapolation is shown in Fig. 

5.12. 

Another important contribution to the specific heat data is given by the electronic 

Schottky term. It is mentioned earlier that the low energy levels of YVO3 consists of 

a singlet ground state and a doublet excited state. This scheme can be described by a 

two-level Schottky contribution as 

Csch(T) = * ( £ ) ' * eXp{A^ 2 (5.3) 

with go and </i are the degeneracies of the ground state and the excited state, respec

tively. A is the energy separation between the two levels. The ratio, go/91, and the 

energy separation, A, are taken as free parameters to fit the data below 30 K and the 

data ranging from 75 to 80 K in the C vs T plot. The best fit is provided by the 
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Figure 5.12: The temperature dependence of the specific heat from. 2 to 250 K. The 
continuous line and the dashed-line are the Schottky contribution and the lattice con
tribution, respectively. 

parameters go/gi = 0.51 and A = 196 K. These parameters are in agreement with the 

theoretical prediction for the two-level state, with the energy separation of about 200 

K. The result of this fitting is depicted in Fig. 5.12. It is interesting to note that the 

Schottky contribution from 30 to 75 K give a smooth extrapolation curve in the total 

specific heat as shown in the Fig. 5.12. The smooth extrapolation points below the 

magnetic transition turn out to be a bump in the C/T curve after subtracting the lat

tice contribution as displayed in Fig. 5.13. A bump feature has recently been reported 

as well for the manganese oxides, i.e. for Y M n 0 3 ; LuMn0 3 , and the ScMn0 3 [23]. 

The Schottky analysis considering the bump feature in those compounds has not yet 

been carried out. In spite of the fact that the bump feature is absent experimentally 

in YVO3, the electronic scheme allows the consideration of a Schottky contribution to 

its specific heat. 

It is known that YVO3 has a strong magnetocrystalline anisotropy already above 

Ijv [11]. It is, therefore, expected that the short-range interactions are already present 

above a long-range magnetic ordering. In order to take into account this effects, an 

extrapolation is made for the data above TN to the Schottky "tail" at high tem

perature, presumably the magnetic specific heat at high temperature is given only 

by the Schottky contribution. The extrapolation points, which are the excess of mag

netic specific heat above the magnetic ordering. ACM, are plotted in Fig. 5.13. For 

further analysis, two type of data sets are assembled as displayed in Fig. 5.14(a). Both 

data set consist of the extrapolation points A C M above 120 K. Below 120 K, one of the 

data set include the Schottky contribution or bump while the other data set remain 
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Figure 5.13: The temperature dependence of the specific heat plotted as C/T after 
subtracting the lattice contribution. The continuous line and the dashed-line are the 
Schottky contribution and the extrapolation data, respectively. 
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Figure 5.14: (a) The temperature dependence of the specific heat after subtracting the 
lattice contribution for (1) the experimental data and (2) the Schottky contribution, 
below 120 K. Above 120 K, both (1) and (2) are given by the extrapolation data ACM-
(1) and (2) in figure (b) are the temperature dependence of the magnetic entropy for 
data (1) and (2) described in figure (a). The average value between (1) and (2) above 
Ijv is plotted in (3). 
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Figure 5.15: The temperature dependence of the specific heat from 120 to 250 K after 
subtracting the Ciat, Csc/, , and ACM. The continuous line is the entropy obtained from 
the specific heat at this temperature range. 

as the experimental data. These data are called as data-1 and data-2, respectively, 

hereafter. 

The magnetic entropy calculated by the numerical integration between 10 and 250 

K of those data sets are displayed in Fig. 5.14(b). The total magnetic entropy obtained 

from the data-1 is 8.38 J/mole K. This value is smaller compared to the theoretical 

estimation. Theoretically, the expected total magnetic entropy is given by the V 3 + 

ion with total spin 5 = 1 , i.e.. S = R ln(3) = 9.13 J/mole K. Meanwhile, the magnetic 

entropy obtained from the data-2 is 9.88 J/mole K, and the average magnetic entropy 

obtained from the data-1 and data-2 is about the theoretical value. This demonstrates 

that the loss of entropy in data-1 is possibly due to the local effect in the electronic 

structure (reoccupation of the dzx and dyz orbitals) at the first-order transition. This 

finding is compatible with the observed change of the orbital ordering and the Jahn-

Teller distortion at the first order transition discussed earlier. This local effect might 

also be the reason for the small change of the magnetic entropy at the Ts as shown in 

Fig. 5.14(b). 

Turning our attention to the transition around 200 K. T0. the peak in the specific 

heat data at this temperature confirms that the change in the crystallographic struc

ture, from orthorhombic (Pbnm) to monoclinic (P2\/a) with an a-type Jahn-Teller 

distortion, is of a second-order type. This transition was not observed in the specific 

heat measurement in a polycrystalline sample [12]. Beside a change in slope of the in

verse magnetic susceptibility [11] and of the lattice parameters observed by the X-ray 

powder diffraction [7] which were observed previously, the recent synchrotron X-ray 
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single crystal diffraction [8] as well as the infrared spectroscopy are able to detect the 

lowering of Pbmn symmetry [9] at T0. While the synchrotron X-ray detects an emerge 

of the forbidden reflection for Pbnm symmetry as lowering temperatures below T0, the 

infrared spectroscopy detects new modes from the infrared active. Although there is 

still some debate about the observation of orbital ordering [24, 25], Noguchi et al. [26] 

has suggested that the orbital ordering in Y V 0 3 can be observed by the resonance 

X-ray scattering studies at the vanadium main K-edge. An evidence for the orbital 

ordering in YVO3 has recently been reported by means of the crystallographic studies 

[8]. similar to those for the LaMn0 3 [27]. The change in the crystallographic structure 

at T0 as described earlier has provided evidence of the onset of the orbital ordering. 

Figure 5.15 shows the specific heat between 130 and 250 K after subtracting the 

lattice contribution, the Schottky contribution and the excess of the magnetic specific 

heat. The total entropy, obtained by numerical integration in this temperature range, 

is 2.44 J/mole K. Since there are three types of d orbitals involved under this consid

eration, therefore a rough estimate of the orbital entropy is given by R ln(3) = 9.13 

J/mole K. The experimental value is too small in comparison to this estimate. This 

discrepancy should be a subject for further investigation, beside a comparison of the 

orbital entropy in the different prevoskite system. 

5.5 Conclusion 

We have presented the preparation of single-crystalline YVO3 by using the TSFZ 

technique and its characterization. YVO3 is unique among the transition metal oxides. 

It exhibits a peculiar interplay between the crystal structure, orbital ordering, and 

spin ordering. Beside a well-known second order type of antiferromagnetic transition 

around 115 K, the result from the specific heat has established that there is a phase 

transition at 200 K with a nature of second order type. At about 75 K, Ts, the specific 

heat shows an unusual feature that can not be described with a common expectation 

for the type of phase transition. Experimentally, the effects of the structural transition 

at 75 K are ascribed to the uncertainty of the data around this transition. The amount 

of magnetic entropy which is analyzed by including the Schottky contribution, shows 

a small loss of magnetic entropy. This loss is due to a local effect in the change of the 

electronic structure around Ts. These results, however, need further clarification as 

well as a better understanding of the uncertainty in the experimental data around Ts. 
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