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Physical properties of whitlockite-type Ca3(VO4)2 orthovanadate can be modified by incor-

poration of isovalent or aliovalent cation substituents. In this paper, the features of the crystal 
structure of Ca9La(VO4)7 and Ca10Li(VO4)7 whitlockite-type crystals grown by the Czochralski 
method with substitution by aliovalent La or Li ions are studied. Refinement of the structure us-
ing the Rietveld approach allowed us to determine the unit cell parameters and site occupancy. 
According to the data of polarization-optical studies, the formation of a strip-like ferroelectric do-
main structure with spontaneous polarization parallel to the third-order axis was established in 
the Ca9La(VO4)7 single crystal. It has been established that Ca10Li(VO4)7 is an antiferroelectric 
at room temperature. The correlations between Vickers hardness and fracture toughness values ​​
and the degree of crystal perfection are discussed.

Keywords: powder diffraction, orthovanadate, whitlockite, ferroelectric domain, crystal 
structure.

Уточнення кристалічної структури, сегнетоелектричні домени та механічні 
властивості монокристалів Ca9La(VO4)7 і Ca10Li(VO4)7 вирощених методом  
Чохральського. В.А. Бєдарєв, M.Б. Kосмина, П.В. Mатейченко, Д.М. Mеренков, В. Пашко-
вич, С.М. Попережай, A. Фіч, П. Романовський, О.М. Шеховцов

Фізичні властивості ортованадату кальцію Ca3(VO4)2, який належить до структурного 
типу «вітлокіт» можуть бути модифіковані шляхом изо- або гетеровалентного заміщення 
кальцію. В роботі досліджені властивості кристалічної структури кристалів Ca9La(VO4)7 
та Ca10Li(VO4)7 вирощених методом Чохральського, які належать до структурного типу 
«вітлокіт» та утворені шляхом гетеровалентного заміщення атомами La та Li, відповід-
но. За результатами уточнення структури, виконаним методом Рітвельда, отримані дані 
про параметри елементарної комірки та заповненість кристалографічних позицій. За 
даними поляризаційно-оптичних досліджень встановлено, що в монокристалі Ca9La(VO4)7 
формується «стрічкова» сегнетоелектрична доменна структура зі спонтанною поляризацією, 
паралельною осі третього порядку. Виявлено, що Ca10Li(VO4)7 є антисегнетоелектриком при 
кімнатній температурі. Була обговорена кореляція мікротвердості та в’язкості руйнування 
зі ступенем структурної досконалості кристалів. 
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1. Introduction
Tricalcium vanadate Ca3(VO4)2 (TCV) and 

β-tricalcium phosphate (β-Ca3(VO4)2, β-TCP) 
crystallize in the whitlockite type structure 
β-Ca3(PO4)2. The whitlockite-type structure 
allows for designing a variety of ternary and 
multinary orthovanadates/orthophosphates 
with modified composition and specified prop-
erties. Namely, the whitlockite-type structure 
easily allows fractional substitution of Ca ions 
by isovalent or aliovalent ions. Typically, such 
modified oxides crystallize in the same noncen-
trosymmetric space group, R3c; some of them 
have been reported to adopt the centrosym-
metric R3c space group with a unit cell of the 
same size. Whitlockite-related materials form 
an extended family of compounds. Among them 
are those that are substituted with aliovalent 
(monovalent or trivalent) dopants fractionally 
occupying Ca sites. In particular, these are bi-
nary orthovanadates or phosfates of common 
formula Ca9RE(AO4)7 (A = P or V, RE = lantha-
nide or yttrium); other trivalent elements can 
be substituents, as well. Related compounds 
have been reported for monovalent substitu-
ents, with formula Ca10M(AO4)7 (M = alkali  
element or Cu, Ag).

The structure of Ca3(AO4)2 consists of iso-
lated vertex-sharing (AO4)3- tetrahedra form-
ing a three-dimensional skeleton. Calcium cati-
ons occupy five non-equivalent crystallographic 
sites. The unit cell includes structural vacan-
cies at the M4 sites (in Ca3(AO4)2, this site is 
half occupied by Ca ions). Binary orthovana-
dates and orthophosphates are formed by frac-
tional introduction of various iso- or aliovalent 
substituents into calcium sites.

In the Ca10M+(AO4)7 (M = Li, Na, K,  
A = P, V) unit cell, the M atoms fully occupy 
the M4 site. When forming Ca10M(AO4)7 com-
pounds, substitution of calcium occurs accord-
ing to the scheme: 
	 0.5(Ca2++ ◻) = M+,	  (1)
where ◻ represents a vacancy. The substitution 
leads to the full occupation of  M4 site by an 
alkali element. Unit cells of Ca10M(AO4)7 com-
pounds do not contain structural vacancies. 

In the unit cell of Ca9RE3+(AO4)7 (RE = 
lanthanides and Y, A = P, V), the RE atoms si-
multaneously occupy several (from among M1, 
M2, M3, M5) sites with fractional occupancy 
depending on the selected RE atom. The forma-
tion of Ca9RE(VO4)7 compounds occurs when 

calcium is replaced by the RE element accord-
ing to the scheme: 
	 1.5Ca2+ = RE3++0.5ν	 (2)

Vacancies in Ca9RE(VO4)7 are located at 
the Ca4 site. In this structure, RE cations are 
distributed in several sites [1-5]. The distribu-
tion of RE ions in these sites depends on the 
selected RE atom. In the above formulas, the  
M and RE content can be fractional, i.e. less 
than indicated in the formulas above. 

Various vanadates with whitlockite-type 
structure exhibit interesting optical proper-
ties [6, 7]. Ca9RE(VO4)7 and other orthovana-
dates with whitlockite-type structure (as well s  
orthophosphates) are being considered for  
applications in optoelectronics, such as in 
white- LEDs and as materials for tunable  
lasers [8]. Substituted non-centrosymmetric 
TCVs or β-TCPs are expected to be efficient sec-
ond harmonic generation materials. Namely, 
the efficient second harmonic generation has 
been demonstrated for a number of vanadate 
single crystals [7, 9-11] and polycrystals  
[12, 13]. Moreover, efficient laser operation 
for Nd-doped Ca9La(VO4)7 and Ca10Li(VO4)7 
single crystals has been shown in [14,15]  
respectively.

Ca9La(VO4)7 and Ca10Li(VO4)7 belong to a 
series of whitlockite-related materials crystal-
lizing in the space group R3c [1]. The synthe-
sis of polycrystalline Ca9La(VO4)7 (LaTCV) has 
previously been performed by various methods 
such as solid state synthesis [1, 16, 17] and 
sol-gel technique [18]. The Czochralski method 
has been used to grow single crystals of this 
compound [19, 20]. Data on the Ca9La(VO4)7  
crystal structure are available in [1]. 

For doped Ca9La(VO4)7 and Ca10Li(VO4)7, 
the optical characteristics has been studied 
only recently. The spectral properties of LaTCV 
doped with various rare-earth elements have 
been reported to make these crystals suit-
able for white LEDs [21, 22]; tunable white 
light emission are considered in [17]. Efficient 
phosphors based on B9Ln(VO4)7 (B = Ca, Sr, 
Ba, Ln = La or Gd) compounds have been de-
scribed in [16]. When excited in the range of  
300-400 nm, emission covering the spectral 
range of 400-650 nm was observed. 

The nature of the intensity parameter Ω2 
and the associated line strength, S, of the 
4I9/2 → 4G5/2 hypersensitive transition of Nd3+ 
has been studied in [23] for Nd-doped binary 
orthovanadates including Ca9La(VO4)7 and 
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Ca10Li(VO4)7. It has been shown, that the pa-
rameter Ω2 and the line strength S weakly 
depend on the covalence of the bonds of neo-
dymium and ligand ions, and are mainly deter-
mined by the symmetry of the neodymium local 
environment in the crystal lattice. 

One of the features of whitlockite-type crys-
tals is the presence of a ferroelectric phase tran-
sition in the range of 1000-1300 K in some of the 
known systems, for example, in Ca9RE(VO4)7 
[24], Ca9In(PO4)7 [25], and Ca9Fe(PO4)7 [26]. 
The ferroelectric nature of the phase transi-
tion in Ca9Y(VO4)7 single crystal grown by the 
Czochralski method is confirmed by results of 
dielectric measurements [27, 28]. Moreover, it 
has been shown, that fractional substitution of 
the vanadate group in the Ca9Y(VO4)7 single 
crystal by the phosphate group can dramati-
cally affect the ferroelectric properties. 

It is noteworthy that for a single crystal of 
the solid solution Ca9Y(VO4)3(PO4)4, a centro-
symmetric crystal structure (space group R3c) 
has been determined at room temperature, dif-
fering only in details of atomic arrangement in 
the unit cell of the whitlockite type; however, the 
ferroelectric phase transition was not observed 
[27]. The ferroelectric transition was found 
for a polycrystalline sample of Ca9La(VO4)7 at  
temperature Tc = 1173 K [24] based on an  
analysis of the temperature dependences of 
conductivity and dielectric permittivity. This 
material is reported as suitable for tunable  
lasing [29]. A similar “order-disorder” phase 
transition was not observed for the Ca10Li(VO4)7 
polycrystal. Ca10La(VO4)7 has also been consid-
ered as a potential medium for 2 µm lasers [30]. 

Both Ca9La(VO4)7 and Ca10Li(VO4)7 crystals 
are electrically ordered at room temperature. 
Therefore, we can assume that “order-disorder” 
phase transitions can occur in the Ca10Li(VO4)7 
crystal, as well as in other vanadates with a 
polar whitlockite-type crystal structure. The 
phase transition of ferroelectric ordering is 
accompanied by the emergence of spontane-
ous electrical polarization in a crystal and the 
emergence of a domain structure. Ca9La(VO4)7 
and Ca10Li(VO4)7 crystals are quite transpar-
ent in the visible light range. Thus, the electric 
domain structure in these crystals can be inves-
tigated using the polarization-optical method.

The aim of the present study was to char-
acterize the domains which can be formed in 
Ca9La(VO4)7 and Ca10Li(VO4)7 crystals, by 
means of polarized optical method. The correla-
tions between mechanical properties, chemical 
compositions, and structure were analyzed. 

2. Experimental
A solid state synthesis was carried out to 

produce Ca9La(VO4)7 and Ca10Li(VO4)7 accord-
ing to the following reactions: 
	 18CaCO3+ 7V2O5+ R 2O3 →	  
	  → 2Ca9R(VO4)7+18CO2 	 (3)

	 20CaCO3+ 7V2O5+ Li2CO3 → 	  
	 → 2Ca10Li(VO4)7+21CO2 	 (4)
where R = La or La+Yb. The initial components 
were in the form of dried CaCО3 (99.99%),  
Li2CO3 (99.99), R2O3 (99.99) (R = La, or La+Yb).  
The concentration of Yb in the charge was  
15 at. %. The crystal growth was carried out 
along the [001] crystallographic axis by the 
Czochralski method [31] in argon atmosphere 
from crucibles of 60 mm diameter and 70 mm 
length. “Kristall 3М” apparatus equipped with 
an inductive heating and an automated di-
ameter control system of growing crystal was 
used. The pulling rate varied within 1 – 3 mm/
h and the rotational speed was varied in the 
range of 5 – 25 rpm. When using both active 
and passive heaters, the radial temperature 
gradient on the melt surface did not exceed 0.5 
K/mm; the axial temperature gradient on the 
melt–argon interface was 75 K/cm. The crys-
tal–melt interface was convex. To minimize 
thermoelastic stresses after the detachment of 
crystals, the ingot was kept above the melt for  
2 h and cooled to room temperature for 24 h. 
For details of crystal growth, see [19, 15].

The crystal structure of Ca9R(VO4)7  
(R – La, La+Yb)¸ was refined using the Rietveld 
method for powder diffraction data collected 
with both the laboratory and synchrotron 
equipment. For powder X-ray diffraction (XRD) 
experiments, the polycrystalline material was 
prepared from single crystals by crushing the 
crystals in an agate mortar. The laboratory 
Bragg-Brentano XRD measurements were car-
ried out in CuKα1 radiation using a Philips 
X’Pert PRO Alpha1 diffractometer [32] equipped 
with a Ge(111) primary-beam Johansson mono-
chromator and a 127-element X’Celerator strip 
detector (constructed according to the idea first 
presented in [33]). The principles of the high-
resolution powder diffraction method in a ver-
sion using reflection geometry were developed 
in [34]. High-resolution synchrotron radiation 
(HRS) powder diffraction data were collected 
at the ID22 facility (Grenoble, France), using 
a parallel-beam capillary-transmission geom-
etry (for description of similar settings, see 
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refs. [35, 36]; this setting provides the resolu-
tion of 0.0015º defined as the peak width for a 
Na2Ca3Al2F14 standard at 2θ = 7º [36]). The  
detection system was based on a bank of nine 
detectors preceded by Si(111) analyzer crystals. 
The data collection time was 1.25 h. The use of 
a highly collimated incident beam of ultra-short 
wavelength X-rays in combination with a crystal 
analyzer system provides high angular resolu-
tion and reduced background. Fast spinning of 
the capillary resulted in improved powder aver-
aging. The structure was refined by the Rietveld 
method using the FullProf v.5.30 program [37].

To investigate the degree of perfection of the 
single crystals, high-resolution Philips MRD 
diffractometer equipped with a standard labo-
ratory source of CuKα1 radiation (λ=1.54060 Å), 
an X-ray mirror and four bounce monochroma-
tor was used.

The elemental composition of single crys-
tals was analyzed using a scanning electron 
microscope JEOL JSM-6390 equipped with an 
energy dispersive X-ray analyzer. An accuracy 
of measurements was ±5%.

A polarizing microscope equipped with 
a digital OMAX tool was used to study the  
domain structure at room temperature. The 
oriented samples were prepared in the form of 
plates with a thickness of 100 – 150 um. For 
minimization of mechanical stress induced by 
mechanical polishing, the samples were an-
nealed at 550 – 600°C for 12 hours. The studies 
were carried out using linearly polarized white 
light passing along the third-order crystallo-
graphic axis, which coincides with the optical 
axis of Ca9La(VO4)7 and Ca10Li(VO4)7 crystals.

The hardness Hv of Ca9La(VO4)7 and 
Ca10Li(VO4)7 single crystals was determined 
by the indentation method using a Vick-
ers diamond pyramid (PMT-3, load 50 g).  
The fracture toughness K1c was determined ac-
cording to [38]. Samples for the investigation were 
cut from the central cylindrical part of crystals.

3. Results and Discussion
Ca9La(VO4)7 and Ca10Li(VO4)7 single crystals 

were successfully grown by Czochralski meth-
od under the described conditions. The crystals 
had a diameter of 15-20 mm and a length of 
60- 70 mm. Both samples were transparent and 
free of gas bubble inclusions. They were light 
yellow in colour, except the Ca9(La,Yb)(VO4)7, 
which was light green in colour and showed 
low transparency. The phase analysis showed 
the absence of impurity phases in the grown 

crystals. According to the chemical analysis 
data, the total concentration of trace impuri-
ties for each crystal did not exceed 2 – 5×10–3 
weight  %.

3.1 Chemical compositions
It is known, that the formation of ferro-

electric domains and their characteristics 
depend on the chemical composition of ferro-
electric crystals (see, for example [39]). Thus, 
Ca9La(VO4)7 and Ca10Li(VO4)7 crystals were 
studied in raster scanning mode on an electron 
microscope with an X-ray microanalyzer. The 
concentrations of host elements in the Czo-
chralski grown single crystals are presented in  
Tables 1-3. In the Ca9La(VO4)7 crystal, the con-
centrations of calcium, lanthanum and vanadi-
um corresponded to the stoichiometric composi-
tion within the measurement error (Table 1). For 
the Yb-doped Ca9La(VO4)7 crystal, the concen-
trations of calcium, R (lanthanum+ytterbium) 
and vanadium corresponded to the stoichiomet-
ric composition within the measurement error  
(Table 2). An analysis of the sample surface 
revealed the presence of Yb-enriched regions. 
Figure 1 shows an image of the Ca9La(VO4)7:Yb 
crystal in the reflection geometry (the compo-
sition contrast mode). Bright areas correspond 
to regions with larger Zeff values. The typical 
sizes of the Yb-enriched regions are up to 10 
μm (Figure 1). Thus, low transparency of the 
Ca9La(VO4)7:Yb single crystal is due to the for-
mation of amorphous inclusions enriched by Yb.

For the Ca10Li(VO4)7 crystal, concentrations 
of calcium and vanadium correspond the stoi-
chiometric composition (Table 3). The Li con-
tent was not determined due to experimental 
limitations of the X-ray microanalyzer for light 
elements.

Fig.1. SEM image of the Ca9La(VO4)7:Yb crystal 
surface (compositional contrast mode).
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3.2 Refinement of the crystal structure
Refinement of the structure of Ca9La(VO4)7 

and Ca10Li(VO4)7 crystals (data for the latter 
are given in [15]) shows that both crystals be-
long to the space group R3c (Table 4). Infor-
mation on the crystal structure defects of the 
grown crystals was obtained by analyzing rock-
ing curves for different reflections and is pre-
sented in Table 5.

Analysis of high-resolution diffraction re-
sults including the rocking curves and diffuse 
scattering, show that the dispersion of the  
lattice parameters (nodes elongation in qz axis) 
over the entire irradiated area (several mm2) is 
negligible. 

A detailed study of the defect structure of 
the grown Ca10Li(VO4)7 single crystal was de-
scribed [15]. This crystal was shown to have a 
block structure. Two blocks were found whose 
boundaries were parallel to the sample surface 
and offset by approximately 4 arc minutes. 
Moreover, a slight asymmetry was observed in 
the diffuse scattering of qz values in the recip-
rocal lattice maps. It indicates the presence of 
point defects, probably vacancies [15]. 

3.3 Ferroelectric-domain structure
A domain strip-like structure character-

ized by a period of ~10 μm was observed in the 
Ca9La(VO4)7 crystal (Figure 2). Adjacent do-
mains were identical, as observed in linearly 
polarized light. This effect is possible if spon-
taneous electric polarizations in neighboring  
domains are directed opposite to each other and 
parallel to the third-order axis. In this case, the 
optical indicatrices in neighboring domains are 
ellipsoids of rotation around the third-order 
axis of the crystal. The cross sections of ellip-

soids by a plane perpendicular to the third-or-
der axis will be a circle. This makes it impos-
sible to distinguish adjacent domains in lin-
early polarized light. Typically, such domains 
can be distinguished by applying an electric 
field to the crystal. In this case, the ferroelec-
tric domain structure can be visualized due to 
the scattering and reflection of light from 180° 
domain walls in the absence of an external elec-
tric field. The high Curie temperature of binary 
whitlockite-related phosphate and vanadate 
crystals is an indicator that the domain struc-
ture is actually insensitive to applied external 
electric fields and mechanical stress at room 
temperatures. The Ca9La(VO4)7:Yb crystal was 
not studied by the polarization-optical method 
due to its low optical transparency.

Optical activity and spontaneous bire-
fringence of light were not observed in the 

Table 1. Concentration of host elements in the Ca9La(VO4)7 crystal 

СLa, wt.% СCa, wt.% СV, wt.%
Nominal 10.65 27.66 26.11
Crystal 10.66±0.53 27.66±1.38 27.34±1.37

Table 2. Concentration of host elements in the Ca9La(VO4)7:Yb crystal

СLa, wt.% СYb, wt.% СCa, wt.% СV, wt.%
Nominal 9.00 1.99 27.55 27.23
Crystal 9.43±0.47 1.45±0.07 27.54±1.38 27.32±1.37

Inclusion 3.58±0.18 50.62±2.53 12.55±0.63 11.54±0.58

Table 3. Concentration of host elements in the Ca10Li(VO4)7 crystal

СLi, wt.% СCa, wt.% СV, wt.%
Nominal 0.57 33.06 29.41
Crystal - 33.12±1.66 30.06±1.50

Fig. 2. Ferroelectric domains with a period of  
~ 10 μm in the Ca9La(VO4)7 single crystal. The 
photograph was taken in linearly polarized 
white light passing along the third-order axis. 
The marker corresponds to a distance of 100 μm 
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Ca10Li(VO4)7 crystal. A strip-like domain struc-
ture was also not detected. It should be noted 
that the Ca10Li(VO4)7 crystal is more sensitive 
to annealing conditions and mechanical treat-
ment compared to the Ca9La(VO4)7 crystal. 
These factors cause the appearance of optical 
birefringence. Therefore, we suggest that the 
antiferroelectric phase with a center of symme-
try is formed in the Ca10Li(VO4)7 crystal as a 
result of a high temperature phase transition. 
This effect has been observed for other whitlock-
ite-related crystals [41, 42]. Stabilizing spontane-
ous polarization and accompanying spontaneous 
deformation were not detected in the antiferro-
electric crystal. This may result in high sensi-
tivity to mechanical stress. Induced mechanical 
stresses can cause decompensation of antiferro-
electric sublattices, the occurrence of spontane-
ous polarization and optical birefringence.

3.4 Mechanical properties 
Comparison of mechanical characteristics 

of the Ca9La(VO4)7 and Ca10Li(VO4)7 single 
crystals confirms the above-mentioned sugges-
tion. As it is seen from Table 5, the maximum 
hardness Hv was observed for the Ca9La(VO4)7 
single crystal, the minimum value – for the 
Ca10Li(VO4)7 crystal. The difference is about 
27%. The ytterbium doping causes a decrease 
in the hardness Hv by ~16% and leads to an in-
crease in K1c by ~20%.

Generally, the Vickers hardness Hv of the 
Ca9La(VO4)7 crystal is close to the Vickers 
hardness Hv of the crystals of the isostructural 
solid solution Ca9Y(VO4)7-x(PO4)x measured 
for the same crystallographic plane under the 
same load [27].  

The ratio K1c/Hv can be used as a parameter 
defining the transition “from brittle to ductile 
state”. [43]. For the Ca9La(VO4)7 crystal doped 
with Yb, shifts to the “ductile” side compared 
to the pure crystal. For the Ca10Li(VO4)7 crys-
tal, the value K1c/Hv, is close to that of the 
Ca9La(VO4)7 crystal.

4. Conclusions 
The observed diversity of properties of bi-

nary orthovanadates belonging to the whitlock-
ite family is associated, in particular, with dif-
ferences in the distribution of cations over the  
5 crystallographic cation sites. This distribu-
tion depends on ionic radii of cations, while the 
existence of vacancies in crystal lattices of these 
compounds depends on the charge of the cal-
cium substituting cation. The influence of the 
calcium substitution mechanism during the for-
mation of binary orthovanadates on peculiari-
ties of crystal structure, domain formation, and 
mechanical characteristics of Ca9La(VO4)7 and 
Ca10Li(VO4)7 single crystals grown by the Czo-
chralski method is shown. The high-resolution 
diffraction method made it possible to obtain 
high-quality powder diffraction data as well as 
information on the structure and perfection of 
crystals. Refinement of the structure using the 
Rietveld approach allowed us to determine the 
lattice parameters and site occupancy. Calcium 
substitution mechanisms have a significant im-
pact on domain formation in binary vanadate 
crystals. Based on polarization-optical studies, 
the formation of a ferroelectric domain strip-
like structure with a spontaneous polarization 
direction parallel to the three-order axis was 

Table 4. Refined lattice parameters, a, c, axial ratio, c/a, and cell volume, V, for studied Ca9La(VO4)7, 
Ca9La1-xYbx(VO4)7, Ca9Yb(VO4)7 crystals. The Yb molar content obtained assuming the Vegard’s rule 
and the side data of (b) and (c) for Ca9La1-xYbx(VO4)7 is 11.8% Yb.

Crystal Ca3(VO4)2 Ca9La(VO4)7 Ca9La(VO4)7 Ca9La1-xYbx(VO4)7 Ca9Yb(VO4)7
Method of sample 

production SC PC CZ CZ PC

XRD method LSCXRD LPXRD SPXRD HRLPXRD LPXRD
a, Å 10.809(1) 10.8987(5) 10.89554(1) 10.89295(2) 10.8564(5)
c, Å 38.028(9) 38.147(1) 38.14099(3) 38.12619(7) 37.924(1)
c/a 3.5182(1) 3.5047(1) 3.500606(1) 3.500080(1) 3.49324(2)

V, Å3 3847.7(9) 3924.1(3) 3921.208(7) 3917.82(2) 3870.9(3)
T, K RT 297 298(3) 297(3) RT

Reference [40] [1] This work This work [4]

SC – single crystal, PC – polycrystals synthesized by solid state reaction, CZ – Czochralski grown 
crystal; LSCXRD – laboratory single-crystal diffraction, LPXRD – laboratory X-ray powder diffrac-
tion, SPXRD – X-ray powder diffraction using a high-resolution instrument and synchrotron beam, 
HRLPXRD – laboratory X-ray powder diffraction using an instrument equipped with a monochromator 
and strip detector.
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established in the Ca9La(VO4)7 single crystal. 
Ca10Li(VO4)7 is found to be antiferroelectric at 
room temperature.

The Vickers hardness Hv of Ca10Li(VO4)7 
crystals is 27% lower than the hardness of 
Ca9La(VO4)7 crystals. The ratios K1c/Hv char-
acterizing the “brittle-to-ductile” transition are 
close in Ca10Li(VO4)7 and Ca9La(VO4)7 crystals.
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