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The study results of the influence of lattice crystal field on the structure of the IR
vibrational bands in the tetrahedral sublattice of the crystal (PO4)3‘ with the isomorphous
anionic substitution of compounds Ca,y(PO,)4_,(VO,),(M),, where M = OH~, F~, CI", x =0,
1, 3, 5, 6 were considered. It was established that the decrease in of IR absorption
half-width characterizing XO, tetrahedra is associated with a decrease in the interaction
between the tetrahedra of the same type, and as a consequence, the suppression of vibration
anharmonicity in quasi-free tetrahedra. High sensitivity of chlorapatites matrix to changes of
vibrations in tetrahedral sublattice by doping affects the thermal stability of compound.

PaccmarpuBaoTca pesyJbTAThl UCCJAEIOBAHUS BAMSAHUSA KPUCTAJJIMYECKOrO IIOJIS PEeIleT-
Ku Ha CcTpyKTypy HK-KoinebarenbHBIX II0JIOC TETPAdAPUUYECKOMN IIOAPEeIIeTKH KpHCTaJia
(PO4)3‘ opy M30MOP(MHBIX AHMOHHEIX 3amemeHuax coegunenuit Ca;q(P0,)4 ,(VO,),(M),, rxe
M=OH-, F, CI, x =0, 1, 3, 5, 6. YcTaHOBJIEHO, UTO YMEHBIIIEHNE ITOJYIIUPUHLI T0JOCHI
WK noriomenus, xapaktepusyiomeii XO, TeTpasAphl, CBA3aHO ¢ yMeHBIIEHUEM B3amMOjel-
CTBUA MEXIY TeTpasApaMHu OJHOIO THIA, M, KAK CJe[CTBUEe, IOJaBJeHHEM AHTapMOHU3MAa
KoJie6aHNnil y KBa3UCBOOOJHBLIX TETPasApoB. BLICOKasd UyBCTBUTEILHOCTDL XJIOPOAIIATUTOB MAT-
PUILI K U3MEHEHUSAM KoJjeOaHull TeTpasgpUUecKol IOJpelleTKU IPU JOIMPOBAHUU OTPAKA-
eTcA HA TePMUUYECKO CTaOUILHOCTH COeJUHEHU.
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lines. The contribution of the anharmonic

1. Introduction

It is known that the widening of oscilla-
tory bands in the absorption spectra of the
crystal lattice is associated mainly with the
anharmonicity of the vibrational modes [1-3].
A necessary condition for harmonic oscilla-
tions is oscillators independency. At the oscil-
lators interaction, the anharmonic component
of their vibrations has occurred, that results
in a widening of the oscillatory modes. The
real observation of anharmonicity contribu-
tion to the oscillatory bands widening in the
spectra is often complicated by the influ-
ence of other factors, such as decrease of
the local environment symmetry of oscilla-
tors [4], resulting in degeneracy of vibra-
tion symmetry and the split absorption
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component in the widening of oscillatory
bands, however, can be seen in the crystals
permitting the substitution of ions without
distorting the crystal lattice structure.
These crystals include apatites. The crystal
structure of hydroxy, fluoro- and chlorapa-
tite belongs to the space group P63/m and
includes the tetrahedral sublattice per-
miting replacement of phosphorus to vana-
dium or arsenic [5-7]. In our synthesized
mixed composition apatites, VO, and PO,
tetrahedra alternate in the tetrahedral
sublattice. Relationship between these ele-
ments can be set arbitrarily, that is per-
mited by the complete isomorphous substi-
tution.
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2. Experimental materials and
methods

Powdered polycrystalline samples of apa-
tite Ca g(PO4)6_x(VO,4)(M),, where M = OH-,
F-, CI, x =0, 1, 3, 5, 6 were synthesized
by method described in [7].

IR spectra were obtained on double-beam
spectrophotometer "SPECORD MS80". To
provide the study, the samples were pre-
pared by compressing into the mixed tablets
of the compound and powdered KBr. Tablets
of pure KBr powder were also prepared to
measure of the sample phonon transmission.
Transmission spectra were recorded in the
absorption range of the tetrahedral sublat-
tices (PO4)3‘ and (VO4)3‘ with vibrational
modes lying in the 1600 cm™! to 400 ecm™1
range. In the region of slow electromagnetic
waves, sharp KBr powder absorption begins,
therefore, the measurement in the range
<400 cm™! is not correct. The measure-
ments were made at a constant level of sig-
nal/noise ratio in the whole measurement
range. To optimize the recording of the
spectra, an electromagnetic radiation at-
tenuator was also installed in comparison
channel, so that the absorption background
level of KBr pellet approaching to 80 %.
During the measurements, the sample cham-
ber was additionally blown through with
dry air for thorough drying of water vapor.

Investigations by differential-thermal
analysis method were carried out on Q-
1500D derivatograph of MOM company
(Hungary). Samples of equal mass (~ 1 g)
were investigated in a thermogravimetric
platinum crucibles in the temperature range
294-17783 K with a heating rate of
7.5 K/min in air (limited space), in condi-
tions of free convection.

3. Results and discussion

Transmission spectra of the studied apa-
tite samples are shown in Fig. 1-3. Spec-
trum of initial phosphate hydroxyapatite
(Fig. 1) is characterized by two intense
groups of bands around 1030 cm ! and
550 ecm~ 1. It is known that nine possible
variations of XO, group in the case of
equivalence all X—O bonds, i.e. tetrahedral
symmetry T, give only two bands of IR
spectrum: one band of vg vibrations and an-

other of v, ones, the vibrations vy and v,
being active only in Raman spectra [8]. If
only three of four bonds are equal (symme-
try C3,), then totally symmetrical vibration

vy becomes active and the splitting of three
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Fig. 1. IR absorption spectra of apatites
Ca p(POL s (VO,),(OH),: (1) x =0, (2) x =1,
3)x=38,4) x=5,(5) x==6.

degenerate vibrations vy and v, is removed
partially. When there is a non-equivalence
of the two X-O bonds with respect to the
other two (point symmetry Cy ), degenera-
tion of vibrations vg and v, is removed com-
pletely. Finally, in the case, when all four
bonds are different (symmetry C,), there is
another change in the spectrum — the re-
moval of doubly degenerate vibration v, [8,
9]. Thus, as shown in Fig. 1, the bands that
correspond to vibrations of the PO, group
are split. This indicates a decreasing of sur-
rounding symmetry of the (PO4)3‘ anion in
apatite sublattice. Since the vibration v, ~
571 em™1 splits into two components, the
environment symmetry must meet a point
group Cg,,. This result is conformed the fact
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Fig. 2. IR absorption spectra of apatites
Ca;g(POY e (VO ) (F)y: (1) x=0, (2) x=1,
3)x=3,(4) x=5.

that the 5-valent phosphorus atom makes
three single and one double bond with an
oxygen environment.

Completely other changes in the spec-
trum are observed for the group VO,. As is
known, the vibrations of the free group VO,
which are active in the IR spectrum should
be determined at the frequencies vg=
825 cm~! and v, = 480 em ! [5-6]. In the
spectrum of Ca;g(VO,)g(OH),, near the indi-
cated frequency values, there are two groups
of absorption bands. In the spectra of mixed
composition samples is observed the simple
superposition of the above-considered bands,
with the change in the bands relative inten-
sity belonging to different tetrahedral
groups. Similar changes are observed and de-
scribed for fluoro- (Fig. 2) and chloro-con-
taining apatites, with some distinction in the
case of chloro-containing apatites (Fig. 3).

For chlorinated apatites, the blurring of
the two groups of intense bands around
1500 ecm™1 is observed (Fig. 3). Changing of
the bands intensity is proportional to
change of the elements concentration P and
V in the apatite structure. Neither new
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Fig. 3. IR absorption spectra of apatites
Ca p(POL s (VO (CDy: (1) x =0, (2) x=1,
(3) x =3, (4) x = 5.

bands nor widening of the bands belonging
to the original crystal structures were ob-
served in the spectra, thus evidencing that
the lattice symmetry in the samples of
mixed composition is virtually identical to
the symmetry of the original forms.

Vibrational modes vy for phosphorus and
vanadium apatite are significantly sepa-
rated and do not overlap. From the absorp-
tion spectra (Fig. 1-8) it is seen that with
the changing balance of phosphate and va-
nadium tetrahedra, in the apatite sublattice
half-width absorption band of the tetrahe-
dra decreases with a decrease in their con-
centration (Table).

For the chloro-containing apatites of any
topotetrahedral matrix doping level, of a
significant decrease the tetrahedra absorp-
tion band (from ~400 ecm ™1 down to 90 em™1)
is observed for the boundary concentrations
(Table). Similar effects are observed for
fluoro- and hydroxyapatites, but they are
less expressed. Decrease of the width occurs
from ~200 ecm™~! down to ~95 em™1l.

Thus, with decreasing ratio of one type
tetrahedron to another to a value of 1:5 the
concentration of first ones becomes suffi-
ciently low, so that they are in isolation
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Table. Half-width of the absorption band
Lg in mixed apatites

Compound Half-width | Half-width
of the of the
absorption absorption
band of band of
sublattice sublattice
(PO,%*, em™1|(VO,)®, ecm™?
Cag(PO,);0H 210 -
Ca,((PO,)5(VO,)0OH, 150 920
Ca,(PO,)3(VO,);0H, 130 135
Ca,,(PO,)(VO,)50H, 95 140
Caz(VO,);0H - 140
Caz(PO,)5F 220 -
Ca;((PO,)5(VO,F, 110 78
Ca,((PO,)5(VO,)5F, 130 152
Ca,(PO(VO,)sF, 87 108
Cag(PO,)5Cl 420 -
Ca((PO,)5(VO,)CI, 105 85
Ca,((PO,)5(VO,)5Cl, 120 122
Ca;((PO,)(VO,)sCl, 98 108
Caz(VO,)5Cl - 410

from each other and we can assume that the
interaction of characteristic vibration
modes between them is not occurred. In this
cast, the half-width of absorption lines de-
creases about a half as compared to the
original "undiluted” form. This decrease of
the absorption band half-width is associated
with a decrease of interaction and, conse-
quently, with the suppression of vibration
anharmonicity in the quasi-free tetrahedra.

The residual widening of the absorption
band seems to be due to the interaction with
the surrounding tetrahedra having a differ-
ent vibration frequency as well as to inter-
nal factors in the tetrahedron (e.g., decreas-
ing the local symmetry, etc.).

High sensitivity of chloroapatite matrix
to changes of tetrahedral sublattice vibra-
tions at doping should be reflected and ther-
mal stability, as revealed by us in by differ-
ential thermal analysis studies.

Investigations by differential thermal
analysis (Fig. 4, 5) have shown that with
increasing content of VO, groups in calcium
chloroapatite, the changes in the thermal
stability of compounds in the direction of
its decreasing occurs. With the substitution
of three or more anionic groups PO, by VO,
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Fig. 4. Thermogram of compound

Cao(PO,)5(VO,)(Cl),.
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Fig. 5. Thermogram of compound

Cao(PO,)(VO,)s(Cl),-

a complete fusion of the sample at 1773 K
is observed, as evidenced by the appearance
of a step in the TG curve of 1178-1773 K,
and endothermic and exothermic peaks in
the 1773 K (DTG and DTA curves) (Fig. 5).
All other compounds under study did not
undergo some significant changes in the
course of heating in the studied tempera-
ture range.

Thus, it was established, that anhar-
monicity of vibration in the apatite lattice
may change depending on the concentration
of that type oscillators in crystal structure.
These changes are local and by means of
various replacements, it is possible to create
necessary spatial distribution of anharmonic
component in the crystal that opens the
prospect of controllable change of heat con-
ductivity, temperature expansion factor and
other parameters of the crystal which de-
pend on the anharmonicity of vibration of
the lattice.

Functional materials, 18, 2, 2011



V.L.Karbivskyy et al. / Investigation of vibration ...

4. Conclusions

The decrease the of IR absorption band
half-width, characterizing XO, tetrahedra,
is associated with a decreasing interaction
between the tetrahedra of the same type
and, consequently, with the suppression of
vibration anharmonicity in quasi-free tetra-
hedra. The vibration anharmonicity in the
apatite crystal lattice may change depend-
ing on the concentration of that type tetra-
hedra. These changes are local and it is pos-
sible by means of various replacements in
the crystal to create necessary spatial distri-
bution of anharmonic component that offers
the possibilites of controllable change of
heat conductivity, temperature expansion
factor and other parameters in the crystal
which depend on the vibration anharmonic-
ity of of the lattice.
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JochigsKeHHsI aHrapMOHI3MY KOJMBAaHb y KPHMCTAJIUHINA
TpaTii amaTUTy 3MIiIIAHOTO CKJIAIYy

B.JI.Kapb6isécoxuii, A.Il.llIlnax, H. A.Kypzan, B.B.BuwHnsak,
O.I1. Jumimpies, B.X.Kacianenko

PosraaparoTbea pesynbraTé JOCHiNiKeHHS BILINBY KPUCTAJIIYHOIO IIOJIA I'PATKHU HA CTPYK-
Typy IY-KONMMBANIBbHUX CMyI' TeTPaeIPUUYHOI IigrpaTku Kpucraia (PO4)3‘ npu isomophHUIX
amionHnx samimenHax cmonyk Ca o(PO,)s ,(VO,),(M),, e M =OH™, F~, CI7, x =0, 1, 8, 5,
6. BcranoBieHO, II0 3MEHIIEHHS HAMiBIIUPUHU cMyru [Y-morauHaHHA, IO XapaKTepusye
XO, reTpaegpu, I0OB’A3aHO 3i 3MEHIIEHHAM B3a€MOJil MiK TeTpaepaMu OLHOTO THILY, Ta, AK
HACJiOK, NMPUTHiYeHHAM aHTapMOHi3My KOJMBaHbL y KBasiBiibHUX TeTpaenpiB. Bucoka uyr-
JIUBIiCTH XJIOPOAIIATUTIB MAaTPUIl M0 3MiH KOJMBaHb TeTPaeJpUUYHOI IiATPaTKU IIPU [TOIY-
BaHHI BifoOparKaeThcsa Ha TepMiuHi#l cTabiJBLHOCTI CHOJIYKHU.
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