
Introduction

Chemistry of lanthanides has become of great impor-

tance over several decades because of its use in numer-

ous applications [1–3]. Inorganic luminescent materials

have found many practical applications in modern light-

ing and display fields, such as fluorescent lamps,

catode-ray tubes, field emission displays and plasma

display panels [4–9]. Our earlier studies on the reactiv-

ity in the solid-state between ZnWO4 and RE2WO6

(RE=Y, Nd, Sm, Eu, Gd, Dy and Ho) showed that these

compounds reacted to give family of isostructural com-

pounds ZnRE4W3O16 [10]. These compounds were syn-

thesized by heating the appropriate ZnWO4/RE2WO6

mixtures according to the following reaction [10]:

ZnWO4(s)+2RE2WO6(s)=ZnRE4W3O16(s) (1)

where ZnRE4W3O16 crystallize in the orthorhombic

system and melt incongruently or decompose in the

solid-state above 1523 K [10]. In a solid-state as a

result of the reaction between CoWO4 and RE2WO6

(RE=Sm, Eu, Gd) two series of isostructural phases

are formed: Co2RE2W3O14, CoRE4W3O16 [11]. These

phases were synthesized by means of a conventional

ceramic method according to the following reactions:

CoWO4(s)+2RE2WO6(s)=CoRE4W3O16(s) (2)

2CoWO4(s)+RE2WO6(s)=Co2RE2W3O14(s) (3)

where Co2RE2W3O14 crystallize in the orthorhombic

system and melt congruently at ~1473 K [11]. The

CoRE4W3O16 phases also crystallize in the ortho-

rhombic system and they are isostructural with the

ZnRE4W3O16 compounds. The CoRE4W3O16 phases

melt incongruently at ~1573 K [11]. This work pres-

ents the results of investigations concerning the reac-

tivity in the solid-state between divalent metal

tungstate with the wolframite structure (CoWO4) and

some rare-earth metal tungstates with the formula

RE2WO6 (RE=Y, Dy, Ho and Er). Particular emphasis

was laid on a determination of basic properties of the

new obtained compounds CoRE2W2O10.

Experimental

Materials

The starting materials were CoWO4 and rare-earth

metal tungstates (RE2WO6 where RE=Y, Dy, Ho, Er

and Lu). Cobalt tungstate was synthesized by heating

an equimolar mixture of CoSO4�7H2O (99.998%,

Aldrich) with WO3 (99.9%, Fluka) at the following

heating cycles: 873 K (12 h); 1073 K (12 h); 1173 K

(12 h) and 1273 K (2�12 h). RE2WO6 were prepared

by a solid-state reaction between an adequate

rare-earth metal oxide RE2O3 (all oxides with a purity

99.9%, Aldrich) and WO3 mixed at the molar

ratio 1:1. The RE2O3/WO3 mixtures were heated in air

as described previously [10, 11].

The starting materials weighed in suitable molar

proportion were ground manually in an agate mortar

and heated in air, in the following cycles: 1173 K

(1×12 h); 1273 K (1×12 h); 1323 K (1×12 h); 1373 K

(1×12 h) and 1413 K (2×12 h). Additionally, the

RE2WO6/CoWO4 mixtures, where RE=Y, Ho, Er and

Lu were heated at 1448 K (2×12 h). After each

heating cycle the samples were gradually cooled

down to room temperature, weighed, ground and

analyzed using XRD method and afterwards heated

until an equilibrium state had been established. After

each heating cycle no mass changes of the mixtures

were observed. After the final heating cycle the

samples were examined by DTA-TG and IR methods.
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Methods

The DTA-TG examinations were performed using a

Mettler Toledo TGA/SDTA851 apparatus. The

experiments were carried out within the temperature

range of 298–1773 K, in a nitrogen atmosphere, using

corundum crucibles and the heating rate 10 K min–1.

Routine phase analysis was made with a

DRON-3 diffractometer at the CoK� radiation

(�=0.179021 nm). Powder diffraction patterns were

collected in the 2� range 12–52� at the stepped scan

rate of 0.02° per step and the count time of 1 s per

step. For indexing purposes, diffraction patterns were

made using an X’Pert PRO Philips diffractometer at

the stepped scan rate of 0.02° per step and the count

time of 10 s per step.

The IR spectra were recorded on a Specord M-80

spectrometer (Carl Zeiss Jena). The samples were

pressed in pellets with KBr in the mass ratio of 1:100.

Results and discussion

Reaction of RE2WO6 (RE=Y, Dy, Ho, Er and Lu)
with CoWO4

The contents of initial RE2WO6/CoWO4 (RE=Y, Dy,

Ho, Er) mixtures and the results of XRD analysis of the

carried out in an equilibrium state are presented in Ta-

ble 1. The data in Table 1 indicate that the initial com-

ponents of RE2WO6/CoWO4 mixtures are not mutually

inert in air. The XRD analysis of the samples, the ini-

tial mixtures of which contained up to 50 mol% of

CoWO4, showed that two solid phases were found in

the treated samples, viz. the compounds: CoWO4 and

up to then unknown CoRE2W2O10. At the molar ra-

tio 1:1 of the CoWO4/RE2WO6 mixtures, both reac-

tants reacted completely to produce a series of new

compounds:

CoWO4(s)+RE2WO6(s)=CoRE2W2O10(s) (4)

On the other hand, the composition of the

samples in an equilibrium, the initial mixtures of

which contained over 50 mol% of RE2WO6, the com-

pounds to remain in an equilibrium within the

subsolidus area were CoRE2W2O10 and RE2WO6

(Table 1). Moreover, it was found that the diffraction

patterns of the samples obtained after the last heating

cycle and initially comprising Lu2WO6/CoWO4 con-

tained only such diffraction lines that could be attri-

buted to the starting materials.

Characteristic of CoRE2W2O10 compounds

Crystallography from XRD data

The powder diffraction patterns of the samples in an

equilibrium state initially comprising CoWO4 and

RE2WO6 mixed at the molar ratio of 1:1 were sub-

jected to indexing the CoRE2W2O10 compounds. The

diffraction lines recorded within 2� (CoK�aver) 12–48°

region were selected for indexing by Powder [12, 13]

and Dicvol [14, 15] programs. Very similar values of

the unit cells of the CoRE2W2O10 phases were obtained

during indexing procedure by these programs [12–15].

Table 2 shows the results of indexing the CoRE2W2O10

powder diffraction patterns. The parameters of

CoRE2W2O10 unit cells, the values of experimental

(obtained by degassing samples and hydrostatic weigh-

ing in pycnometric liquid – CCl4) and theoretical den-

sities were tabulated in Table 3.

DTA-TG studies

Figure 1 shows the DTA curves of the CoRE2W2O10

compounds. On each DTA curves only one endothermic

effect was recorded up to 1773 K. No mass losses were

recorded on the TG curves (not presented) up to the

onsets of the observed endothermic effects on the DTA

curves. On the base of the DTA-TG results and observa-

tions of the residues in crucibles obtained after DTA-TG

studies it was found that the effects with their onsets at:

1494 K (Y), 1523 K (Dy), 1517 K (Ho) and 1493 K (Er)

are associated with melting the CoRE2W2O10 phases.

On the base of the XRD method it was found that

CoRE2W2O10 samples heated in a furnace for 2 h above

their melting points, i.e. at 1513 K (Y), 1538 K (Dy),

1533 K (Ho), 1513 K or (Er) and then quickly quenched

to 263 K contained the corresponding RE2WO6. Thus,

the incongruent melting CoRE2W2O10 can be described

by the following equation:

CoRE2W2O10(s)�RE2WO6(s)+liquid (5)
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Table 1 Contents of RE2WO6/CoWO4 (RE=Y, Dy, Ho and
Er) mixtures and results of XRD analysis of samples
obtained after the final heating cycle

No.
RE2WO6 cotent in initial

mixtures/mol%
Identified phases

1 10 CoWO4, CoRE2W2O10

2 20 CoWO4, CoRE2W2O10

3 25 CoWO4, CoRE2W2O10

4 30 CoWO4, CoRE2W2O10

5 33.33 CoWO4, CoRE2W2O10

6 40 CoRE2W2O10, CoWO4

7 50 CoRE2W2O10

8 60 CoRE2W2O10, RE2WO6

9 66.67 CoRE2W2O10, RE2WO6

10 75 RE2WO6, CoRE2W2O10

11 80 RE2WO6, CoRE2W2O10

12 90 RE2WO6, CoRE2W2O10
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Table 2 Results of indexing CoRE2W2O10 powder diffraction patterns

No.
CoY2W2O10 CoDy2W2O10 CoHo2W2O10 CoEr2W2O10

h k l
dobs/nm I/I0/% dobs/nm I/I0/% dobs/nm I/I0/% dobs/nm I/I0/%

1 0.76655 8 0.76940 12 0.76769 8 0.76598 10 0 1 0

2 0.65323 2 0.65240 4 0.65117 4 0 0 2

3 0.55769 4 0.55979 5 0.55799 8 0.55709 6 2 0 0

4 0.47374 12 0.47568 8 0.47417 6 0.47352 6 1 1 2

5 0.44472 3 0.44548 4 0.44491 6 0.44416 4 2 1 1

6 0.43440 3 0.43730 3 0.43548 4 0.43512 4 1 1 2

7 0.40964 14 0.41141 13 0.41076 12 0.41028 12 2 1 1

8 0.38479 6 0.38507 7 0.38535 6 0.38507 6 0 2 0

9 0.36751 8 0.36905 11 0.36815 11 0.36777 10 0 2 1

10 0.34991 4 0.34910 4 0.34899 2 3 0 2

11 0.34356 3 0.34202 4 0.34180 4 3 0 1

12 0.33054 10 0.33126 14 0.33085 12 0.33034 12 0 2 2

13 0.32719 16 0.32800 21 0.32749 20 0.32709 18 1 0 4

14 0.30386 90 0.30525 87 0.30455 92 0.30438 90 2 0 4

15 0.30190 30 0.30301 26 0.30249 34 0.30232 25 3 0 2

16 0.29896 6 0.30021 8 0.29971 6 0.29946 6 1 0 4

17 0.29559 100 0.29681 100 0.29624 100 0.29600 100 2 2 2

18 0.29286 4 0.29381 6 0.29317 6 0.29293 4 2 1 3

19 0.27879 30 0.28023 32 0.27951 31 0.27937 30 4 0 0

20 0.27269 6 4 0 2

21 0.26694 4 0.26792 2 0.26713 6 0.26700 4 3 2 0

22 0.26206 16 0.26294 21 0.26225 24 0.26206 18 4 1 0

23 0.25743 6 0.25803 2 1 4 1 2

24 0.25297 4 0.25390 2 3 1 4

25 0.25129 8 0.25175 4 0.25157 4 0.25140 6 0 3 1

26 0.24496 6 0.24694 8 0.24534 6 0 1 5

27 0.24464 8 0.24562 9 0.24551 9 0.24496 8 2 2 3

28 0.24184 50 0.24275 46 0.24238 40 0.24222 40 4 0 2

29 0.23738 8 0.23810 8 3 2 2

30 0.22977 2 0.23039 2 0.23000 2 0.22986 2 1 3 2

31 0.22454 2 2 3 2

32 0.22262 2 0.22324 2 0.22289 2 0.22280 2 4 2 2

33 0.21816 6 0.21919 8 0.21850 8 0.21842 4 4 0 3

Table 3 Calculated parameters of unit cells for CoRE2W2O10 (Z=6) and values of experimental and theoretical densities

a/nm b/nm c/nm �/°
Experimental
density/kg m–3

Theoretical
density/kg m–3

CoY2W2O10 1.1311(8) 0.76678(3) 1.3191(6) 99.584(7) 6730 6770

CoDy2W2O10 1.1360(5) 0.76969(8) 1.3235(2) 99.651(7) 7940 7960

CoHo2W2O10 1.1332(6) 0.76755(2) 1.3213(4) 99.602(8) 8040 8060

CoEr2W2O10 1.1296(6) 0.76713(2) 1.3211(4) 99.527(5) 8070 8130



IR spectra

Figure 2 shows IR spectra of the CoRE2W2O10 com-

pounds. As it can be seen from the figure, the IR spec-

tra of these compounds show a big similarity one to the

other. In the light of literature information concerning

binary and ternary lanthanide tungstates with octa-

hedric coordination of W ions by oxygen ions [16–21],

the absorption bands with their maxima at ~870 cm–1

can be assigned to the symmetric stretching modes of

W–O bonds in joint WO6 octahedra forming structure

elements (W2O9)
6– (three oxygen bridges per octa-

hedron). The several absorption bands in the

770–500 cm–1 region can be due to the asymmetric

stretching vibrations of W–O bonds in joint WO6

octahedra and also to the oxygen double bridge bonds

WOOW [16–21]. The oxygen bridge bonds are present

in the anion lattice of many binary and ternary

rare-earth tungstates [16–21]. The absorption bands

found in the IR spectra of the CoRE2W2O10 com-

pounds below 500 cm–1 can be due to the symmetric

and also asymmetric deformation modes of W–O

bonds in joint WO6 octahedra as well as to the defor-

mation modes of the oxygen bridges WOOW [16–21].

Conclusions

The obtained experimental results lead to the

following conclusions:

• a new series of cobalt and rare-earth metal tungstates

CoRE2W2O10 (RE=Y, Dy, Ho and Er) was synthe-

sized the solid-state reaction between CoWO4 and

RE2WO6 mixed at the molar ratio of 1:1

• Lu2WO6 does not enter into a reaction with CoWO4

• the CoRE2W2O10 compounds are isostructural and

crystallize in the monoclinic system

• the lattice parameters and cell volumina of the

CoRE2W2O10 phases decrease with decreasing

radius of the rare-earth ion

• the CoRE2W2O10 compounds melt congruently at

~1500 K in an inert atmosphere, the solid product

of melting is an adequate RE2WO6

• the melting point of the CoRE2W2O10 compounds

slightly decreases from Dy to Er

• CoRE2W2O10 melt slightly higher than the

Co2RE2W3O14 compounds (RE=Sm, Eu, Gd, melt-

ing points ~1473 K) [11]

• CoRE2W2O10 are less stable thermally than the

CoRE4W3O16 compounds (RE=Sm, Eu, Gd, melting

points ~1573 K) [11]

• the anion lattice of new cobalt and rare-earth metal

tungstates is built by the joint WO6 octahedra

forming (W2O9)
6– groups
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