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The crystal structure of the Na, Fe, Mn phosphate arrojadite is detennined (singbcrystal diffractometer,
A Mo, 4102 reflections, method of least squares in isotropic approximation to R = 0.135). The
parameters of the monoclinic lattice are: a = 16.476 (4); b = 24.581 (5); c = 9.996 (3) A; Y= 105.79
(2)'; sp. gr. B2/b. The structure is based on a three-dimensional framework of (Fe,Mn) polyhedra
(octahedra, semioctahedra, and tetrahedra). Three of the eight independent positions of Fe imd Mn can
enclose the lighter AI, Mg, and Li. The large cations Na, K, Ca, Bll, and Sr lie in the gaps in the
structure. The P orthotetrahedra join up the structural elements (layers and tubes) of the three­
dimensional framework of (Fe,Mn) polyhedra. The expanded structural fennula of arrojadite is
Na".s(Na, K, Ba, Sr)o.,CNa, Ca).(Fe, Mn),Alo.sCLi, Mg, Ca, Al, Fe, Mn),·(PO,),·[PO,(O, F,
OH)],(OH), with Z = 8.

PACS numbers: 61.60. + m

The crystal-structural study of natural phosphates,
which are the third most Widely distributed minerals in
the earth's crust after silicates and OXides, is of interest
both to descriptive and to genetic mineralogy. As em­
phasized in Ref. 1, the variety of endogenous phosphates1)

must be regarded as due to the relatively narrow regions
of thermodynamic stability of each mineral of this class.
If so, then phosphate minerals may serve as natural in­
dicators of the formation conditions of the rocks contain­
ing them. A study of these questions would not be possible
Without a detailed structural investigation of phosphates
and an elucidation of the genetic relations between their
main structural components.

The structure of arrojadite, which belongs to the very
Widespread but crystallochemically little studied group of
Na(Fe, Mn) phosphates. was elucidated in the course of an
Investigation of natural and synthetic minerals With large
(Na, Ca, Sr. Ba) and medium (Mn, Fe, Zn) cations, made
at the Department of Crystallography and Crystal Chemis­
try of Moscow University. A mineralogical investigation4

undertaken immediately after the discovery of arrojadite3

established the parameters of its monoclinic lattice, a =
16.60; b = 10.02; c = 23.99 A; {J = 93'37', space group
C2/m; arrojadite and the mineral dickinsonite, of similar
composition, were considered separately from one an­
other. Later Fisher"s compared their powder patterns

TABLE 1. Coordinates of Basis Atoms and Individual Temperature Corrections fot
Arrojadite Structure

rJcvlb

X, 0.4664 0.6001 .1,2550 0.84 0, 0.2908 0.0285 0.4631 1.64
X, 0.4783 0.5969 0.7497 1.42 0. 0.1201 0.3904 0:0975 1.24
x, 0.2958 0.6478 0.2986 1.12 0, 0.3703 0.6138 0.1J58D L06
X, 0.2816 0.6570 0.7057 1.58 . 0. 0."91 0.5549 0.5561 0.47
X, 0.2882 0.7327 --0.0113 1.02 0. 0.4414 0.3348 0.3465 1.10
X, 0.3936 0.3601 0,0155 0.86 0" 0.2824 0.3170 0.3583 1.49
X, 0.2218 0.4761 0,3920 1.52 0" 0.3491 0.2354 0.3548 1.83
X, 0 0 O. 0.85 0" 0,3518 0.2941 0,1418 0.85
A, 0 0.25 -0.0018 0.71 0" 0.4534 0.3293 0: 5754 U8
A, 0.50 0.50 a, 1.81 0" 0.2938 0.3052 0.6665 1.29
4, 0.1331 0.1207 0.0155 0.89 0" 0.3683 0.2291 0:6744 U4
P, 0.3734 0.4606 0,2512 0.37 0" 0.1298 0.2105 0.3813 1.86
P, 0,3694 0,5765 0.5340 0.51 0" 0.3882 0.6380 0,1392 1,10
P, 0.3569 0.2946 0.3004 0.64 0.. 0.4748 0.1320 0.0630 0.89
P, 0.37)4 0.2879 0.7250 0,47 0" 0.3545 0.1765 0.0799 2.04
P, 0.3854 D.6928 --0.0102 2.12 0" 0.3179 0.0741 0.0405 4.05
P, 0.3981 0.4523 0.7684 0.65 0" 0.0457 0.0486 0,1463 0.49
0, 0.3913 0.6197 0.1878 0,94 Ott 0.0640 0.0800 0.3704 0:79
0, 0.2766 OA353 0.2568 1.46 0" 0,1952 0.0765 0.2340 1.02
0, 0,4146 0.4236 0:1662 0.70 0" 0.4053 0.0133 0.1853 1.02
0, 0,4043 0;4631 0,3958 0.68 0" 0.2311 0.1392 0,4979 1.41
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TABLE II. Interatomic Distances a.n angstroms) in the Arrojadite Structure
x-poiyhedia

Xi-OU 2.£100 XZ-Oil 2.073 Xa-Ou; 2.046
-0. 2.11Y2 -0, 2.127 -0. 2.139
-On 2.123 -0, 2.143 -0, 2.162
-0, 2.!33 -Qu 2.180 -025 2.251
-O:a 2.213 -0. 2.184 -On 2.261
-O"z 2.203 -au 2.011 -010 2.349

Mean 2.139 Mean 2.130 Mean 2.202

XcOu 2.023 X~-Ota 2.079 Xo-Ou 2.041
-0, 2.088 -0'19 2.092 -0"'2 2.054

'-023 2.141 -016 2.105 . -02 $ 2.065
-Ou. 2.144 -010 2.105 -0, 2.129
-02.5 2.218 -014 2.111 -016 2.143
-OUI 2/£34 Mean 2.099 -01$ 2.201

Mean 2.115 Mean 2.107

X,-02a 1.917 Xa-O, 1.860
-0, 2..Q14 -Oa,' 1.860
-0, 2.055 -0, 1,902
-0, 2.065 _0..' 1.902

Mean 4028 -021 1.908
-OS!

,
B!08

Mean 1.890

Pwtetrahedra

P.-Ot 1.527 p,-Os 1.499 Ps-Oo 1.545
-0, 1.530 -0. 1.532 -01 0 1.577
-0, 1.539 -0, 1.538 -Ou 1.542
-0, 1.541 -0. 1.555 -013 1.546

Mean 1.536 Mean 1.531 Mean 1.55!

Ot-02 2.516 05-0, 2.518 0 9-010 2.533
-0, 2.504 -0, 2.468 -011 2.521
-0, 2.544 -0. 2.511 -012 2.541

0,-03 2.543 00-01 2.562 OIO-OU 2.523
-0. 2.456 -0. 2.509 -On 2.546

03-04 2.419 07-06 2.4li Ott-On 2.546

Pi-OtS 1.552 Ps-On 1.507 Pa-Ou 1.532
-01.4, 1.568 -018 1.515 -O:a 1.529
-015 1.524 -Oill 1.490 -o~ 1.506
-Cu. i.,552 -OiO 1.578 -Ou 1.553

Mean 1.550 Mean 1.522 Mean 1,530

013-0U. 2.535 on-au 4419 011-022 2.361
-Ol~ 2.481 -Ott 2.519 -o~ 2.603
-Ott 2.518 -OiO 2.469 -Oao 2.543

Ott-Ot.:! 2.524 OU-019 4493 Oa-028 2.476
-Otl 2.579 -0:0 2.004 -ou 2.539

OU-Otl 2.542 01l1-010 44l1il Ou-Ou :;:.45(,

AI-ad 2.134 A~.-On, 2.350 AJ -01 2.457
-01" 2.734 -Otl 2.850 -0, 2.425
-0, 2.824 -0", 4500 -0. 2.644
_0,' 2.824 -0:0

,
2.500 -0, 2.454

-0. 2.889 -011 4613 -013 2.349
-00' 2.889 -OiZ~ 2.613 -On 2.323
-0, 2.934 -OtO, 2.728 -01.9 2.173
-02' 2.934 -0.0 2.128 Mean 2.489·

Mean 2.845 Mean 4548

TABLE III. Calculation of Valence Balance in Arrojadite Structure '"

Ato I x, I x, I x, I x. I x, I x, x, I A, I A, I A, I P, I P, P, I T'. P, I P, I
, •

.

0, 0.330 ,1466 0.10; 1.229
I

2.129 0.129
0, 0.355 0.515 1.191 2.061 0.061
0, 0,321 0.313 0.116 1.299 I 2.049 0.049
0, 0.484 0.244 1.281 2.009 0.009
0, 0.454 1.4.42 1.896 0.104
0. 0.355 0.374 1.238 1.961 0.033
0, 0.333 0.390 1.205 1.928 0.012
0. 0.292 0.541 1.115 1.948 0,052
0, 0.319 0.116 0.219 1.290 2.004 0.004
0" 0.234 \1.394 0,150 1.1 '18 1.971 f1.029
0" 0.450 0.127 1.300 1.891 O.lO\l
0" 0.419 0,381 '1.284 2.084 0.084
0" D.456 0.120 0.181 1.232 1.990 0.010
0" 0.341 0.388 0.219 1.141 2.005 0.005
0" 0.167 0.138 1.400 2.005 0.005
0 .. 0.394 0.303 1.221 1.918 0.082
0" 0.338 0.284 1.325 1.947 0.053
Q lli 0.381 0.265 1.277 1.923 OJl71
0" O.lSt 0,406 1.43;' 2/J22 0.022
0", 0.565 0.964 I· j,529 0.029
0" 0.240 0.476 0.250 ',235 2.201 0.201
0", 0.281 0,374 0.151 1.252 2.058 0.058
0" 0.344 0.162 1.392 1.898 0.102
0" 0.295 0.129 1.122 1.546 0.046
O~ 0.286 0.288 0.365 0.939 0.061

-~he data in Table III enable us to assume that the 0 20 and °24 positions are filled by O't. • F-. and (OH)- anions. but tbe 0u positions by mono­
valent P- and (OHr only.
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TABLE IV. Motifs from Cation Coordination (Fe. Mn) Polyhedra
in Structures of Phosphate Minerals

r.ne-dimen- 1TWO-dimen~ .jThree-dimen-
Isolated ·onal (column. l10nal {sheetS) sional (frame-

and bands) works)

and noticed that these minerals are very similar; he re­
garded them as the end members ("mlnaly") of the Iso­
morphous series from Mn-containing dickinsonite to Fe­
arrojadlte. The refined unit-cell parameters of arroja­
dite' are" ~ 24.78; b~ 10.05; c~ 16.15A; (J ~ 105"41',
space group C2/c; they colliirm its Similarity to dickin­
sonite. 2) A detailed study of the chemical composition of
arrojadite from a pegmatite vein at Sidi-Bu-Krish (Mo­
rocco) 8 revealed that this mineral can display cationic
isomorphism over very wide limits; on this basis a new

'general formula was suggested: A~lO(POJs(F,OH), where
X ~ Fe2+, Mn, AI, Ca, Mg, Li, Zn, A ~ Na, K, Ba, Sr,
pb(Ca), (Ll). The unit cell contains six formula units of
this composition..

On the basis of this information we undertook a struc­
tural investigation of an arrojadite specimen from the
"Nickel Plate" formation (USA), obtained from the collec­
tion of the Museum of the Institute of Geological Scienoe
of the Academy of Sciences of the Ukrainian SSR.

The x-ray data consisted of 4102 nonzero reflections
from 22 layer lines (Okl-21kl), registered on a Syntex
Pl automatic diffractometer by the (2 e: e) method with
variable scanning rate of 6-24" per minute (Mo radiation,
graphite monochromator). The parameters of the mOno­
clinic unit cell of arrojadite, refined On the same dif­
fractometer, in a setting suitable for machine calcula­
tions, agreed with the data in Ref. 7: (1 16.476(4), b ~

24.581(5), c ~ 9.996(3) A, y = 105.79(2)'. The systematic
extinctions in the three-dimensional set of reflections
with h + 1= 2n + 1 and k = 2n + 1 (h = 2n + 1) for the hkO
reflections colliirmed the Fedorov group to be B2;b
(C2/c in the previous setting of the crystal axes'). By
means of a Patterson synthesis we located the heavier
X and A atoms in the general formula of arrojadite. The
motif of these atoms is preserved with two types of ar­
rangement in the unit cell differing by 0.25 times the b
translation. The lower R index (0.32) and the better tem­
perature corrections of the located atoms made it better
to use aversion with the Xs cations at the origin. A
cycle of successive approximations (with the usual and
zero Fourier syntheses) located the light atoms. The fi­
nal coordinates of the basis atoms, listed in Table I, were
obtained hy refining the structure in the isotropic approxi­
mation to R =0.135. It is hoped that refinement in the
anisotropic approximation will be completed shortly. The
interatomic distances in the cation polyhedra (Table II)

were used to calculate the local valence balance on the
anions (Table TIn, following Ref. 9, and pointed to the
probable positions of the unlvale'nt F- and (OH) - ions. The
balance quality criterion was about 0.033.

In a number of surveys of the crystal chemistry of
phosphates, it is emphasized that the structures of all
presently known natural compounds contain only isolated
[P041 tetrahedra.') Therefore, in contrast with the sili­
cates, the classification of the phosphate minerals is
based on the type of linkage of the cation polyhedra,ll-13
which playa leading part in the crystal structure.

In a description of the crystal structures of the main
Fe and Fe, Mn phosphate minerals, Kabalov14 showed that
the Fe polyhedra (usually octahedra) can exist either in
isolation or grouped into columns, hands, Sheets, and
three-dimensional frameworks (Tahle IV). MooreH has
made an important contribution to the structural min­
era�ogy of phosphates, which is not only of independent
value, but is broadening our ideas on the Widespread
group of tetrahedral structures of transition metal com­
pounds.

In arrojadite the X-polyhedra have different shapes
(the Xl - 46 ,S-octahedra, Xs semioctahedra, and X,-tetra­
hedra), and this must be regarded as a consequence of
the above-mentioned cation isomorphism. The X~poly­

hedra, whioh are interlinked, form an openwork three­
dimensional framework (Fig. 1) in which the predominant
structural elements are tuhes extending along the dyad
axes [001), made up of three-tiered rings of XI_? poly­
hedra. These hollow rods, which are linked via X,-octa­
hedra (each octahedron has COmmon vertices with four
rings helonging to two neighboring tubes), form wavy
porous sheets parallel to (100) and joined along [1001 via
a common vertex 0" (OR) -. In the outer layers of the
rings (With the central cations at the levels z '" 0.25 and
z '" -0.25), gathered into the tubes, are links consisting
of three and two x-polyhedra. In the links of three poly­
hedra the Xl and Xs octahedra are linked via a commOn
edge, while the X,-tetrahedron, which has One common
vertex with each of the polyhedra, closes them into a
botryoidal group_ In another outer layer there are X2
and X,-octahedra linked via vertiCdS. The two outer

FIG. 1. Framework structure of X-polyhedra in xy _projection in Structure
of artojadite. Dotted shading rnarks octahedra of upper layer of three~tier

rings gathered into tubes. Dashed-line shading marks X5~semioctahedra

and Xs-octahedra of central layer. linked in pairs via edges; solid-line
shadi.ng marks octahedra of bottom layers. Unshaded Al ..octahedron (x8~

position)at center of projection links tubes along y axis. Outer layers of
three-tier rings are supplemented by X7-terrahedra. marked by radial shad..
tng.On dyad axes are A1 atoms (Na. K. Ba. and Sr cations). shad~d and
dashed (hidden) circles are A! (Na) and A3 (NIl..- Ca) carioos.

'Prlphylit.
Sarco¢d.
NatrophlUt.
Whltllmloreite
AnoJad1t.

Eosphorlte
RlJc"kbrldgelte
Beraunite
Duire-nlte
~zhanovsklte
PhOsphofetdte

Vivianite '5uunzlte
Strengite Laueite
Leucopnosphite Ludlarnlte

BarboS<1l1te
Scorzallte
Janslte
Alluaudite
Wiluite
StewaIt!te
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o XI_?

• X.
OA,

@At,J

FIG. 2. P-orthoretrahedra in structure of arrojadite (xy projection). Black
dots ate Al cations (Xi positions), arbitrarily.displaced from their positions
at the inversion centers. At 0.5 of the c-uanslation from the Al cations
there are Na cations (A2 positions). Bonds of A cations with 0 vertices of
P tetrahedra are shown.

layers are fastened together by binuclear complexes of
X;-semioctahedra and Xg-octahedra, paired via an edge,
with central cations lying near the square bases at the
level z '" O. The rings translationally repeating along the
z axis touch one another at a single point, the 025 vertex,
which belongs simultaneously to the X, and X, octahedra,
and they are thus condensed into tuhes.

Refinement of the multiplicities of the cation posi­
tions X and A and analysis of the interatomic distances
in their polyhedra supports our hypothesis concerning
the arrangement of cations in the structure of arrojadite.
The positions X1- Sapparently all correspond to Fe and
Mn atoms. Considering that in all previously solved
phosphates the Fe atoms lte in octahedra, it is natural
to suppose that the positions X1-, are occupied mainly by
Fe, and the positions Xs, with fivefold coordination, by
Mn atoms. In the remaining three positions X there are
probably the ligbter atoms AI, Mg, Li, and Ca, of which
the total number in the cell, according to Huvelin et al.,'
is about 10. The short distances in the X, octahedra (av.
1.890 A) show that Al atoms predominate in these. In the
Xg octahedra and X, tetrahedra there may be a statistical
alternation of light atoms with Fe, Mn, and Zn atoms (in
approximately the ratio 3: 5). On these assumptions we
get good agreement with the chemical analysis data: the
total numher of Fe and Mn atoms in the unit cell is about
50, and the total number of all atoms is X '" 60.

Binuclear complexes of polyhedra paired via edges
(like the Xs; polyhedra in arrojadita) are characteristic
of Mn2+ cations. Paired semioctahedra have already been
found in K2Mn2Zn,Si4015 (Ref. 16), and trigonal bipyramids
with central Mn2+ ions, linked via edges, are present in
tbe structure of Na2Mn2Si20, (Ref. 17). One may note that
in the Mn polyhedra paired via edges the distance hetween
the central cations is shortened: In Na2Mn,Si20, the Mn­
Mn distance is about 3.5 A, while in K2Mn2Zn,SiPIS the
Mn-Mn distance is about 3.0 A, and in arrojadite Xs-X, '"
3.2 Jl..

The large A cations occupy three positions in the
structure. in one of these (AI) the (Na + K) and (Ba + Sr +
Pb) atoms are statistically distributed in the ratio 1 : 1.

These cations link rings of XI_, polyhedra along the z axls
and are arranged within the hollow channels on the dyad
axes. The coordination polyhedron of the Al cations is
formed by eight ° atoms at the vertices of a slightly de­
formed cube (Fig. 2). The A2 cations, which are mainly
Na atoms, occupy positions at the inversion centers ,alter­
nating along the z axes with the X8 octahedra. Their poly­
hedra are also deformed cubes, joining sets of four rings
of X polyhedra within a sheet. In the gaps in the three­
dimensional framework of X polyhedra there are A, (Na +
Cal cations which fix the tube walls along [100]. The poly­
hedra of these atoms are formed by seven 0 atoms at the
vertices of a single-capped pseudotrigonal prism.

In arrojadite the subordinate architectural role of
the P-tetrahedra is clearly manifested. They are all iso­
lated and tetradsntate (each 0 vertex is common to at
least one X polyhedron). The main function of the five P
tetrahedra (PI_",) is to fix the bonds in the direction of
the a axis between adjacent sheets (cores) of X and A I- 2
polyhedra, distinguishable in the three-dimensional
framework. We can assume that the P tetrahedra form
torn "chain mall" simllar to the "crumbled" 8i chain
mall in a number of sllicate structures. A less important
role belongs to the P 5 tetrahedron, which takes part in the
fixation of the upper and lower layers within the rings of
XI -1 polyhedra.

The distances in the P tetrahedra are close to the
usual values. The high value of Bj for the P s atom may
be evidence of some deficit of P atoms at these sites.
The valence balance of the anions enables us to cons ider
two positions of oxygen atoms (020 and 024) in P s and P,
tetrahedra as probable for the statistical arrangement of
0 2-, F-, and (OH)- anions, especially as the p-o dis­
tances are the greatest in the corresponding tetrahedra,
and, as observed in many structures,I8 the P- (OR) or
P-F distances are usually greater than P-O. One of
these positions (020) corresponds to a vertex which links
the P, and X, tetrahedra and is characterized by a certain
instability (comparatively high value of the thermal cor­
rection for 020)'

In comparison with the published chemical analysis
results the contents of the unit cell display a deficit of
Na atoms, but a difference synthesis at the concluding
stage of the interpretation revealed·no appreciable maxi­
ma. The formula of arrojadite based on structural data
can be written as

Na,.,(Na, K, Ba, SI')",(Na, Ca)'(Fe, Mn).i\l, .• (Li, Mg, Ca, AI,

Fe, Mn), [PO,J.[PO,(O, F, OR)]'· (OR) 4)

with Z = 8.

Fuchs2 ohserved that arrojadite and panetite5) have
simllar composition and similar unit-cell parameters.
According to Fuchs,' both minerals have defect structures
which can he written in the form AmBn(PO;) 48' The unit­
cell contents of both minerals have variable amounts of
cations A and B, the total positive charge on these being
144 approximately. In the light of this analogy, the sts­
tistical distribution of the cations over the X and A posi­
tions in the structure of arrojadite hecomes perfectly nor­
mal.

428 SOy. Phys. Crystallogr. 24(4), July·August 1979 Krutik et al. 428



The comparatively high value of the R-index may be
due to the inexact proportion in which the cations are dis­
trlbuted over the X and A positions, and to the tendency
of arrojadite to form polysynthetlc twins owing to the ra­
tio between the unit cell parameters, a "16 A and b "
24 A(three times the a parameter is equal to twice the b).

The authors thank O. G. Karpov for help in the calcu­
lations and for taking part in discussing the results of the
above work.

thn 3 message to the mineralogical society of the USA,! Prof. D. Fisher, the
first President of the International Mineralogical Association, men.tions the
large number (over 100) of phosphate minerals discovered mainly in pegma­
dres. In recent years this information has been supplemented by a number
of discoveries of namral phosphates found not only in terrestrial rocks but
also in meteorites (farringronire. bryanite. p.anerite, erc,).2
Z}The crystal-geometrical characteristics of dickinsonite, (NIl2KSCas)(Mns9'
FelsMgs)(P04J48 (Ref. '7), are: (l " 24.89; b == 10.11; C'" 18.68 A: 8 =
HW41'; Z'" 1; space group C2/c.
3)Motifs'with condensed [po41 tetrahedra are less stable and are found only

among synthetic compounds. 10

4)rne Slight exce~s of toral negative charge in this formula can be com­
pensated by oxidation of a small propordon of the Fe and Mn atoms to the
trivalent state.
·)The crystal geometry of panetite. {Na. KJ3fj(Mg, ca, Fe, MnM?04)4& is as
folloWS: (t ::: 10.18; b'" 14.90; c ::: 25.87 A,; /; A:1 ~l.l·, Pedorov group P2/n.
If we can find the structure of panetite. We should be able to answer the
question of how it can be isostructural with I:lrrojadite while their redorov
groups are different,
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I Synthesis and crystal structure of double molybdates of sodium
r and zirconium

R. F. Klevtsova, L. A. Gaponenko, L. A. Glinskaya, E. $. Zolotova, N. V. Podberezskaya,
and P.V. Klevtsov
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The Na,MoO.-Zr(MoO,), system has been found to contain double molybdates of the compositions
Na,Zr(MoO,), (1:1) and N",Zr(MoO,), (2:1). The compounds melt at 610 (1:1) and 62S'C (2:1) with
decomposition. Single crystals have been obtained from a solntion in an Na,Mo,O, melt. The crystal
strnctures have been determined and refmed by MLS from three.dimensional diffraction data
(Weisenberg x-ray goniometer. Mo radiation) to R = 0.09 and 0.092 (in the isotropic approximation). 1n
the structure of Na,Zr(MoO,), the coordination polyhedra (Na and Zr eight-pointed polyhedra and Mo
tetrahedra) and their linkages are like those for the scheelite structure. In the structure of
N",Zr(MoO,), the Zr and Mo atoms exhibit a similar coordination (8 and 4), but the coordination of the
Na atoms is reduced to octahedral. The relation of both structures to the scheelite structure is discussed.

PACS numbers: 61.~. + m, 8UO.Dn

Two series of double molybdates of sodiu:m and tetra­
valent elements (Me'''' ~ Th, Mp, Pu, or U) of the composi­
tions Na2Me.... (Mo04!, and Na4Me4+(Mo04! 4have been ob­
tained1-, According to the x-ray. data, all the compounds
of the first sertes are lsostructural with tetragonal
scheelite, presupposing statistical distrtbution of the Na'"

and Me'''' cations over the Ca2+ positions In the CaWO j

structure. Compounds of the second series 'also crystal­
lize on the basis of the scheelite structure. We have in­
vestigated phase formation in the Na2MoO.-Zr(Mo04!z
system, the conditions for synthesis of single crystals of
the new phases In solutions in melts, and determined the
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