
Silikáty XXV, s. 113-116 (1981) 

TH E CRYSTAL STRU CTUR E OF Ca3(Cr04)2 

DALMA GYEPESOVÁ, MILAN HANDLOVIČ, SLAVOMIL ĎUROVIČ 

Institute oj Inorganic Ghemistry, Slova.k Academy oj Sciences, 809 34 Brntislcwa, Dúbravslcá cesta 5 

Received 11. 12. 1979 

Ca3(CrO0)z crystallizes in the trigonal space gi·oup R3c·. The lattice para
meters in the rhombohedral (R) cmd in the coi'l'esponding hexctgonal (H) de
scription ai·e as jollows: aR = 1.4148(3) nm, a = 44.77(1}°, ZR = 7 and 
aH = 1.0776(2) nm, cH = 3.8119(5) nm, ZH = 21. Ca3(CrO4)z is isostructitral 
with Ca3(VO4h, Ca3(AsO4)z and � Ca3 {PO4)z . The structure was i·efined 
(isotropie temperature jactors, 1749 independent dijractions) itp to R = 0.087. 
The Ca aJoms are coorclinated by 6, 7 or 8 oxygen atoms. The coordination oj Cr 
is tetrahedral. 

INTRODUCTION 

The compound Ca3(Cr04)z is a significant phase in the system CaO-CrOx, Its 
fonnation rednces refractoriness of calcium-rich coinpositions of these systems in 
an oxidizing atmosphere [l]. 

EXPERIMENT AL 

Single crystals of Ca3(Cr04)z in a fonn snitable for strnctural analysis were synthe
tized by Fignsch and Pánek [l]. They are opaqne, black, dark-green translncent 
in thin Iayers, with a more or less irregular habit exhibiting two and rarely three 
developed faces. The crystals show conchoidal fracture and are optically anisotropie. 

The selected monocrystal of Ca3(Cr04)z was ground to a spherical shape with 
0.038 cm in diarneter. The Iattice parameters and the intensities of individua! 
diffractions were measured on the SYNTE X P21 automatic diffractorneter with 
a graphite monochromator, using Mom. radiation. The lattice parameters were 
refined by the least-squares method from the data on 15 diffractions at 293 K: 

aR = 1.4148(3) mu, o:: = 44.77(1)0

, ZR = 7 and aH = 1.0776(2) rnn,. CH= 
= 3.8119(5) mn, ZH = 21. The space group is R3c, ()cal = 3.20 Mg/1113,. (lexp = 
= 3.15(1) Mg/m3, 

The intensity data were obtained in the interval 0° < 20 < 70° using the 0 - 20 
scanning technique with a variable scanning speed from 4-27° min-1

. The stability 
of measurements was checked by means of two standard diffractions. 

The intensities and their standard deviations were computed by the program 
INTER (XTL system) [2]. Among 2666 diffractions measured (rednced to 1901 
symmetrically independent ones) 1749 complied with the condition I > 1.96 a(I). 
The intensities were corrected for Lorentz and polarization factor, as well as for 
absorption (/t = 50.9 cm-1) by the NRC2A program modified by Hašek (1978) [3]. 

On the basis of similarity of the diffraction pattern of Ca3(Cr04)z with that. of 
Ca3(V04)z [4], Ca3(As04)2 [5] and �Ca3(P04)z [6] and of similar values of .the lattice 
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parameters of these éompounds, close similarity of their crystal structures was 
assurned. The initial model of the strnctme of Ca3(CrO4)2 was based on the analogy 
with the structme of Ca3(VO4)z. This model was refined by the least-squares method 
using block diagonal approximation [7]. After six cycles (with individua! isotropie 
temperature factors) the R.-factor dropped from 0.368 to 0.087. Atomic scattering 
cu:rves have been taken from [8]. At this stage, electron-density difference synthesis 
11nd interatomic distances and angles were calculated with prngrams [7], [9]. Ali 
t.lte calculations were carried out on the SIEMENS 4004/150 computer. The resnlts
are listed in Tahle I (hexagonal axes).

RESULTS AND DISC USSION 

An interpretation of the electron-density difference synthesis prnved the correct
ness of the principal features of the Ca3(CrO4)z crystal stnicture. 

The results of. electron paramagnetic resonance measurements have confirmed 
. the presence of Cr5+ in the investigated structure [10]. This follows also from the 
structural analogy of Ca3(CrO4)z with Ca3(VO4)z, Ca3(AsO4)z and f3Ca3(PO4)2• 

Table I 

Structurai parameters of Ca3(CrO4), 

Atom I X I y I z I B I occupancy 

Cr(2) 0.3107(2) 0.1396(2) 0.1332(1) 0.46(2) 1 
Cr(3) 0.3611(2) 0.1648(2) 0.2346(1) 0.66(2) 1 
Ca(l) 0.2840(3) 0.1672(3) 0.9400(1) 1.48(4) 1 
Ca(2) 0.2729(2) 0.1366(2) 0.8345(1) 0.76(2) 1 
Ca(3) 0.3881(2) 0.1808(2) 0.0349(1) 0.80(3) 1 
0(1) 0.2817(13) 0.0864(13) 0.0916(3) 1. 77(16) 1 
0(2) 0.2368(12) 0.2368(11) 0.1471(3) 1.44(13) 1 
0(3) 0.2769(9) -0.0171(9) 0.1643(2) 0.62(9) 1 
0(4) 0.4916(11) 0.2466(11) 0.1420(3) 1.20(12) 1 
0(6) 0.3879(13) 0.1812(13) 0.2772(3) 1.76(16) 1 
0(6) 0.4013(10) 0.0340(10) 0.2230(2) 0.93(11) 1 
0(7) 0.4300(13) 0.3187(13) 0.2164(3) 1.72(16) 1 
0(8) 0.1738(10) 0.0774(9) 0.2238(2) 0.86(10) 1 
0(10) -0.0038(11) 0.1444(9) 0.0132(2) 1.02(11) 1 
Cr(l) · o o o 1.60(6) 1 
Ca(4) o o 0.2676(2) 0.99(4) 1 
Ca(6) o o 0.0744(7) 1.00 0.07(2) 
0(9) o o 0.9633(6) 1.71 0.68(7) 

The structure of Ca3(CrO4)z contains discrete CrO4 groups similarly to all the so 
far known compounds of Crs+ [11]. The mean Cr-O distances for three independent 
tetrahedra are 0.165, 0.168 and 0.170 nm, respectively. The Ca atoms are coordinated 
by 6, 7 and 8 O atoins, respectively and the corresponding Ca-O distances vary 
from 0.234 to 0.281 nm. 

In connection with the location of Ca(5) and 0(9) atoms on the threefold axis 
(cf. Tahle I) the present authors encountered similar problems as the investigators 
of the analogous structures mentioned above. The higher values of the thermal 
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pa,ra111eters for these atorns are explained by their positional disorder. The refine
ment of the strncture of Ca3(CrO4)z was accompanied by a distinct decrease of the 
occupancies of Ca(5) and 0(9) atoms. This CaO deficit is in agreement with (2exp =
= 3.15(1) Mg/1113 as well as with the result of _the electron-density difference synthe
sis. The ideal content of the hexagonal unit ceU with respect to the fommla Ca3(CrO4)i 
and the number of formula units in it is Ca63Cr42O 168 = 21 Ca3Cr2O8 • This content 
of the cell c01Tesponds to (!cal = 3.20 l\1g/m3. In view of the occupancy factors of 
the Ca(5) and 0(9) atoms, the observed unit cell content is Ca60.42Cr42O16s,4s =
= 21 Ca2.88Cr2O7 •88 , which means that the strncture contains vacancies in the po
sitions of ato111s Ca(5) and 0(9). • 

A detailed treatment of this problern and its crystallochemical implications will 
be the subject of a separate study. 
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KR YŠTÁLOV Á ŠTR UK TÚRA Ca3(CrO4)z 

Dalma Gyepesová, Milan Handlovič, Slavomil Ďurovič 

Ústav ctnorgcmiclcej chémie, Slovenslcá akadémict viecl, Bratislciva 

Ca3(CrO4)z kryštalizuje v trigonálnej sústave, priestorová grupa symetrie R3c. Mriežkové 
parametre v romboédrickom (R) a zodpovedajúcom hexa.gonálnom (H) popise sú: ctn, = 
= 1,4148(3) nm, ex= 44,77(1)0

, Zn, = 7 a ctH = 1,0776(2) nm, CH= 3,8119(5) nm, ZH = 
= 21. Ca3(CrO4), je izoštruktúrny s Ca3(VO4)z, Ca3(AsO4)z a �Ca3(PO4)i. Štrnktúra sa spresňovala 
s izotrópnymi teplotnými faktormi do hodnoty R = 0,087 pre 1749 pozorovaných nezávislých 
difrakcií. Atómy Ca sú koordinované 6, 7 alebo 8 atómami kyslíka.- Koordinácia atómov Cr je 
tetraédrická. Pri riešení kryštálovej štruktúry Ca3(CrO4)z sa vyskytli analogické problémy ako 
v prípacle izoštruktúrnych zlúčenín. 
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H'.PHCTAJIJII'11IECKAH CTPYKTYPA Ca3(Cr04)z 

,Il;aJIMa ,IJ;erreruoBa, MIIJIUR faHAJIOBl1'I, CJiaBOMHJI ,Il;mpoBirn 

Jil11cmumym Heopact1-iu'lec1,,oii xu,Huu C.rioea!f1wii a1;aéJe.1.iiw nay1;, Bpamuc.riaea 

Ca3(Cr04)2 RpHCTaJimrnyeT B TPIIrOHUJibROŘ CHCTeMe, npocTpaHCTB0RHa/I rpyrrrra CHM
MeTpHH R3c. IlapaMeTpbI perrreTRH B poM609APII'IeCROM (R) H COOTB0TCTBYIOI.I\0M reHcarorraJir,
HOM (I-I) orrucaHHH lIBJllIIOTClI: llR = '1, 4'148(3) HM, (Y. = 44,77('1), ZR = 7 11 ClH = '1,0776(2) 
HM, cn = 3,8'119(5) HM, Zn = 2'1. Ca3(Cr04)2 H30CTpyrnyperr c Ca3(V04)2, Ca3(As04)z 
u �Ca3(P04)z. CTpyrnypa yTO'IHlIJiacr, c 1,rn0Tporrrrr,1MH TeM1rnpaTyprrr,rMH qiar{TopaMH AO
Bem1qHHI,I R = 0,087 )�JI/I '1749 I1CCJI0AY0MbIX H03UBHCHMI,JX AHqipaHIJ;HŘ. ATOMI,J Ca HOOPAH
HHpOBUHI,I 6, 7 HJIH 8 aTOMaMH I{JJCJIOpOAU. KoopAHHal.J;HlI aTOMOB Cr lIBJI/I0TClI TeTpa-
9ApHqecHOŘ. Ilpu perneHHH HpncrnJIJIH'IeCHOŘ CTPYRTYPbI Ca3(CrO.)z BcTpe•ianucr, arraJiorH'I
nr,re npo6JieMbI, Kal{ H B CJiyqae H30CTPYRTyprrr,rx C00AHR0HHŘ.
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