Crystal structure of dicalcium chromate hydrate
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Direct methods and Rietveld analysis were applied to high-resolution synchrotron X-ray powder
diffraction data to solve the crystal structure of dicalcium chromate hydratgdfCg- 3H,0). The
compound crystallizes in monoclinic symmetryspace group Cm, Z=2), with a
=8.23575(5) A, b=7.90302(4) A, c=5.20331(3) A, and8=98.01373)°. The structure is

built from double-layers of CrQtetrahedra and CaOpolyhedra that run parallel to th@021)

plane. © 2004 International Centre for Diffraction Data[DOI: 10.1154/1.1648316

. INTRODUCTION Ca OH),+ CaCrQ- 2H,0— CaCrOs- 3H,0. (1)

.The oc_cupationa}I and environmental health hazargis aSrhis compound persists throughout the hydration pedod,
sociated with chromium date back to the 1920s, when it wagg solubility ultimately determines the mobility 6 in a

first observed that the lung cancer rate among the wor kers 'Bement-waste matrixn this respect, understanding the crys-
the German chromium processing mdgstry was notlceabl¥al structure of CaCrOs- 3H,0 is of major interest, since it
h|_gher than that of_the ge_neral populatldmngard, 1990 ._can be used to make predictions on solubility-related phe-
Since then, extensive environmental, chemical, and medic omena, such as the incongruent dissolution of Ca and Cr
rese_arch has led to significant progress_in t_he unc_ierstandiqgns in (fa;CrOs-SHZO recently observed in standard leach-
of different aspects of chromium contamination. It is known,mg tests(Omotosoet a'l 1998, b

for example, that trivalent chromium (#) compounds are ’ e

v insolubl h h | hromium“{C In this paper we present the structure determination of
generally insoluble, whereas hexavalent chromium=Cr CaCrO;-3H,0 from synchrotron X-ray powder diffraction

forms soluble compounds, and thgs has the ability to PE€NGata collected on a sample containing two phases: the main
etrate through cell membranes, mainly because of the Chem('CazCrOS-SH 0) phase and an impurity (Ca(Op))phase
cal similarity of CrOZj2 to phosphate, which is transported 2 |

, : X . whose structure is known. We first performed a Le Bail fit
into all cells. Once in the cell ¢} is transformed into ct, (Le Bail et al, 1988 to the main phase, simultaneously with
which, in turn, can induce different types of genetic damage, Rietveld refinement of the impurity phase, in order to ex-
(Qi etal, 2000. It is also well established that the most (5 the integrated intensities of the former. These were sub-
damaging ingestion pathway for Ciis inhalation(Langard, sequently used as input for the direct methods structure-
1990 and, consequently, ®rcontaminated wastes should determination programsirRPow (Altomare et al, 1994.

not be incinerated. Another method of disposing of SUCFEventuaIIy, the structure provided bsiRPow was refined

wastes would be to place them in landfills, but, in time, theyusing the program packaggsas (Larson and Von Dreele,
are likely to leach and may contaminate ground water re19g7).

sources. A better solution is to contain the wastes in ordinary

Portland cement, where heavy-atom contaminants are typi-

cally |mmo_b|I|zed in a high-strength monolithic cement- | ey pERIMENTAL DETAILS

waste matrix. Depending on the type of the metal ions, sta-

bilization can be through chemisorption, precipitation,  To produce CgCrOs-3H,0, analytical grade calcium
chemical incorporation in the hydrated cement phases, phys¢arbonate obtained from Fisher Scientific™ was ground to
cal entrapment, or a combination of the&®lasser, 1993; less than Sum in a micronizing mill and calcined at 950 °C.
Meanset al, 1995. Cr'' contaminants added to Portland The resulting calcium oxide was slurried with de-ionized wa-
cement are known to be very mobile, except when additive¢er in an inert atmosphere to prevent carbonation. The cal-

are mixed with the cement paste to reducé'ao Cr"  cium hydroxide slurry produced was reactedhwitM CrO;
(Kindness et al, 1994. Typically, when CY' solution is  solution (Ca:Ct2) according to
added to Portland cement, soluble CagrZH,O forms 2Cd OH),+ CrO;+ H,0—Ca,Cr0s-3H,0.  (2)

within the first day of reaction. However, as more calcium ]

comes into the pore solution from dissolution of the trical- The slurry was filtered through a 0.48m cellulose acetate
cium silicate component of Portland cement, the new stablg'embrane and washed with de-ionized water. The filtered
product is CaCrOs-3H,0. In the cement—Ct waste ma- residue was dried over a dessicant in an inert atmosphere,

trix, Ca,CrOs- 3H,0 is formed according tOmotoscet al, and its density was measured using the ASTM helium pyc-
1998a, b nometer methodASTM D2638-91, 199Y.

Diffraction data were collected on the SUNY X3B1
High-Resolution Powder Diffraction Beamline at the Na-
¥ Electronic mail: botez@bnl.gov tional Synchrotron Light Source, from a sample contained in
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Figure 1. Two-phase [C&CrOy
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sent the scattered intensity as a func-
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a 0.5-mm-diam glass capillary. X-rays of wavelength 0.6995125 integrated intensitigsip to 34.95° in 2), corresponding

A, selected by a double-crystal monochromator, were usedo as many Bragg reflections for the main,CaOs- 3H,0

The wavelength and the “zero” of the diffractometer were phase.

determined with a NIST1976 corrundum standard. During  The integrated intensities, together with the unit cell in-
the measurement, the intensity of the incoming beam waformation, were input into the direct-methods structure deter-
monitored by an ion chamber and normalized for the decaynination progransiRPOW. SIRPOWruns were performed us-

of the primary beam. The beam diffracted from the sampléng each of the allowed space groups. No satisfactory
was analyzed by a G&l1) crystal before being measured by solution was found forC2 (R,(f)=0.118) and C2/m

a N&TI)I scintillation detector. The powder diffraction pat- (R, (f )=0.279), while switching toCm dramatically re-
tern was recorded at room temperature, overfaa@gular  duced theR-factor (R,(f)=0.044), suggesting that this
range between 6 and 358 1.16 A). Counting time was 6 space group is associated with the correct solution. Here, the
s at each 0.005° @step. During data collection, the capillary R-factor is given by

containing the sample was spun around its longitudinal axis )
perpendicular to the direction of the main beam. S(|Fo—Fc|XFp)

= SRR

()

whereF, andF. are the observed and the calculated struc-
ture factors, respectively, and the summation is over all the
The powder diffraction pattern includes reflections from 125 Bragg reflections from dicalcium chromate.
the main CaCrOs- 3H,0 phase, as well as from the impurity The program packagesas was used to refine the best
Ca(OH), phase. Since the structure of calcium hydroxide isstructure provided by sirRrow—the final two-phase
known, the low-angle reflections belonging to each phas¢CaCrO;-3H,O and Ca(OH)] Rietveld refinement is
could be separated for indexing purposes. Then, the angulahown in Figure 1. For the dicalcium chromate phase we
positions of the first 20 reflections from the dicalcium chro-allowed the variation of the following quantities: the nonhy-
mate phase were accurately determined by fitting the corredrogen atoms coordinates, isotropic thermal parameters, pro-
sponding peak profile and input into the auto-indexing pro<ile parameters, unit cell parameters, and weight fractions.
gramiTo (Visser, 1969. The indexing yielded a monoclinic No restraints were used. For the impurity phase we only
unit cell for CaCrOs- 3H,0 with a figure of merit of 80. The refined the unit cell and the profile parameters. A pseudo-
same cell was obtained with both trial indexiftREOR—  Voigt convoluted with an asymmetry functigfingeret al,,
Werneret al, 1985 and successive dichotompicvoL— 1994 was used to model the peak profiles. The results of the
Boultif and Louer, 1991 The possible space groupS2, best Rietveld refinement are shown in Table I. It should be
C2/m, and Cm, were then determined from systematic- emphasized that the estimated standard deviati&®D9
absences considerations. The number of formula units/unlisted arestatistical estimateswhich are valid under the as-
cell (Z) was found using the measured density and the unisumption that the only difference between the derived model
cell volume. A two-phase LeBail fit using the prograsuLL- and physical reality is in the experimental counting statistics.
PROF (Rodriguez-Carvajal, 1990allowed the extraction of Also worthy of note is the small weight fraction of calcium

IIl. STRUCTURE DETERMINATION AND DISCUSSION
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TABLE I. Crystallographic data and details of the Rietveld refinement.

CaCrO;-3H,0 Ca(OH),
Crystallographic data
Space group Cm P-3m1
a(h) 8.23575%5) 3.593133)
b(A) 7.903024) 3.593133)
c(A) 5.203313) 4.91236)
a(®) 90 90
B(°) 98.01373) 90
v(°) 90 120
V(A3) 335.362 54.924
Measuredp(g cm ) 2.5612)
Calculatedp(g cm 3) 2.576 2.240
Rietveld refinement details
Weight fractions(%) 97.5 2.5
No. of reflections 125 21
No. of refined parameters 28 5
Rg 0.0519 0.1166
MA) 0.6995 ’
(SINON) maA ™Y 0.4298
Step length (°) 0.005
R, 0.063
Rup 0.085 v
x° 6.98
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Figure 2. 3D structure of G&rO5- 3H,0, highlighting the CrQ tetrahedra

an
hydroxide (2.5%). The refinement is stable with 33 param-

eters varying simultaneously and has figures of mijt,

d the Ca@ polyhedra.

=0.085 andy’=6.98. No preferred orientation effects were oriented (quasj-parallel to the(001) face of the unit cell.

observed.

Table Ill(a) shows the values of the Cr—O bond lengths and

Table Il shows the fractional coordinates of the nonhy-O—Cr—O bond angles that define the Gri@trahedra.
drogen atoms for the two phases. Several attempts were The coordination sphere of Ca, including the values of
made at finding the missing hydrogens using Fourier differthe Ca—O bond lengths, is shown in Figure 3. Oxygens O4,

ence maps, but they could not be unambiguously located,
most likely because of the presence of the much heavier
and Ca atoms. The three-dimension@D) structure of

CerBLE Ill. Selected bond lengths and bond angles and torsion angles in the
(a) CrO, tetrahedra andb) CaQ; polyhedra. Numbers in parentheses are

CaCrO5- 3H,0 is shown in Figure 2. It consists of double statistical ESD values derived from the Rietveld refinement.

layers (CrQ tetrahedra and Ca{polyhedra that run paral-

lel to the (001) face of the unit cell. Within each double @

CrO, tetrahedra

Bond lengthsA)

layer, the distance between the Ca and the Cr planes is
3.0858 A. Each chromium atom is coordinated with four
oxygen atoms, forming tetrahedra whose O1-03-01 base is

Cr1-01
Crl1-02
Crl-03

1.68%)
1.638)
1.6407)

CrO, tetrahedra

Bond angles (°)

TABLE Il. Fractional atomic coordinates for @arOs-3H,O and
Ca(OH),. Numbers in parentheses are statistical estimated standard devia-
tions from the Rietveld fit.

01-Cr1-02
01-Cr1-03
02-Cr1-03

108.@)
109.@)
112@)

CaQ; polyhedra

Bond lengthgA)

Cal-01

Cal-02

Cal-03
Cal-H)0O4
Cal~«H)O5
Cal«H)O6

2.786)
2.49%)
2.52(5)
2.4995)
2.4025)
2.3554)

CaQ; polyhedra

Bond angles (°)

X Y z Uiso ®)
Fractional coordinates (G&rOs- 3H,0)
crl 0.17803) 0.000 0.3235) 0.01087)
Cal 0.809(8B) 0.23582) —0.0774(5) 0.00906)
o1 0.06896) —0.1741(5) 0.22589) 0.00597)
02 0.209%8) 0.000 0.641611) 0.00597)
03 0.34987) 0.000 0.196211) 0.00597)
04 0.74178) 0.000 0.209611) 0.00597)
05 0.53866) 0.15626) —0.2740(8) 0.00597)
06 0.86917) 0.000 —0.3243(11) 0.00597)
Fractional coordinates (Ca(Ok)
o1 0.333 0.666 0.766 0.0144
H1 0.333 0.666 0.574 0.0144
Cal 0.000 0.000 0.000 0.0144

01-Cal-02

02-Cal-03

01-Cal-03
(H)04-CalH)05
(H)O5-Cal+H)06
(H)04—Cal+H)06

85.42)

70.20)

61.12)
77.82)
79.22)
79.42)
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