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Abstract. The structure of synthetic K2Mg(C03h is trigonal with space
group R3m, ao = 5.150(1), Co = 17.290(3) A, Z = 3 and Dx = 2.79 g cm -3,

andwas refined to R (unweighted) = 0.057 and R (weighted) = 0.036 using
280non-equivalent reflections. The compound is isostructural with buetsch-
liite,K2Ca(C03h The structure consists of isolated [C03]2 - polyhedra
(C-O distance 1.283 A), [Mg06] octahedra (Mg- 0 distance 2.093 A) and
[KOg]polyhedra (K - 0 mean distance 2.801 A). The [C03F - group is
non-planar and the distance of the carbon atom from the plane of the three
oxygenatoms is 0.014(3) A.

Introduction

Doublecarbonates containing both alkalis and alkaline earths, with com-
positions Na2Mg(C03h, Na2Ca(C03h, K2Mg(C03h and K2Ca(C03h
were synthesized by Eitel and Skaliks (1929). Whereas K2Ca(C03h.
buetschliite, and Na2Mg(C03h. eitelite, were recognized as minerals
by Milton and Axelrod (1947) and by Milton et al. (1955) respectively,
K2Mg(C03h has not been found in nature. The structure of eitelite
and buetscWiite has been reported by Pabst (1973, 1974) and refined
by Knobloch et al. (1980). In the 'present study it is demonstrated that
K2Mg(C03h is isostructural to buetschliite as previously suggested by
Simonsand Sharma (1982a) and that the [C03]2- group is non-planar.

Experimental

Singlecrystals of K2Mg(C03h were synthesized as follows:
Dried reagent-grade K2C03 and natural magnesite rhombs from Brazil

assource of MgC03 were mixed in equimolar proportions, ground for 1/2h
underacetone in an agate mortar, kept at 383 K for 12 h, and 50 mg aliquots
werepressed into Au capsules. These capsules were placed in a cold seal
hydrothermalpressure vessel and subjected to 0.1 GPa using C02 as pressure
transmittingmedium. Temperature was raised to 1023 K and held constant
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for 1/4h. Under these conditions, the samples melt, and if rapidly quenched to
room conditions they give clear transparent glasses. Such glasses have been
investigated by Sharma and Simons (1980) and Simons and Sharma (1982b)
by Raman spectroscopy. However, in the present study temperature was
lowered to 573 K as fast as possible and pressure was lowered to 0.025 GPa
simultaneously. These conditions were kept constant for 24 h yielding clear
transparent crystal fragments.

A crystal measuring 0.04 x 0.04 x 0.15 mm was used for data collec.
tion on an automatic Philips PW 1100 four-circle diffractometer with graph.
ite-monochromatized MoKex radiation (Ie = 0.7107 A) and w-28 scan

(8max= 40°). The intensities of 1384 reflections were measured. Symmetry
equivalent intensities were averaged to give 326 non-equivalent reflections;
280 of them had IFo I~ 30" (lFo I) and were used for the subsequent
refinement. The standard deviations, 0"(Po), were estimated using the formula
cited by Stout and Jensen (1968). Refined ceil dimensions were determined
with the program LA T written by Hornstra and Vossers (1973/74). Lorentz,
polarization and absorption corrections (Busing and Levi, 1957) were
applied [j1(MoKex) = 18.51 cm -I]. The structure was refined by full-matrix
least-squares analysis with the program SHELX-76 (Sheldrick, 1976),
starting with the atomic coordinates given by Pabst (1974) for buetschliite.
The atomic scattering factors were taken from the International Tables forX.

- ray Crystallography, Vol. IV, 1974, for neutral atoms. Anisotropic refine.

ment of the crystal structure converged at R (unweighted) = 0.057 and
R (weighted) = 0.036 {R (weighted) = [l:w (IFo I-/Fe 1)2j1/2/(l:w F;)1/2,

w = 1/0"2}. Final atomic parameters are given in Table 1, bond lengths and
angles in Table 2. A list of observed and calculated structure factors can be
obtained from the authors.

Description of the structure and results

The structure of K2Mg(C03h consists of [Mg06J octahedra, [K09J poly-
hedra and isolated [C03P- groups. Mg-O distance is 2.093A and the
0- Mg- 0 angles direct to a slightly distorted [Mg06J octahedron (88.79-
91.21). The K-O distance averages 2.801 A (Table 2). The [C03J2- groups
form double layers in which two opposite groups are twisted with respectto
each other by an angle of 60". The structure is isotypical to buetschliite,
K2Ca(C03h (Pabst, 1974), and displays a C-O distance of 1.283 A. Since

the C atom is located on a three-fold axis, the three C - 0 distances are equal

and the 0 - C - 0 angles are 119.99 . As has been reported for buetschliite
the [C03P - group has been observed to be slightly pyramidal in the present
structure as weil. The C atom lies 0.014(3)A out of the plane of the three0
atoms, and pointing to the Mg atom. This distance is less than that observed
for buetschliite with 0.038(9) A by Knobloch et al. (1980). However,
comparable distances for the out-of-plane C atom as in the K2Mg(C03)2
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Table l. Positional and thermal parameters with standard deviations. The anisotropic tem-
perature factors have the form. T=exp[-2n2(Ullh2a*2 + U22k2b*2 + U"FC*2

+ 2Ul2 hka*h* + 2 U13 hla*c* + 2U23 klb*c*)]

x y z

K o o 0.2103(1) 0.0103(4) 0.0103(4)

Mg o o o 0.0082(8) 0.0082(8)

c o o 0.5961(1) 0.0096(12) 0.0096(12)

o 0.1438(4) 0.8562(4) 0.5953(1) 0.0128(6) 0.0128(6)

K 0.0190(5) o o 0.0051(2)

Mg 0.0105(10) o o 0.0041(4)

c 0.0055(16) o o 0.0048(6)

o 0.0167(7) 0.0004( 4) -0.0004(4) 0.0095(7)

Table2. Interatomic distances (A) and angles ()

C-O polyhedra K - 0 polyhedra

c-O
0-0
O-C-O

1.283(1) x 3
2.222(1) x 3

119.99(1) x3

K-O 2.733(1) x6
2.938(2) x 3

2.801mean

Distance a plane-C atom 0.014(3) A

Mg-O polyhedra

Mg-O 2.093(1) x 6
O-Mg-O 88.79(6) x 6

91.21(6) x6
180.00(0) x 3

structurehave been observed for eitelite, NazMg(C03b with 0.018(5) A by
Knoblochet al. (1980), for ankerite, FeCa(C03h, with 0.011(3) A by Beran
and Zemann (1977), and for dolomite, CaMg(C03)z, with 0.018(1)A by
Effenbergeret al. (1981), respectively for northupite, Na3 Mg(C03hCl, with
Q,015(3)Aby Oal Negro et al. (1975) (calculated by Zemann, 1981) and for
Fe-tychite,Na6Fez(C03)4S04 with 0.016(4)A by Malinowsky et al. (1979)
(calculatedby Zemann, 1981).

Acknowledgemenr. We thank Mrs. R. Gies for helpful technical assistance. Computations were

carried out at the Rechenzentrum dcr Universitat Kiel.



292 K.-F. Hesse and B. Simons: Crystal structure of synthetic K2Mg(C03)2

References

Beran, A., Zemann, J. : Refinement and comparison of the crystal structures of a dolomite and of

an Fe-rich ankerite. Tschermaks Miner. Petrogr. Mitt. 24, 279-286 (1977)
Busing, W. R., Levi, H. A.: High-speed computation of the absorption correction for single

crystal diffraction measurements. Acta Crystallogr. 10, 180-182 (1957)

Dal Negro, A., Giuseppetti, G., Tadini, c.: Refinement of the crystal structure of northupite:
Na3Mg(C03hCI. Tschermaks Miner. Petrogr. Mitt. 22, 158-163 (1975)

Effenberger, H., Mereiter, K., Zemann, J.: Crystal structure refinements of magnesite, calcite,
rhodochrosite, siderite, smithsonite and dolomite, with discussion of some aspects of the
stereochemistry of calcite type carbonates. Z. Kristallogr. 156,233 - 243 (1981)

Eitel, W., Skaliks, W.: Uber einige Doppelkarbonate der Alkalien und Erdalkalien. Z. Anorg.
Allg. Chern. 183,263-286 (1929)

Hornstra, J., Vossers, H.: Das Philips Einkristalldiffraktometer. Philips Techn. Rundsch.33,
Nr. 3,65- 78 (1973/74)

Internarional Tablesfor X-ray Crystallography, Vol. IV. The Kynoch Press, Birmingham (1974)
Knobloch, D., Pertlik, F., Zemann, J. : Crystal structure refinement ofbuetschliite and eitelite:a

contribution to the stereochemistry of trigonal carbonate minerals. N eues J ahrb. Mineral.,
Monatsh. 230- 236 (1980)

Malinovsky, Yu. A., Baturin, S. V., Belov, N. V.: The crystal structure of Fe-tychites. Dokl.

Akad. Nauk SSSR 249, 1365-1368 (1979)
Milton, Ch., Axelrod, J.: Fused wood ash stones: Fairchildite (n. sp.) K2C03 . CaC03.

buetschliite (n. sp.) 3 K2C03 . 2 CaC03 . 6 H20 and calcite, CaC03, their essential
constituents. Am. Mineral. 32, 607 - 624 (1947)

Milton, Ch., Axelrod, J. M., Grimaldi, F. S.: New minerals, reedmergnerite (Na20 . B203.
6 Si02) and eitelite (N a20 . MgO . 2 C02) associated with leucosphenite, shortite, searlesite

and crocidplite in the Green River formation, Utah. Am. Mineral. 40, 326- 327 (1955)
Pabst, A. : The crystallography and structure of eitelite, Na2Mg(C03h Am. Mineral. 58, 211-

217 (1973)
Pabst, A.: Synthesis, properties, and structure of K2Ca(C03h, buetschliite. Am. Mineral. 59,

353 - 358 (1974)
Sharma, S. K., Simons, B.: Raman study of K2C03 - MgC03 glasses. Carnegie Inst. Wash.

Year Book 79,322-326 (1980)
Sheldrick, G. M.: SHELX-76. Program for crystal structure determination. Univ. of

Cambridge, England (1976)
Simons, B., Sharma, S. K.: Crystal data for synthetic K2Mg(C03h. Submitted to J. Appl.

Crystallogr. (1982a)

Simons, B., Sharma, S. K.: Structures of glasses in the system K2C03 - MgC03. EOS, 63,

No. 18, 469-470 (1982b)
Stout, G. H., Jensen, 1. H.: X-ray structure determination. New York: Macmillan 1968, p. 457
Zemann, J.: Zur Stereochemie der Karbonate. Fortschr. Mineral. 59, 95-116 (1981)


	page 1
	Images
	Image 1

	Titles
	Crystal structure of synthetic K2Mg(C03)2 
	K.-F. Hesse and B. Simons 
	Mineralogisches Institut, Universitat Kiel, D-2300 Kiel, Federal Republic of Germany 
	Received: June 22, 1982 
	Introduction 
	Experimental 


	page 2
	Titles
	290 
	K.-F. Hesse and B. Simons: Crystal structure of synthetic K2Mg(COJh, 
	Description of the structure and results 


	page 3
	Titles
	K.-F. Hesse and B. Simons: Crystal structure of synthetic K2Mg(C03h 
	291 
	0.2103(1 ) 
	0.0103(4) 
	0.0103(4) 
	Mg 
	0.0082(8) 
	0.0082(8) 
	0.5961(1) 
	0.0096(12) 
	0.0096(12) 
	0.1438(4) 
	0.8562(4) 
	0.5953(1) 
	0.0128(6) 
	0.0128(6) 
	0.0190(5) 
	0.0051(2) 
	Mg 
	0.0105(10) 
	0.0041(4) 
	0.0055(16) 
	0.0048(6) 
	0.0167(7) 
	0.0004( 4) 
	-0.0004(4) 
	0.0095(7) 
	Table2. Interatomic distances (A) and angles () 
	C-O polyhedra 
	K - 0 polyhedra 
	c-O 
	K-O 
	mean 
	Distance a plane-C atom 0.014(3) A 
	Mg-O polyhedra 


	page 4
	Titles
	292 
	K.-F. Hesse and B. Simons: Crystal structure of synthetic K2Mg(C03)2 
	References 



