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The crystalstructure ofMgKP04.H2O has been solved by single crystal X-ray difffaction. It was shown that the
compoill1d crystallize in the orthorhombic space group Pmn21 with Z =2. The crystal data are: a =5.573(2), b = 8.231(2),
c = 4.790(2) A, V = 219.7 N, Do = 2.63 Mg.m-3, Dc = 2.66 Mg.m-3, A.(CuKa) = 1.54178 A, JI = 138.62 cm-I,
F(OOO)= 176, room temperature. 246 independent reflections were used for the structure determination. The coor-
dinates of all non-hydrogen atoms were then refined to final R =0.064. The structure consists of P04 tetrahedra, K
and Mg cations and H2O molecules. The Mg atoms are coordinated to 5 oxygens belonging to P04 groups and 'one
water oxygen atom. The corresponding Mg-O distances range from 2.006(11) to 2.179( 12) A. The K atom is sur-
rounded by eight oxygen atoms belonging to water molecule and various phosphate groups. The K-O distances vary
from 2.655(12) to 3.205(6) A. The water molecules form bifurcated hydrogen bonds being surrounded by four
phosphate oxygen atoms as well as by Mg and K atom.
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INTRODUCTION

The unusual appearance of the infrared spec-
tra of compounds of the type MKP04.H2O (M =
Mg, Mn, Co, Ni, and Cd) characterized by the
existence of very low H-O-H bending frequencies
(around 1500 cm-l and even lower) [1-3] led us to
investigate in detail the crystal structure of the title
compound. Durif and Averbuch-Pouchot [4] were
the first who determinedthe unit cell parametersof the
above mentioned compounds of type MKP04.H2O
as well as of the isomorphous compounds of the
type ~P04.H2O (Cd, Co, Fe, Mg, Mn and Ni).

The unit cell parameters determined by us for
MgKP04.H2O [5] agree well with those found by
Durif and Averbuch-Pouchot [4] while the position
of the K atom in the structure of the title compound
closely coincide with the position of the center of
the N~ group in the structure of the isomorphous
CoNH,J>04.H2O[6]. In the meantime, the crystal

. Dedicated to professor Bojan Soptrajanov on the occasion of his 60'" birthday

structures of phases B [7] and A [8] of
CdNH,J>04.H2O have been solved. The precise
comparison of the structural characteristics has
shown that the structures of CoN~P04.H2O [6],
phase A of Cd~P04.H2O [8] and MgKP04.H2O
are isomorphous. Later the crystal structure deter-
mination of CaKP04.H2O from X-ray powder dif-
fraction data [9] has shown that, in spite of the
analogue chemical formula, the calcium potassium
compound crystallizes in the monoclinic system.

Here we reported the crystal structure deter-
mination of magnesium potassium phosphate
monohydrate and compared its structural charac-
teristics with those found for the analogous cobalt
ammoniumphosphate monohydrate [6] and phase A
of cadmium ammonium phosphate monohydrate
[8].
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EXPERIMENTAL

The compound was synthesized according to
the method described by Basset and Bedwell [10]
by mixing the equimolar quantities of MgCh,
K1HP04and KC!. The singlecrystals weregrown by
allowing the mixture to stand for two months at 60-
70°C.

The intensity data were collected on a Philips
PW1100 automatic four-circle diffractometer using
graphite-monochromated CuKa radiation (A =
1.54178 A). 20 reflections were used for determi-
nation ofthe accurate unit-cell parameters. The OJ-
2e scan technique was used for the intensity data
collectionwith scan speedof 0.03° S-l.The total num-
ber of collected independent reflections was 249,
while 246 reflections with I > 3a (1) were used in
structure solution and refinement. The hkl values of
the measured reflections range from 0 to 8 for h,
from 0 to 12 for k and from 0 to 7 for I. Three stan-
dard reflections measured every 2 hours of expo-
sure time showed significant (up to 10%) variations
during the collection of data. The corresponding

correction for this type of variation was applied.
Intensity data were also corrected for Lorentz-
polarization factors but not for absorption. The
atomic scattering factors and anomalous-dispersion
corrections (for K and Mg) were taken from Inter-
national Tablesfor X-ray Crystallography [11].

The initial position for the K atom was deter-
mined by solution of the Patterson map, while the
positional parameters of the Mg, P and 0 atoms
were found from the subsequent Fourier synthesis.
The structure was refined by full-matrix least-
squares procedure on F's. The final cycle of the
refinement (including 28 variable parameters) as-
suming isotropic thermal parameters for 0 atoms
and anisotropic thermal parameters for K, Mg and
P converged to R = 0.064. All calculations were
performed on a UNIVAC 1110 computer of the
Zagreb University Computing Centre, SRCE, with
program package written by Domenicano et al.
[12].

RESULTS AND DISCUSSION

The final fractional atomic positional pa-
rameters and isotropic thermal parameters for oxy-
gen atoms with estimated standard deviations in
parentheses for the title compound are given in Ta-
ble I. The final anisotropic thermal parameters with
estimated standard deviations in parentheses are
shown in Table 11.

Table I

The final fractional atomic positional parameters
and isotropic thermal parameters for oxygen
atoms with estimated standard deviations in

parentheses for the title compound

Table 11

Thefinal anisotropic thermal parameters (l04) *
with estimated standard deviations in parentheses

T = exp- {f311h1 + f3z1k2 + !h3P +2f312hk+
2f313hl + 2f3z3kl}

The view of the crystal structure of
MgKP04.H2O along the band c axis is shown in
Figs. I and 2, respectively [13]. The structure con-
sists of P043- anions, Mg2+and K+cations and wa-
ter molecules. All atoms, except 0(3) atom from
P04 group, lie on the mirror plane. The Mg atom is
six coordinated, being surrounded by one water
oxygen and five oxygen atoms belonging to five
phosphate groups. The Mg-O distances vary from
2.006(11) to 2.210(8) A, while the O-Mg-O angles
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Atom x y Z B/A1

K 0.5 0.4616(4) 0.0180(11)

Mg 0.5 0.0163(5) 0.1502(12)

P 0.0 0.2098(4) 0.0848(11)

0(1) 0.0 0.1800(12) 0.4019(23) I.8(2)

0(2) 0.0 0.3904( 12) 0.0255(24) I.9(2)

0(3) 0.2218(10) 0.1233(7) - 0.0518(17) 1.5(I )

Ow 0.5 0.2123(11) 0.4560(26) I.7(2)

Atom PII P22 P33 /323

K 125(9) 82(5) 27(18) 26( 13)

Mg 93(12) 49(6) 228(24) -10(18)

P 64(9) 45(4) 171(16) -1(10)

*P12=PI3 =0
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formed by the adjacent oxygen atoms in the dis-
torted octahedron range from 68.0(3) to 99.68(3) °.
The K atom is coordinated to eight oxygen atoms
belonging to the water molecule and to various
phosphate groups. The K-O distances range from
2.655(12) to 3.205(6) A, see Table Ill. The same
coordination number around the K atom has been

found in the structure of CaKP04.H2O [9] where
the K-O distancesvary from 2.781(2) to 2.996(3) A.
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Fig.1. The view of the structure ofMgKP04.H20
along the b axes showing the atom-numbering scheme

as well as the Mg environment
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Fig. 2. The packing of the structural constituents

ofMgKP04.H20 shown along the c axes.
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Possible bifurcated hydrogen bonds

Symmetry codes: (i) x, y, z; (ii) -x, y, z;
(iii) Y2-x, -y, Y2+z; (iv) Y2+x,-y, Y2+z; (v) Y2-x,-:y,
-Y2+z; (vi) I-x, y, z; (vii) Y2-x, I-y, -Y2 +z; (viii) l+x,
y, z; (ix) Y2-x, I-y, Y2+z;(x) x, y, l+z; (xi) I-x, y, l+z.

Table III

Selected interatomic bond distances (A) and

valence angles (°) for MgKP04,H2O

Mg-O distances

Mg-O( IV) 2.006(11) Mg-0(3i) 2.029(7)

Mg-0(3iii) 2.210(8) Mg-O (3vi) 2.029(7)

Mg-0(3iv) 2.210(8) Mg-O,i) 2.179(12)

O-Mg-O angles

OOV)-Mg-0(3i) 93.8(3) 0(3i)-Mg-OwC) 89.9(3)

O( IV)-Mg-0(3vi) 93.8(3) 0(3vi)-Mg-0(3iii) 164.0(3)

O( IV)-Mg-0(3iii) 87.9(3) 0(3vi)-Mg-0(3iV) 96.1(3)

0(1 V)-Mg-0(3iV) 87.9(3) 0(3vi)-Mg-Ow(i) 89.9(3)

OOV)-Mg-OwC) 174.1(4) 0(]iii)-Mg-0(3iv) 68.0(3)

0(3i)Mg-0(3vi) 99.7(3) 0(3iii)-Mg-Ow() 87.2(3)

0(3i)Mg-0(3iii) 96.1(3) 0(3iV)-Mg-OwCi) 87.2(3)

0(3i)Mg-0(3iV) 164.0(3)

K-O distances

K-O(lvii) 3.002(10) K-0(2viii) 2.848(2)

K-0(2vii) 2.655(12) K-0(3i) 3.205(6)

K-0(2ix) 2.719(12) K-0(3vi) 3.205(6)

K-O(i) 2.848(2) K-OwCi) 2.935(12)

PO" groups

P-O distances

p-O(1i) 1.539(12) p-0(3i) 1.569(7)

p-O(i) 1.513(10) P-0(3") 1.569(7)

O-P-O angles

0(1i)-P-0(2) 110.0(5) 0(i)-P-0(3i) 111.5(5)

O( Ii)-P-0(3i) 109.8(4) 0(i)-P-0(3") 111.5(5)

O( Ii)-P-0(3") 109.8(4) 0(3i)-P-0(3") 103.9(4)

Ow...O(1i) 2.811(2) 0(1 i) ...Ow...O(lviii) 164.8(4)

Ow...O(lviii) 2.811(2) O(3X) ...Ow...0(3xi) 64.3(3)

Ow",OW) 2.915(13)

Ow...O(3xi) 2.915( 13)
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As seen from Figs. 1 and 2, the phosphate
groups in the structure act as tridentate ligands. The
P-O distances and O-P-O angles in the P04 group
range from 1.513(10) to 1.569(7) A and from
103.9(4) to 111.5(5) e), respectively (see Table
Ill). The corresponding P-O distances in the struc-
ture of the isomorphous CoN~P04,H20 [6] are
slightly shorter [1.49-1.57 A], those in the phase A
of the also isomorphousstructure of CdN~P04,H2O
[8] are similar [1.53-1.55 A] but closer to each
other, while the p-o distances in the P04 tetrahedra
of the structure of CaKP04,H2O [9] are longer
[1.561(3)-1.615(4) A]. It is evidently that the P04
tetrahedron in the structure of the studied com-
pound is rather distorted, especially concerning the
P-O distances. It is confirmed by the rather large
value of the deformation index Dl(TO) = 0.0140 [2]
calculated according to Baur [14], compared to the
corresponding Dl(TO) values for the isomorphous
phase A of CdN~P04,H2O [Dl(TO) = 0.065] [2]
as well as for the phase B of CdN~P04, H2O
[Dl(TO) = 0.032] [2]. These structural characteris-
tics of the P04 group in MgKP04,H2O agree well
with the spectroscopic evidence found by
Soptrajanov [1].

The water molecule is surrounded by Mg atom
[2.179(12) A], K atom [2.935(12) A] and four
phosphate oxygen atoms (see Figs. 1 and 2).
Namely, two pairs of symmetry related phosphate
oxygens are found at distances 2.811(2) A for

Ow...O(1) and 2.915(13) A for Ow...0(3). Unfortu-

nately, the hydrogen bonding scheme is difficult to

be established with certainty, since the position of
the hydrogen atom in the structure is not deter-
mined. In spite of that, the positions of the oxygen
atoms around the water molecule suggests that,
most probably, water protons form a bifurcated

hydrogen bond. Namely, the O(I)...Ow...O(1viii)
angle is too large [164.8(4n, while the

0(3X)...Ow...0(3Xl) angle is too small [64.3(3rJ.
Otherwise, if the probable existence of a bifurcated
hydrogen bonds is disregarded, the surrounding of
the water molecule in the structure of the title com-

pound belongs approximately to the J type in the
classification of Chiari and Ferraris [15], the
Mg-Ow-K angle being 92.1(3r.

It is worth mentioning that similar geometry of
water surrounding is found in the isomorphous
structures of CoN~P04.H20 [6] and phase A of

CdN~P04,H2O [8], where the Ow"'O distances for
the supposed hydrogen bonds are 2.66 and 2.82 A
in [6] and twice 2.99 A in [8]. The possible hydro-
gen bonds in the structure of CaKP04,H2O [9],
however, are rather shorter, the Ow"'O distances
being 2.628(5) and 2.658(5) A.

*
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KJIY'IHH 300pOBH: KpHCTaJlHa CTpYKTypa; MarHe3HYM; KamrYM <poc<paT MOHOXH,[IpaT

PeIlleHa e KpHCTaJIHaTa crpYKrypa Ha MgKP04.H2O
co 1I0MOIll Ha MeTO,[lOTHa peH,[IreHCKa ,[IlI<ppaKIJ;lIja Ha
MOHOKpHCTaJI.Haj,[leHO e ,[IeKa COe,[lllHeHlIeTOKpllCTaJIlI-
3Hpa BO pOM6l1'IHaTa IIpOCTopHa rpYlIa Pmn2! co Z = 2.
KpHCTaJIOrpa<pcKHTe 1I0,[laTOIJ;Hce: a = 5,573(2), fJ =
8,231(2), c = 4,790(2) A, V = 219,7 N, Do = 2,63 Mg.m-3,
Dc = 2,66 Mg.m-3, /!.(CuKa) = 1,54178 A, 11= 138,62 cm-I,

F(OOO)= 176, c06Ha TeMlIepaTypa. CTpYKTypaTa e peIlle-
Ha co 1I0MOIll Ha 246 He3aBlICHlI pe<pJIeKclI. KOOp,[lHHaTlI-

Te Ha ClITe HeBO,[lOpO,[lHH aTOMH ce YTO'IHeTlI ,[10 R =
0,064. CTpYKTypaTa ce COCTOH 0,[1P04 TeTpae,[lpll, K II Mg

KaTjoHH II H2O MOJIeKYJIlI. ATOMlITe Ha MarHe3l1YM ce

rJIac. xeM. TeXHOJI.MaKe!l:OHHja, 16, 1,59-63 (1997)

KOOp,[lHHlIpaHH 3a 5 KlICJIOpO,[lHH aTOMlI KOll IIpHlIaraaT

Ha pa3HlI P04 rpYIIH, KaKO II 3a e,[leH KHCJIOpO,[l 011

MOJIeKYJIaTa Ha BO,[laTa. COO,[lBeTHHTe Mg-O-pacTojaHHja

ce I1BmJ.WT 0,[1 2,006(11) ,[la 2,179(12) A. ATOMOT Ha K e

OIIKpY;KeH co OCYM KlICJIOpO,[lHH aTOMlI KOll IIplllIaraaT

Ha MOJIeKYJIaTa Ha BO,[laTa II Ha pa3JIlI'IHH <pOC<paTHH

rpYIIH. K-O-pacTojaHHjaTa BapHpaaT 0,[1 2,655(12) 110

3,205(6) A. MOJIeKYJIHTe Ha BO,[laTa ce OIIKpY;KeHlI co

'IeTlIpll <pOC<paTHH KHCJIOpO,[lll, KaKO H CO 110 e,[leH aTOM

Ha Mg II K, IIPH IllTO <popMlIpaaT 6H<PypKHpaHH BO,[lO-

pO,[lHlI BpCKlI.


