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The crystal structure of MgKPO,-H>O has been solved by single crystal X-ray diffraction. It was shown that the
compound crystallize in the orthorhombic space group Pmn2; with Z = 2. The crystal data are: a = 5.573(2), b = 8.231(2),
¢ =4.7902) A, V'=219.7 A’ D, = 2.63 Mgm™, D, = 2.66 Mg'm™, A (CuKa) = 1.54178 A, u= 138.62 cm™',
F(000) = 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 POy tetrahedra, K
and Mg cations and H,O molecules. The Mg atoms are coordinated to 5 oxygens belonging to POy 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 MKPO,H,O0 (M =
Mg, Mn, Co, Ni, and Cd) characterized by the
existence of very low H-O-H bending frequencies
(around 1500 cm™ 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 determined the unit cell parameters of the
above mentioned compounds of type MKPO,-H,0
as well as of the isomorphous compounds of the
type MNH;PO,4-H,O (Cd, Co, Fe, Mg, Mn and Ni).

The unit cell parameters determined by us for
MgKPO,-H,0 [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 NH, group in the structure of the isomorphous
CoNH,PO,-H,O [6]. In the meantime, the crystal

structures of phases B [7] and A [8] of
CdNH,PO4H,O have been solved. The precise
comparison of the structural characteristics has
shown that the structures of CoNH,PO,H,0O [6],
phase A of CANH,PO,-H,O [8] and MgKPO4-H,0
are isomorphous. Later the crystal structure deter-
mination of CaKPO,-H,0O 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
ammonium phosphate monohydrate [6] and phase A
of cadmium ammonium phosphate monohydrate

[8].

* Dedicated to professor Bojan Soptrajanov on the occasion of his 60" birthday
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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 MgCls,
K-HPO, and KCI. The single crystals were grown by
allowing the mixture to stand for two months at 60—
70°C.

The intensity data were collected on a Philips
PWI1100 automatic four-circle diffractometer using
graphite-monochromated CuKea radiation (4 =
1.54178 A). 20 reflections were used for determi-
nation of the accurate unit-cell parameters. The @
20 scan technique was used for the intensity data
collection with scan speed of 0.03° s™'. The total num-
ber of collected independent reflections was 249,
while 246 reflections with / > 3o (/) were used in
structure solution and refinement. The Akl values of
the measured reflections range from 0 to 8 for A,
from O to 12 for k£ and from 0 to 7 for /. 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 Jnter-
national Tables for 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 O 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 O 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 ef 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 II.

Eable.l

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

parentheses for the title compound

Atom x ¥ z BIA?
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) -
o(l) 0.0 0.1800(12) 0.4019%(23) 1.8(2)
0(2) 0.0 0.3904(12) 0.0255(24) 1.9(2)
0(3) 0.2218(10) 0.1233(7) ~0.0518(17) 1.5(1)
Ow 0.5 0212311 0.4560(26) 1.7(2)

Table II

The final anisotropic thermal parameters (10°)*
with estimalted standard deviations in parentheses
=cxp— (ﬂ11h2 55 ‘*922"(2 + }5’33*!'3 +2f1.hk +
2Bi3hl + 2Bx3kl)

Atom iy Jizp) B P

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

Mg 93(12) 496)  228(24)  —10(18)

p 64(9) 454)  171(16)  —I1(10)
*Ba=pPiz=0

The view of the crystal structure of
MgKPO4H,0 along the b and ¢ axis is shown in
Figs. | and 2, respectively [13]. The structure con-
sists of PO, anions, Mg”” and K' cations and wa-
ter molecules. All atoms, except O(3) atom from
PO, 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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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 IIl. The same
coordination number around the K atom has been
found in the structure of CaKPO4H,O [9] where
the K-O distances vary from 2.781(2) to 2.996(3) A.

Fig.1. The view of the structure of MgKPO4H,0
along the b axes showing the atom-numbering scheme
as well as the Mg environment

Ol o, R
o O 6

Fig. 2. The packing of the structural constituents
of MgKPO,H,0O shown along the ¢ axes.
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Table III

Selected interatomic bond distances (4) and
valence angles (°) for MgKPO ,-H,O

Mg-0 distances

Mg-O(1%)  2.006(11) Mg-O(3')  2.029(7)
Mg-0(3")  2.210(8) Mg-0(3%) 2.029(7)
Mg-O(3")  2.210(8) Mg-Ou()  2.179(12)

0-Mg-0 angles

O(1Y)-Mg-0(3)  93.8(3) 0(3)Mg-Ou()  89.9(3)
O(1")Mg-0(3") 93.8(3) O(3")-Mg-0(3") 164.0(3)
O(1")-Mg-0(3®)  87.9(3) O(3")-Mg-0(3") 96.1(3)
O(1")-Mg-0(3")  87.9(3) O(3")-Mg-Ox()  89.9(3)
O(1")-Mg-Ou()  174.1(4) 0(3%)-Mg-0(3")  68.0(3)
0(3)Mg-03")  99.7(3) 0(3")-Mg-Ow() 87.2(3)
0(3)YMg-0(3%)  96.1(3) O(3")-Mg-Ou()  87.2(3)

O(3HMg-0(3™)  164.0(3)

K-0 distances

K-0(1'%) 3.002(10) K-02"1)  2.848(2)
K-0(2") 2.655(12) K-0(3" 3.205(6)
K-0(2™) 2.719(12) K-0(3")  3.205(6)
K-0(2) 2.848(2) K-Ow() 2.935(12)
PO, groups

P-0 distances

P-O(1%) 1.539(12) P-O(3")  1.569(7)
P-O(2) 1.513(10) P-O(3%)  1.569(7)
0-P-0 angles

O(1')-P-0(2") 110.0(5) O(2))}-P-0(3) 111.5(5)
O(1')-P-0(3") 109.8(4) 0(2)-P-0(3%)  111.5(5)
O(1)-P-0(3) 109.8(4) 0O(3')-P-0(3")  103.9(4)

Possible bifurcated hydrogen bonds

Ou+0(1) 2.811(2) O(1%) --Oy--O(1")  164.8(4)
On---O(17) - 2.811(2) O(3%) --Oy--0(3%) 64.3(3)
Ow-O(3%)  2.915(13)

Oy--0(3%) 2.915(13)

Symmetry codes: (i) x, y, z (i) —x, y, z
(i) Yo—x, -y, Yotz (iv) Yatx, -y, Yatz: (V) Vax, -,
=Yatz; (vi) 1-x, y, z; (vii) Yo—x, 1y, —V4 +z; (viii) 1+x,

V. z; (ix) Ya—x, 1=y, Yatz; (X) x, v, 1+z; (xi) 1-x, y, 1+z.
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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 PO,4 group
range from 1.513(10) to 1.569(7) A and from
103.9(4) to 111.5(5) (°). respectively (see Table
[IT). The corresponding P-O distances in the struc-
ture of the isomorphous CoNH.PO,H,O [6] are
slightly shorter [1.49-1.57 A], those in the phase A
of the also isomorphous structure of CANH,PO,-H,0
[8] are similar [1.53-1.55 A] but closer to each
other, while the P-O distances in the PO, tetrahedra
of the structure of CaKPQO4,H,O [9] are longer
[1.561(3)-1.615(4) A]. It is evidently that the PO,
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 DI(T0O) = 0.0140 [2]
calculated according to Baur [14], compared to the
corresponding DI(70) values for the isomorphous
phase A of CANH,PO.-H,0 [DI(TO) = 0.065] [2]
as well as for the phase B of CdNH.PO,H,0O
[DIT0O) = 0.032] [2]. These structural characteris-
tics of the PO, group in MgKPO,-H,0 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

0,---O(1) and 2.915(13) A for O,---O(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(l')--.Oy--O(1"")
angle is too large [164.8(4)°], while the
0(3%)-0,-0(3") angle is too small [64.3(3)°).
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-0,,-K angle being 92.1(3)".

It is worth mentioning that similar geometry of
water surrounding is found in the isomorphous
structures of CoNH.PO.-H,O [6] and phase A of
CdNH4PO4-H,O0 [8], where the O,,---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 CaKPO,H,O [9],
however, are rather shorter, the O,---O distances
being 2.628(5) and 2.658(5) A.

*
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Peszume

KPUCTAJIHA CTPYKTYPA HA MATHE3UYM KAJIMYM ®OCPAT MOHOXHUIPAT,
(MgKPO,-H,0)

Iamrop Jopanoscku', Credpan IMouer?, Branko Kaitner®
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Koryunu 360poBH: KPHCTAIHA CTPYKTYPA; Mardesuym; Kanuym ochat MOHOXHAPAT

Pelnena e kpucrandata crpykrypa Ha MgKPO4,H,O
cO MOMOMI Ha METONOT Ha peHAreHcka Oudpakuuja Ha
MOHOKpHcTan. HajaeHo e geka coeJHHEHHETO KPUCTAIH-
3Mpa BO poMOHMYHATA MPOCTOPHA rpyna Pmn2; co Z = 2.
Kpucranorpapckure mogatouu ce: a = 5,573(2), f =
8,231(2), ¢ = 4,790(2) A, V' = 219,7 A°, D, = 2,63 Mgm™,
D = 2,66 Mgm™>, A(CuKa) = 1,54178 A, u= 138,62 cm ™,
F(000) = 176, co6Ha TemnepaTypa. CTPYKTYpaTa € pelnie-
Ha co noMoul Ha 246 HesasucHu pedpnekcu. KoopauHaTi-
Te Ha CHTE HEBOJOPOJAHH aTOMH c€ YTOUHETH Jo R =
0,064. CrpykrypaTa ce coctou of POsTerpaegpu, K n Mg
karjord u HyO monekynu. ATOMHTE Ha MarHe3uyM ce

Inac. xeM. Texnon. Maxkenonnja, 16, 1, 59—63 (1997)

KOOPAHHHPAHHK 3a 5 KHCIOPOJHX aTOMH KOH TpHmafaar
Ha pa3HA PO, rpynmm, Kako H 3a e[leH KHCIOPOX Of
MoJeKyfaTa Ha Bogata. CoofeeTHHTe Mg—O-pacrojansja
ce pBExkaT off 2,006(11) go 2,179(12) A. Atomor Ha K e
ONKPYXEH CO OCYM KHEIOPOJHH aTOMH KOH OpHmafaat
Ha MOJIeKy/laTa Ha BOJATAa W Ha pasmuIHH (octhaTHH
rpyna. K-O-pacrojasnjata BapupaaT op 2,655(12) no
3,205(6) A. MonekynuTe Ha BOJATa Ce ONKPYXKEHH €O
qeTHpH (pochaTHH KACIOPORH, KAaKO U €O MO efeH aToM
Ha Mg u K, npu mro dopmupaar 6udypKHpaHd BOHO-
POIHA BPCKH. :



