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Abstract

Mercury(Il) diphosphate, Hg,P,0O;, belongs to the
M>X;0, family of compounds with dichromate-type
crystal structures and is isotypic with Cd,P,0;. The
structure consists of alternating layers built from P>O-
groups and hjghly distorted HgOg polyhedra with
bond dlstances in the ranges 2.120(6) < d(HglO)
< 2.793 (7) A and 2.208 (6) < d(Hg20s) < 2.509 (6) A
The diphosphate anion has a P—O—P bridging angle
of 133.4 (4)°. The average P—O bond length is 1.604 A
for bridging and 1.524 A for terminal bonds. [Hg1,0,¢]
and [Hg2,0¢] form chains running along [110] through
edge-sharing dimers. These chains link to form layers
parallel to (110) via common vertices.

Comment

Until now, in the system Hg-P-O only the structure
of the mercury(Il) orthophosphate, Hg3(PO,),, has been
refined from single-crystal data (Aurivillius & Nilsson,
1975). For Hg(POs),, isotypism with the corresponding
cadmium phosphate was proved (Beucher & Tordjman,
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[Zn3(As04);]3.4H,0

1968) by comparison of the X-ray powder diffraction
patterns. Although the diphosphate Hg,P,0; has been
known for a long time (Schwarzenberg, 1848), no crys-
tallographic information for it has been published so far.
Preliminary investigation of the X-ray powder pattern of
Hg,P,07 showed it to be isotypic with Cd,P,0; (Weil,
1997), the structure of which has been refined previ-
ously (Calvo & Au, 1969). During our studies on the
thermal behaviour of mercury(Il) phosphates, we ob-
tained crystals of Hg,P>O; suitable for X-ray investi-
gations. Because of the particular crystal chemistry of
Hg?* with its d'® electronic configuration, refinement of
the structure seemed appropriate. Additional interest in
a detailed structural study arises from the relationship
of dichromate-type Hg,P,07; (Brown & Calvo, 1970;
Clark & Morley, 1976; Nord & Kierkegaard, 1980) with
diphosphates of divalent 3d metals with thortveitite-type
structures.

The crystal structure comprises alternating layers of
HgOe¢ polyhedra and diphosphate groups parallel to
(110) (Fig. 1). The two independent Hg?* ions form
dimers, [Hgl1;00] and [Hg2,0y], by edge sharing.
The common edge is O4—O04 in the case of Hgl, and
02—02 for Hg2 (Fig. 2). The dimers are linked via
common edges (02 and O3) and vertices (O5) thus
forming the layers. In contrast to the thortveitite-type
structures, where adjacent metal-oxygen layers (e.g.
Mn,P,0;; Stefanidis & Nord, 1984) are joined only by
diphosphate groups, additional contacts from one [Hg-
O] layer to another via common vertices (O6) occur in
Hg,P,0; (Fig. 1).

The diphosphate anion (Fig. 3) displays an eclipsed
conformation with a dihedral angle of 7.2° along
04, P2, O1, P1 and O3. The P—O—P bridging
angle is 133.4(4)°. Both values agree with those
generally observed for [X>0-] anions in dichromate-type
structures, where the eclipsed conformation is stabilized
by chelate-type coordination to the two divalent cations.
Bond lengths from the P atoms to the terminal and
bridging O atoms are in the typical range observed for
diphosphates of divalent cations [d,(P—O) = 1. 596 (6)
and 1.611 6) A, d,(P1—O) = 1.528 A and 4,(P2—O) =
1.519 Al.

Hgl and Hg2 are coordinated by six O atoms (Fig.
2), with the nearest ‘non-bonding’ O atom 3.177 A from
Hgl and 3.280 A from Hg2. The [Hg1Og) group can be
described as a highly compressed octahedron (2 + 4 co-
ordination) with two short axial bonds, d., = 2. 132 A,
and four longer equatorial bonds, deq = 2.583 A. The co-
ordination a.round 'Hg2 may be described as (4 + 2) with
deq =228 A and day =249 A. The [Hg204] octahedron
is less distorted than the [Hg10Og] octahedron. The Hg—
O bond lengths found in Hg,P,07 are in the same range
as those found in Hgi(PO4)> (Aurivillius & Nilsson,
1975) and HgSO, (Aurivillius & Stélhandske, 1980).
The [HgO.] polyhedra in mercury(Il) orthophosphate
have Hg—O distances from 2.06 to 2. 80 A (five- and

Acta Crystallographica Section C
ISSN 0108-2701 ©1997



MATTHIAS WEIL AND ROBERT GLAUM

(a)

P50 Group

HplO, Hg20,

Fig. 1. (a) Projection of the HgaPyO; structure along the ¢ axis.
Schematic representation of diphosphate groups and [HgOg]| poly-
hedra in layers parallel 10 (110). () Slice of the structure parallel to

(110) projected on (110). Both plots were produced using ATOMS
(Dowty, 1995).

sixfold coordination). In mercury(Il) sulfate, the dis-
tances range from 2.22 to 2.90 A (eightfold coordina-
tion). The coordination polyhedra of Hg®* observed in
the title compound are in broad agreement with other
[HgO,] complexes reviewed by Wessels (1996). Bond
length-bond strength considerations (Brese & O’ Keeffe,
1991) led to a coordination number (CN) of 6 for
both Hg®* ions. Taking all six Hg—O contacts with
d(Hg—O) < 3.00 A into account gives valence sums
of 1.88 and 2.01 for Hgl and Hg2, respectively. Calcu-
lations of the effective coordination number ECN, fol-

Fig. 2. ORTEPII (Johnson, 1976) plot of HglO, and Hg2O.
Displacement ellipsoids are drawn at the 85% probability level;
distances are in A. Symmetry codes are as given in Table 1.

Fig. 3. ORTEPIl (Johnson, 1976) plot of the diphosphate group.
Displacement ellipsoids are drawn at the 85% probability level:
distances are in A. Symmetry codes are as given in Table 1.

lowing a concept described by Hoppe (1979), led to
ECN(Hgl) = 4.03 and ECN(Hg2) = 5.60, thus show-
ing an even larger difference in the bonding situa-
tion for the two independent Hg?* ions. The Madelung
part of the lattice energy (MAPLE) (Hoppe, 1995) cal-
culated with the actual structural data for Hg,P,0;
differs by only 0.4% from the sum of the MAPLE
values of the binary oxides HgO (Wyckoff, 1965) and
P;Oy; [MAPLE(Hg,P,07) = 12531 kcal mol '; 1 kcal
= 4.184 kJ]. MAPLE(P;0,,) was calculated as the dif-
ference 2 x MAPLE(NayP,0;) — 4 x MAPLE(Na,O).
Crystallographic data for Na;P,0; and Na,O were taken
from the literature (Leung & Calvo, 1972; Wyckoff,
1965).

The coordination numbers of the O atoms range
from 2 to 4. The P—O—P bridging atom OI has
no additional coordination partner, differing from other
dichromate-type structures with X" cations of lower
charge (Clark & Morley, 1976). For the terminal O
atom, O7, twofold coordination is also observed, with
relatively short Hg—O and P—O distances. Atoms
03, 04, O5 and O6 are three-coordinate, showing
comparatively short bond distances to one Hg atom and
longer distances to the other, as well as a P—O bond.
Only O2 shows fourfold coordination (1 P + 3 Hg) with
a longer Hg1—O2 bond of 2.793 (7) A.
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Experimental

A powder of Hg,P,0; was prepared by heating a solution
of HgO (Merck, p.a.) in half-concentrated nitric acid with
a small excess (ca 5%) of phosphoric acid (Merck, 85%
pure). To remove water and remaining nitrogen oxides the
residue was subsequently heated in a silica crucible in air
to 693 K (4 d). The product was white and microcrystalline.
Similar experiments using (NHs),HPO, instead of phospho-
ric acid, following the procedure given in the literature for
Cd,P,0; (Calvo & Au, 1969), led to yellowish powders
presumably still containing small amounts of nitrogen. Single
crystals suitable for X-ray investigations could be obtained
by chemical vapour transport reactions in evacuated silica
ampoules (e.g. 177 mg Hg,P,07, temperature gradient 823-
773K, 19d), adding 14 mg PCls per ampoule as a transport
agent. The experiments led to the deposition of colourless
plate-like crystals with an edge-length up to 2 mm in the cooler
zone of the ampoule.

From temperature-dependent X-ray powder photographs,
the melting point of the diphosphate was determined to be
933 (10) K, which is in agreement with the value given in the
literature (Gmelin, 1969). These investigations also revealed
two phase transitions, at 482 (10) and 843 (10) K, which are
accompanied by only slight changes in the diffraction pattern.
The lattice constants for Hg,P,O; given below were derived
from Guinier photographs using the program SOS (Soose,
1980).

Crystal data

Hg,P,0, Mo Ka radiation

M, =575.12 A=071073 A

Triclinic Cell parameters from 35
Pl . reflections from a Guinier
a=6706() A photograph
b=16806(1) A 0 = 6.94-21.42°
c=6997(1) A i = 54.036 mm™'

a = 100.73 (2)° T=29312)K

B =113.33(2)° Irregular

v =80.53(2)° | 0.1 x 0.1 x 0.1 mm

V = 286.65(7) A’ Colourless

Z=2

D, = 6.668 Mg m™>
D,, not measured

Data collection

Siemens AED-2 diffractom-
eter

6/20 scans

Absorption correction:
numerical (HABITUS;
Herrendorf, 1993)
Trin = 0.045, Trax = 0.092

3372 measured reflections

1686 independent reflections

Refinement

Refinement on . 2

RIF? > 20(F%)] = 0.027
wR(F?) = 0.066

S =1.091

1411 reflections with

1> 200
Riny = 0.0492
Omax = 30.02°
h=-9—-9
k=-9—>9

=-0-59

3 standard reflections
frequency: 120 min
intensity decay: none

Apman =241 A7

Apmin = —2.36¢ A3

Extinction correction:
SHELXL93

Hg,P,0;

Extinction coefficient:
0.0369 (12)

Scattering factors from
International Tables for
Crystallography (Vol. C)

1685 reflections

101 parameters

w = U[c¥(F2?) + (0.0258P)*]
where P = (F2 + 2F2)/3

(A/0)max = —0.001

Table 1. Selected geometric parameters (A °)

Hg!—05 2.120 (6) Hg2—O05" 2475(D)
Hgl—04 2.148 (6) Hg2—O02" 2.509 (6)
Hgl—04' 2.463 (6) Hg2—O1" 3.280 (6)
Hgl1—O06" 2.532(7) Hg2—P1' 3.388(2)
Hg1—03' 2.542(6) Hg2—Hg2" 3.7431(12)
Hgl—02" 2.793(7) P1—07 1.504 (7)
Hgl—P1" 3.159(2) P1—03 1.515(7)
Hgl—07 3177 (D P1—O5"" 1.566 (7)
Hgl—Hgl' 3.5975(1)  P1—OI'™ 1.611 (6)
Hgl—Hg2 3.7979(71)  P1—P2™ 2.945(3)
Hg2—07" 2.208 (6) P2—06 1.508 (7)
Hg2—O03' 2276 (1) P2—02 1.518 (6)
Hg2—06 2.310(7N P2—04 1.530 (6)
Hg2—02" 2.324 (6) P2—O! 1.596 (6)
05—Hg1—04 176.1 (2) 03'—Hg2—05" 102.2(2)
05—Hgl—04' 99.4(2) 06—Hg2—O05" 108.0(2)
04—Hg1—04' 776 (2) 02" —Hg2—05" 87.5(2)
05—Hg1—06" 95.0(2) 07"—Hg2—02" 89.8 (2)
04—Hg1—06" 88.8(2) 03'—Hg2—02" 78.4(2)
04'—Hg1—06" 127.3(2) 06—Hg2—02" 85.8(2)
05—Hg1—-03' 99.6 (2) 02"—Hg2—02" 78.6(2)
04—Hg1—03' 79.2(2) 05" —Hg2—02" 166.0 (2)
04'—Hg1—03' 109.8 (2) 07—P1—03 114.3(4)
06"—Hgl—03' 117.3(2) 07—P1—05" 113.5(4)
05—Hg1—02" 78.6(2) 03—P1—05™ 110.9 (4)
04—Hg1—02" 104.3 (2) 07—P1—O1"™ 108.4 (4)
04'—Hg1—02" 177.3(2) 03—P1—O1™ 103.8 (4)
06" —Hg1—02" 55.0(2) os5™"'—pP1—O1™" 105.1 (4)
03'—Hg1—02" 69.0 (2) 06—P2—02 109.3 (4)
07'—Hg2—03' 167.5(2) 06—P2—04 114.1 (4)
07"—Hg2—06 83.4(2) 02—P2—04 113.8(4)
03'—Hg2—06 91.8 (2) 06—P2—01 110.2 (4)
o7 —Hg2—O02" 94.2(2) 02—P2—01 108.0 (4)
03'—Hg2—O02" 87.3(2) 04—P2—01 101.0(3)
06—Hg2—02" 164.2(2) P2—O1—PI" 133.4 (4)
07" —Hg2—O05" 90.3(2)

04—P2—01—PI" —177.0 (6) 03—PI—O1""—P2""  171.1(6)

Symmetry codes: (i) 1 —x, 1 —y, | —z; (ii) —x, 1 =y, | —2; (iii) x, y—1, 2,
V)X, ), l+z(V) 1 —x, 1 =y, 2=z (vi) —x, =y, | =i (vi)x, 1 +y,2;
(viii) x, y,2 — 1.

The crystal shape was optimized by minimizing the internal
R value of i-scan data for 16 selected reflections using the
program HABITUS (Herrendorf, 1993). The habitus so derived
was used for the numerical absorption correction.

Data collection: STADI4 (Stoe & Cie, 1995). Cell refine-
ment. STADI4. Data reduction: STADI4. Program(s) used
to solve structure: SHELXS86 (Sheldrick, 1990). Program(s)
used to refine structure: SHELX1.93 (Sheldrick, 1993). Molec-
ular graphics: ATOMS (Dowty, 1995) and ORTEPII (John-
son, 1976). Software used to prepare material for publication:
SHELXL93.

We thank Mr G. Koch and Dr M. Serafin for the
data collection and Dr W. Herrendorf for HABITUS
calculations. This work has been supported by the Fonds
der Chemischen Industrie.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: DU1174). Services for accessing these
data are described at the back of the journal.
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