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K,[Hg(NO,),lNO, 

The compound previously believed to be KJHg- 
(NO~)S]H~O has been shown by crystal structure ana- 
lysis to be correctly formulated KJ Hg (Nor) r]N03, 
containing [ Hg (NOS I]‘- and nitrate as discrete 
anions.- The nitrite ions are co-ordinated to the mer- 
cury through both oxygens, and thus function as bi- 
dentate chelates. The configuration of the eight oxy- 
gen atoms about the mercury is as the vertices of a 
severely distorted square antiprism. 

Introduction 

Pale yellow crystals of a mixed potassium mercury 
nitrite were prepared in a number of early studieslm3 
by mixing solutions of mercuric nitrate and potassium 
nitrite, and the crystals were formulated 2KN02 .Hg - 
(NO&. Rohenheim and Oppenheimer4 suggested that 
the nitrite analysis was low due to oxidation of nitrous 
acid by mercuric oxide and, by an undisclosed proce- 
dure, themselves determined that there were five ni- 
trite ions per molecule. From this, and mercury and 
potassium analysis, they deduced the formula to be 
3KN02 . Hg(NO& . H20. The presence of a molecu- 
le of water was re-affirmed by other workers,S-6 but 
in no instance was any direct evidence for its existence 
quoted. Indeed, the failure of an attempt to remove 
the water by intensive drying led to the supposition 
that it is co-ordinated to the mercury atom,5 and that 
the correct formulation is Kx[Hg(NO& . HzO]. It is 
noteworthy that a more recent attempt7 to prepare 
mixed nitrites from solutions of mercuric nitrite a.:d 
potassium nitrite failed to yield the above compound 
at all. 

We have determined the crystal structure of this 
compound and have thus demonstrated that all of 
these formulations are incorrect. The crystals do not 
contain the anion [Hg(NO& . H2013- but rather the 
anion [Hg(N02)4]‘- and a discrete nitrate ion, and 
the correct formula is then KJHg(NO&lNO3. A 
preliminary account of this work has previously been 
published.8 

(1) J. Lang, lourn. prakt. Chem., 86, 295 (1862). 
(2) C. F. Rammelsburg, Pogg. Annalen, 118, 249 (1863). 
(3) A. Fock, Zeit. Krist., 17, 188 (1889). 
(4) A. Rosenheim and K. Oppenheim, Zeit anorg. Chem., 28, 171, 

(1901). 
(5) V. Kohlschutter, Ber., 35, 489 (1902). 
(6) P. C. Ray, 1. Chem. Sot., 91, 2031 (1907). 
(7) A. Ferrari and C. C&la, Garr. Chim. Ital., 65, 789 (1935). 
(8) D. Hall and R. V. Holland, Proc. Chem. Sot., 204, (1963). 

Experimental 

Crystals of KlHgNjOll were prepared as described 
above, and recrystallised from water as small yellow 
prisms. Analysis (by Dr. A.D. Campbell of the Uni- 
versity of Otago) gave: Found: K=21.4, total N = 
12.4%; Calculated, K= 20.8, N = 12.0%. After 
the structure had indicated the existence of separate 
nitrite and nitrate groupings an iodometric titration for 
nitrite gave: Found, 32.6; Calculated for 4 nitrite 
ions per mercury atom 32.6%. Analyses in an in- 
dependent study’ confirm the difference between ni- 
trite and total nitrogen content. 

The crystals were established as orthorhombic, and 
unit cell dimensions were measured from rotation pho- 
tographs, taken with CuKa radiation, as a=12.12f . 
04, b= 10.58+ .03, c=9.28 + .03 a. The errors 
quoted represent the range of individual measurements. 
The density measured by displacement of bromoform 
was 3.OrtO.l gr. cme3, the density calculated for 4 
molecules per unit cell is 3.14 gr. cmm3. Reflections 
were systematically absent for hk0 with k odd, Ok1 
with k+l odd, and the space group is then Pnma, or 
Pn2la. The crystals gave a negative pyrolectric test, 
which supports the subsequent deduction that Pnma 
is correct. 

Intensity data were measured visually from Weissen- 
berg photographs, taken with nickel-filtered CuKa ra- 
diation, of the layers hOl-h41 and Okl-3kl. The cry- 
stals used were of square cross-section, with maximum 
dimension 0.008 cm-‘. The linear absorption coeffi- 
cient is 3.3 X 10’ cm-‘. Cylindrical absorption correct-, 
ions were applied, as well as the usual Lorentz and 
polarisation corrections. The final data set comprised 
976 non-zero reflections. 

The mercury atom was located from Patterson 
projections, and the potassium ions from electron den- 
sity projections. It was apparent that their arrange- 
ment was consistent with space group Pnma, with the 
mercury and one potassium on the mirror plane at 
y= l/4. A three dimensional difference density syn- 
thesis, assuming Pnma, revealed all of the light atoms 
with peak heights all greater than 6 e WT3, whereas 
the background never exceeded 2 e Aw3, and as the 
structure was sensible and immediately interpretable 
the centrosymmetric space group was not thereafter 
questioned. Refinement proceeded by block-diagonal 
least squares, assuming anisotropic thermal motion for 
the mercury and potassium atoms, and isotropic 

(9) J. I. Bullock and D. G. Tuck, I. Chem. Sot., 1877, (1965). 
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Table 1. Atom Coordinates motion for the light atoms, to an R index 
(C / F, ) /E / F,-F, 1 > of .154 for the 976 observed 
data. Scattering factors were as in the International 
Tables,” with a real dispersion correction for mercury. 
The weight function was w = l/( 1 + ( 1 F, I - b)*/a*), 
with a and b chosen such that mean WA* was approxi- 
mately constant over the range of 1 F, /. 

Observed and calculated structure factors are listed 
in Table II. The dimensions of the anions are listed 
in Tables III and IV, and the closer approaches to 
the potassium ions in Table V. Standard deviations 
in these quantities are somewhat variable, but as they 
are high, and thus individually unlikely to be the 
subject of detailed argument, the ranges only for diffe- 
rent types of bond and angle are listed in Table VI. 

Atom x/a y/b Z/C 

$1) .0923 .0176 .25 .25 .1879 .6021 
K(2) .3017 .0046 .4384 
N(1) .0406 .0036 .2959 
N(2) .3413 .25 .1496 
N(3) -.0299 .25 -.0881 
N(4) .2492 .25 .7370 
:I:; .0776 .0211 .0296 .0851 .3729 .1702 

O(3) .2812 .1521 .1725 
O(4) --.0816 .25 .0282 

:iz; .0760 .2232 .25 .1496 -.0638 .6753 
O(7) .2980 .25 .8618 

Table Il. Observed and 
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Table III. Dimensions of the [Hg(NOJr]‘- ion (Distances 
in A, angles in degrees). 

0(1)-N(l) 1.22 
OW-N(l) 1.21 

O(l)-N(l)_-o(2) 118.5 

0(3)--N(2) 1.28 

0(4)-N(3) 1.25 
0(5)-N(3) 1.30 

O(3)-N(2)-O(3)’ 107.5 

O(4)-N(3)-O(5) 110.2 

Hg-O(1) 2.49 
Hg-O(2) 2.45 
Hg-O(3) 2.52 
Hg-O(4) 2.58 
Q-O(5) 2.34 

Hg-N(1) 2.86 
Hg-N(2) 3.04 
Hg-N(3) 2.96 

Hg-0(1)--N(l) 94.6 
Hg-0(3)-N(2) 101.2 
Hg-0(4)-N(3) 94.9 

Hg-0(2)-N(l) 97.0 

Hg-0(5)--N(3) 104.9 

0(1)-W) 
0(1)-O(l) 
O( 1)-O(2)’ 
0(1)-O(3) 
O( 1)-O(3)’ 
0(1)-O(4) 
O( 1 )-O(5) 

O(2)-O( 1) 
O(2)-O( 1)’ 
0(2)-O(2) 
0(2)-O(3) 
0(2)-O(3)’ 
0(2+-O(4) 
0(2)-O(5) 

2.09 O( l)-Hg-O(2) 49.9 
4.66 O( I)--Hg-O(1)’ 138.7 
4.54 O( 1 )-Hg-O(2)’ 133.4 
3.41 O( 1 )-Hg-O(3) 85.8 
4.61 O( l)-Hg-O(3)’ 134.1 
2.95 O( 1 )-Hg-O(4) 71.3 
3.26 O( l)-Hg-O(5) 84.6 

0(3)-O(3)’ 
0(3)-O(l) 
0(3)-O(2) 
0(3)-O(l) 
0(3)-O(4) 
0(3)-O(5) 

2.09 O(2)-Hg-O( 1) 
4.54 O(2)-Hg-O( 1)’ 
3.49 O(2)-Hg-O(2)’ 
3.17 O(2)-Hg-O(3) 
4.16 O(2)-Hg-O(3)’ 
4.12 O(2)-Hg-O(4) 
4.41 0(2tHg-O(5) 

2.08 O(3)-Hg-O(3)’ 
3.41 O(3)-Hg-O( 1) 
3.17 0(3)_Hg-O(2) 
4.61 O(3)-Hg-O(1)’ 
4.71 0(3)_-Hg-O(4) 
3.47 O(3)-Hg-O(5) 

2.09 O(4)-Hg-O(5) 
2.95 O(4)-Hg-O( 1) 

49.9 
133.4 
90.7 
79.2 

113.4 
110.1 
133.7 

48.6 
85.8 
79.2 

134.1 
135.4 
91.1 

0(4)_0(5) 
0(4)_0(1) 

=O(4)-O( 1)’ 
0(4)-O(2) 

-0(4)-O(2) 
0(4)-O(3) 

=0(4)-o(3)’ 

4.12 O(4)-Hg-O(2) 

4.71 O(4)-Hg-O(3) 

50.1 
71.3 

110.1 

135.4 

0(5)-O(4) 
0(5)--O(l) 

=0(5)-o(l)’ 
0(5)-O(2) 

-0(5)-O(2) 
0(5)-O(3) 

-0(5)-o(3) 

2.09 O(5)-Hg-O(4) 50.1 
3.26 O(5)-Hg-O( 1) 84.6 

4,41 O(5)-Hg-O(2) 133.7 

3.47 O(5)-Hg-O(3) 91.1 

N( l)-Hg-N( 1)’ 131.3 N(l)-Hg-N(2) 104.9 
N(l)-Hg-N(3) 101.2 N(2)-Hg-N(3) 113.2 

Table IV. Dimensions of the nitrate ion (Distances in A, 
angles in degrees). 

0(6)--N(4) 1.25 O(6)-N(4)-O(6)’ 116.7 
0(7)-N(4) 1.30 O(6)-N(4)-O(7) 121.6 
0(6)-O(7) 2.22 
0(6)-O(6)’ 2.13 

Discussion 

The arrangement of nitrogen and oxygen atoms 
about the mercury atom is shown in Figure 1, and 
the dimensions of this complex ion are listed in Ta- 
ble III. Note that the mercury atom itself and the 
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Table V. Close approaches to the potassium ions. 

K(l)-0)7) b 

N(3)d 
N(4) n 
N(2) e 

H&c“ 

2.68 A K(2)-O(6) a 
2.79 O(l)f 
2.85 O(2) a 
2.93 O(3) g 
2.93 oi3j a 
3.07 O(6) h 
3.17 
3.18 
3.58 

3.95 
Hnh 

2.84 A 
2.86 
2.91 
2.91 
2.93 
2.95 
2.97 
3.04 
3.06 
3.08 
3.34 
3.78 

a = x, y, z as in Table I. b = YZ +x, y, 1 -z. c = -x, -y, 
1 -z. d = x, y, 1+z. e = -1/2+x, y, %-z. f= %+x, 

y, 1/2-z. 8 = B-x, y, 1% +z. h = L/z-x, y, -l/2 +z. 

Table VI. Range of standard deviations. 

Distance (A) Angle (“) 

Hg-K .009-.Ol l Hg-O-N 2.0-2.8 
Hg-0,N .027-.039 O,N-Hg-0,N 0.5-l .4 
K-0,N .018-.045 O-N-O 2.S3.9 
O,N-0,N .018-.058 

atoms O(4), O(5), N(2), and N(3), are situated in 
the mirror plane. Atoms O(l), O(2), O(3), and N(1) 
are not, and thus by the reflection operation there are 
eight oxygen and four nitrogen atoms. These consti- 
tute four clearly defined nitrite ions, viz. O( 1) - N( 1) 
- O(2) and its reflected image, O( 1)’ - N( 1)’ - O(2)‘; 
O(3) - N(2) - O(3)‘, which thus sits across the mirror 
plane; and O(4) - N(3) - O(5), which lies in the 
mirror plane. The nitrogen-oxygen bond lengths ran- 
ge from 1.21 to 1.30 A, and the oxygen-nitrogen-oxy- 
gen angle from 107.5 to 118.5”. In sodium nitrite,” 
the corresponding dimensions are N-O = 1.23f 
.04 A. O-N-O = 115.7k3.0 A. 

Nl’ 

‘o--b 
Nl 01 

Figure 1. The [ Hg(NO&]‘~ ion. 

The four nitrite groups are disposed such that each 
is a bidentate ligand, co-ordinated to the mercury 
through the oxygen atoms. The five independent 
mercury-oxygen distances range from 2.34 to 2.58 A 
whereas the mercury-nitrogen distances are from 2.86 
to 2.96 A. Nitrite has not previously been observed 

(10) aInternational Tables for X-ray Crystallographyr, Volume 3, 
Kynock Press, Birmingham, pp. 202.216 (1962). 

(11) G. B. Carpenter. Acra Crysf., 5, 132 (1952). 

Hall, Holland 1 The Crystal Structure of R[H~(NOA]NOJ 



238 

to be bidentate, although it is equally able to span two 
co-ordination sites as is e.g. nitrate12-” or carbonate.‘4 

(a) (b) 

Figure 2. The relationship of the oxygen arrangement to a 
square antiprism. 

The arrangement of the eight ligand oxygens may be 
considered as being derived from a square antiprism. 
Using the numbering systemI for the vertices of the 
antiprism as in Figure 2a, the mirror plane may be 
thought of as perpendicular to the paper and contain- 
ing the line 6-8. The nitrite chelates then span posit- 
ions 2-5 and the symmetry related 3-7, (O(1) - N(1) - 
O(2)), 1-4 (O(3) - N(2) - O(3)‘) and 6-8 (O(4) - N(3) - 
O(5)). The distortion arises because the dimensions 
of the nitrite ion necessitate that these four edges of 
the polyhedron are much shorter than any other. The 
square face 1234 of the idealised antiprism thus be- 
comes a trapezium with side l-4 (at 2.08 A) shorter 
than the other three (3.17 to 3.49 A). More severely, 
the necessity to compress the diagonal 6-8 of face 5678 
means that these four vertices are no longer coplanar 
and are barely recognisable as having derived from a 
square (Figure 2b). Indeed, in the classic discussion 
of Hoard and SilvertonI of the possible stereoisomers 
of a tetrakis-bidentate molecule in the square anti- 
prismatic configuration, it was assumed that such 
bridging could not occur, and thus the presently ob- 
served configuration was not a considered possibility. 
Whether it is still meaningful to use the antiprism as 
the basis of description after such distortion is debata- 
ble, and it may be rather more important to note that 
the nitrogen-mercury-nitrogen angles are all near tetra- 
hedral. In this respect the configuration complies 
with the principle enunciated by Cotton and Bergman,12 
viz. that a polyatomic ligand, in which two chemically 
equivalent atoms are held much closer together than 
such a pair of atoms would be if independent of each 
other, has a tendency to interact through both of the 
equivalent atoms in such a way that the mean positions 
of the pairs of atoms are roughly at the vertices of one 

(12) F. A. Cotton and J. G. Bergman, 1. Am. Chem. Sm., 86, 2941 
(1964); J. G. Bergman and F. A. Cotton, Inorg. Chem., 5, 1208 (1966). 

(13) C. D. Garner and S. C. Wallwork, 1. Chem. Sot. (A), 1496 
(1966). 

(14) G. A. Barclay and B. F. Hoskins, I. Chem. Sot., 586, (1962). 
(15) E. L. Muetterties and C. M. Wright, Quart. Rev. 21, 109 (1967). 
(16) J. L. Hoard and J. V. Silverton, Inorg. Chem., 2, 235, (1963). 

of the usual co-ordination polyhedra. The nitrogen 
atoms in the [CO(NO&]~- ion” and in Ti(N0,),,13 
and the bond centres in KXrOs,” are thus also tetra- 
hedrally disposed about the central metal, although in 
each of these instances the ligands are so arranged that 
the oxygens form a dodecahedron, of I& symmetry. 
The configuration observed in [Hg(NO&]‘- has not 
previously been observed, but reference to Table III 
demonstrates that it does imply a more or less equi- 
valent environment for all eight oxygens, and thus it 
should be reasonably effective in minimising internal 
repulsion. It does then seem a reasonable alternative 
to the dodecahedron, and further structural work will 
presumably establish whether it occurs in the present 
instance because it is more favourable energetically 
for such a complex for a larger central metal, or whe- 
ther it is peculiar to the present species, or whether it 
owes its existence simply to the balance of packing 
forces in the present structure. 

The atoms O(6), O(6)‘, O(7), and N(4) exist in the 
structure as a distinct grouping. These four atoms 
are coplanar (maximum deviation of .Ol A from the 
mean plane) with the nitrogen atom at the centre of 
the three oxygens, and the dimensions of the ion are 
as in Table IV. This is obviously a nitrate ion - the 
corresponding dimensions in sodium nitrate” are N-O 
= 1.218+ .004 It, O-N-O = 120”. The closest 
approach of any of these atoms to the mercury is 
that of O(7), 3.92 A, and thus the nitrate is not co- 
ordinated but exists as a discrete ‘ion. The presence 
of the nitrate ion has been confirmed by the infra-red 
spectrum.’ 

The closer approaches of the potassium ions are 
listed in Table V. Allowing for the fact that K(1) 
lies in the mirror plane, and thus all of its approaches 
to atoms not in the plane are duplicated, each potas- 
sium can be seen to have ten or eleven oxygen or 
nitrogen neighbours at distances ranging from 2.68 to 
3.2 A. These form no particular polyhedron but in 
each case define a more or less spherical cavity in 
which the potassium ion residues. 

There was no sign of any further atom on a diffe- 
rence density synthesis, nor is there any room for a 
water molecule in the structure. The nitrate ion is 
independent of the mercury complex and the crystals 
are in fact a mixed potassium salt of the complex 
anion and nitrate, with formula K3[Hg(N02)4]N03. 
This does, of course, give virtually the same analysis 
for potassium, mercury and total nitrogen as the pre- 
viously supposed formula, and if it is assumed that 
Rosenheim and Oppenheimer4 and subsequent wqr- 
kers5” did in fact determine total nitrogen their confu- 
sion can be understood. It is also now obvious why 
the attempt at preparation using potassium nitrite and 
mercuric nitrite, rather than mercuric nitrate, was not 
successful. 

(17) 7. D. Swalen and J. A. Ibers, /. Chem. Phys., 37, 17 (1962). 
(18) R. L. Sass, R. Vidale and J. Donahue, Acta Crysf., IO, 567 

(1957). 
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