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A naturally-occurring mercuroammonium compound from Pitkin County, Colorado, is shown to be the
natural analog of synthetic HeNH,NO;. The crystals are isometric, P4,32 or P4,32, witha = 10.254(1)
A and twelve formula weights per cell. Using 437 symmetry-independent reflections, the crystal
structure was partially determined and refined to a residual of 0.090. The positions of the Hg atoms and
the N and O atoms of the nitrate group were determined, but the amide ion could not be located,
probably due to positional disorder. The structure contains mercury atoms arranged in equilateral
triangles 3.421(1) A on a side. These triangles are linked through shared vertices into helical chains
wound around the fourfold screw axes. Similar triangular units occur in other inorganic Hg(II)
compounds. The distortion of the nitrate ion from trigonal planar symmetry is also discussed.

Introduction

In 1977 crystals of an unidentified, natu-
rally occurring mercury compound were
supplied to the authors by Mr. Robert Le-
wandowski, who had collected them at an
abandoned mine in Pitkin County, Colo-
rado. The powder X-ray diffraction pattern
was unlike that of any known mineral, but
was essentially identical to that reported
by Hayek and Inama (/) for synthetic
mercury(Il) amidonitrate, HgNH,NOQO;. In
this paper we report the results of a chemi-
cal and single-crystal X-ray diffraction
study of the natural analog of HgNH,NO;,
together with a partial solution of its crystal
structure.

* Contribution No. 369 from the Mineralogical Lab-
oratory, Department of Geological Sciences, Univer-
sity of Michigan, Ann Arbor, Mich.

Crystal Data

Natural HgNH,NO; occurs as pale yel-
low, almost colorless, isometric crystals up
to several millimeters in size. Forms
present are the octahedron and dodecahe-
dron, with the former predominant. For
comparison, the synthetic crystals are re-
ported to be ‘‘yellowish rhombic dodecahe-
dra’’ (1). The density of the natural min-
eral, which was measured with a Berman
balance using a temperature correction, is
5.03 g/lcm® compared to a calculated value
of 5.15 g/cm®. The Mohs hardness is 23 to 3
and the refractive index in sodium light is
1.81.

Weissenberg and precession photographs
revealed Friedel symmetry and extinctions
consistent only with space groups P4,32
and P4332. The unit cell parameter, which

221 0022-4596/82/060221-06$02.00/0

Copyright © 1982 by Academic Press, Inc.
All rights of reproduction in any form reserved.



222

RANDALL ET AL.

TABLE 1
COMPARISON OF POWDER X-RAY DIFFRACTION DATA FOR NATURAL AND SYNTHETIC HgNH,NO,

Synthetic® Natural® Synthetic® Natural®
dobsd 1 obsd dobsd dcalcd hkl 1 obsd dobsd I obsd dobsd dcalc d hkl I obsd
7.32 20 7.24 7.25 011 80 176 16 1.758  1.758 035, 334 20
5.95 20 592 5.92 m 80  1.737 20 1.735  1.733 135 30
4.58 17 457 4.59 012 50 1.602  1.601 045, 125, 344 50
3.42 47  3.412 3.418 122 60 1.581  1.582 145 10
3.09 40  3.087 3.092 113 40 1.564  1.564 335 2
2.96 100 2.953  2.960 222 100 1.546  1.546 226 10
2.85 8 2.838 2844 023 2 1.520  1.529 036, 245 2
2.74 60 2741  2.741 123 60 1.463  1.465 236 40
2.56 47 2562 2.563 004 60 1.449  1.450 017, 055, 345 10
2.48 45  2.487 2.487 223,014 60 1.408  1.408 027, 146 5
2.42 17  2.416 2417 114,033 30 1.395  1.395 127, 255, 336 40
2.35 33 2349 2352 133 40 1.335  1.335 137, 355 1
2.24 25 2237 2.238 124 40 1312 1.313 346 1
2.18 23 2,185  2.186 233 40 1.302 1302 156, 237 20
2.10 3 1.272 1.272 018, 256 20
2.05 15 2.050  2.051 034 5 1.201  1.200 038, 166 1
2.1 20 2.009 2.011 134,015 40 1.192  1.192 057, 138, 347 2
1.97 9 1974 1973 333,115 5 1.185 1.184 157, 555 1
1.90 5 1.162  1.161 257 2
1.87 12 1.873 1.872 125 5 1.140  1.139 148, 366 5
1.815 15 1.812  1.813 044 20 1.088  1.087 058, 257, 348 15
1.79 30 1784  1.785 144 40 1.002  1.001 1-2-10,458 20

¢ Diffractometer data from Hayek and Inama (/).

® Gandolfi data from a sample of the natural compound.

was refined by least-squares from the pow-
der X-ray diffraction data in Table I, is
10.254(1) A. The powder data were ob-
tained with a 114.6-mm Gandolfi camera,
Ni-filtered CuKa radiation, a polycrystal-
line sample, and an NBS silicon (a
5.43088 A) internal standard. Reflection in-
tensities were visually estimated and index-
ing was carried out with the aid of the sin-
gle-crystal intensities. There are twelve
formula weights per unit cell. The isometric
unit cell and powder data are essentially
identical to those of the synthetic phase (/)
and are easily distinguished from those of
all other mercury compounds listed in the
Powder Diffraction File.

A chemical analysis of the natural crys-
tals, performed by a commercial analytical

laboratory, yielded 71.9% Hg and 7.5% to-
tal N. The latter was reported to be present
in three oxidation states: 4.3% N5*, 0.2%
N3+, and 3.0% NB3-. Thermogravimetric
analysis with simultaneous analysis of the
volatile components by mass spectrometry
revealed only NO; and NH,, which was
consistent with the reported major oxida-
tion states of the nitrogen (R. A. Ramik,
Royal Ontario Museum, personal commun-
ication). Stoichiometric HgNH,NO; con-
tains 71.99% Hg and 10.05% N, and while
the former figure agrees well with the chem-
ical analysis, the latter does not. A crystal
structure analysis of the natural phase was
therefore initiated in hopes of resolving this
apparent discrepancy in the nitrogen con-
tent.
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Structure Solution and Refinement

The crystal selected for intensity mea-
surement was an irregular fragment 0.40 X
0.19 x 0.08 mm in size and mounted on the
[110] axis. Intensities of 1653 reflections
having sin 6 = 0.460 were measured with a
Supper~Pace diffractometer system using
Weissenberg equi-inclination geometry,
MoK« radiation, a scintillation counter,
and a graphite monochromator. The scan-
ning rate was 2°/min and 30-sec background
counts were taken on both sides of each
peak. Corrections were made for Lorentz,
polarization, and absorption (u, = 434
cm™Y) effects. Unobserved reflections were
assigned estimated intensities according to
the procedure of Prewitt and Burnham (2).
The final set of structure factor amplitudes
numbered 437 after averaging symmetry-
equivalent reflections.

A three-dimensional Patterson synthesis
was then prepared, the peaks of which led
to the assignment of the mercury atoms to
equipoint 124 of space group P4,32 with x
= 0.094. Least-squares refinement of the
positional and thermal parameters of the
mercury atoms converged to a residual,
defined as E”Flobsd_Iﬂcalcdl/le'obsd, of
0.13. The program RFINE 2 (3), neutral
atom scattering factors (4), anomalous dis-
persion corrections (5), and Cruickshank’s
weighting scheme (6) were used in the
refinement.

Since stoichiometric HgNH,NO; con-
tains 24 nitrogen atoms, which must be
equally divided between the nitrate and am-
ide groups, these atoms must occupy equi-
point 12d or some combination of 8¢ with
4a and 4b. Moreover, Br~ and NOj are
approximately the same size, and hence the
distance Hg~-N>* in HgNH,NO; should be
similar to the Hg-Br distance in cubic
HgNH,Br (7). A number of structural
models were then devised assuming Hg-
N5t and Hg-N3- distances of approxi-
mately 3.1 and 2.2 A, respectively, the lat-
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ter value also being taken from the
structure of cubic HgNH,Br. These led to
the conclusion that both N5 and N*~ must
occupy 12-fold positions, for if either were
to occupy one of the fourfold equipoints, it
would necessitate Hg—N distances of 3.87
A or greater.

The interatomic vector sets predicted by
the most reasonable of the trial models
were then compared to the Patterson maps.
The Hg—Hg vectors accounted for all sets
of peaks except one, and that one corre-
sponded to the Hg—N®" vector set pre-
dicted by one model of the nitrate group
position. Subsequent electron density and
difference electron density syntheses re-
vealed that the oxygen atoms of the nitrate
group occupied equipoints 124 and 24e.
Refinement of positional and thermal pa-
rameters for Hg, N5, and O atoms pro-
duced the final values shown in Table II.

Unfortunately, all attempts to similarly
locate the position of the amide group
failed. No unambiguous peaks not explain-
able as mercury or nitrate group atoms
could be found on the electron density and
difference electron density maps, and none
of the possible amide group positions tested
by structure factor calculations produced
an improvement in the value of the residual.
It was therefore concluded that the amide
ion is positionally disordered in the struc-
ture of HgNH,NO;.

The final value of the residual for all

TABLE 11

ATtoMic COORDINATES AND ISOTROPIC
TEMPERATURE FACTORS (A’)

X y z B
Hg 12d % 0.0937(2) 0.3437(2) 1.60(2)
N 124 % 0.844(5)  0.094(5) 1.9(5)
o 124 3 0.754(8)  0.0048)  3.8(8)
0O(2) 24e 0.018(4) 0.873(5) 0.131(4) 5.5(8)

Note. Estimated standard deviations are given in
parentheses.
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reflections is 0.090. This rather high value is
due in part to the absence of the amide
group from the structure factor calculations
and in part to absorption error. The trans-
mission factors ranged from 0.03 to .08
and were imprecise for symmetry-equiva-
lent reflections due to the irregular crystal
shape. The final set of observed and calcu-
lated structure factors appears in Table ITI.!
Interatomic distances and angles with their
standard errors appear in Table IV. These
were calcuated by the program OR FFE (8)
using the atomic parameter variance—co-
variance matrix from the final cycle of
refinement.

Discussion

Any discussion of the mercury amidoni-
trate structure is necessarily limited by our
ignorance of the positions of the amide
groups. Nevertheless, some conclusions
can be drawn concerning the coordination
of the mercury atoms based upon the
known crystal chemical behavior of diva-
lent mercury.

The structure solution reveals each mer-
cury atom to be surrounded by five nitrate
ions, but only two oxygens of the latter can
be considered to be coordinated to the
metal. These are the two O(2) atoms at
2.77(4) A (Table IV); all other Hg-O dis-
tances exceed 3.20 A, which is greater than
the sum of the van der Waals radii, 3.0 A
(9, 10). The 2.77-A distance is longer than
the sum of the ionic radii of Hg?* and O%*

t See NAPS document No. 03944 for 3 pages of
supplementary material. Order from ASIS/NAPS,
Microfiche Publications, P.O. Box 3513, Grand Central
Station, New York, N.Y. 10163. Remit in advance
$4.00 for microfiche copy or for photocopy, $7.75 for
up to 20 pages plus $.30 for each additional page. All
orders must be prepaid. Institutions and organizations
may order by purchase order. However, there is a
billing and handling charge for this service of §$15.
Foreign orders add $4.50 for postage and handling, for
the first 20 pages, and $1.00 for additional 10 pages of
material. Remit $1.50 for postage of any microfiche
orders.
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TABLE 1V

SELECTED INTERATOMIC DISTANCES (A) AND
ANGLES (%)

Mercury-oxygen

Hg-0(2) 2.77(4) 2x  O(2)-Hg-0(2) 155(2)
~0(2) 3.23(5) 2x
~0(2) 3.33(5) 2x
~0(1) 3.422(3) 2x
Mercury-—nitrogen
Hg-N 3.63(8)
~N 3.65(4) 2x
~N 3.68(3) 2x
Mercury triangles
Hg-Hg 3.421(1) 4x Hg-Hg-Hg 124.16(3) 2x
Hg-Hg-Hg 60.000(1) 2x
Hg-Hg-Hg 124.71(4)
Hg-Hg-Hg 172.40(5)
Nitrate group
N-0(2) 1.20(5) 2x 0(2)-N-0(2) 133(8)
~0(1) 1.30(12) 0(2)-N-0(1) 144(4) 2x
Mean 1.23 Mean 120
O(1)-0(2)  2.10(10) 2x
0()-0(2) 2.21(9
Mean 2.14
Oxygen-oxygen
O()-0(2)  3.026) 2x
0(2)-0(2) 3.10(4) 2x
O(1)-0O(1)  3.24(19) 2x
0(2)-0(2)  3.25(8) 2x

Note. Estimated standard deviations are given in paren-
theses. Existence of two or four equivalent distances is indi-
cated by 2X or 4x, respectively.

(11), which is 2.54 A assuming the highest
practical coordination (eightfold) for mer-
cury.

According to Grdenic (9, 10) Hg(II) com-
monly forms two (digonal) or three (trigonal
planar) short bonds, plus a number of
longer contacts, which complete a distorted
tetrahedral, trigonal pyramidal, trigonal bi-
pyramidal, or octahedral coordination poly-
hedron around the metal atom. In the octa-
hedral case, distorted HgO, octahedra
typically contain two very short Hg-O
bonds about 2.0 A in length and four distant
oxygens at 2.7 to 2.9 A (/2). It is known
that cubic and orthorhombic HgNH,Br,
HgNH,CI, and Hg(NH3),Br all contain mer-
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cury in distorted octahedral coordination
with amide groups acting as the two
“‘close’’ ligands (/3). If the same were true
for HgNH,NO;, the O(2) atoms at 2.77 A
would be members of the ‘‘distant’” ligand

set, while the unlocated amide ions would .

function as the two close, strongly bonded
ligands. Additional oxygen or amide ions
would complete the octahedron. Although
octahedral coordination of mercury seems a
reasonable hypothesis in this structure, all
that can safely be said is that the actual
coordination is not tetrahedral, i.e., 20 +
2NH,. The angle O(2)-Hg-0(2) is 155(2)°,
which is far removed from the tetrahedral
angle of 109°28’.

The most interesting feature of the
known structure is the helical chains of ver-

tex-sharing equilateral triangles of mercury -

atoms wound around the fourfold screw
axes (Fig. 1). Each Hg is 3.421(1) A from
four other mercury atoms (Fig. 2), the posi-
tions of the five atoms forming a pair of
vertex-sharing equilateral triangles such
that an edge of one triangle is nearly colin-
ear with the edge of the other. The angle

FiGc. 1.
HgNH,;NO; on (001) showing the helical chains of
equilateral mercury triangles. The numbers are the z
coordinates of the mercury atoms X100,

Projection of part of the structure of
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FiG. 2. Projection on (001) of a pair of equilateral
mercury triangles showing the interatomic angles. The
numbers within the circles are the z coordinates of the
atoms x 100,

Hg-Hg-Hg is 172.40(5)°. Each pair of tri-
angles then shares vertices with two similar
pairs forming a helical chain. Adjacent
chains are linked to one another at intervals
through more shared vertices (Fig. 1).

The equilateral triangle of mercury atoms
having Hg—Hg distances in the range 3.5 +
0.1 A appears to be a recurrent structural
element among the inorganic compounds of
divalent mercury. Two previously de-
scribed representative examples are
Hg,S,Cl, (I4), which contains helical
chains of ftriangles similar to those in
HgNH,NO;, and Hg;0Cl, (I5), which con-
tains isolated Hg; triangles. The mineral
terlinguaite, Hg,0,Cl, (16), contains trian-
gular Hg; groups which deviate from the
above pattern in that the Hg—-Hg distance is
a very short 2.708 A. This is actually
shorter than the 2.999-A nearest-neighbor
distance in e-mercury (/0). While the short
Hg-Hg distance in terlinguaite suggests
metal-metal bonding within the triangles
(16), no such phenomenon is indicated in
HgNH,NO;. The Hg-Hg separation of
3.421 A is close to the second nearest-
neighbor distance (3.466 A) in a-mercury.
Moreover, 3.42 A is precisely the separa-
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tion expected between two adjacent but
nonbonded mercury atoms according to
Glidewell’s concept of nonbonded atomic
radii (/7).

Turning to the nitrate ions, these groups
show some distortion from the ideal trigonal
planar configuration. Unfortunately, the ex-
act extent of this distortion is uncertain due
to the rather large errors in the bond param-
eters (Table 1V). The N-O distances are
1.30(12) and 1.20(5) A (twice) for a mean of
1.23 A, which compares well to the grand
mean of 1.250 A for all nitrate compounds
surveyed by Baur (/8). The angles O-N-0O
are 133(8)° and 114(4)° (twice) for a mean of
120°, which is the ideal value of this angle.
The sum of the O-N-0O angles is 360.00° if
three decimal places are carried in the cal-
culation, indicating that the nitrate group in
HgNH,NOQ; is planar within error of mea-
surement.
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