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Abstract. NH,HgCl;.H,0, orthorhombic, Pnma (or
Pn2,a), a=8727 (4), b=4-344 (3), c=17-73 (1) A, V=
672:3 A%, F.W. 3430, Z=4, D,=3-388, D, =3-366
gcem™3, A(Mo Ka,)=0-7093 A. Mercury and chlorine
atoms form double chains running along the b axis,
among which water molecules and ammonium ions
are located to form weak hydrogen bonds. The
structure holds fairly well to a molecular form [HgCl,],
as in HgCl, crystals.

Introduction, Crystals were prepared from aqueous
solution. The single crystal used measured 0-16 mm
along its needle axis (b axis) and had a cross section of
0-035x 0-055 mm. It was sealed in a Lindemann-glass
capillary to protect it from atmospheric moisture. In
total, 872 independent reflexions were collected on a
Rigaku automatic four-circle diffractometer with
Mo Ku radiation using the 26-w scan technique. Cor-
rections were made for Lorentz and polarization effects,
but not for absorption (ur=0-76). The systematic
absences are k +/%2n for Okl and h+#2n for hkO; the
space group is therefore Pnma or Pn2,a: the former
was chosen for the structure determination.

The position of the mercury atom was uniquely
determined from a three-dimensional Patterson syn-
thesis, and the other atoms except for hydrogen were
located by three-dimensional Fourier syntheses starting
with the mercury atom phases and the observed struc-
ture amplitudes. It was difficult to distinguish between
oxygen and nitrogen atoms from the heights of peaks
in the electron-density map, so their assignment was
made on the basis of chemical considerations.

The positional parameters thus obtained were refined
by the block-diagonal least-squares method, omitting
267 reflexions with F2<36(F2).un, and 101, 020, and
024 which suffered from heavy extinction effects.
Thermal factors were treated anisotropically for
mercury and chlorine atoms, and isotropically for the
others. The residual for 602 reflexions used in this re-
finement was 0-081 and that for all reflexions was
0-13. The three-dimensional (F, — F,) synthesis showed
no ripple larger than 8:0 e A~3. The atomic scattering
factors for Cl~, O, N, and Hg?* with anomalous
dispersion corrections were taken from International

Tables for X-ray Crystallography (1962). All calcula-
tions were performed on the NEAC 2200/700 in the
Computer Center, Osaka University, using UNICS
programs RSSFR-5, HBLS-V and RSDA-4.7

The atomic coordinates and the thermal parameters
with their standard deviations are listed in Table 1.
The large thermal factors of all atoms are consistent
with the efflorescent nature of this crystal.

Table 1. Final positional and thermal
parameters of NH,HgCl;.H,O

Positional parameters are listed as fractions of cell edges. An-
isotropic temperature factors are expressed as exp [— (%)
(Buha** + . .. + 2By hka*b* + .. )], and isotropic temperature
factors as exp (— Bsin? §/A%). Estimated standard deviations
are indicated in parentheses with respect to the last decimal

place given,
X y z B

Hg 0-57543 (20) 0-25 0-40332 (08)
CI(1) 0-4159 (13) 0-25 0-29513 (49)
Cl(2) 0-7513 (12) 0-75 0-36403 (55)
CI(3) 0:6605 (13) 0-25 0-53000 (52)
O 0-0493 (47) 0-25 0-4258 (22) 6-4 (9)
N 0-1173 (49) 0-75 0-3152 (24) 50 (9)

Bll BZZ B33 BlZ BL’- BZ3
Hg 3-42 (06) 3:71 (07) 1-94 (05) 0 —096(06) 0
CI(1) 3-22(41) 4-10 (46) 2-32(32) 0 —-072(@35) 0
Cl(2) 3-15(44) 3-66 (47) 3-28 (40) 0 +09@36) 0
CI(3) 4-10(51) 4-02 (50) 2-26 (35) 0 —-068(35 O

Discussion. This work was undertaken in order to
provide the structural basis for our nuclear-magnetic-
resonance studies. The structure projected along the b
axis is shown in Fig. 1. The bond lengths and angles are
listed in Table 2 with those for the sodium salt,
NaHgCl;.2H,0 (Malci¢, 1959), for comparison. Mer-
cury and chlorine atoms form double chains along the
b axis, among which ammonium ions and water mole-
cules are placed to bind them with weak hydrogen

1 A table of calculated and obseived structure factors has
been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 30374 (2 pp.). Copies
may be obtained through The Executive Secretary, Interna-
tional Union of Crystallography, 13 White Friars, Chester
CHI1 1NZ, England.
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bonds. In these chains, six chlorine atoms form a
distorted octahedron around each mercury atom, but
two of them are much closer to the centre atom than
the remaining four, as shown in Table 2. In other
words, it is clear that a molecular form of [HgCl,] is
held fairly well in this structure. Such a quasi-molecule
of [HgCl,] is often found in mercury(II) chloride com-
plexes, for example NH,HgCl, (Harmsen, 1938),
K,;HgCl,.H,0 (MacGillavry, de Wilde & Bijvoet,
1938) and NaHgCl;.2H,0, as well as HgCl, itself
(Brokken & Scholten, 1934; Grdenié, 1950).

Table 2. Interatomic distances and angles
with standard deviations in parentheses

Ammonium salt Sodium salt
Hg-CI(1)  2:370 (10) A Hg—Cl(1) 235A
Hg-Cl(2)  2:749 (07) Hg—Cl(2) 281
Hg-CI(3)  2-366 (10) Hg—Cl(3) 240
Hg-Cl(3") 3-218 (08) Hg—CI(3")  3-27
N—CI(1) 3-41 (3) Oo(1H)-CI(1) 3-30
N—CI(1iy 341 (3) o(1)-CI(1'y  3-64
N—CI(2")  3:39 (4) Oo()-CI(2'hy 3-32
N—CI(2")  3-31 (4) o()-CI(2'y 3-67
N—CI(3H) 336 (4) Oo(H-CI(3")  3-64
N—O 2:99 (4) 0(1)-0(2) 3-36
O—Cl2""Yy  3-56 (3) O(2)-ClI(2iy  3-66
O0—CI(3%) 343 (3) 0(2)-Cl1(3Y) 3-51
o—Oi 3:52 (4) 0(2)-0(2™) 299

Na—Cl(1'y 2-72
CI(1)-Hg—-Cl(3) 1623 (4)° Na—CIQ2't) 2-99
Hg—Cl(2)-Hg" 104-4 (4) Na—O(1) 2:50
Hg—CI(3")-Hg" 84-9 (3) Na—-0(2) 2:12
O-—N—O0" 93-3 (14)
O--—0v—0" 76-2 (10)
Symmetry relations
i I—x 1-y 1-z
ii —0-5+x y 05—z
iii —1+x y z
iv -x 1=y -2z
v x 14y z

Of CI(I) and CI(3) forming the quasi-molecule
[HgCl,], CI(3) seems to contribute to the interaction
with the adjacent quasi-molecules with its lone-pair
electrons. This presumption, based on the crystal
structure, has been actually confirmed by our recent
study of the chlorine quadrupole resonance. Though
the intermolecular interaction suggests disproportiona-
tion in the intramolecular bondings, the two Hg—Cl
distances in the quasi-molecule were almost the same
within the experimental errors.

It is interesting to compare the crystal structure of
this complex with that of the sodium salt. There is a
close resemblance between the double-chain structures
of both salts. The distances Hg—Cl(2) and Hg-CI(3}) in
the ammonium salt, however, are slightly shorter than
those in the sodium salt, where CI(3%) belongs to the
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Fig. 1. The crystal structure projected along the b axis.
Stippled circles represent atoms at y=4, and open circles
atoms at y=3.

adjacent quasi-molecule, indicating a stronger inter-
molecular interaction in the ammonium salt. On the
other hand, there is, between the two structures, a
considerable difference in the location of cations. The
ammonium ion is located at the position corresponding
to that of water molecule (1) in the sodium salt, sur-
rounded by seven nearest chlorine atoms and two
water molecules, while the sodium ion is octahedrally
surrounded by three chlorine atoms and three water
molecules.

The hydrogen atoms of the water molecule were
located by means of proton magnetic resonance. The
results of the proton and chlorine magnetic resonances
will be reported elsewhere.
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