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The crystal structure of lecontite, NaNHsSO4.2H;0, has been determined from three-dimensional
X-ray data, obtained by the equi-inclination Weissenberg technique, and refined by the full-matrix
least-squares method to a final R index of 0-08 for 607 measured reflexions. The unit cell is ortho-

rhombic with a=8-216, b=12-854, ¢=6232 A

and space group P2;2;2;. The structure shows chains

of Na octahedra sharing one face with each other (the Na—Na distance is 3:15 A). The SO tetrahedron
is regular. The NH;" ion coordinates seven oxygen atoms forming a very irregular polyhedron.

Introduction

The present investigation forms a part of a series of
crystal structure determinations on sulphate minerals.
Faust & Bloss (1963) showed that synthetic
NaNH,S0,.2H,0 is identical with natural lecontite,
on the basis of the close agreement of the optical pro-
perties, physical properties, and diffraction data. They
carried out a diffractometric study on both natural and
synthetic lecontite, giving the cell dimensions a=8-23;
b=12-88; c=6-26 A, and the space group P2,2;2;.

Experimental

Crystals suitable for structural study were prepared by
evaporation of an aqueous solution of sodium sulphate
and ammonium sulphate.

The lattice constants were determined by measuring,
at room temperature, the 26 values of appropriate re-
flexions for each of the constants to be determined,
and extrapolating the corresponding interplanar distan-

. .1 [cos?l  cos?f
ces, plotted against 5 (sin 9 + 9
The measurements were made with a Wooster single-
crystal diffractometer.

The calculated density of 1:747 g.cm=3 on the basis
of 4 stoichiometric units in the unit cell agrees very
well with the one observed on synthetic crystals of
1-745 g.cm=3 (Faust & Bloss, 1963).

Crystals of cylindrical shape, produced by grinding,
were found to be satisfactory for intensity measure-
ments. The crystal used in this investigation had an
average diameter of 042 mm and the cylinder axis
corresponded to the z direction.

There are no systematic absences among the reflex-
ions hkl, hOl, Ok! and hkQ. Reflexions #00 with 4 odd,

* Paper presented at the 22nd Congress of the Societd
Mineralogica Italiana; Forte dei Marmi, Lucca, Italy, Septem-
ber 28-October 1, 1965.

) , to 20=180°.

0k0 with k£ odd and 00/ with / odd are absent. This
leads to the space group P2,2,2,. As in this space group
all atoms must occupy general positions, the asym-
metric unit is NaNH,SO,.2H,0.

Crystal data

Orthorhombic,
a=8-216 4 0-008, 5=12-854 + 0-0011, c=6-232 + 0-008 A
U=658-2 A3
Space group P2,2,2;

Dp=1745 g.cm™3 Dy=1-747 g.cm™3
Z=4
u=479 cm1,

Three-dimensional intensity data were collected
by equi-inclination Weissenberg photographs taken
around the ¢ axis (/ from O to 4) using the multiple
film technique with Cu K radiation (A=1-5418 A). A
total of 664 reflexions was recorded, but 57 of them
were too weak to be measured. The integrated inten-
sities were evaluated by means of a microdensitometer,
and converted to F2 values by the application of the
Lorentz—polarization and absorption corrections with
the use of a program written by Albano, Bellon &
Pompa (1963) for the IBM 1620 computer. A correc-
tion for the incipient but incomplete a;—a, splitting was
also applied.

Wilson’s method was then used to estimate an ap-
proximate scale factor and an overall temperature par-
ameter for each level. The analytic constants for the
calculation of the atomic scattering factors in the pro-
cess of solution and refinement of the structure are
those given by Moore (1963) for neutral atoms.

Structure determination

The approximate position of the sulphur atom and of
the four tetrahedrally coordinated oxygen atoms
around it were derived readily from a three-dimensional
Patterson synthesis. At the same time, and indepen-
dently, a statistical test for giving the signs to the struc-
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ture factors of reflexions of the #kO centrosymmetric
section was carried out, according to Cochran &
Woolfson’s probability formula (Woolfson, 1961). The
kk0 Fourier synthesis, computed by the signs given by
the statistical method, showed the SO4 group to be in
the same position as the one obtained by the inter-
pretation of the Patterson synthesis. The Na atom and
the remaining two oxygen atoms were found by means
of a three-dimensional Fourier synthesis, computed on
the basis of the contribution of the SO, group. Two
further and more detailed Fourier syntheses were then
computed to locate the Na atom and to refine the po-
sitions of all atoms previously placed. At this stage the
reliability index R was 0-25.

The structure was refined by the method of least
squares, using first a program written by Albano, Bel-
lon, Pompa & Scatturin (1963) for the IBM 1620
computer. This program uses 3x 3 blocks for posi-
tional parameters and 1x 1 blocks for individual iso-
tropic thermal parameters. By four subsequent cycles
of isotropic refinement, each followed by a proper re-
scaling of Fy’s, the R value decreased to 0-13.

The refinement including anisotropic thermal par-
ameters was then continued by means of a program
written by Sgarlata (1965) for the Elea 6001 digital
computer, which minimizes the unweighted differences
F,~F. and takes into account the full matrix. After
three cycles the R index dropped to 0-092 for all the
observed reflexions, and to 0-080 with the exclusion of
5 reflexions affected by extinction.

By the atomic coordinates obtained from the last
cycle of least squares, a three-dimensional difference
Fourier synthesis was computed in order to locate the
hydrogen atoms, the positions of which were checked
also by steric considerations and charge balances. Both
the water hydrogen atoms and the NH,; hydrogen
atoms were found in this map, and they were given a
general isotropic thermal parameter of 5-0 A2. Because
in the Fourier difference map the peaks belonging to
the hydrogen atoms of the water molecule and of the
NH; ion [especially H(6) and H(8)] were poorly de-
fined and somewhat spread out, the positions of the
hydrogen atoms were determined according to the
scheme of Fig.1, i.e. near the lines H,0-SO, and
NH,-O. The data were not of sufficient quality to
warrant an attempt to refine the hydrogen parameters,
but their presumed positions were included in the
structure factor calculations for the final least-squares
refinement cycle of the heavy atoms. The b33 coefficient
of the Na atom, which persisted in being negative
during these cycles, was forced to become slightly posi-
tive each time, but even in the last cycle it did not
reach a positive value, and it was held at a near zero
value. During the fourth and last cycle there were no
variations in the atomic coordinates, but only slight
variations in the thermal parameters. The standard
deviations in the by and positional parameters were
computed, according to Cruickshank (1949, 1956),
with the program written by Nardelli, Andreetti, Do-
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miano & Musatti (1965) for the Elea 6001 computer.
The final atomic positional parameters and their stan-
dard deviations are given in Table 1. The anisotropic
thermal parameters are shown in Table 2, and in Table
3 are given the thermal ellipsoids related to the crystal-
lographic axes. The observed and calculated structure
factors are listed in Table 4.

Description of the structure

The structure is illustrated in Fig.1. The bond dis-
tances and bond angles, calculated from the positional
parameters of Table 1, are given in Table 5.

The SO, group has the usual regular tetrahedral co-
ordination, with a mean S-O distance of 1-47 A, and
angles with small deviations from the tretahedral ones.

Table 1. Final atomic coordinates
and their standard deviations

(o) applies to the rightmost digit of the quantity in question

x/a ylb z/e

S 0-0842 (2) 0-1277 (1) 0-3733 (6)
Na 0:2652 (4) 0-4847 (2) 0-9133 (8)
o(1) 0-0690 (9) 0-2001 (6) 0-1890 (28)
0(2) 0-0617 (12) 0-1894 (3) 0-5740 (27)
0(3) 0-2450 (10)  0-0807 (5)  0-3719 (24)
0(4) 00392 (10)  0-5455(5)  0-1380 (20)
O(5) 0-2115 (7) 0:6350 (4) 0:6949 (16)
0(6) 0-:0793 (6) 0-4039 (4) 0-6625 (19)
N 0-1719 (8) 0-8541 (5) 0-3678 (24)
H(®1) 0-910 0-145 0-700

HQ) 0-710 0-190 0-780

H(@3) 0-570 0-175 0-370

H(4) 0-480 0-090 0-360

H(5) 0-395 0-200 0-855

H(6) 0-410 0-060 0-860

H(7) 0-230 0-160 0-990

H(8) 0-240 0-160 0-780

Fig. 1. Structure of lecontite viewed along [001].
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Table 2. The final anisotropic temperature factors and their standard deviations

Thermal parameters are in the form exp [— (b11h2 + b22k2 + b3312+ by2hk + byshl+ baskl)]
(o) applies to the rightmost digit of the quantity in question

by b2 b33
S 0-0048 (1) 0-0026 (0) 0-0069 (16)
Na 0-0091 (2) 0-0041 (1) 0-0000 (24)
o) 0:0146 (5) 00048 (4) 0-0245 (78)
02) 00171 (9) 0-0055 (1) 00191 (66)
03) 0-0051 (1) 0-:0055 (3) 0-0386 (71)
(61C)] 0-0066 (4) 0:0043 (3) 0-0108 (51)
0o(5) 0-0103 (6) 0-0038 (2) 0-0041 (41)
0(6) 0-0073 (3) 0-0048 (2) 0-0164 (50)
N 0-0108 (3) 0-0030 (2) 0-0198 (62)

Table 3. Root mean square thermal vibrations along the

ellipsoid axes (A), magnitude of the principal axes (A2)

and angles (°) between the crystallographic axes and the
principal axes of the vibration ellipsoids

I.m.s. B; o B 4
S 0-12 1-22 28 68 74
0-15 1-81 113 23 90
0-12 1-06 105 96 16
Na 0-17 2:20 35 55 89
0-19 2:97 125 35 87
0-01 0-01 89 93 3
o(1) 0-22 391 10 86 81
0-27 559 99 50 42
0-13 1-42 87 40 130
0(2) 0-17 2:42 46 50 110
0-29 674 44 124 65
0-16 2:06 95 57 33
0Q3) 0-21 3-64 86 4 91
0-28 6-12 99 88 9
0-13 1-25 10 94 81
o) 0-14 1-55 123 91 33
0-21 3-46 64 32 72
0-13 1-29 45 122 63
o(5) 0-18 2:57 45 129 70
0-20 3-06 45 46 100
0-06 0-29 97 69 22
0O(6) 0-17 2-32 127 64 49
0-21 3-60 88 33 123
0-15 1-77 37 72 59
N 0-16 1-96 90 8 98
0-24 4-72 133 84 44
0-13 1-30 43 85 47

On the other hand, the coordination polyhedron of the
NHj ion is very irregular, both in its shape and in
the NH,-O distances. Five NH,-O distances range
from 2-82 to 3-01 A, two more are at 3-27 and 3-32 A;
an eighth distance NH,~O(5"), of 3-49 A, seems to be
too long to be an ammonium-oxygen bond distance

Sl

Fig.2. Chains of NaQg octahedra parallel to c.
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b2 b3 b3

—0-0010 (3) 0-0004 (10) 0-0001 (6)
—~0:0017 (7) —0-0005 (19) 0-0009 (12)
—0-0013 (22) —0-0011 (63) 0-0127 (45)
—0-0080 (16) 0-0132 (63) —0-0074 (24)

0-0007 (15) —0-0073 (41) 0-0007 (36)

0-0038 (16) 0-0017 (42) 0-0035 (30)

0-0016 (14) 0-0019 (39) —0-0051 (20)
—0-0005 (14) —0-0024 (36) —0-0042 (24)
—0-0011 (15) —0-0165 (38) 0-0010 (30)

(International Tables for X-ray Crystallography, 1962).
Among these bonds, four are arranged nearly tetra-
hedrally, with distances ranging from 2:82 to 3-01 A,
and they were assigned to hydrogen bridges N~H-O.
As it was said before, the peaks belonging to H(6) and
H(8) were scarcely defined in the difference map; ac-
cording to the assumed positions for these hydrogen
atoms the NH} tetrahedron would be pretty distorted.
Since the same ion has five neighbour oxygen atoms
at distances less than 3 A, and there are only four
hydrogen atoms, this suggests a kind of partially sta-
tistical distribution of regular tetrahedral NH; ions
within the structure, possibly with some preferred
orientation for either H(7) or H(5), pointing toward
O(1) and O(1") respectively. The coordination poly-
hedra of the NHj ion are linked together by the
sharing of one edge O(3)-O(3"), to form zigzag chains,
elongated in the ¢ direction; these chains are connected
to one another by the sharing of one corner O(1), to
form a three-dimensional network, with channels in
the ¢ direction, along the screw axis 30z.

The Na atoms, which are lying nearly on the screw
axis, share opposite faces of their coordination octa-
hedra in order to form infinite straight chains, parallel
to the ¢ axis, filling the channels of the ammonium-
oxygen network. These chains are not evident in Fig. 1
because they are perpendicular to the plane of the
drawing. One of the chains is shown in Fig.2. This
kind of connexion of Na octahedra is rather unusual,
but already known, for instance in the isostructural
sodium sulphate (Frevel, 1940) and sodium chromate
(Miller, 1936), as well as in sodium thioantimonate
(Grund & Preisinger, 1950). Thus the distance Na-Na
is forced to be very short (3-15 A), even shorter than
that found in the above structures (3-30 A). The near-
ness of pairs of Nat ions is the reason for deforma-
tion of the Na polyhedron, elongated in the Na-Na
direction because of the electrostatic repulsion between
the cations (the Na—Na distance would be about 28 A
for regular Na octahedra sharing one face). A signi-
ficant feature is the b;; thermal parameter of sodium,
which remained at slightly negative values during all
the cycles of refinement; such irregular behaviour can
be explained by the lack of freedom of Na, which is
not allowed to vibrate in the ¢ direction (see also
Table 3), and by the use of scattering factors which
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Table 5. Interatomic distances (A) and bond angles (°) with their standard deviations

(o) applies to the rightmost digit of the quantity in question

Na-0(4) 2:453 (10) S-0(1)
Na-0(5) 2-404 (8) S-0(2)
Na-O(6) 2:468 (9) S-0(3)
Na-O(4") 2:382 (11) S-0(4)
Na-0(5") 2:341 (9)
Na-0(6') 2:419 (9) 0(1)-S-0(2)
0(1)-S-0(3)
0(4) -Na-0(5) 85:9 (3) 0(1)-S-0(4)
0(4) ~Na-0(6) 81-3 (3) 0(2)-5-0(3)
O(4) -Na-0(4) 1667 (7) 0(2)-S-0(4)
0(4) -Na-0(5") 81-0 (3) 0(3)-5-0(4)
0(4) -Na-0(6") 91:6 (3)
0(5) ~Na-0(6) 89-1 (3)
0(5) -Na-0(4") 81-2 (3) NH,4-0(4")
0O(5) -Na-0(5") 1653 (6) NH4-0(3")
0(5) -Na-0(6") 822 (3) NH,-0(3)
0(6) -Na-O(#) 1014 (3) NH40(3")
0(6) ~-Na-0(5") 82:4 (3) NH4-0(1)
0(6) -Na-0(6") 1691 (4) NH4-0(2)
0(4)-Na-0(5)  112:2(3) NH4-0(1")
0(4)-Na-0(6") 837 (3)
0(5)-Na-0(6) 1047 (3)

have a spherical symmetry, which, of course, is not
exactly proper for such an atom as Na in this struc-
ture.

The SO, tetrahedra make ammonium-sulphur-am-
monium bridges, by the sharing of three of their edges
with three surrounding NH, polyhedra, and one corner
with another NH,. Furthermore, the SO, groups make
indirect connexions between the Na chains and the
NH, network.

The two water molecules belong to the Na poly-
hedron [oxygen atoms indicated by the symbols O(5)
and O(6)] and make additional hydrogen bridges be-
tween Na and NH, polyhedra. The distances between
oxygen atoms connected by hydrogen bridges range
from 2-77 to 2-81 A, in close agreement with the
lengths of hydrogen bonds given in the literature
(International Tables, 1962). The atomic coordinates
of the four hydrogen atoms belonging to the water
molecules are not refined in the same way as the
four hydrogen atoms of the NH; ion, and lead there-
fore to a lack of accuracy in the bond lengths and
angles.

1483 (14) O(4")-NH,4-0(3") 468 (2)
1-492 (14) 0(4”)-NH4-0(3) 856 (4)
1452 (8) O(4”")-NH,4-0(3"") 84-3 (4)
1-466 (7) O(4")-NH4-0(1) 127-3 (5)

0(4")-NH4-0(2) 1257 (5)
107-8 (6) 0(4”)-NH4-0(1") 99-7 (3)
109-4 (6) 0(3’y -NH4-0(3) 72-8 (7)
1109 (6) O(3’) -NH4-0(3"") 735 (7)
109-8 (7) 0(3") -NH,4-0(1) 94-5 (4)
109-8 (6) 0(3') -NH;4-0(2) 92-4 (3)
109-1 (4) 0(3) -NH,;-0(1") 1461 (4)

O(3)—NH4-0(3")  141-7 (5)

0(3)—NH,4-0(1) 44-2 (3)
3-009 (9) 0(3)—NH,4-0(2) 1193 (4)
2:973 (9) O(3)—NH4-0(1") 1161 (6)
3-322 (20) 0(3”)-NH,4-0(1) 1227 (4)
3.274 (20) 0(3")-NH,;-0(2) 45-4 (4)
3-004 (16) 0(3”)-NH4-0(1))  102:0 (5)
2-908 (16) O(1)>-NH,4-0(2) 809 (4)
2-821 (10) O(1)—NH4-0(1") 1147 (7)

O(2)—NH4-O(1) 1083 (5)
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