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Abstract

KH(HCOO),, M,=130-144, orthorhombic, Pbca,
a=17-705(8), b=7-349(4), c=7-302(3)A, V=
950-1(8)A3, Z=8, D, =1-820 (1) g cm™3, A(Mo K@)
=0-71069 A, u(calc.)=0-973 mm~', F(000)= 528,
T= 120K, R(F? = 0-033 for 2109 unique reflexions.
The deformation electron density in KH(HCOO), has
been studied by means of experimental X—N maps
obtained at 120 K. The electron distributions in the two
chemically similar but crystallographically non-
equivalent formate groups are discussed and correlated
with bond order. The density distribution in the short
intermolecular O—H-:--O bond [2:437 (1) A] is com-
pared with experimental and theoretical maps in related
compounds.

Introduction

The crystal structure of potassium hydrogen diformate
was first determined by Larsson & Nahringbauer
(1968) using single-crystal X-ray film data. Neutron
diffraction studies have been carried out at room
temperature at the Swedish R2 reactor and at 120K at
the high-flux reactor at the Institut Laue—Langevin
(ILL) in Grenoble (Hermansson, Tellgren & Lehmann,
1983). A low-temperature X-ray dataset has been
collected at 120 K and, together with the neutron data
from ILL, forms the basis of the present X—N study. A
theoretical electron density study has aiso been carried
out in conjunction with this investigation (Taurian,
Lunell & Tellgren, 1987).

The structure contains two chemically very similar
but crystallographically nonequivalent formate groups,
bonded together by a short hydrogen bond (O---O
2-45 A). An electron density analysis of this compound
allows the study of a number of subtle chemical
features: the short hydrogen bond, the different
carbon—oxygen bonds, and the similarities/differences
between the two formate groups.

Experimental

Potassium hydrogen diformate, KH(HCOO),, was
prepared from a mixture of formic acid and potassium
hydroxide. Small cube-shaped crystals were recrystal-
lized several times from an aqueous solution containing
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a small amount of formic acid. The crystal used for
data collection had seven well-developed faces {100},
{032}, {023} and (010), and a calculated volume of
3.73 x 1072 mm?. It was mounted on an aluminium pin
and coated with a thin protective layer by dipping it into
a solution of polystyrene in chloroform. The data
collection was carried out on a Stoe four-circle
diffractometer using Mo Ka radiation and a graphite
monochromator. The cell parameters were refined from
15 high-angle reflexions in the 26 range 22—47°. The
diffractometer was modified to operate with an Air
Products Displex CS-1003 refrigerator. The crystal was
mounted on the cold finger and surrounded by a
vacuum-tight beryllium cylinder. The absolute tempera-
ture was calibrated against the transition temperatures
of KDP (123 K) and KMnF; (186-6 and 81-0 K). The
temperature, 120 K, was stable to within +0-5K
during data collection.

A total of 4503 integrated intensities was collected in
a 6/20 scan mode and evaluated with the Lehmann—
Larsen (1974) algorithm. This number includes
symmetry-equivalent reflexions and reflexions measured
more than once; these were measured as a monitor of
systematic errors. For sinf/1 values above 0-85 A-!
only those reflexions were measured which had an
intensity greater than 20 in a fast prescan. A 2%
decrease in the test reflexions was treated according to
McCandlish, Stout & Andrews (1975). The intensities
were corrected for Lorentz, polarization and absorp-
tion effects, and averaged to 2322 independent reflex-
ions with a consistency index R,,= 0-019. Details of
the data collection are given in Table 1.

Refinements
Conventional spherical-atom refinement

The quantity minimized in the full-matrix least-
squares refinement was 2.w(F,> — F.%)%, where w~!
=0oXF,2) + k*F,*, with o} based on Poisson counting
statistics and k set to 0-04. An anomalous-dispersion
correction was included in the scattering factors.
Reflexions with 7 < 20(I) were considered unobserved
and were not included in the refinement. An isotropic
secondary-extinction parameter (Becker & Coppens,
1974) refined to an insignificantly low value. Thus, both
the X-ray and neutron data sets used in this work were
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Table 1. Data collection and refinement

X-ray (120K)
(This study)

Stoe, Uppsala

Displex CS-1003

Neutron (120 K)
(Hermansson er al., 1983)
D9, ILL. Grenoble

Displex CS-1003

Diffractometer
Cooling device

Wavelength (A) 0-71069 0-7228
Crystal volume (mm?) 0-0373 47.4
Absorption (cm™") 9-73 0-72
Transmission 0-738—0-769 0-815-0-825
Extinction None None
(SinB/Dmax (A7) 1-15 0-692

h, k, I range 0-34,0-16,0-16 0-24,0-10,0-10
No. of reflections measured 4503 1669

No. of reflections in refinement 2109 1095

No. of reference parameters 77 91

R(F) 0-023 0-025

R(F?) 0-033 0-032

R, (F?) 0-071 0-047

Table 2. Atomic positions in fractional coordinates
(x 10%)

Values for the conventional and high-order (sin6/4 > 0-75 A-') refinements
are given in the upper and middle rows, respectively. The neutron values
from Hermansson er al. (1983) are given in the lower row. H atoms were
fixed at their neutron values in the high-order refinement.

x y z
K 46293 (1) 43953 (2) 28618 (2)
46292 (2) 43954 (4) 28624 (4)
46296 (5) 43978 (13) 28616 (14)
o(l) 15726 (4) 7255 (9) 7975 (10)
15729 (7) 42768 (23) 57967 (21)
15724 (4) 42723 (10) 57962 (10)
0(2) 5413 (4) 28361 (9) 48347 (8)
5409 (8) 28354 (18) 48372 (21)
5426 (3) 28371 (9) 48365 (10)
0O(3) 29232 (4) 5229 (11) 1690 (10)
29243 (8) 5271 (29) 1611 (24)
29221 (4) 5253 (11) 1743 (11)
0O(4) 40143 (3) 12508 (9) 14641 (9)
40147 (7) 12499 (20} 14617 (22)
40124 (3) 12504 (9) 14627 (10)
C(1) 12204 (4) 32031 (11) 47152 (10)
12231 (8) 32019 (19) 47119 (20)
12217(3) 32020(7) 47150 (8)
C(2) 33218(5) 12473 (11) 14373 (11)
33199 (8) 12525 (21) 14354 (21)
33202 (3) 12488 (8) 14357 (8)
H(I) 15116 (82) 25983 (196) 37533 (216)
15579 (0) 25820 (0) 36138 (0)
15579(7) 25820(22) 36138 (22)
H(2) 30289 (79) 16031 (228) 24558 (203)
30022 (0) 19063 (0) 25435 (0)
30022 (8) 19063 (27) 25435 (24)
H(3) 23090(115) 5828 (260) 4338 (268)
22758 (0) 6320 (0) 4701 (0)
22758(7) 6320 (19) 4701 (19)

unaffected by extinction: an important prerequisite for a
successful electron density study. In the final refine-
ment, 77 parameters were varied: one scale factor, one
extinction parameter, positional and anisotropic param-
eters for the non-H atoms, and positional and isotropic
thermal parameters for the H atoms. A difference
Fourier calculation of F,,,— F,. after the last cycle
of refinement gave maximum and minimum residuals of
0-42 and —0-25e A3, The resulting R values and
details of the refinement are given in Table 1.* The

*Lists of observed and calculated structure factors have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 51535 (22 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Table 3. Anisotropic thermal parameters (U;; x 10* A?)

Values for the conventional and high-order (sind/A > 0-75 A-1) refinements
are given in the upper and middle rows, respectively. The neutron values
from Hermansson et al. (1983) are given in the lower row. H atoms were
fixed at their neutron values in the high-order refinement. Isotropic thermal
parameters were refined for the H atoms in the conventional X-ray
refinement.

Uy Un Uy U, Uy, Uy,
K 132(1) 135 (1) 141 (1) 9(0) —11(0) —11(0)
133(1) 135 (1) 141(2) 9() -10(1) —12(1)
124 (4) 127 (4) 131 (4) 11(3) -8(4) -7(4)
o1 136 (3) 222 (3) 205 (3) 8(2) -21(2) 60 (2)
130 (3) 225 (5) 206 (4) -20(3) -19(3) —67 (4)
114 (2) 215 (3) 196 (3) -10(2) -17(2) —61(3)
0(2) 137.(2) 180 (2) 187(3) -26(2) -20(2) 17(2)
130 (3) 186 (4) 190(5) -25(3) -17(3) 10 (3)
120 (2) 173 (3) 184 (3) -24(2) -20(2) 15(3)
0Q3) 138 (3) 328 (4) 253(3) 23(2) -21(Q2) -111(3)
133 (4) 334(7) 249 (5) 24 (5) —24(4) —119(5)
125(3) 315(4) 253 (4) 23(3) -27(3) -113(3)
0(4) 117(2) 185 (3) 250 (3) =-3(Q2) -4 (2) -12(2)
1133) 189 (4) 250 (5) -6 (3) -2(3) —11(4)
101 (3) 175 (3) 240 (3) -2(2) -1(2) -21(3)
C( 139 3) 140 (3) 141 (3) 7(2 -8(2) 5(2)
124 (4) 148 (4) 146 (4) 0(3) -9(3) -6(3)
116 (2) 131(2) 133 (2) 2(2) -2(2) -2(2)
C(2) 134 (3) 158 (3) 162 (3) 10(2) 13(2) -2(2)
118 (4) 174 (4) 168 (5) 11(3) 9(3) -13(4)
104 (2) 165 (2) 151(3) 9(2) 8(2) -9(2)
H(1) 47(36)
289 (0) 501 (0) 370(0) -29(0) 91(0) —204(0)
289 (6) 501 (8) 370(8) —29(6) 91(6) —204(7)
H(2) 81(42)
265 (0) 818 (0) 406 (0) 63 (0) 46 (0) —309 (0)
265 (6) 818 (12) 406 (8) 63 (7) 46 (6) —309 (9)
H(3) 324 (60)
288 (0) 316 (0) 317(0) 4(0) —43 (0) —11(0)
288 (5) 316 (6) 317(7) 4(5) —43 (5) —11(6)

scattering factors were taken from International
Tables for X-ray Crystallography (1974); the computer
programs used were from Lundgren (1982).

The final positional and thermal parameters are given
in Tables 2 and 3. The neutron-derived quantities
(Hermansson et al., 1983) are supplied for comparison.
Interatomic distances from the neutron study are given
in Fig. 1.

High-order refinements

Refinements were performed with data cut-offs at
sinf/A = 0-65, 0-75 and 0-85 A-!, leaving 1105, 599
and 196 reflections, respectively. Positional and thermal
parameters resulting from the 0-75 A~! refinement are
listed in Tables 2 and 3. The positions and thermal
parameters for the H atoms were fixed at their neutron
values. The atomic positions derived from the complete
X-ray dataset generally agree within two combined
standard deviations with the neutron-derived positions.
The largest shifts, 0-005 (2) and 0-004 (2) A, occur
for O(3) and O(4), respectively. After the high-order
refinement with sinf/4 > 0-75 A-1, the differences were
0-010 (3) A for O(3) and 0-004 (3) A for O(4).

Thermal parameters resulting from the full-data and
the high-angle (sinf/A >0.75 A-") X-ray refinements
agree but are, on average, a factor 1-08 larger than the
neutron-determined parameters. This discrepancy is
anisotropic: U, is the largest component for all atoms.
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The (U (XD)/U,(ND)) ratios are 1-16, 1-04 and 1.04
for i = 1, 2 and 3, respectively.

An alternative high-order refinement was carried out
in which all positional parameters were fixed at their
neutron-determined values; only the scale factor and
thermal parameters were refined. This procedure
resulted in thermal parameters very similar to those
from the normal high-order refinement.

Deformation density maps

The X—N deformation density maps presented in this
paper show the total electron density minus the
superposition of spherical (or spherically averaged)
atomic densities for H, C, O and K*, calculated with
positional and thermal parameters as derived from the
neutron diffraction study (Hermansson et al., 1983).
The scale factor was determined (to 0-5039) in a
separate refinement cycle; an increase of 3% from the
conventional X-ray refinement value. The expected
errors were estimated to be 0-05 e A~? by comparison
of chemically equivalent regions in the maps.

Results and discussion
The formate groups

A stereographic illustration of the unit cell of
KH(HCOO), was presented by Hermansson et al.
(1983). Fig. 1 shows the structure of the H(HCOO);
ion and its nearest neighbours. The X—N density in the
planes of the two formate groups is shown in Figs. 2(a)
and 2(b). [The maps were presented in Taurian et al.
(1987) to show the close resemblance with those
obtained from an ab-initio calculation.]

Fig. 1. The structure of the HHCOO); ion and its environment
with bond distances (A). By courtesy of J. Chem. Phys.

POTASSIUM HYDROGEN DIFORMATE

The general similarity between the two maps in Figs.
2(a) and 2(b) is apparent, and serves as an indicator of
the quality of the neutron and X-ray data. The peak
maxima in the C(1)—0O(1) and C(1)—0O(2) bonds are
both ~0-45e A%, while the C(2)—O(3) and C(2)—
0O(4) maxima are 0-40 and 0-50 e A-3, respectively.
Thus, within experimental accuracy, the carbon—
oxygen bond densities in the two formate groups are
identical. This correlates with the fact that the respec-
tive carbon—oxygen distances in the two formate ions
are closely similar. The slight geometrical differences
which do exist originate from differences in the K*
environment [see Fig. 1 and the discussion of Her-
mansson ef al. (1983)]. This feature is also responsible
for the asymmetry in the hydrogen bond, as discussed
by Taurian et al. (1987).

(6)

Fig. 2. (a), (b) X—N maps through the two formate groups. Electron
excess is indicated by solid lines, deficiency by dashed lines; the
zero contour is omitted. Contour interval: +0.05e A3 By
courtesy of J. Chem. Phys.
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Judging from their bond lengths, the C(1)—O(1) and
C(2)—0O(3) bonds are expected to be of a type
intermediate between a C—O and a C=-O bond, while
the other two lie between a C::2:O and a C=0 bond.
The density maps indicate a slightly higher bond order
for the C(1)—0O(2) and C(2)~0O(4) bonds compared
with the C(1)—0(1) and C(2)—0O(3) bonds but, again,
this effect is at the limit of experimental accuracy.
Dynamic experimental deformation maps published for
certain other compounds have revealed clearer differ-
ences between single and double C—O bonds. In
NaHC,0,.H,0 (Delaplane, Tellgren & Olovsson,
1989), for example, the peak maxima in the C-—-O,
C=:0 and C=0 bonds at 120 K were 0-30, 0-40 and
0-45 ¢ A3, respectively. In a-(COOH),.2H,0 (Stevens
& Coppens, 1980; Dam, Harkema & Feil, 1983), the
dynamic peak maxima at 100 K were 0-40 e A~? in the
C—O bond and 0-50e A2 in the C=0O bond. The
corresponding peaks in the static deformation maps
were 0-60 and 0-85e¢ A3 A number of structures
containing the HCOO~ ion have been the subject of
electron density analysis [NaHCOO, 120 K (Fuess,
Bats, Dannéhl, Meyer & Schweig, 1982);
LiHCOO.H,0, room temperature (Thomas, Tellgren &
Almléf, 1975; Thomas, 1978; Harkema, de With &
Keute, 1977); Mg(HCOO),.2H,0, 100K (van der
Meulen & Feil, 1987); and a-Ca(HCOO),, 100 K
(Fuess, Burger & Bats, 1981)]. In NaHCOO and
Mg(HCOO),.2H,0, the dynamic deformation maxima
in the C=—-O bonds lie between 0-40 and 0-60 e A3,
while the room-temperature studies show peak heights
of 0-25-0.30 e A3,

Theoretical electron density maps obtained from
quantum-mechanical calculations within the Hartree—
Fock approximation display the character of the
carbon—oxygen bond more clearly, since bonding
effects are not smeared by vibrational motion, nor are
the maps affected by random experimental error.
Needless to say, the theoretical maps are affected by
their own set of systematic errors, the most serious of
which are normally an improper description of the crystal-
line environment, and an inadequate basis set. Several
theoretical calculations for the a-(COOH),.2H,0
system have been performed: LCAO-MO-SCF
calculations on the oxalic acid molecule without
(Johansen, 1979; Stevens, 1980) and with (Johansen,
1979) the short oxalic acid---water hydrogen bond, and
local density functional calculations including the
hydrogen-bond and crystal-field effects (Krijn,
Graafsma & Feil, 1988). All calculations essentially
agree in giving a static deformation density of approxi-
mately 0-55 e A3 in the C—O bond and 0-75¢ A% in
the C=0 bond. For NaHC,0,.H,0 (Lunell, 1984), the
C—-0, C:220 and C=0 bonds showed peak maxima of
0-6, 0-7 and 0-8 e A3, respectively. Calculations on
the present compound by Taurian et al. (1987) gave
C(1)-0(1) and C(2)—0O(3) bond peak maxima of
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0-7e A3, and C(1)-0(2) and C(2)—O(4) maxima of
0-8 e A% The theoretical and experimental results are
thus in good agreement in terms of the relative peak
heights. The vibrational motion reduces the peak
densities by ~ 50%.

Oxygen lone-pair regions

The nonbonding regions (‘lone-pair’ regions) around
the four O atoms clearly represent quite different
bonding situations (¢f. Figs. 2a and 2b). The O(2) and
O(4) atoms are expected to be close to sp>hybridized.
The experimental maps show elongated density lobes in
the molecular plane; though not completely resolved,
they are nonetheless in good agreement with the
theoretical maps, considering the effects of thermal
smearing. The situation is different for the O(1) and
O(3) atoms which participate in the short hydrogen
bond. As discussed previously (Hermansson et al.,
1983; Taurian et al., 1987), the H(3) atom can be
considered as shared between the two O atoms. This
means that the hybridization is of neither sp?- nor
sp>-type, but is intermediate between the two. The
density lobes outside O(1) and O(3) are seen to be more
concentrated, but not as pronounced as in the struc-
turally similar O(2) atom in the HC,O; ion (Delaplane
et al., 1989), where the O—H distance is only 1-036 A
and the H---O distance 1-531 A, as compared with
1-167 and 1-270 A in KH(HCOO),.

The peak maxima of the lone-pair regions lie in the
range 0-30-0-50 e A3, This is in good agreement with
earlier experimental results for formate ions, but
naturally lower than in the static theoretical maps. In
a-Ca(HCOO),, NaHCOO and LiHCOO.H,0O
(references given above), the oxygen lone-pair peaks are
between 0-15 and 0-45 ¢ A3,

The hydrogen bond

The electron distribution in the hydrogen bond is
shown in Fig. 2. The maximum peak heights in the
O(3)-H(3) and O(1)---H(3) bonds are 0-30 and
0-35e A-3, respectively, and the electron-deficient
region in the middle of the bond [close to H(3)] has a
minimum of —0-15e A% These densities are very
similar to those found in a 100 K X—N study of the
2.487A O—H:.-O bond in a-oxalic acid dihydrate
(Stevens & Coppens, 1980). In the 91 K X—AN study of
sodium hydrogen diacetate (Stevens, Lehmann &
Coppens, 1977), peaks of 0-50 e A~3 were located near
the midpoints of the two equivalent O—H bonds in the
2.45 A hydrogen bond, and the minimum at the H
position was approximately —0-15e A=3. The 100 K
X—N maps of quinolinic acid showed a well-developed
trough of —0-35e¢ A-3 at the centre of the non-
symmetric 2-400 (2) A intramolecular O---H---O bond
(Takusagawa, Kvick & Koetzle, 1978; Kvick, 1988).
Here, the oxygen lone-pair peaks on both sides were
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0-20e A3, In the 120K X—N maps of sodium
hydrogen maleate trihydrate (Olovsson, Kvick &
Olovsson, 1988), the electron deficiency trough in the
2.45 A O---O intramolecular bond was —0-30e A3,
surrounded by two positive peaks with heights in the
range 0-40-0-50 e A2,

Thus, for the short O-..O hydrogen bonds (2-40—
2.50 A) in the low-temperature studies quoted above,
oxygen lone-pair peak maxima lie in the range
0-20-0.50 e A3, and the density at the centre of the
bond in the range —0-15 to —0-35¢ A3, A survey of
the electron density features obtained from low-
temperature studies of structures containing O-.-O
hydrogen bonds between 2.45 and 2-80 A (Her-
mansson, 1987) shows the magnitudes of peaks and
troughs to be essentially independent of hydrogen-bond
distance.

The peak maxima and minima in the published
experimental density maps thus display no clear-cut
trends with respect to hydrogen-bond distance. It
should be noted, however, that the electron density at
the H position is found to decrease systematically as the
hydrogen bond gets shorter (¢f. Hermansson, 1987), i.e.
the H position coincides more and more with the
electron-deficient region. This is due to the combined
action of at least two effects: (i) the direct inter-
molecular interaction, whereby the hydrogen-bond-
accepting oxygen pushes electrons along the O—H
bond of the donating molecule, and (ii) the increased
electron deficiency at the H atom due to the stretching
of the O—H bond (for shorter hydrogen bonds). These
two effects are counteracted to some extent by the
“uxtaposition’ of the difference densities ‘belonging to’
neighbouring molecules. This effect makes the deforma-
tion density at the H position artificially high, since the
lone-pair deformation density of the hydrogen-bond
acceptor (electron excess) extends into the region of the
H atom (¢f Eisenstein & Hirshfeld, 1983). The
juxtaposition effect leads to difficulties in interpreting
deformation densities in terms of truly intermolecular
bonding effects.

This discussion is illustrated in Fig. 3, which shows
theoretical quantum mechanical ab-initio deformation
density maps for a model complex, (H,0),, containing
two hydrogen bonds of different lengths (O-.--O
distances 2-50 and 3-00 A). The O—H bond distances
were 0-970 A, and the H-O—H angles 104-5° for the
hydrogen-bond donor molecules, and 105-0° for the
acceptor. The basis sets used were of double-zeta plus
polarization quality, viz. (9s5pld) contracted to
(4s2p1d) for O, and (4s1p) contracted to {(2s1p) for H
(Dunning, 1970; Roos & Siegbahn, 1970). The total
deformation density, i.e. the total density for the complex
minus the superposition of spherical atomic densities,
displays a pronounced asymmetry with respect to the
two hydrogen bonds (Fig. 3a). The apparent deformation
density for three superposed unperturbed water mole-
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cules, allowing ro intermolecular interaction, is shown
in Fig. 3(b). The similarity between Figs. 3(a) and 3(b)
shows the major part of the asymmetry in Fig. 3(a) to be
a result of this juxtaposition effect. The effect is most
apparent in the electron-deficient region of the hydrogen

Total difference density

(a)

‘Juxtaposition’ component

)

‘True’ bonding effect

{c)

Fig. 3. Effects of intermolecular interaction and electron density
juxtaposition in an (H,0); complex. The section displayed
contains the two hydrogen-bond-donating H,O molecules, and
bisects the H—O—H angle of the hydrogen-bond-accepting
molecule. Contour interval: +0-05e¢ A=% (a) pl(H,0);] —
Sowomss (B)  SoplH0()l, where  plH,0()] = plH,0()] -
1pammsa (L‘) p[(H;O),] - E-1‘7[]-120(‘.)]'
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bond, but even extends to the H positions. The
difference between Figs. 3(a) and 3(b), i.e. the effect of
the ‘true’ intermolecular interaction (Fig. 3c), would
seem to be that the deformation density at the H
position is more electron deficient for the short than for
the long hydrogen bond, while juxtaposition has the
opposite effect (Fig. 3b). The net result is a lower
electron density at the H position for the shorter
hydrogen bond. This would be further emphasized by
O—H bond elongation which occurs in reality, but is
not included in the present model calculations.

To summarize, these theoretical calculations show a
variation in the electron density at the H nuclear
position with respect to hydrogen-bond length. This is
consistent with the low electron density found experi-
mentally at the H position in KH(HCOO),
(—0-10e A-%), and with densities observed in other
hydrogen-bonded compounds.
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also indebted to Mr Hilding Karlsson for skilled
technical assistance. This work has been supported by
grants from the Swedish Natural Science Research
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Abstract
Tetrahydrothiophene—boron trichloride, C,HS.BCl,
(I, M,=205-3, orthorhombic, P2,2,2, a=
10-914 (4), 5=9-648(3), c=8165(3)A, V=

859-8(5) A% Z=4, D,=1-59Mgm~3, i(Mo Ko) =
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0-71069 A, w(Mo Ko) = 1-20 mm~’, F(000) =433, T
=140K, R=0-024, wR =0-030 for 1076 unique
observed reflections [F > 3-92¢(F)]. Tetrahydrothio-
phene-boron tribromide, C ,H,S.BBr; (1I), M, = 338.7,
orthorhombic, Pnma, a = 10-696 (3), b= 10-182 (2),
c=8695(2)A, V=946-9(4)A}, Z=4, D =
2-38Mgm~3, A(Mo Ka)=0-71069 A, u(Mo Ka)=
13-66 mm~!, F(000) =438, T=140K, R =0.044,
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