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The crystal structure of Na2S2O5, a simple and common ionic

compound, is reported here for the ®rst time. The crystals

form non-merohedral twins, with the twin domains related by

a twofold axis which bisects the angle between the a and c axes

of each unit cell. The structure was determined from a single-

crystal fragment of a twinned crystal that had undergone

cleavage along the twin boundary. In addition to the problems

associated with twinning, space-group determination proved

dif®cult as well, with the structure initially determined in the

P21 space group appearing to be disordered with two

rotational conformers of the metabisul®te ion occupying

equivalent sites in the lattice. An analysis at low temperature

provided new weak re¯ections which were inconsistent with

the original unit cell, but indexed to the correct unit cell,

allowing for space group and crystal structure determination.

The apparent structure, which appeared disordered in P21,

seems to have resulted from an apparently fortuitous super-

position of two conformationally inequivalent S2O2ÿ
5 anions in

the asymmetric unit of the correct structure in the P21/n space

group. The metabisul®te ions in this structure do not adopt the

Cs geometry observed in previously determined crystal

structures containing S2O2ÿ
5 . The structures of both ions in

the asymmetric unit are effectively conformational mirror

images of one another with two of the O atoms on each S atom

in the ion approaching an eclipsed geometry. This observation

provides further evidence that the structures of sulfur-oxy

anions in the solid state are dictated mainly by interionic

coulombic forces rather than by intraionic bonding interac-

tions
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1. Introduction

For a number of years we have been interested in the structure

and reactivity of sulfur-oxy anions, especially those containing

sulfur±sulfur bonds (Hodgeman et al., 1991; Weinrach et al.,

1992; Carter et al., 1993; Holman & Bennett, 1994). The nature

of the sulfur±sulfur bond in these compounds has been the

subject of both experimental and theoretical investigations,

with comparisons often made between the dithionite, meta-

bisul®te1 and dithionate ions. In the course of our investiga-

tions we noted that the structure of potassium metabisul®te,

K2S2O5, was reported by Zachariasen (1932) in the early days

of crystallographic structural investigations, solved from

intensities estimated from Laue photographs, repeated by

Lindqvist & MoÈ rtsell (1957) from estimated intensities from

Weissenberg photographs and determined for a third time by

Chen & Wang (1984) from data collected on a single-crystal

1 The metabisul®te ion is also commonly referred to as the pyrosul®te ion, and
less commonly, as the disul®te ion.
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autodiffractometer using a scintillation detector. Other

reported structures containing the metabisul®te ion include

ammonium metabisul®te, (NH4)2S2O5 (Baggio, 1971) and

pentapotassium disul®te tris(hydrogensul®te),

K5(HSO3)3(S2O5) (Magnusson et al., 1983). It was therefore

surprising that we found no structural investigation of the

common salt of the metabisul®te ion, sodium metabisul®te,

even though this material is used extensively as a waste and

sewage treatment agent, and is an important component of

photographic solutions, a food preservative and a common

reducing agent in chemical synthesis. The absence of a struc-

ture became increasingly intriguing when, during studies of

the reaction chemistry of sodium

dithionite, in which we prepared

solutions of a number of sulfur-oxy

salts including sodium metabisul®te,

we observed what appeared to be

diffraction quality crystals of Na2S2O5

in the commercial reagent purchased

from Aldrich Chemical company.

Thus, the obvious question: If

small, clear crystals virtually `fall out'

in the manufacturing process, why has

no one bothered to collect data and

solve the crystal structure? We

mounted a crystal and began the

structural solution process. The

account, which follows, chronicles the

determination of the crystal structure

of sodium metabisul®te ± and illus-

trates the reasons why the structure

had, in all likelihood, eluded crystal-

lographers in the past.

2. Experimental

2.1. Materials and methods

Crystals of sodium metabisul®te

were used as received from the

vendor, Sigma-Aldrich Co. A minute

fraction of these crystals, which are

twinned, appear to have broken along

the twin boundary. The crystals were

screened under a binocular micro-

scope for selection of one of these

fragments consisting of a single

domain of a parent twinned crystal.

For ambient temperature data

collection, these fragmented crystals

were mounted in a quartz capillary

tube and anchored to a wall with

epoxy. Both ends of the capillary were

sealed with epoxy to protect the

crystals from water vapor, because of

their hygroscopic nature. Crystals for

low-temperature data collection were

glued onto a glass ®ber with epoxy and placed immediately in

a cold, dry nitrogen stream on the diffractometer. The density

of sodium metabisul®te was measured by adding small crystals

of the material to a preweighed 25 ml volumetric ¯ask

containing carbon tetrachloride, then adding suf®cient

bromoform to suspend the crystals, followed by diminution of

the volume to the 25 mL mark and reweighing the volumetric

¯ask. Lattice energies were calculated using GULP, the

General Utility Lattice Program (Gale & Rohl, 2003). Charge

distributions on the ions were obtained from density func-

tional calculations (Carter et al., 1993). Calculations were

performed from coordinates generated by rotating the thio-

Table 1
Experimental details.

Sodium metabisul®te in P21/n Sodium metabisul®te in P21

Crystal data
Chemical formula Na2O5S2 Na2O5S2

Mr 190.1 190.1
Cell setting, space group Monoclinic, P121/n1 Monoclinic, P1211
a, b, c (AÊ ) 9.0600 (10), 5.4470 (10), 21.560 (2) 6.0730 (10), 5.4700 (10), 8.3180 (10)
� (�) 95.310 (10) 103.160 (10)
V (AÊ 3) 1059.4 (2) 269.06 (7)
Z 8 2
Dx (Mg mÿ3) 2.384 2.346
Radiation type Mo K� Mo K�
No. of re¯ections for

cell parameters
49 39

� range (�) 4.5±13.1 4.5±19.9
� (mmÿ1) 1.10 1.08
Temperature (K) 153 (2) 293 (2)
Crystal form, color Rectangular solid, colorless Rectangular solid, colorless
Crystal size (mm) 0.3 � 0.2 � 0.2 0.25 � 0.2 � 0.15

Data collection
Diffractometer Bruker P4 Bruker P4
Data collection method !±2� !±2�
Absorption correction For a cylinder mounted

on the ' axis
None

Tmin 0.604 ±
Tmax 0.609 ±

No. of measured, independent
and observed re¯ections

4568, 2419, 2004 1831, 1559, 1349

Criterion for observed
re¯ections

I > 2�(I) I > 2�(I)

Rint 0.049 0.030
�max (�) 27.5 30.0
Range of h, k, l ÿ11) h) 11 ÿ8) h) 8

ÿ6) k) 7 ÿ7) k) 7
ÿ28) l) 28 ÿ11) l) 11

Intensity decay (%) 6.4 7.6

Re®nement
Re®nement on F2 F2

R[F2 > 2�(F2)], wR(F2), S 0.041, 0.115, 1.15 0.040, 0.110, 1.07
No. of re¯ections 2419 1559
No. of parameters 163 111
H-atom treatment No H atoms present No H atoms present
Weighting scheme w = 1/[�2(F2

o) + (0.026P)2

+ 4.7418P], where P =
(F2

o + 2F2
c )/3

w = 1/[�2(F2
o) + (0.0555P)2

+ 0.3072P], where P =
(F2

o + 2F2
c )/3

(�/�)max <0.0001 0.001
��max, ��min (e AÊ ÿ3) 0.75, ÿ0.78 0.56, ÿ0.50

Computer programs: Bruker Xscans, SIR97 (Altomare et al., 1999), SHELXS97 (Sheldrick, 1997), ORTEP-3 for Windows
(Farrugia, 1997), WinGX publication routines (Farrugia, 1999).



nate group around the sulfur±sulfur bond in 5� increments,

running a separate computation for each set of coordinates.

The positions of the cations and the remaining atoms in the

anion were held constant in the unit cell. The dominant

component of the lattice energy was coulombic, with virtually

no change in short-term interaction energies.

2.2. X-ray crystallography

Intensity data were collected on a Bruker P4 diffractometer

at 153 K using graphite Mo K� radiation (� = 0.71073 AÊ ) in

the !±2� bisecting mode. The structure was solved by direct

methods using SIR97 (Altomare et al., 1999) and re®ned by

full-matrix least-squares based on F2 using SHELXL97

(Sheldrick, 1997) as incorporated into the WINGX program

suite (Farrugia, 1999). All atoms were re®ned anisotropically.

Additional crystallographic details are given in Table 1.

Atomic coordinates and anisotropic thermal parameters are

given as supplementary data.2

3. Results and discussion

3.1. Density problems and twinning

Numerous crystals taken directly from the commercial

sample appeared to be ideal for crystallography; several

produced rotation photographs that appeared to be from

single crystals. In each case 25±30 centered re¯ections were

indexed to an orthorhombic unit cell with (triclinic) lattice

parameters a = 8.304 (2), b = 35.4317 (11), c = 5.4636 (2) AÊ , �=

90.03 (3), � = 90.00 (3), 
 = 90.04 (2)�, V = 1607.6 (7) AÊ 3.

Based on a molar mass of 190.11 g molÿ1, 8 formula units per

unit cell were consistent with an X-ray density of 1.571 g cmÿ3.

The density listed by Weast (1973) of 1.4 g cmÿ3 was incon-

sistent with the X-ray density and that listed in the Sigma±

Aldrich catalogue for the material used in this study was

1.480 g cmÿ3, still quite low. We initially rationalized that this

difference resulted from the hygroscopic nature of the mate-

rial, which might have made it dif®cult to determine an

accurate density.

However, we were led to reinvestigate the density problem

when efforts to solve the structure from data collected based

upon the orthorhombic unit cell proved fruitless. Two ¯otation

density determinations using a carbon tetrachloride/bromo-

form mixture provided measured densities of 2.34 and

2.36 g cmÿ3, signi®cantly higher than the published values.

The new measured density was, however, much more consis-

tent with that of similar compounds obtained from crystal

structures. For example, sodium dithionite, Na2S2O4, has a

density of 2.41 g cmÿ3 (Weinrach et al., 1992).

Based upon the measured density, 12 formula units per unit

cell provided an X-ray density of 2.356 g cmÿ3. While this was

very close to the measured density, the X-ray density would

require 1.5 formula units per asymmetric unit in a centro-

symmetric orthorhombic unit cell. The `ideal' metabisul®te ion

has mirror symmetry, suggesting that the location of one of

two anions along with an accompanying sodium cation on a

mirror plane containing two S atoms, the sodium ion and one

O atom on ÐSO3 was possible, if not probable. Attempts to

solve the structure with this constraint, however, again proved

fruitless.

The inability to solve the structure, coupled with the rela-

tively long unique axis, led us to investigate the possibility that

the `ideal' crystals found in the commercial reagent were

actually twins. A microscopic analysis of the crystals under

cross-polarizers revealed no apparent boundaries that would

have been indicative of a polycrystalline material or a twin.

However, while observing the crystals under the microscope, it

was noted that a very small number of crystals appeared to

have cleaved along an atypical cleavage plane, splitting the

crystal into two halves. Fig. 1 illustrates a typical crystal of

sodium metabisul®te (A) and a `cleaved' crystal (B). We

hypothesized that some of the crystals had split along a twin

boundary and that data collection with one of these cleaved

crystals would yield a structure.

3.2. Apparent disorder

A rotation photograph from a cleaved crystal yielded 27

centered re¯ections which were indexed to a monoclinic unit

cell with (triclinic) lattice parameters a = 6.073 (1), b =

5.470 (1), c = 8.318 (1) AÊ , � = 90.04 (1), � = 103.16 (1), 
 =

89.97 (1)�, V = 266.06 (7) AÊ 3. For a unit cell with two formula

units of Na2S2O5, the X-ray density was 2.346 g cmÿ3, consis-

tent with the measured density. Systematic absences were

consistent with either the P21 or P21/m space groups. An

analysis of E-statistics strongly indicated a centrosymmetric

structure, with mod (|E2 ÿ 1|) = 0.953; P21/m was selected as

the more likely space group. This selection also seemed

reasonable since K2S2O5 packs in a P21/m lattice with very
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Figure 1
Crystals of sodium metabisul®te: (a) typical twinned crystal; (b) single
twin domain, cleaved along the twin boundary (longest dimension
approximately 0.3 mm).

2 Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BK0141). Services for accessing these data are described
at the back of the journal.
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similar unit-cell parameters. However, the structure did not

solve in this space group. Direct methods provided the loca-

tions of two S atoms at a reasonable internuclear distance of

2.23 AÊ and two Na atoms. As required by symmetry for Z = 2,

all four heavy atoms were located on a mirror plane, but no

reasonable O-atom positions appeared in a difference-Fourier

map (not even the thionate O atom would be required to

reside on the mirror plane). The symmetry constraints were

therefore relaxed and a solution was attempted in the non-

centrosymmetric space group P21. Direct methods located the

positions of two S atoms with an internuclear distance of

2.22 AÊ , similar to the SÐS distances for K2S2O5 and

(NH4)2S2O5 (both 2.17 AÊ ). A difference map revealed the two

O atoms bonded to the thionite (ÐSO2) end of the anion, but

six atoms appeared to be bonded to the thionate (ÐSO3) end

of the anion, appearing as two rotational conformations of the

thionate group. From all appearances, the structure appeared

disordered, with two rotational conformers occupying the

anion locations in the lattice. The structure was re®ned with

site occupancy factors for the two thionate groups as variables.

Because of the apparently anomalous nature of the anion in

this structure, we collected data on two additional crystals.

Each crystal structure produced essentially the same results.

Fig. 2(a) illustrates the anion determined from the structural

solution; Figs. 2(b) and (c) illustrate the two apparent disor-

dered conformations of the anion in the lattice. Independent

re®nement of the site occupancy factors gave values for the

two conformers of 0.48 (2) and 0.54 (2), respectively, indi-

cating a 1:1 ratio of the sites occupied by the two conformers

in the lattice. The structure re®ned reasonably for ambient

temperature data, with wR2 = 0.101 and R1 = 0.040 for 1359

observed re¯ections, and wR2 = 0.111 and R1 = 0.050 for all

1559 re¯ections. The only apparent anomaly was the large and

elongated thermal ellipsoid of each O atom on the thionite

end of the anion. While it was possible that these ellipsoids

were the result of slightly different locations of the conformer

in the unit cell (rotated slightly around the SÐS axis), the

elongations did not appear to be in the expected directions

(elongated orthogonally to the SÐS rotation axis).

In order to test the hypothesis that these conformers were

located in a disordered fashion in the unit cell, we determined

lattice energies for various rotational angles of the thionite

group around the SÐS bond in the structure, expecting to ®nd

the minima for the two observed conformations. Fig. 3 is a plot

of calculated lattice energies as a function of rotation angle,

with the eclipsed conformation at zero degrees. The crystal-

lographically determined conformer angles are indicated with

arrows on the plot; there is only a single energy minimum and

neither conformer provides a lattice energy at that minimum.

Based on the large ellipsoids and the inconsistencies in the

lattice energies, we elected to recollect data at low tempera-

ture in order to determine if the ellipsoids were due to thermal

motion, and if the structure was actually disordered. In the

latter case we hypothesized that the minimum energy

conformer might be observed at low temperature.

3.3. Determination of correct lattice parameters, space
group and structure

Since numerous crystals had consistently yielded the same

unit cell when indexing re¯ections were located from rotation

photographs, we elected to randomly search reciprocal space

to be certain that the unit cell and space group were correct.

To our surprise, several fairly weak re¯ections (perhaps

missed from ®lm data at ambient temperature) were located

which were inconsistent with the previous unit cell, but did not

generate the orthorhombic unit cell observed from the crystals

Figure 2
Apparent disordered structure of the metabisul®te ion determined in the
P21 space group (top) and re®ned structures of the two conformers of the
anion in this space group, shown with 50% probability ellipsoids
(bottom).

Figure 3
Lattice energies of sodium metabisul®te in the P21 space group as a
function of rotation of the thionate group around the sulfur±sulfur bond.
The lattice energies calculated for the conformers identi®ed in the
structural solution are indicated with arrows.



that we believed to be twinned. The entire set of 49 re¯ections

indexed to a monoclinic unit cell with (triclinic) lattice para-

meters a = 9.0597 (11), b = 5.4477 (8), c = 21.5583 (27) AÊ , � =

89.992 (10), � = 95.313 (8), 
 = 90.000 (12)�, V =

1059.42 (19) AÊ 3. For a unit cell with Z = 8, the X-ray density

was 2.38 g cmÿ3, again consistent with the measured density,

but now indicating the probability of a centrosymmetric space

group with two formula units per asymmetric unit. Intensity

statistics indicated a centrosymmetric structure and systematic

absences from data collection determined that the space group

was P21/n. The structure solved readily using direct methods,

re®ning to wR2 = 0.095 and R1 = 0.041 for observed re¯ections.

The structure showed no indications of disorder at 153 K,

but this still did not rule out the possibility that the structure

was disordered at ambient temperature in the P21 space

group, undergoing a phase transition to an ordered structure

at low temperature. To investigate this possibility, we analysed

the initial set of 20 re¯ections used to index the P21/n lattice in

order to determine if a subset would produce the P21 unit cell.

The removal of a single re¯ection accomplished this, providing

a clear reason for the persistent appearance of this lattice in

our attempts to solve the structure. The index transformation

matrix that resulted from this analysis, which converts the data

indexed in P21 to that indexed in P21/n is

ÿ1 0 ÿ1

0 1 0

3 0 ÿ1

0@ 1A:
Re-indexing the ambient temperature (P21) data produced a

structural solution consistent with that collected at low

temperature (P21/n). The low-temperature data set was then

re-indexed with the inverse transform, generating a small

subset of re¯ections with integer indices that reproduced the

`overlapping' structure solution determined at ambient

temperature. This analysis provided strong evidence of a

single structure at both temperatures. In order to rule out the

`disorder' explanation completely, data on a new crystal

indexed in P21 was collected at 153 K. The structural solution

was identical to that determined from ambient temperature

data, with the exception that several of the thermal para-

meters were unreasonable, and the R factors were higher (R1 =

0.062, wR2 = 0.16). Thus, the ambient temperature data for the

P21 structure are reported here.

3.4. Relationship between the P21 and P21/n solutions

The re-indexing exercise described above afforded orien-

tation matrices for both space groups and allowed for a

determination of the relationship between the two lattices. Fig.

4(a) illustrates this relationship. The view is down the b axes of

both lattices, which have virtually identical lengths. Note that

the lattices do not share a common origin; the origin/inversion

centers of the P21/n unit cell lie at the midpoints of the a and c

axes of the P21 unit cell. Fig. 4(b) illustrates the unit cell for

the P21 structure. The P21/n structure consists of two different

sub-cells, related to one another by the inversion center. The

two metabisul®te anions in the P21/n asymmetric unit have

their sulfur±sulfur bonds nearly aligned along a vector parallel

to the ac diagonal, the translation direction along the n-glide

plane. The P21 solution superimposes these two sub-cells. Fig.

4(c) illustrates the results of this superposition on the positions

of the two anions in the asymmetric unit in P21/n; Fig. 4(d)

shows the resulting solution obtained in the P21 space group.

The closed circles in Figs. 4(a) and (b) indicate the location of

the screw axes in each unit cell. The locations of the screw axes

in the P21/n structure do not coincide with those in the P21

cell. The two components of an asymmetric unit in the P21/n

lattice constitute the contents of each subcell, related to each

other by approximate 21 symmetry. The fortuitous alignment

of the sulfur±sulfur bonds and the imposition of rigorous 21

symmetry in the P21 structure has resulted in a structural

solution that appears as a single metabisul®te ion in two

different conformations! Fortunately, the thionate groups in

the two metabisul®te ions in the asymmetric unit were rotated

suf®ciently with respect to one another to allow for resolution

of the positions of the O atoms, yielding the anomalous

Acta Cryst. (2004). B60, 155±162 Kay L. Carter et al. � Structure of sodium metabisulfite 159

research papers

Figure 4
(a) Crystal packing of Na2S2O5 in the P21/n space group viewed down the
unique b axis. Four unit cells of Na2S2O5 in the P21 space group are
superimposed to illustrate the subcells responsible for the superposi-
tioned structure determined in P21. The ®lled circles show the locations of
the 21 axes. (b) Crystal packing of Na2S2O5 in the P21 space group viewed
down the unique b axis. The ®lled circle shows the locations of the 21 axis.
(c) Inequivalent ions in the P21/n space group superimposed by an
approximate (0.25, 0, ÿ0.25) translation. (d) Structure of superimposed
Na2S2O5 ions determined in the P21 space group.
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structure which subsequently led to further investigation and

determination of the correct lattice parameters and space

group. Table 2 compares the average bond lengths and angles

for the structures re®ned in each space group.

3.5. Determination of twin component transformations

The determination of the correct unit cell allowed for the

reinvestigation of the putative twin structure. The initial set of

centered re¯ections were indexed into two sets, each gener-

ating the unit cell determined above in a different orientation,

with orientation matrices A1 and A2, respectively. The matrix

which transforms A1 into A2, Rt, is given by

Rt � A2 A1� �ÿ1�
0:929 0:272 0:253

0:273 ÿ0:963 0:036

0:252 0:036 ÿ0:968

0@ 1A:
The eigenvectors and eigenvalues of Rt give the rotation axis

and rotation angles which transform one reciprocal cell into

the other. Rt has eigenvalues 1.001, ÿ1.002 and ÿ1.001. The

non-integer matrix elements make it clear that the unit cells in

the twin are not related by a simple rotation around a reci-

procal cell axis, as is often the case. The eigenvector with the

eigenvalue 1.00 is the rotation axis (0.982, 0.138, 0.128); the

remaining eigenvalues give the rotation angles �1 = 1.00� and

�2 = 1.00�, respectively. Fig. 5 illustrates the relation between

the two direct space unit cells in the non-merohedral twin,

which are rotated into one another about a twofold axis that is

perpendicular to the unique axes of both unit cells (anti-

parallel to one another). The rotation axis lies in the a±c/a000±c000

plane and bisects the angles between the a, ÿa000 and b, b000

vectors. Note the location of the twin axis in Fig. 5 and the

cleavage plane observed in Fig. 1, indicating that, as suspected,

the crystal had broken along the twin boundary.

The twin law matrix, Rh is given by

Rh � A2� �ÿ1 A1 �
ÿ0:249 0:001 ÿ0:418

0:000 ÿ1:001 0:000

ÿ2:252 ÿ0:003 0:248

0@ 1A:
Rh transforms a reciprocal vector in the ®rst twin, h1, into a

reciprocal vector in the second twin, h2, and con®rms that the

twin rotation reverses the direction of the b axis.

3.6. Structures of two conformers of the metabisulfite ion

In previous work we have shown that the dithionite ion,

S2O2ÿ
4 , adopts conformations which favor coulombic interac-

tions in the lattice rather than those dictated by intramolecular

bonding. The results of the structural determination reported

here illustrate that the metabisul®te ion behaves similarly. In

all the previously reported structures (Baggio, 1971; Chen &

Wang, 1984; Magnusson et al., 1983) containing the metabi-

sul®te ion, the expected `staggered' Cs conformation is

observed, in which the projected lone pair on the thionite S

atom is bisecting the angle between two of the O atoms on the

thionate end of the anion, with mirror symmetry imposed

crystallographically. In the structure reported here, neither

conformer adopts the `expected' conformation, with pairs of O

atoms on the thionite and thionate ends of each anion

approaching an eclipsed arrangement. The structures of both

conformers are illustrated in Fig. 6. The projection of each

conformer is shown directly below its thermal ellipsoid plot.

The anions are virtually mirror images of one another, with

Figure 5
Relation between the unit-cell vectors in the sodium metabisul®te
twinned crystals, showing the twofold rotation axis lying in the a±c/a000±c000

plane. The coordinates of the rotation axis are given in fractional
coordinates.

Figure 6
Top: Metabisul®te anions in the asymmetric unit of Na2S2O5 in the P21/n
space group. Displacement ellipsoids are shown at the 50% probability
level. Bottom: Projections of the anions, viewed down the sulfur±sulfur
bonding axis from the thionate S atom toward the thionite S atom.

Table 2
Comparison of average bond lengths (AÊ ) and angles (�) for Na2S2O5 in
P21/n and P21.

P21/n P21

SÐS 2.2172 (11) 2.2199 (9)
SÐO (thionate) 1.463 (2) 1.464 (2)
SÐO (thionite) 1.495 (2) 1.476 (8)

SÐSÐO (thionate) 106.41 (11) 107.7 (5)
SÐSÐO (thionite) 99.10 (3) 99.3 (3)
OÐSÐO (thionate) 112.35 (15) 112.1 (8)
OÐSÐO (thionite) 109.65 (15) 108.5 (3)



their centroids lying along a vector essentially parallel to the

diagonal glide direction. Table 3 compares these conformers

with the metabisul®te anions in K2S2O5, (NH4)S2O5 and

K5(HSO3)3(S2O5). The sulfur±sulfur bond length is of parti-

cular interest, since its length has been cited as an indicator of

the nature of the bonding in anions containing SÐS bonds

(Dunitz, 1956; Magnusson & Johansson, 1982; Peter & Meyer,

1982; Kiers & Vos, 1978; Takahashi et al., 1982). The SÐS

bond lengths in both conformers in this study are virtually

identical to that for K2S2O5, in all likelihood the most accurate

of the three referenced structures. As we have previously

shown for the dithionite ion, the presence of a larger cation

allows the anion to adopt a more symmetric conformation,

since it can more readily access positive charge without

distortion. The identical sulfur±sulfur bond lengths in K2S2O5

and Na2S2O5 provide further evidence that the changes in

conformation are due to interionic rather than intramolecular

interactions.

4. Conclusions

The determination of the crystal structure of sodium metabi-

sul®te, a simple ionic compound, was substantially more

dif®cult than anticipated. Initial attempts to solve the structure

failed as a result of the tendency of the crystals to form non-

merohedral rotational twins in which the rotation axis bisects

the angle between the a±c vectors for each domain of the twin.

The absence of a simple relationship between the twin

domains precluded a priori determination of the twin law,

which was made possible only after the ®nal structural

determination. The actual determination of the crystal struc-

ture was the result of the discovery of a small number of

crystals that had fortuitously broken along the boundary plane

separating the two domains of the twin. Despite the ability to

collect data on single domains of the twinned crystal, the

indexing of re¯ections located from rotation photographs

consistently provided a re¯ection set that produced a solution

only in a non-centrosymmetric space group, despite strong

indications that the crystal should be centrosymmetric.

Furthermore, the resulting solution generated a metabisul®te

anion that appeared to consist of two overlapping conformers,

indicative of a disordered structure with approximately half of

the anion sites occupied by each conformer. Lattice energy

calculations, however, revealed that neither conformer

produced an energy minimum for the lattice, despite the

relatively strong coulombic forces characteristic of an ionic

structure.

Collectively, these observations caused us to determine the

structure at low temperature, revealing weak re¯ections

consistent with a larger centrosymmetric unit cell that

provided the solution reported here. The dif®culties encoun-

tered in this structural determination point out the need for

care in unit-cell and space-group selection. The fortuitous

overlap of the two anions in the asymmetric unit, when

analysed in the wrong space group, might also have generated

similar overlap with the O atoms on the thionate end of the

anion. The result would have been a single anion in the

asymmetric unit of a structure that would have been funda-

mentally incorrect.
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