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The Crystal Structure of Sodium Sulphite

A Refinement Allowing for the Effect of Crystal Twinning

LARS OLOF LARSSON and PEDER KIERKEGAARD

Institute of Inorganic and Physical Chemistry, University of Stockholm, Stockholm, Sweden

The crystal structure of sodium sulphite, Na,SOj;, has been refined
by least-squares techniques on the basis of three-dimensional X-ray
film and diffractometer data. The effect of twinning, which seems to
be always present in crystals of this material, has been allowed for.
The investigation has confirmed the general features of the atomic
arrangement reported in 1931 by Zachariasen and Buckley but the
S—O distance has come out as 1.504+3 A, to be compared with
the value 1.39 A given by the previous authors.

Recent structural studies on various metal sulphites, viz. Cu,SO4-CuS0,4-2H,0,!
NH,CuS0,2 Ag,S0,2 NiSO,;-6 H,0,* and (NH,),S0,-H,0,5 have given
consistent geometrical results for the anion. Thus, the S—O edges of the
trigonal or pseudotrigonal SO,2~ pyramid fall within the range 1.50—1.53 A
and the height of the S atom above the plane of the O atoms varies between
0.56 A and 0.64 A. The S—O distance of 1.54 A, which has been theoretically
derived is in good agreement with the distances observed. It is natural for
the S—O distances to be somewhat longer in the SO,%” ion than in the tetra-
hedral SO~ anion (1.48 A). The discrepancy between these data and the
S—O distance of 1.39 A in sodium sulphite reported by Zachariasen and
Buckley ¢ is considerable. It was therefore thought worthwhile to undertake
a structural refinement of this substance.

PREPARATION AND CHARACTERIZATION OF THE MATERIAL

Preparation of the crystals. The sample of Na,SO; used in this investigation was
synthesized by bubbling of SO, through a carbonate-free 10 M solution of sodium hydrox-
ide. The white crystal mass thus obtained was recrystallized and after washing and
drying transparent, hexagonal prisms were obtained. In order to avoid oxidation all
operations were performed in a nitrogen atmosphere.

Infrared absorption spectrum. The infrared spectrum of a sample of Na,SO; was
recorded with a double beam Perkin-Elmer 21 spectrometer using the KBr technique
and the usual precautions were applied to avoid contamination with water. Three maxima
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of absorption were observed at 495, 628, and 970 ecm™, which frequencies are in good
agreement with the values 493, 626, and 972 cm—1 reported in the literature.?

X-Ray powder diffraction data. The powder pattern of a sample was found to be in
accordance with the data given by Swanson and Fayat.® Values for the cell dimensions
were calculated from a photograph taken with strictly monochromatized CuKe«, radia-
tion (A=1. 54050 A) in a Guinier-Hagg type focusing camera. Potassium chloride
(@a=6.29228 A)® was used as an internal standard. The dimensions of the hexagonal
unit cell (see Table 1) at 25°C are:

=5.45875 A, (5.462 A)® c=6.1792+23 A, (6.176 A).*

Table 1. X-Ray powder data of Na,80,. CuKe, radiation. A(CuKa«,)=1.54050 A.

hkl sin%6 sin%6 dgps A deaie & I ops
obs cale
100 0.02678 0.02654 4.70680 4.72736 VVW
101 0.04214 0.04208 3.75218 3.75460 m
110 0.07972 0.07964 2.72802 2.72934 m
102 0.08886 0.08869 2.58391 2.58625 m—
111 0.09538 0.09518 2.49403 2.49664 m
200 0.10608 0.10619 2.36491 2.36368 w
201 0.12170 0.12172 2.20793 2.20767 w
202 0.16828 0.16834 1.87765 1.87730 m
210 0.18586 0.18583 1.78664 1.78677 w
212 0.24783 0.24798 1.564720 1.54674 m d
220 0.31861 0.31857 1.36458 1.36467 w
312 0.40726 0.40727 1.20695 1.20695 md

REFINEMENT OF THE CRYSTAL STRUCTURE

From previous investigators it was known that crystals of Na,SO; have
a very strong tendency to be twinned. In fact, Zachariasen and Buckley ¢
had to base the structure determination on X-ray intensities diffracted by a
twin and Batelle and Trueblood ® report unsuccessful efforts to get single
crystals of sodium sulphite. Therefore, this investigation was started with
the intention to find a crystal with a negligible twin effect or a crystal for
which a correction for the twin contribution to the X-ray intensities could
be made.

From rotation and Weissenberg photographs (0kl— 2kl) of several crystals,
taken with CuK radiation, it was concluded that the experimental observa-
tions were in accordance with the symmetry and space group, viz. No. 147
P3, given by Zachariasen and Buckley.® Since the crystals studied could
not be tested microscopically for the presence of twinning three-dimen-
sional X-ray data were collected from a number of crystals. Comparlson of
0kl photographs taken at the beginning and at the end of every series of
exposures of a crystal served to check that no decomposition of the material
had affected the X-ray data.

The reflections were recorded with the multiple-film technique and the
relative intensities were estimated visually by comparison with an intensity
scale obtained from one reflection photographed with different exposure
times.
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Least-squares refinements were then performed on the basis of the sets
of data, obtained from the different crystals, after corrections for absorption
and Lorentz-polarization effects and with the positional parameters reported
by Zachariasen and Buckley ¢ as starting coordinates. The results of the refine-
ments showed significant differences between the parameters obtained and
the final R values lay within the range 0.12—0.16. Subsequent calculations
of the S—O distance gave values <1.45 A. From the variations in the results
it was obvious that the intensity material did not represent single crystal
data.

The high accuracy X-ray data necessary for the correction of the intensities
for the effect of twinning from a well shaped prismatic crystal with dimensions
0.061 mm (in the direction of the a axis) x0.061 mm (b) X0.027 mm (c), were
collected by means of a manual GE diffractometer using CuK« radiation.
After corrections for absorption and Lorentz-polarisation effects a full-matrix
least-squares refinement of the structural parameters was performed on the
assumption that single crystal data had been collected. The refinement was
considered as complete when the parameter shifts were less than one per cent
of the standard deviations, at which stage the discrepancy index, R, was down
to 0.1564. The S—O distance calculated on the basis of the coordinates thus
obtained was 1.48 A. When the calculated structure factors after the last
cycle were compared with the observed ones considerable differences were
found for several pairs, Fiu and Fj, of reflections (¢f. Table 2). These

Table 2. Comparison between observed and calculated structure factors for pairs of
reflections and the calculated twin factor «.

hEkl Fops Feare «
352 16.79 3.60 0.11,
352 40.43 48.69

142 23.06 11.03 0.10,
142 59.09 61.46

442 19.02 5.03 0.11,
442 52.54 54.55

022 34.49 5.84 0.10,
022 99.01 106.44

322 25.64 0.23 0.11,
322 73.57 77.30

532 15.29 5.30 0.11,
532 43.70 42.38

112 32.43 2.60 0.10,
112 89.60 100.78

014 19.79 3.34 0.10,
014 58.50 58.90

differences could be explained assuming the crystal investigated to be twinned
along the c-axis with two crystal individuals having opposite ¢ directions, i.e.
the type of twin formation observed by Zachariasen and Buckley.® By means
of such pair of reflections, F,y and F;, a twin factor, o, was calculated
using the relation:
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(Fovsnin)®— (Feateinrn)? = a(F care(nriy)?

The «-values obtained are listed in Table 2. Seven new sets of data, F’ g,
were calculated with our IBM 1800 computer and using «=0.09, 0.10, 0.11,
0.12, 0.13, 0.14 and 0.15, and the formula

F' onsinnry = [(Fovsprny)2—o( Fonsiuei) 2]
and with the restriction F'o,s=0 if
(F obs(rrn) )2 — (Fovsinrn )2<< 0

On the basis of these new structure factor values, F's, full-matrix
least-squares refinements were performed to the stage where no parameter
shifts were obtained. The R-values obtained for the different sets of data are
given in Fig. 1. From the figure we can see that the lowest R-value (0.064)

0 1 2 3 4 5 6 7 8 91011 1213 141515 x%
Fig. 1. R-values obtained for different sets of data based on different «-values.

Table 3. Weight analysis obtained in the final cycle of the least-squares refinement of
Na,80,. w=weighting factor, 4= || F' | — | Fegll.

Interval Number of o Interval Number of o
Fous independent w4? sin 0 independent wA4?
reflections reflections

0.0— 3.2 11 0.67 0.00—0.46 24 1.83

3.2— 4.6 13 0.99 0.46—0.58 20 0.77

4.6— 6.0 13 0.68 0.58—0.67 22 1.25

6.0— 8.5 13 2.16 0.67—0.74 17 0.55

8.5—11.4 14 1.86 0.74—0.79 22 1.00
11.4—16.1 14 0.99 0.79—0.84 12 0.569
16.1—19.6 14 1.05 0.84—0.89 13 1.40
19.6 —29.5 14 0.55 0.89—0.93 5 2.61
29.5—44.0 14 0.62 0.93—0.97 0 0
44.0--98.1 15 0.41 0.97—1.00 0 0

Acta Chem. Scand. 23 (1969) No. 7



STRUCTURE OF SODIUM SULPHITE 2257
is obtained for the set of data calculated with «=0.13. This also gave the
lowest standard deviations of the positional and thermal parameters.

Hughes’ weighting function w=~A"2|Fe,min|2 for |Fops| <h|Fops,min| and
W =|Fobs|™2 for |Fops|>|Fops,min| with A=4.0 was used in the refinement.

The weight analysis obtained in the last cycle is given in Table 3. The
positional parameters and the temperature factors of all the atoms and their
standard deviations are given in Table 4.

Table 4. The structure of Na,SO,.

Space group: P3 (No. 147).
Unit-cell dimensions: @ = 5.45874+ 5 A
c= 61792123 A
Cell content: 2 Na,SO,
Arrangement of atoms: 6 O in 6(g): +(zy2): +(yy—=2): +(y—=,2.2)
1 Na(l) m 1(a): (000): 1 Na(2) in 1(b): (003});
2 Na(3) and 2 S in 2(d): +(1/3,2/3,2)

Atom x4+ o(x) y+oly) z+0(2) B4a(B) A?
Na(1) 0 0 0 2.824+0.15
Na(2) 0 0 1/2 2.324-0.14
Na(3) 1/3 2/3 0.6667 -6 3.4440.15
0.67) @
S 1/3 2/3 0.17304-3 2.06+0.11
(0.17) @
6] 0.13134+10 0.38204-7 0.2683+6 Anisotropic
(0.14) @ (0.40) @ (0.25) @ (v. infra)
% Values according to Zachariasen and Buckley.®
The temperature factor for the oxygen atoms is of the form:
T = exp[B;,h*+ B,ok* -+ By,l2+ B ,hk -+ B 3hl -+ Bygkl)
Atom B, +0(B11) By + 0(Bs,) Bjyy - 0(Bss)
6] 0.0332 424 0.0246 4-23 0.0269+15
B4 0(B1,) Bis+0a(Bys) B,y +0(B,s)
O 0.0155 + 37 0.0050 4-22 0.0116 +-25

A three-dimensional difference synthesis calculated over the unique part
of the unit cell at points spaced 0.2 A apart showed very small residual maxima
or minima. The highest maximum was about 1/14 of the height of the oxygen
peaks in the F'g,s synthesis.
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Table 5. Interatomic distances (A) and standard deviations (4+o in A) and the angle
O—8—0 within the sulphite group in Na,SO,.

Na(l)—6 O = 2.47243
—2 Na(2) = 3.088+ 1
—68  =3.327+1

Na(2)—6 O = 2.327+3
—2 Na(l) = 3.08811
—6 Na(3) = 3.315+1

Na(3)—3 O = 2.447+4
—30 =282314
-8 = 3.049 1 4
—~30  =3.089+4
-8 = 3.12614
—28 = 3.302+1

S = 3.305+1
3 Na(2) = 3.315+1

S —30 =1504+34
—Na(3) = 3.049+4
—Na(3) = 3.126+4
—2 Na(3) = 3.302+1
—Na(3) = 3.305+1
—3 Na(l) = 3.327+1

o -8 = 1.5044 3¢
—Na(2) = 2.327+3
—20 =239716¢
—Na(3) = 2.44714
—Na(l) = 2.472+3
—Na(3) = 2.823+4
—Na(3) = 3.090+4
—20 =3.178%5
—20 =3.399+16

0—-8-0 = 105.69 +17

% Denote distances within the sulphite group.

(S
resyg.es
N

®) .’q ® .'

Fig. 2. Schematic drawing showing the structure of Na,SOj,.
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Table 6. Comparison between observed (F), twin corrected observed (F’y,) and
calculated (F,.) structure factors. Reflections marked with an asterisk could not be

twin corrected due to that corresponding hkl reflections were not observable.

Bkl Zobs
o1 0 1742
1 1 0 B6.7
2 1.0 8.7
3 1 0 16.9
4 1 0 54.5
5 1 0 -
0 2 0 26.2
1 2 0 34,4
2 2 0 76.0
3 2 0 10.4
4 2 0 1.7
0o 3 0 5.1
1 3 0 4.7
2 3 0 12.5
3 3 0 31.0
0 4 0 13.6
1 4 0 35.8
2 4 0 2.1
0o 5 0 3.1
1 5 0 -
0 0 -1

o 1 1

0 1 -1

0 2 1

0 2 =1

0 3 1

0 3 -1

0 &4 1

0 4 =1

o 5 1

0 5 =1

1 1

1 1 -1

1 2 1

12 -1

1 3 1

1 3 =1
141

1 4 =1

1 5 1

15 -1 -
2 1 1 a5
2 1 =1 349
2 2 1 el
2 2 -1 52
2 3 1 -
2 3 -1 -
2 4 1 11.4
2 4 =1 3.9
ER SR § 26,1
301 -1 32.2
3 2 1 2248
3 2 -1 18.2
3 3 1 247
3 -1 7.9
4 2 1 Seb
a2 =1 9.2
¢on w2

o 1 2

o1 =2

a2 2

A 2 -2 yR,a
03 2 2.9
o3 =2 T
a a2 2.5

The calculated interatomic distances and their standard deviations

.
Eos  Lealc

1l1.4 =-10.7

80.8 87.2
8.1 =7.5
15.8 =14.5

2.9 1.9
0.0 b3
94,1 106,72
1.0 [
To6 =143

Erasil ELET]

given in Table 5.

A list of the observed, F.s and F'ys, and calculated structure factors
is presented in Table 6.

The refinement has shown that the structure of Na,SO; as described by
Zachariasen and Buckley is essentially correct. (A schematic drawing of the
structure is shown in Fig. 2.) However, it has led to an appreciable change of
the dimensions of the sulphite group. Thus the S—O distance has been found
to be 1.504--3 A and the angle 0—S—O0 105.69°+17 as compared to the
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values 1.39 and 107.4 reported by the previous authors. The values obtained
in this investigation are close to those found in several sulphites.l™5 A further
discussion of the structure of Na,SO, as well as other sulphites will be given
in a separate article.
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