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Abstract

The hydrogen succinate anion has 1 site symmetry and
the residues are linked into infinite chains by very short
crystallographically symmetric hydrogen bonds with an
O- - -O separation of 2.4277(5) A. The acidic H atom was
best modelled by two equally populated sites on either
side of the inversion centre.
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Comment

Acid salts (MHY) of dibasic carboxylic acids (H,Y) have
been the subject of numerous structural and physical in-
vestigations (Speakman, 1972; Hadzi, 1965). The salts
classified as type A, are particularly interesting in view of
their very short crystallographically symmetric hydrogen
bonds which link carboxyl groups of different anions.

A recent structural study of some alkylammonium salts
of the hydrogen succinate anion has suggested that the
H atom in the short hydrogen bond is best described by
two equally populated sites on either side of the centre of
the bond, i.e. a double-minimum potential function rather
than a single-minimum potential function with the H atom
located on the site of 1 symmetry (Kalsbeek & Larson,
1991; Kalsbeek, 1991). This conclusion was reached fol-
lowing consideration of the more reasonable H-atom ther-
mal parameters given by the double-potential-minimum
model.

Structure analysis of the title compound (which was
shown by IR spectroscopy to be a type A, salt) was under-
taken to check its suitability for a high-resolution charge-
density investigation of the symmetric hydrogen-bond en-
vironment.

A view of the hydrogen succinate anion with atom
labelling is shown in Fig. 1. This anion has 1 symme-
try and the sodium cation occupies a site of symme-
try 2, as in many other acid salts where the molecu-
lar symmetry is dictated by crystallographic symmetry.
The bond lengths and angles of the hydrogen succinate
residue are in very good agreement with those recently re-
ported for the alkylammonium salts (Kalsbeek & Larson,
1991; Kalsbeek, 1991), and also for the lithium, potas-
sium and caesium salts (Kiippers, 1982; McAdam, Currie
& Speakman, 1971; McAdam & Speakman, 1971) with
which the sodium salt is not isomorphous. Unlike the ma-
jority of the succinate salts, the anion deviates marked-
ly from planarity (see Table 2) with C(2') displaced
1.28 A from the mean plane defined by O(1), O(2), C(1)
and C(2). The C(2)—C(2)—C(1)—O(1) and C(2))—
C(2)—C(1)—0(2) torsion angles are —116.3(1) and
62.4(1)° respectively.

The position of the acidic hydrogen, H(3), was initially
fixed at the site of 1 symmetry (1/4, 1/4, 0). Refinement
of Uy, for this position gave a value of 0.062 (1) A2. This
was considered unreasonable when compared with the

0(2) H(3)

Fig. 1. The molecular structure of the anion showing the atom-labeling
scheme. Thermal ellipsoids are shown at the 50% probability level
except for the H atoms which are depicted as spheres of arbitrary size.
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Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?)

U = %Eisz;jai‘aj‘a,-.aj.

x y 2z Ueq
Na(1) 0.00000 —0.07148 (2) 0.25000 0.012
o() 0.13470 (4) 0.08975 (3) 0.14166(5)  0.014
o) 0.29371 (6) 026527 (4) 0.18122(5)  0.027
c) 023130 (5) 0.17590 (4) 025047(6) 0014
cQ) 0.28231 (6) 0.18594 (4) 047648 (6)  0.016
H(1) 0.2338 (9) 0.1163 (7) 05143(11) 0014 (2)
HQ) 0.4052 (11) 0.1819 (8) 0.5489(12)  0.024 (2)
H(3) 0.288 (3) 0247 2) 0.053 (3) 0.040 (5)

Table 2. Geometric parameters (A, °)

o(H—C(1) 12353(5)  C@)—H(1) 0.940 (7)
0(2)—C(1) 12897(6)  C(2)—H(2) 0.970 (8)
0(2)—H(3) 0940(20)  O(2—0(2)) 24277 (5)
C(1)—C(2) 15108(6)  O()—H(3) 1.53(2)
Cc@)—CR) 15349(6)  H(3)—H@3Y) 0.762 (29)
C(1)—0Q)—H(3) 1150(14)  C(1)—CR)—H(2) 107.2 (5)
O(1)—C(1)—0(2) 12330(4)  C@2)—CR)—H(1) 108.4 (5)
0(1)—C(1)—CR2) 121.96(4)  CE)—CER)—HE) 110.8 (5)
0(2—C(1)—C(2) 11473(4)  H()—C(2)—H(2) 110.9 (7)
C(1)—CR)—CE2Y 11055(3) O@2)—H(3)—0@) 157.1 (20)
C(1)—C@)—H(1) 109.0 (5)

C(Zi)—C(Z)—C(l)—O(l) —116.3 (1) C(Zi)—C(Z)—C(l)—O(Z) 62.4 (1)
Symmetry code: (i) § —x, 1 -y, —z.

Fig. 2. Stereoview of the unit-cell contents.

mean value of 0.019 A2 obtained for the methylene pro-
tons H(1) and H(2). The model finally adopted for H(3)
had two equally populated sites on either side of the in-
version centre (see Table 1).

The crystal packing is shown in Fig. 2. The hydrogen
succinate anions are linked into infinite chains by a very
short crystallographically symmetric hydrogen bond. The
sodium cation makes contact with three pairs of equiva-
lent O atoms forming a distorted-octahedral environment.

Experimental

Crystal data

Na'.C4HsO; Mo Ko radiation

M, = 140.07 A =0.71069 A
Monoclinic Cell parameters from 25
C2/c reflections

a=8871 () A 6 =13.1-16.9°
b=10256 (1) A p =189 cm™!
c=17345 (1) A T=123K
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B = 11727 (1)° Prism
V=15939 (2) A® 0.25 x 0.25 x 0.22 mm
Z=4 Colourless
D; = 1.566 Mg m 3
Data collection
Enraf-Nonius CAD-4 R = 0.0119
diffractometer Omax = 50°
w-20 scans =-19 519
Absorption correction: k=0—22
none l=-15-15

2 standard reflections
frequency: 60 min
intensity variation: 0.9%

6938 measured reflections
3113 independent reflections
2555 observed reflections

[I>2.50(1)]

Refinement

Refinement on F (A/0)max = 0.001
Final R = 0.0276 Apmax =049 ¢ A3
wR = 0.0363 Apmin = —0.20 e A3
§=229

Atomic scattering factors
from International Tables
Jor X-ray Crystallogra-
phy (1974, Vol. IV, Tables
2.2B and 2.3.1)

2555 reflections

54 parameters

All H-atom parameters re-
fined

Weighting scheme based
on measured e.s.d.’s,

w=1/[0*(F)]

The structure was solved by direct methods using SHELXS86
(Sheldrick, 1986). GX (Mallinson & Muir, 1985), which incor-
porates a locally modified version of ORTEP (Johnson, 1971),
was used for all other calculations.
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nancial support of CSF.

Lists of structure factors, anisotropic thermal parameters and complete
geometry have been deposited with the British Library Document Sup-
ply Centre as Supplementary Publication No. SUP 55219 (19 pp.).
Copies may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, Eng-
land. [CIF reference: MU1014]
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