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Discussion. As seen from Fig. 1 which includes 
projections down the x and y axes, NC(CH2)aCN acts 
as a bridging ligand between two TiC14 units such that 
the 1:1 TiC14-NC(CHE)3CN adduct is one- 
dimensionally polymeric in the solid state. Ti atoms are 
octahedrally coordinated with the N atoms being in the 
cis configuration. It should also be noted that C(3) is 
required to sit on a crystallographic twofold axis so that 
one half of NC (CH2)2CN is related to the other half by 
the twofold symmetry. 

The conformation of NC(CH2)aCN in the adduct is 
trans,trans for the four C - C  single bonds connecting 
C ( 1 ) - C ( 2 ) - C ( 3 ) - C ( 2 ) - C ( 1 ) .  The NC(CH2)aCN 
molecule is nearly planar. The Ti-C1 distances of 
2.225-2.266 A are comparable to those obtained in 
previous works on TiC14 adducts, e.g. 2.174-2.190 A in 
(TiCI4-NCCOOC2Hs)2 (Constant, Cubaynes, Daran 
& Jeannin, 1974) and 2 .226A in TiC14-(NCH2) 2 
(Constant, Daran & Jeannin, 1971). The T i - N  
distance of 2 .188A is similar to those found in 
TiC14-(NCH2)2, 2 .198A,  and (TiC14-NCCOOC 2- 
H5)2, 2.240A. The C--N triple-bond distance of 
1.134 A is slightly shorter than the 1.155/i, length 
observed in the equilibrium C--N distance in CHaCN 
(Cooney & Fraser, 1974). Such a shortening is 
expected because the C---N bond strength increases 
upon coordination (Storhoff & Lewis, 1977). The 
N--C(1)-C(2)  fragment is nearly linear as it should be 
[ /_N-C(1) -C(2)  176.2°]. The departure from the 
ideal 180 ° of the Ti--N--C(1) angle (171.3 °) is 
presumably a manifestation of crystal-packing effects 
caused primarily by the rigid nature of the N -  

C(1)-C(2)  framework. It is noted that the linearity of 
the Ti--N--C(1)-C(2)  segment prevents both ends of 
the dinitrile molecules from coordinating with the same 
Ti atom. To explain the slightly short C(1) -C(2)  
distance (1.466 A) as compared to a typical C - C  
single-bond length of 1.54 A, we may safely assume 
that there is a partial double-bond character due to the 
neighboring - C = N  group. 
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Abstract. Na+.CsHIIOi-2, M r = 3 2 2 . 1 6 ,  monoclinic, 
P21/n, a = 6 . 5 1 4 ( 1 ) ,  b = 9 . 1 9 3 ( 4 ) ,  c = 9 . 4 4 0 ( 3 ) A ,  
f l =  96-38 (2) ° , V =  561.8 (4)A 3, z =  2, D x =  
1.904 Mg m -3, ~,(Cu Ktx) = 1.5418 A, /t = 2.01 mm -~, 
F(000) = 330, T = 295 K, R = 0.058 for 989 diffrac- 

* Part IX: Moerman, Ouwerkerk & Kroon (1985). 
~f To whom correspondence should be addressed. 

0108-2701/86/030291-03501.50 

tometer data with I > 2.50(/). In this super-acid salt, 
the meso-tartrate anion adopts a dissymmetric con- 
formation. The heavy atoms in one half of the anion are 
approximately coplanar, whereas the other glycolic- 
acid part is rather distorted from planarity owing to 
intermolecular H bonding. The H-bond scheme concern- 
ing the carboxyl-group coupling is of the mixed A / B  
type. The sodium-ion coordination is pseudo cubic with 
N a - O  distances in the range 2.468-2.607 A. 

© 1986 International Union of Crystallography 
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Introduction. This work is part of a series of structural 
investigations on meso-tartaric acid compounds. Points 
of interest are the molecular conformations of the 
meso-tartaric acid molecule and the patterns of hydro- 
gen bonding. 

In a previous paper we reported the structure 
determination of sodium meso-tartrate (Blankensteyn & 
Kroon, 1985). The meso-tartrate dianion of that 
structure adopts a centrosymmetric conformation, 
which is exceptional for complexes of meso-tartaric 
acid. 

In this paper we describe the crystal structure 
determination of an acid sodium salt of meso-tartaric 
acid. 

Experimental. Flat regular crystal, dimensions approxi- 
mately 0.5 x 0.3 x 0.3 ram, grown from aqueous 
solution of sodium carbonate and meso-tartaric acid 
mixture in 1 mol to 2 mol ratio. Enraf-Nonius CAD-4 
diffractometer, Cu Ka radiation, cell measurement with 
setting angles of 17 reflections, ranging from 0 = 13.6 
to 28.4°; 09/20 scan of width 2.50 ° and variable speed; 
20max=163"0 ° , h = - 7 t o  7, k = 0 t o  l l, l = - l l  to 
11; no systemati c fluctuations in standard reflections 
(7400, 032 and 114); 2171 reflections measured, 1017 
unique, 992 of which considered observed [I > 2.5o(/)], 
Rin t = 0"059. Lp corrections, no absorption correction. 
Structure solved by MULTAN80 (Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1980). 
Anisotropic refinement on F by full-matrix least squares 
with SHELX76 (Sheldrick, 1976). Hydrogen atoms 
located from three-dimensional difference Fourier map 
and by stereochemical considerations; their positional 
parameters subsequently refined, but isotropic thermal 
parameters put equal to those of their carrier atoms and 
kept fixed; unit weights; number of refined parameters: 
112. Three reflections (020, i03 and ]23) appeared to 
suffer from extinction and were removed from refine- 
ment. Convergence at R =0 .058 .  wR =0.056 ,  S 
= 0.74. (A/tr)max = 0" 1; max. and min. peaks on final 
Ap map 0.34 and - 0 . 4 8  e A -3. Calculations carried out 
on the CDC-Cyber 175 computer of the University of 
Utrecht with programs of APOLLO (data reduction 
and correction) by A. L. Spek and EUCLID 
[calculation of geometrical data and illustrations (Spek, 
1982)]. Scattering factors for Na +, O and C from 
Cromer & Mann (1968) and for hydrogen from 
Stewart, Davidson & Simpson (1965). 

Discussion. In Table 1 the final atomic coordinates and 
equivalent isotropic temperature factors are listed.* In 
Fig. 1 a perspective view and the numbering of the 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 42607 (8 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 1. Fractional atomic coordinates and isotropic 
thermalparameters (A 2) 

For non H-atoms, Ueq x- x- , , --  ~ t z _ j U u a l  a I avaj. 

x y z Ueq/U~so 
Na ½ ½ 0 0.0332 (6) 
O(1) -0.0446 (3) 0.1235 (2) 0.0341 (2) 0.0319 (6) 
0(2) 0.2896 (3) 0.1512 (2) 0.1113 (2) 0.0289 (6) 
0(3) 0.2278 (3) 0.4324 (3) 0.1660 (3) 0.0310 (6) 
0(4) 0.1080 (4) 0.2331 (3) 0.3866 (2) 0.0314 (6) 
0(5) -0.3783 (3) 0.3086 (3) 0.1953 (3) 0.0328 (6) 
0(6) -0.2685 (4) 0.1251 (3) 0.3394 (3) 0.0341 (6) 
C(1) 0-1099 (5) 0.1974 (3) 0-0941 (3) 0.0240 (6) 
C(2) 0.0497 (5) 0.3433 (3) 0.1505 (3) 0.0233 (8) 
C(3) -0.0321 (5) 0.3180 (3) 0.2955 (3) 0.0239 (8) 
C(4) -0.2374 (5) 0.2380 (4) 0.2799 (3) 0.0260 (10) 
H(1) -0.060 (5) 0.386 (4) 0.082 (3) 0.022 
H(2) -0.051 (5) 0.417 (4) 0.343 (3) 0.023 
H(3) 0 0 0 0.031 
U(4) 0.213 (6) 0.502 (4) 0.204 (4) 0.030 
H(5) 0.196 (6) 0.287 (4) 0.417 (4) 0.031 
U(6) -0.498 (6) 0.256 (4) 0.172 (4) 0.032 

anion is shown. Table 2 gives bond lengths, bond 
angles, selected torsion angles, the hydrogen-bond 
geometries and the Na + coordination. In sodium 
meso-tartrate the anions are situated at the centres of 
symmetry (Blankensteyn & Kroon, 1985), while the 
sodium ions are in general positions. In the title 
compound this situation is reversed. 

In contrast with its conformation in sodium meso- 
tartrate, in this acid salt the anion adopts a dissym- 
metric conformation. This is in concert with the general 
behaviour of the meso-tartrate molecule established in a 
number of crystal structures (Kroon, 1982). The 
non-hydrogen atoms in one half of the anion are nearly 
coplanar, whereas in the second half the carboxyl group 
is rotated more than 20 ° out of the plane with the 
a-hydroxyl O atom. This large deviation from planarity 
is due to a torque exerted by two H bonds which are 
more or less perpendicular to the carboxyl-group plane. 

As in potassium hydrogen meso-tartrate (Kroon & 
Kanters, 1972), the carboxyl-group coupling is of the 
mixed A/B H-bond type (Speakman, 1972). The B-type 
H bond of 2.650 (3) A is abnormally long. In this type 
of H bond a distance of 2.55 A is usually found. This 
elongation is probably caused by the less-favourable 
acceptance scheme, the donor proton being in the 
bonded region of the carboxyl group, which is moreover 
also involved in the A-type bond. A similar H-bonding 
scheme is found in the crystal structure of (3,6- 
dithiaoctanedioato-S,S')(3,6-dithiaoctanedioic acid- 
S,S')copper(I) (Helder, Birker, Verschoor & Reedijk, 
1984); this also has a rather large H-bond length of 
2.609 (2) A. 

The oxygen coordination of the sodium ion is 
eightfold and is distorted cubic (see Fig. 2); distances 
are given in Table 2. Fig. 3 shows the crystal packing 
viewed along the a axis. 
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H(4) 

o(a) °(21 H(s~ ) 

O(4Vi)~O(OVi ) O(3V) 

Fig. 2. A perspective view of the coordination sphere of the sodium 
ion. Superscripts in the atom numbering refer to the symmetry 
code given in Table 2. 

Fig. 1. Stereochemistry and atom numbering of the meso-tartaric 
ion. 

Table 2. Bond distances (A), bond angles (o), selected 
torsion angles (o), H-bond geometry and Na 

coordination (A) 

C(I)-O(1) 1.292 (4) C(3)-C(4) 1.519 (4) 
C(1)-O(2) 1.239 (4) C(4)-O(6) 1.208 (4) 
C(1)--C(2) 1.511 (4) C(4)-O(5) 1.318 (4) 
C(2)-O(3) 1.414 (4) O(1)-H(3) 1.224 (2) 
C(2)-C(3) 1.541 (4) O(3)-H(4) 0.75 (4) 
C(2)-H(1) 0.99 (3) O(4)-H(5) 0.79 (4) 
C(3)--H(2) 1.03 (2) O(5)-H(6) 0.92 (4) 
C(3)--O(4) 1.417 (4) 

O(1)-C(I)-O(2) 123.8 (3) C(2)--C(3)-H(2) 109 (2) 
O(1)-C(1)--C(2) 113.7 (3) O(4)-C(3)-C(4) 107.0 (2) 
O(2)-C(1)-C(2) 122.5 (3) O(4)-C(3)-H(2) 109 (2) 
C(1)-C(2)-C(3) 107.9 (2) n(2)-C(3)-C(4) 109 (2) 
C(1)-C(2)-O(3) 108.0 (3) C(3)-C(4)-O(5) Il l .5 (2) 
O(3)-C(2)-C(3) 110.9 (2) C(3)-C(4)-O(6) 124.2 (3) 
C(I)-C(2)-H(1) 109 (2) O(5)-C(4)-O(6) 124.3 (3) 
O(3)-C(2)--H(1) I l I (2) C(1)-O(1)-H(3) 114.0 (2) 
C(3)-C(2)--H(I) 110 (2) C(2)--O(3)-H(4) 113 (3) 
C(2)-C(3)-C(4) 112.0 (2) C(3)--O(4)--H(5) 106 (3) 
C(4)-C(3)--n(2) 109 (2) C(4)--O(5)-H(6) 114 (2) 
C(2)-C(3)-O(4) 111.1 (2) 

C(I)-C(2)-C(3)-C(4) -68.8 (3) 
O(2)-C(1)-C(2)-O(3) 24.1 (4) 
O(4)-C(3)-C(4)-O(6) 1.7 (4) 
H(3)-O(1)-C(1)-O(2) 2.7 (4) 
H(6)-O(5)-C (4)-0(6) - I0 (3) 
H(4)-O(3)-C(2)-C(1) -171 (3) 
H(5)-O(4)-C(3)--C(4) -159 (3) 

O -  
O-H(A)  H.. .O(A) O.. .O(A) H.. .O(°)  

O(I)-H(3)...O(P) 1.224 (2) 1.224 (2) 2.448 (4) 180 
O(3)-H(4)...O(2 ~) 0.75 (4) 2.22 (4) 2.921 (3) 157 (4) 
O(4)-H(5)...O(1 m) 0.79 (4) 2.08 (4) 2.845 (3) 163 (4) 
O(5)-H(6)...O(2 ~v) 0.92 (4) 1.73 (4) 2.650 (3) 174 (4) 

Na...0(5 vii) Na...O(3) 2.570 (2) 2.607 (3) 
Na...O(3 v) Na...0(5 vm ) 

Na...0(6 ~l) Na'"O(4Vl) 2.530 (3) 2.468 (3) 
Na...O(4 II) Na...0(6") 

Symmetry code: (i) -x ,  -y ,  - z ;  (ii) ½-x, J+y, J -z ;  (iii) J+x, J-y,  
J+z; (iv) - l + x ,  y, z; (v) I -x ,  I -y ,  - z ;  (vi) J+x, ~---y, J+z; (vii) 
I +x, y, z; (viii) -x ,  l -y ,  -z .  

b 

Fig. 3. Projection of the unit-cell contents down the a axis. The 
sodium ions are represented by large spheres; hydrogen bonds 
are indicated by open sticks (for reasons of clarity the H bond 
connecting two molecules separated by a translation in the 
direction of the a axis has been omitted). 
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