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Abstract

The conformation of the cyclododecyl ring in the
title compound, Na*.C;4H,303P~.3H,0, has slightly
distorted 422 symmetry. The molecules are packed
in a head-to-head arrangement. The hydrophilic parts
of neighbouring molecular layers are connected via
coordination to Na* and hydrogen bonds.

Comment

Knowledge of the structural relationships of three-
dimensional crystals to their two-dimensional adsorption
layers leads to an understanding of the molecular
arrangements on interfaces. However, no systematic
information is available on the structural effect of the
hydrophilic head group or the counterion of anionic
amphiphiles.

The molecular structure of the title compound, sodium
cyclododecylphosphonic acid monoethyl ester trihy-
drate, (I), is very similar to that of sodium cyclodo-
decyl sulfate trihydrate (Rudert, Vollhardt & Czichocki,
1994). The amphiphilic nature of this sulfate was modi-
fied by exchange of the polar head group, i.e. the sulfate
group was formally substituted by a phosphonic acid
monoethyl ester group (sodium salt). Both compounds
have an identical hydrophobic moiety and contain one
Na* cation in the hydrophilic part of the molecule.
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The ring conformation of the title compound is the
same as that of the sulfate compound and the average
deviation of the C atoms from an ideal dodecyl ring,
which has 422 (D,) symmetry, is 0.047 A. This deviation
is less than in the sulfate compound, so it is clear that
the ring symmetry is less distorted by a phosphonate
group than by a sulfate group.

The average C—C bond distance is 1.521 A and
the average C—C—C bond angle is 114.7°, which
coincidentally are exactly the same values as for the
sulfate compound.

The torsion angles within the head group are com-
pletely different from the corresponding angles in
1-hydroxyphosphonic acid monoethyl ester (Hammer-
schmidt & Vollenkle, 1986), which is a result of the
free rotation about the P—O3 and O3—C31 bonds. As
in 1-hydroxyphosphonic acid monoethyl ester, the P—
Oester distance is longer than the other two P—O dis-
tances. The P—O1 and P—O2 bonds must, therefore,
both have partial double-bond character and the nega-
tive charge of the phosphonate group must be on atoms
O1 and O2. The elongated shape of the displacement
ellipsoid of O3 indicates some disorder at this position.

The molecules are arranged in double layers in a
head-to-head arrangement. The area per molecule within
each layer is 42.13 (1) A2, which is nearly the same
as in the sulfate compound. In the title compound,
all ring planes are parallel (Fig. 2), whereas in the
sulfate compound the ring planes of neighbouring layers
are perpendicular. There are 11 short (< 4.2A) C-.-C
contacts between rings and five C: - -C contacts between
the ethyl group and the ring atoms.

The Na* cations are situated at two different positions
on a twofold axis, i.e. Nal and Na2. Each is sixfold
coordinated by O atoms forming distorted octahedra.
Nal coordinates exclusively with water O atoms, while
Na2 coordinates with four water O atoms and two
Ol atoms of the phosphonic group. Ol---Na2---Ol

Fig. 1. PLATON (Spek, 1990) drawing of the asymmetric ﬁnit of the
title compound. The displacement ellipsoids are drawn at the 50%
probability level. Thin lines indicate the Na*- - -O contacts.
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contacts connect two molecular layers in the crystal.
There are several hydrogen bonds between water mol-
ecules, and also between water molecules and atoms O1
and O2 of the phosphonate group (Table 2 and Fig. 3).

Fig. 2. SCHAKAL92 (Keller, 1992) drawing of the molecular packing
viewed along the [010] direction. The Na*...O contacts are
symbolized by dotted lines and H atoms have been omitted.
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Fig. 3. SCHAKAL92 (Keller, 1992) stereodrawing of the intermolec-
ular contacts within the polar region viewed along the [100] di-
rection. Filled circles are P atoms, circles with numbers inside are
Na* cations, all other open circles are O atoms, dotted lines indicate
Na*- - -O contacts, thin lines are O- - -O hydrogen bridges, and labels
1W, 2W and 3W correspond to 021, 022 and 023, respectively.
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Experimental

Cyclododecylphosphonic acid diethyl ester was prepared
by the reaction of cyclododecene (Merck synthesis grade)
with diethyl phosphite using dicumyl peroxide as catalyst
(1 mol %) at 448453 K. The diester was purified by distilla-
tion (semimicro Spaltrohr column) and the purity was checked
by gas-liquid chromatography. It was then saponified with al-
coholic sodium hydroxide, by heating under reflux, to yield the
title compound, which was recrystallized several times from
alcohol/chloroform and chloroform and characterized by both

elemental analysis and '*C NMR spectroscopy.

Crystal data

Na*.C4H;30:P~.3H,0
M, = 352.39
Orthorhombic

Pbcn .
a=43851(8) A
b=9.583(1) A
c=8.788(2) A

V =3694 (1) A3

Z=8
D,=127Mgm™

Data collection

Enraf-Nonius CAD-4
diffractometer

6/20 scans

Absorption correction:
numerical
Tin = 0.4746, Thmax =
0.8962

2801 measured reflections

1770 independent reflections

Refinement

Refinement on F

R = 0.060

wR = 0.069

S =2.518

1504 reflections

227 parameters

H atoms of CH; groups
kept fixed at calculated
positions, all others taken
from Fourier maps and
refined with U fixed

Cu Ko radiation

A=154184 A

Cell parameters from 25
reflections

6 =16-19°
p=1734 mm™!
T =299 K
Prism

0.62 x 0.30 x 0.05 mm
Colourless

1504 observed reflections

[I > 1.5¢(])]
Rim = 0.084
Omax = 47.98°
h=-1— 42
k=0—-9
l=-8—>38

3 standard reflections
frequency: 30 min
intensity decay: 1.68%

w = 4F}[[0*(F3)
+ 0.0009F ]

(A/0)max = 0.092

Apmax = 0289 ¢ A3

Apmin = —0.465 ¢ A3

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)2;2,~U,7a;aj‘a,~.aj.

x y z Ueq
Nal 1 —0.2791 (2) 1/4 0.042(2)
Na2 1 —0.1209 (3) -1/4 0.043 (2)
021 0.99710 (7) —0.3065 (3) —0.0574 (4) 0.042 (2)
022 1.03039 (7) —0.0811 (3) 0.1594 4) 0.044 (2)
023 1.03606 (6) —0.4584 (3) 0.1893 (3) 0.046 (2)
P 1.07545 (3) —-0.2379 (1) —0.1391 (1) 0.0292 (8)
Ot 1.05532 (6) —0.1115 (3) —0.1422 (3) 0.031(2)
02 1.05985 (6) —0.3687 (3) —0.0869 (4) 0.037(2)
03 1.08912 (7) —0.2671 (3) —0.3048 (3) 0.038 (2)



C1 1.1091 (1) —0.2060 (4) —0.0257 (5) 0.032 (3)
C2 1.1292 (1) —0.0909 (4) —0.0942 (5) 0.038 (3)
C3 1.1512(1) —0.0235 (5) 0.0166 (6) 0.048 (3)
C4 1.1780 (1) 0.0503 (5) —0.0582 (6) 0.060 (4)
Cs 1.2013 (1) —0.0471 (6) —-0.1264 (6) 0.060 (4)
Cé 1.2198(1) —0.1306 (6) —0.0142 (7) 0.063 (4)
c7 1.2363 (1) —0.2577 (6) —0.0795 (7) 0.067 (4)
C8 1.2151(1) —0.3716 (6) —0.1360 (6) 0.064 (4)
a9 1.1966 (1) —0.4431 (6) —0.0134 (6) 0.061 (4)
C10 1.1675 (1) —0.5146 (5) —0.0670 (6) 0.054 (3)
c1 1.1425 (1) —0.4138 (5) —0.1157 (6) 0.044 (3)
C12 1.1272 (1) —0.3380 (5) 0.0156 (6) 0.040 (3)
C31 1.0787 (1) —0.2039 (5) —0.4392 (6) 0.056 (4)
C32 1.0921 (1) —0.2699 (5) ~0.5737 (6) 0.053 (4)

Table 2. Selected geometric parameters A,°)

P—O1 1.500 (3) C4—Cs 1.510(7)
P—02 1.501 (3) C5—C6 1.509 (8)
P—03 1.598 (3) C6—C7 1.528 (8)
P—C1 1.809 (5) C7—C8 1.517 (8)
03—C31 1.404 (6) C8—C9 1.514 (8)
c1—2 1.535 (6) C9—C10 1.524 (7)
C1—C12 1.537 (6) C10—C11 1.521 (7)
Cc2—C3 L515 (M) C11—C12 1.520(7)
C3—-C4 1.518(7) C31—C32 1.465 (8)
Nal. . .021 2.718(3) Na2...021 2.459 (3)
Nal. - -022 2453 (3) Na2...022' 2.481(3)
Nal. - -023 2.395(3) Na2-- -0l 2.606 (3)
01—P—02 114.4 (2) C2—C3—C4 114.4 (4)
01—P—03 110.2 (2) C3—C4—C5 114.0 (4)
O01—P—C1 110.7 (2) C4—C5—C6 115.7 (4)
02—P—03 107.7 (2) C5—C6—C7 115.6 (5)
02—P—C1 110.2 (2) C6—C7—C8 114.0 (4)
03—P—C1 103.0(2) C7—C8—C9 115.0 (5)
P—03—C31 124.7 (3) C8—C9—C10 115.7 (5)
P—C1—C2 112.0(3) C9—C10—C11 113.8 (4)
P—C1—C12 114.4 (3) C10—C11—C12 114.0 (4)
C2—C1—C12 1129 (4) C1—C12—C1 116.2 (4)
C1—C2—C3 1149 (4) 03—C31—C32 111.3 4)

Symmetry code: (i) x, —y,z — 1.

Data collection: CAD-4 diffractometer software (Enraf—
Nonius, 1977). Cell refinement: CAD-4 diffractometer soft-
ware. Data reduction: MolEN PROCESS (Fair, 1990). Pro-
gram(s) used to solve structure: SIR88 (Burla et al., 1989).
Program(s) used to refine structure: MolEN LSFM. Molecular
graphics: PLATON92 (Spek, 1990) and SCHAKAL92 (Keller,
1992). Software used to prepare material for publication:
MolEN BTABLE, PTABLE and CIF IN.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, complete geometry, including H-atom geometry,
torsion angles and contact distances greater than 2.39A, have been
deposited with the IUCr (Reference: SE1077). Copies may be obtained
through The Managing Editor, International Union of Crystallography,
5 Abbey Square, Chester CH1 2HU, England.
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Abstract

Crystallization of the product of the reaction between
impure samples of In(NCS);, prepared from InCl; and
KSCN, and 2,2'-bipyridyl (bipy) in tetrahydrofuran
solution gave the complex pentakis(tetrahydrofuran)-
potassium (2,2’-bipyridyl)tetrakis(isothiocyanato)indate-
(III), [K(CsHgO)s][In(NCS)4(C;oHsN,)], composed of
a potassium cation coordinated by five thf ligands and
one S atom of a thiocyanate group, and an octahedral
indium-centred anion in which the bipy N atoms are cis
and the four thiocyanates are bonded to indium through
their N atoms. Crystallization of samples of impure
In(NCS); from pyridine in the presence of 18-crown-6
gave the compound (1,4,7,10,13,16-hexaoxacycloocta-
decane)potassium bis(pyridine)tetrakis(isothiocyanato)-
indate(III) pyridine solvate, [K(Cj2H406)][In(NCS),-
(CsHsN)21.2CsHsN, containing an octahedral indium-
centred anion in which the pyridine ligands are trans.
The potassium in both complexes arises from the
contamination of In(NCS); by the KSCN used in its
preparation.

Comment

Structurally characterized thiocyanate complexes of in-
dium(III) are not particularly common, the only re-
ported examples being [AsPhy][In(NCS)s] (1) (Ein-
stein, Gilbert, Tuck & Vogel, 1976), [K(18-crown-
6)1[K(18-crown-6)(H,0)],[In(NCS)s].2H,O (2) (Zhan,
Fan, Wang & Zhang, 1989), [In(NCS)(OPPh;){Mo-
(CO)3(CsHs)}al  (3), [In(NCS)(4-picoline){Fe(CO),-
(CsHs)}21 (4) and [K(18-crown-6)][In(NCS),{Mo-
(CO)3(CsHs)}2] (5) (Carmalt, Norman, Pember & Far-
rugia, 1995). In all cases, the thiocyanate group is
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