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Synopsis. The crystal structure of heptaethylene
glycol-Sr(SCN), has been determined by X-ray diffraction.
The Sr ion is coordinated by eight oxygen atoms arising from
the heptaethylene glycol moiety and a nitrogen atom from
one of SCN groups. The coordination polyhedron is irregular,
Sr-O distances ranging from 2.56 to 2.73 A.

It is well known that macrocyclic ethers interact with
alkali and alkaline earth metal ions to give complexes,
some structures of which have been determined by
X-ray crystallography.l=3 On the other hand, linear
poly(oxyethylene) (POE) derivatives also have a
chelating ability to metal cations.¥ The structures of
various glymes with HgCl, and CdCl, have been inves-
tigated by Iwamoto®® in connection with structural
studies of polyethylene glycol-HgCl, complexes.?'®
Recently, POE deraviatives with the appropriate
number of oxyethylene units have been found to form
complexes with alkali and alkaline earth metal thio-
cyanates.?) In order to investigate the chlating behavior
of POE, X-ray diffraction studies have been made and
here the structure of heptaethylene glycol-Sr(SCN), is
presented.

The crystals, colorless and transparent prisms, were
obtained by recrystallization from an acetone solution.

Crystal Data: (Cy,HgoOq)-Sr(SCN),, F.W.=530.2,
monoclinic, space group P2,/c, a=11.368(3), b=
14.311(2), ¢=17.665(6) A, f=122.13(2)°, V==2434(2)
A3, D_,=1.45gcm=3 (flotation in dichloromethane-
carbon tetrachloride), D.=1.45gcm=2 for Z=4,
#(Mo Ka)=23.6 cm~1.

Intensity data were measured on a Rigaku diffractom-
eter with graphite monochromatized Mo K« radiation
employing the ® scan technique. The integrated
intensity was determined by scanning the peak at a
rate of 2°/min along the w axis. A total of 5313 reflec-
tions were obtained, of which 3151 reflections were

Fig. 1. An ORTEP drawing of the Sr(SCN),-EO7
molecule together with the numbering scheme.

made, but no absorption correction was applied, which
might limit the accuracy of the present structure deter-
mination.

The structure was solved by the heavy atom method,
and refined by the block-diagonal least-squares method
with HBLS V19 program. The atomic scattering
factors used in all the computations were taken from the
International Tables of X-Ray Crystallography.') The
refinement was converged to a rather high R value of
0.113 for 3151 reflections and this will be discussed
later.

An ORTEP drawing of the complex molecule is
shown in Fig. 1, together with the numbering system.
The bond lengths and bond angles are listed in
Table 1.1

Coordination Geometry:  Eight oxygen atoms from
heptaethylene glycol (EO7) and one nitrogen atom
from a SCN anion are coordinated to the Sr ion. The
coordination polyhedron is irregular. It is difficult to

F,>3¢(F,). Lorentz and polarization corrections were  express the polyhedron in simple terms, although a nine
TaBLE 1. THE BoND LENGTHS (//A) AND BOND ANGLES (¢/°) IN THE COMPLEX MOLECULE

Sr-0(N) bond in SCN anion C-C bond C-0 bond C-C-0 angle C-0-C angle
sr-0(3)  2.56(2)  N(1)-C(1) 1.13(3)  ¢(4) -C(5) 1.31(5) 0(3) -C(4) 1.41(3) 0(3) -C(4) ~0(5) 115(3) C(5) -0(6) -C(7) 116&2;
sr-0(6) 2.73(2) ¢(1)-5(1) 1.61(2)  ¢(7) -C(8) 1.42(4) c(5) -0(6) 1.43(4) c(4) -c(5) -0(6) 123(3) cC(8) ~0{9) -C(10) 120(2
sr-0(9)  2.68(2) N(2)-C(2) 1.15(3)  €(10)-C(11) 1.49(4) 0(6) -C(7) 1.38(3) 0(6) -C(7) -C(8) 7117(3) C€(11)-0(12)-C(13) 113(2)
sr-0(12) 2.72(2)  c(2)-5(2) 1.66(2) €(13)-C(14) 1.48(4) c(8) -0(9) 1.36(3) C(7) -C(8) -0(9) 116(3) C(14)-0(15)-C(16) 113(2)
sr-0(15) 2.69(2) N(1)-C(1)-S(1) 178(2) C(16)-C(17) 1.50(3) 0(9) -C(10) 1.41(3) 0(9) -C(10)-C(11) 109(2) €(17)-0(13)-C(19) 110(2)
sr-0(18) 2.71(2)  N(2)-C(2)-S(2) 179(2) C(19)-C(20) 1.50(4) C(11)-0(12) 1.42(3) ¢€(10)-C(11)-0(12) 109(2) c€(20)-0(21)-C(22) 115(2)
sr-0(21) 2.66(2) c(22)-c(23) 1.41(5) c(12)-c(13) 1.38(3) 0(12)-C(13)-C(14) 108(2)
Sr-0(24) 2.56(2) €(14)-0(15) 1.46(3) C€(13)-C(14)-0(15) 108(2)
se-N(2) 2.57(2) 0(15)-C(16) 1.43(3) 0(15)-C(16)-C(17) 109(2)

¢(17)-0(18) 1.42(3) €(16)-C(17)-0(18) 107(2)

0(18)-c(19) 1.43(3) 0(18)-€(19)-C(20) 107(2)

€(20)-0(21) 1.39(3) €(19)-C(20)-0(21) 109(2)

0(21)-C(22) 1.39(4) 0(21)-c(22)-C(23) 116(3)

€(23)-0(24) 1.40(4) c(22)-(23)-0(24) 111(3)

t Present address: Institute for Protein Research, Osaka
University, Yamadakami, Suita, Osaka 565.

tt The complete F,-F, data and the tables of atomic
parameters are kept at the Chemical Society of Japan.
Document No. 7915.
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TaBLE 2. THE TORSION ANGLES (¢/°) IN THE HEPTAETHYLENE GLYCOL CHAIN

0(3) -c(4) -c(5) -0(6) -15
0(6) -C(7) -C(8) -0(9) -35
0(9) -c(10)-c(11)-0(12) -58
0(12)-c(13)-c(14)-0(15) 60
0(15)-c(16)-C(17)-0(18)  -60
0(18)-C(19)-c(20)-0(21) 54
0(21)-c(22)-c(23)-0(24) 41

coordinated distorted tricapped trigonal prisms or
eight coordinated bicapped trigonal prism have been
reported.’?13) The Sr-O bond lengths range from 2.56
to 2.73 A. The Sr-O(3) and Sr-O(24) distances are
rather short, possibly attributable to the two oxygen
atoms at both ends of the EO7 chain being more basic.

Conformations of EO7 Chain: The C-C bond distances
found in the EO7 chain are rather short, the mean value
being 1.45A. The C(4)-C(5) distance of 1.31 A is
abnormally short. The thermal ellipsoids of the atoms
are large, and the largest directions are approximately
normal to the O(3)-C(4)-C(5)-O(6) plane. Moreover,
the torsion angle is —15° a value which cannot be
considered real. Itis most probable that partial disorder
is present in this part of the chain. Consider a plane made
by passing through the Sr, O(3), O(6) atoms and the
midpoint between C(4) and C(5). If C(4) lies above
the plane, then C(5) must lie below the plane as shown
in Fig. 2(a), or vice versa (Fig. 2(b)). There may be no
energy difference between the two conformations if
other conditions are similar. It is most probable that
partial disorder, caused by the two conformations is
present in the crystal. Some residual peaks were found
in the difference map, but attempts to locate the
disordered atoms were not successful; possibly real
situation is more complex. This may also explain the
rather high observed R value. Such apparent bond
shortening due to thermal libration and partial disorder
has also been discussed by Dunitz, et al.?

The torsion angles in the EO7 chain are listed in
Table 2, and in the central part a TGT-TGT-TGT
conformation is observed. This may be the most stable
conformation, a conformation also found in the TGM-
HgCl, complex. Both ends of the chain assume a
different conformation, since the TGT-TGT-TGT
conformation results in a helical form of an EO7 chain.

Hydrogen Bonding: Two hydrogen atoms at both ends
of the EO7 chain possibly serve as donors to form
hydrogen bonding. The N(1) atom in a free SCN group

Sr, Sr
O 'Q>‘° °4‘C‘>°

(a) (b)

Fig. 2. Two plausible conformations of the —-O—-CH,~
CH,-O group.

c(4) -c(5) -0(6) -C(7) 140
¢(7) ~c(8) -0(9) -c(10) 179
€(10)-c(11)-0(12)-c(13) 178
€(13)-c(14)-0(15)-c(16) 177
c(16)-c(17)-0(18)-c(19) -178
¢(19)-c(20)-0(21)-c(22) 175

c(5) -0(6) -c(7) -c(8) =107
c(8) -0(9) -c(10)-c(11) =103
€(11)-0(12)-c(13)-c(14) 168
€(14)-0(15)-c(16)-C(17) ~173
€(17)-0(18)-C(19)-c(20) 173
€(20)-0(21)-c(22)-c(23) 115

Fig. 3. An ORTEP drawing of the contents of a unit

cell.

is located at a distance of 2.73 A from O(24). Another
SCN group is coordinated to the Sr atom via N(2) as
described above, and S(2) is bonded to the O(3) atom
in a neighbouring molecule, the hydrogen bond distance
being 3.26 A. The crystal structure is shown in Fig. 3.
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