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Abstract 

The reaction of pentaethylene glycol with ThCl, in 3/l CH&N/CH,OH produced [ThCl,(EOS)]Cl . CHJN 
upon slow evaporation. The same reaction with tetraethylene glycol exhibits reduced ThCl., solubility. 
The only isolable product, a (Th4+), cluster, is the result of ionization of the glycol and incorporation 
of oxide impurities, [Th,Cl,(0)(E042-),] .3CH&N. Both products were crystallographically charac- 
terized. [ThCl,(EOS)]Cl. CH CN is monoclinic, PC with (at 22 “C) a = 8.857(2), b = 12.364(4), c = 9.685(2) 
A, p=92.75(2)“, II= 1059 A3, D,,,,=2.05 g cm-3 for Z=2 formula units, and R=0.031 for 1624 
independent observed (F,>Sa(F,)) reflections. [Th,&l,(O)(E04*-)J.3CH,CN is triclinic, Pi with (at 
22 “C) a = 12.277(3), b = 12.404(3), c = 18.738(4) A, (Y= 73.01(2), p = 77.71(2), y= 75.49(2)“, U= 2611.7 
A3, Dcalc= 2.45 g cmm3 for Z = 2 formula units, and R =0.040 for 5849 observed reflections. In the 
E05 complex, the glycol wraps the metal ion with all six donor atoms coordinated to thorium. There 
are only three tight ion pairs with the fourth chloride anion accepting hydrogen bonds from the two 
alcoholic oxygen atoms. There are four Th4+ ions in the glycolate cluster bridged by a pL,-oxide. Each 
of the three tetraethylene glycolate ligands wraps one Th atom and bridges it (via the terminal alkoxide) 
to two other Th atoms in the cluster. There are two bridging and six terminal chloride anions. The 
four thorium atoms are crystallographically unique, however, there are only three different Th 
environments. 

Introduction 

Structural characterization of inner sphere Th4+ 
complexes with macrocyclic crown ethers, their acyclic 
polyethylene glycol analogs, or even simple alkoxide 
ligands is nearly non-existent. Our own work with 
Th4+ and crown ethers has produced only the second 
sphere hydrogen bonded complexes, [Th(N03)4- 
(OH,),] * 18-crown-6 [2], [ThC14(OHMe)2(OH,)]. 
15-crown-5. CH$N [3], [ThCl,(OH&]Cl, .18-crown- 
6 -2HZ0 [4], [ThCl,(OHEt),(OH,)] .18-crown-6. Hz0 
[5] and [ThCl(OH)(OH,)&C14~ 18-crown-6 [6]. 

This lack of structural data contrasts sharply with 
the fact that with an understanding of the control 
of metal ion coordination offered by these ligands, 
their use could lead to such wide ranging applications 
as easier solution routes to new materials doped 

*For Part 33, see ref. 1. 
“Author to whom correspondence should be addressed. 

with Th, or novel Th4+ extraction processes. For 
example, thorium doping into high T, supercon- 
ductors is currently difficult [7, 81. Soluble alkoxides 
are now being prepared as precursors to some of 
these same materials [9-141 and one report even 
details the use of an acyclic chelating, bridging 
alkoxide unit similar to polyethylene glycols for use 
with Cu2+ [13]. 

The lack of intensive study into the use of crown 
ethers and polyethylene glycols in thorium separations 
chemistry probably reflects the weak donor nature 
of these oxygen ligands. The few studies done with 
these ligands as extractants or synergists do show 
some promise but the exact nature of most of the 
extracted species is unknown [14-161. Our current 
efforts are directed toward a fuller understanding 
of ligand control of metal coordination environment. 
This information will then direct the development 
of new complexing agents and separations technol- 
ogies. 
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Experimental 

Preparation and crystallographic characterization of 
I%G (0) CC&,, O,)J. JCH, CN 

1.738 mm01 of ThC& (0.6498 g) was added to 0.3 
ml of tetraethylene glycol (1.738 mmol) in 15 ml of 
solvent (3/l CH&N/CH30H). The reaction was 
heated to 60 “C for 1 h and cooled to 20 “C. A 
gray precipitate (ThC14) formed immediately and 
after six days small clear crystals of the title complex 
were observed mixed in with the precipitate and on 
the walls of the flask. Anal. Calc. for [Th,Cl,(O)- 
(C8H1605)J .3CH$ZN: C, 18.69; H, 2.98; N, 2.18. 
Found: C, 18.08; H, 3.05; N, 1.96%. Loss of ace- 
tonitrile from the crystals occurred at room tem- 
perature when removed from the solvent. 

A transparent single crystal of the title complex 
was mounted in a thin walled glass capillary under 

Ar and transferred to the goniometer. The space 
group was determined to be either the centric Pi 
or acentric Pl. Successful refinement of the structure 
was carried out in the centric space group Pi. A 
summary of data collection parameters is given in 
Table 1. 

Least-squares refinement with isotropic thermal 
parameters led to R=0.064. Disorder was evident 
in three of the ethylene units (C(3)-C(4), C(5)-C(6) 
and C(19)-C(20)). Resolution of the disorder re- 
vealed two conformations of the ethylene groups. 
These atoms were refined isotropically in alternate 
least-squares cycles with 50% occupancy each. The 
geometrically constrained hydrogen atoms were 
placed in calculated positions 0.95 8, from the bonded 
carbon atom and allowed to ride on that atom with 
B frxed at 5.5 A’. The methyl hydrogen atoms were 
included as a rigid group with rotational freedom 

TABLE 1. Crystal data and summary of intensity data collection and structure refinement 

Compound [T~,C~,(O)(C,H,,O~),I~~CHJCN [ThCl,(EOS)]Cl CH3CN 
Color/shape colorless/parallelepiped colorless/parallelepiped 
Formula weight 1927.6 653.18 
Space group pi PC 

Temperature (“C) 22 22 
Cell constantsa 

= (A) 
b (A) 

12.277(3) 8.857(2) 

c (A) 
12.404(3) 12.364(4) 
18.738(4) 9.685(2) 

o (“) 73.01(2) 
P (“) 77.71(2) 92.75(2) 
Y (“) 

Cell volume (A3) 
75.49(2) 
2611.7 1059 

Formula units/unit cell 2 2 
&I= (g cm3) 2.45 2.05 
P,,I, (cm - ‘) 113.1 72.23 
Diffractometer/scan Enraf-Nonius CAD-4/o-20 Enraf-Nonius CAD-~/O-~@ 
Range of relative transmission factors (%) 601100 57/100 
Radiation, graphite monochromator MO Ka (h=0.71073) MO Ka (h=0.71073) 
Max. crystal dimensions (mm) 0.05 x 0.08 x 0.25 0.10 x 0.23 x 0.40 
Scan width 0.80+0.35 tan B 0.80+0.35 tan 0 
Standard reflections 800; 070; 009 900; 0, 12, 0; 008 
Decay of standards (%) *2 +1 
Reflections measured 9137 2087 
28 range (“) 2<28<50 2<2e950 
Range of h, k, I +14, *14, *22 +10, +14, *11 
Reflections observed (FO > 5a(F,))” 5849 1624 
Computer programs’ SHELX [17] SHELX [17] 
Structure solution SHELXS [ 191 SHELXS [ 191 
No. parameters varied 553 218 
Weights (o(F# + O.O008F,2) -’ (0(F0)2+0.002F~)-’ 
GOF 0.64 1.18 
R=ZIIF,- IF,II/ZIF,I 0.040 0.031 
& 0.048 0.045 
R inverse configuration 0.043 
Largest feature final difference map 1.7 e- k3 within 1 8, of Th(2) 1.3 e- k3 near Th 

“Least-squares refinement of ((sin 0)/h)2values for 25 reflections 0> 18”. 
(empirical, psi scan). 

bGxrections: Lorentz-polarization and absorption 
‘Neutral scattering factors and anomalous dispersion corrections from ref. 18. 
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does, however, deserve further study. The entire Th4 
cluster may have unique properties which we can 
explore. 

Supplementary material 

Tables listing crystallographic parameters, frac- 
tional coordinates, thermal parameters, torsion an- 
gles, least-squares planes results and observed and 
calculated structure factors or amplitudes for both 
compounds (34 pages) are available from the authors 
on request. 
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