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Abstract. Stable products have been obtained from the interaction of GeO2-HF solution with 18- 
membered crown ethers, 1,10-diaza-18-crown-6 and 18-crown 6. Complexes were characterized by 
X-ray analysis and IR spectroscopy. Both Ge(IV) aquafluorocompounds are isostructural with their 
Si analogues. It was established that in the host-guest type complexes the germanium moiety as a 
central atom has been stabilized in the form of octahedral complexes. The host~guest interaction 
occurs by means of O~H(W). • "Ocr, OH" • -F and N--H. • .F hydrogen bonds. 
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1. Introduction 

Specific complex ing  propert ies  o f  c rown  ethers and their ana logues  have found  

wide  appl ica t ion in var ious  areas o f  chemis t ry  and in t echnolog ica l  p rocesses  and  
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continue to be widely studied [1-3]. The ability of crown ethers to stabilize unstable 
compounds in host-guest complexes is important from a synthetic viewpoint. 
Interesting objects for stabilization in the capacity of 'guest' components in such 
systems are fluorocompounds which are susceptible to hydrolysis in solution or in 
moist air. In particular, it has been reported [4] that the 18-crown-6 molecule can 
increase the stability to hydrolysis of pentacoordinated organofluorosilicon anions 
in the form of salts with the composition (K.18-crown-6)[RnSiFs_n] (n -- 1-3). 
This property has been used in the synthesis of organofluorosilicates [5-9] and an 
interesting example has been given of the stabilization of a low stability compound 
[BF3.H20] in the form of the molecular complex [(BF3.H20).18-crown-6] which 
occurs due to H-bonds with crown ether O-atoms [10]. 

We have managed to isolate and structurally characterize the complex with the 
distinctive composition [(BF3.H20)2.18-crown-6.2H20] [11], together with some 
other complexes including Lewis acids such as [(trans-SiF4.2H20).18-crown- 
6.2H20] [ 12, 13], [(SiFs.1-120).1-120.(H-monoaza- 18-crown-6.H20)] and [(SiFs. 
H20)2.(I-12-1,10-diaza-18-crown-6)] [14]. The last three compounds are the prod- 
ucts of the interaction of the appropriate crown ethers with a solution of silicon 
hydrofluoric acid, which, according to 19F-NMR spectral data [15], consists of an 
equilibrum mixture of SiFt-,  [SiFs.H20]- and [trans-SiFa.2H20] fluorocomplex- 
es. The structures of complexes stabilized in the form of host-guest type silicon 
aquafluorocompounds [trans-SiFa.2H20] and [SiFs.H20]- have been established 
previously [12, 14] by X-ray analysis for the first time. 

The present work continues [11-14] the search for stabilization of aquafluo- 
rocomplexes containing p-elements in the form of host-guest complexes on the 
basis of the crown ethers and is devoted to the synthesis, crystal structure and 
IR spectra of two new complexes: [(GeF5 .H20)2.(H2-1,10-diaza-18-crown-6)] (I) 
and [ ( tr ans-GeF a. 2H2 0 ). 18-crown-6.2H20] (II). 

2. Experimental 

2.1. SYNTHESIS OF COMPLEXES I AND II 

2.1.a. Synthesis of  [(GeFs.H20)2.(H2-1,10-diaza-18-crown-6)] (I) 

A solution of GeO2-HF (3 mL) was added to a solution of 1,10-diaza-18-crown-6 
(1 g, 0.0038 mol) in 10 mL of methanol and the mixture was evaporated on a water 
bath. Crystals of the complex, suitable for X-ray investigation, were obtained by 
recrystallization from water. Colourless transparent crystals of (I) soluble in water, 
insoluble in methanol, benzene, hexane; m.p. >230 °C. Anal. found (%) C 22.56, 
H 5.15, N 4.54, F 30.01. Calcd. for C12H32N202F10Ge2, C 22.68, H 5.08, N 4.41, 
F 29.89. 
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2.1 .b. Synthesis of [(trans-GeF4. 2H2 0).18-crown-6. 2H2 0] (II) 

Hydrofluoric acid (100 mL, 40% solution) was added to germanium dioxide (3g, 
0.0287 mol) placed in a Teflon vessel and the mixture was heated on a water bath 
until the GeO2 dissolved, followed by evaporation to a volume of 10 mL. The 
solution of GeOz-HF (1.5 mL) was added to an 18-crown-6 solution (lg, 0.0038 
mol) in 5 mL methanol and left to evaporate at room temperature. Crystals of  
the complex, suitable for X-ray analysis, were obtained by recrystallization from 
a methanol : benzene = 1 : 1 mixture by spontaneous evaporation of the solvents. 
Colourless transparent crystals (II) soluble in methanol, ethanol, acetone, water, 
insoluble in benzene, hexane; m.p. 198-199 o C (with decomposition). Anal. found 
(%) C 33.98, H 7.73, F 18.37; Caled. for C12H32F4010Ge, C 34.24, H 7.66, F 
18.05. 

IR absorption spectra were recorded on a Specord 75 IR spectrophotometer 
(range 4000-400 cm -1, samples as suspensions in Nujol mulls, between KRS-5 
plates). 

2.2. X-RAY DATA COLLECTION, STRUCTURE DETERMINATION AND REFINEMENT 

The main crystallographic data are given in Table I. The data were collected on a 
KM-4 (KUMA) diffractometer using MoK~-radiation by the 0/20 scan technique. 
Absorption correction was not applied to the intensity data in the data reduction 
process. The structures were solved by the heavy atom method using the package of  
programs SHELXS-86 and SHELXL-93 [16, 17] and were refined by the least squares 
method using an anisotropic approach for non-hydrogen atoms and an isotropic 
one for H. During refinement the experimental weighting scheme was used. The 
final values of  R-factors, R1 and wR2 are given in Table I. Tables IIa and IIb 
contain the final atomic coordinates for (I) and (II), respectively. In the process of  
structure determination and refinement it was established that both complexes are 
isostructural with appropriate products of the interaction of HzSiF6 solution with 
1,10-diaza- 18-crown-6 and 18-crown-6 having the compositions [(SiFs.tt20)2-H2- 
1,10-diaza- 18-crown-6] (I*) and [(trans-SiF4.2H20). 18-crown-6.2H20] (II*). The 
complexes (II) and (II*) belong to the same crystallographic space group. However, 
due to a different choice of the triclinic unit cells in (I) and (I*) the crystal axes of  
(I) have to be transformed (a' = b + c; b' = b; c' = - a )  to obtain an isostructural 
unit cell with (I*). Tables IIIa and IIIb contain the main geometrical parameters 
of complexes (I) and (II) respectively, and Table IV the torsion angles in their 
macrocyclic frameworks. 
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Table I. Crystal data and summary of intensity data collection and structure refinement 
for complexes I and II. 

Compound I II  

Formula C12H32FIoGe2N206 ClzH32F4GeO10 
Formula weight 317.79 242.48 
Temperature, K 293(2) 293(2) 
Wavelength, A 0.71069 0.71069 
Crytal system Triclinic Monoclinic 
Space group P ]  P21/n 
Unit cell dimensions 
a, ,~ 8.242(7) 9.687(2) 
b, A 8.928(1) 7.771(1) 
c,/~ 9.171 (2) 13.344(3) 
c~, deg. 115.91(2) 90 
/3, deg. 105.81 (5) 96.33(3) 
7, deg. 91.04(4) 90 
V, A 3 576.7(5) 998.4(3) 
Z 1 4 
D (calc), g/cm 3 1.830 1.613 
#,ram -1 2.717 1.616 
F(000) 320 504 
Crystal size, mm 0.22 × 0.48 × 0.75 0.25 x 0.35 x 0.60 
0 range, deg. 2.57-35.07 2.47-35.07 
h range - 13 to 2 0 to 15 

k range - 13 to 13 0 to 12 
I range -13  to 13 -21 to 21 
Reflections collected 3453 3201 
Independent reflections 3315 3064 
Refinement method Full-matrix least-squares on F 2 

Goodness-of-fit on/~2 1.136 1.073 
R(hkl) [I > 2~(I)], R, 0.0502 0.0594 
~oi~2 0.1176 0.1392 
Largest diff. peak, e/A 3 1.628 3.317 
Largest diff. hole, e/A 3 - 1.411 - 1.592 

3.  D i s c u s s i o n  

3.1. OVERALL SYSTEM OF HOST-GUEST INTERACTIONS 1N (I)  AND ( I I )  

B o t h  ( I )  and  ( I I )  are re fe r red  to as typ ica l  c o m p l e x e s  o f  the second  coord ina t ion  
sphere  [18], w h e r e  direct  me ta l  in terac t ion  wi th  the m a c r o c y c l e  e lec t ron  donor  
a t o m s  is absent .  In  (I)  the  oppor tun i t i es  for  in terac t ion  are essen t ia l ly  e x p a n d e d  
due to the use  o f  N H - h o s t  dono r  groups.  F igure  1 shows  the ORTEP d i a g r a m  o f  
c o m p l e x  (I) ,  w h i c h  is buil t  up f r o m  m o n o a n i o n s  [ G e F s . H 2 0 ] -  and  d o u b l y - c h a r g e d  
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Table IIa. Atomic coordinates (×104) and equivalent 
isotropic displacement parameters (• x 103) for com- 
plex I. U(eq) is defined as one third of the trace of the 
orthogonalized U~j tensor. 

Atom x y z U(eq) 

Ge 1940(1) 1251(1) 3035(1) 29(1) 
F(1) 730(2) 781(2) 4154(2) 34(1) 
F(2) 56(2) 1720(2) 1872(2) 41(1) 
F(3) 3720(2) 532(3) 4021(3) 51(1) 
F(4) 2991(3) 1432(3) 1672(3) 53(1) 
F(5) 2637(3) 3339(3) 4580(3) 59(1) 
O(1W) 1196(5) -1126(3) 1316(3) 48(1) 
N(1) -2875(3) 776(3) 3846(3) 34(1) 
C(2)  -2842(5) 2649(4) 4508(5) 42(1) 
C(3) -2566(5) 3528(5) 6401(5) 48(1) 
0(4) -986(3) 3379(3) 7402(3) 45(1) 
C(5) 459(6) 4285(4) 7403(5) 53(1) 
C(6) 2021(6) 4138(5) 8610(5) 58(1) 
0(7) 2061(3) 2417(3) 8122(3) 49(1) 
C(8) 3689(4) 1994(5) 8664(4) 48(1) 
C(9) 3497(4) 154(5) 8048(4) 40(1) 

Table IIb. Atomic coordinates (x 104) and equivalent isotrop- 
ic displacement parameters (•2 x 103) for complex II. U(eq) 
is defined as one third of the trace of the orthogonalized Uij 
tensor, 

Atom x y z U(eq) 

Ge -5000 0 0 22(1) 
F(1)  -5570(2) 247(3) 1202(1) 37(1) 
F(2)  -5001(2) 2253(2) -157(1) 37(1) 
O(1W) -3100(2) 122(3) 601(2) 30(1) 
O(2W) 1240(3) - 1647(4) 322(2) 40(1) 
O(1) 164(3) -180(3) 2039(2) 38(1) 
C(2)  -753(3) -1232(5) 2527(2) 38(1) 
C(3)  -910(3) -2937(5) 2010(2) 38(1) 
0(4) -1637(2) -2705(3) 1029(2) 36(1) 
C(5) -1791(4) -4257(4) 451(3) 38(1) 
C(6)  -2170(2) -3832(4) -626(3) 38(1) 
0(7) -1086(2) -2880(3) -1005(2) 35(1) 
C(8)  -1416(4) -2467(5) -2042(2) 41(1) 
C(9) 255(4) 1531(5) 2434(3) 42(1) 
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Table Ilia. Bond lengths (A) and angles (o) for complex I. 

Ge--F(1) 1.772(2) C(2)--C(3) 1.506(5) 
Ge----F(2) 1.799(2) C(3)--O(4) 1.421(5) 
Ge--F(3) 1.789(2) O(4)---C(5) 1.427(5) 
Ge--F(5) 1.738(2) C(5)--C(6) 1.503(6) 
Ge--F(4) 1.761(2) C(6)--O(7) 1.404(4) 
Ge--~(1 W) 1.966(3) O(7)--C(8) 1.418(5) 
N(I)--C(2) t.505(4) C(8)--C(9) 1.474(5) 
N(1)---C(9) 1 1.486(4) 

F(1)--Ge---F(2) 89.4(1)  F(4)---Ge---F(5) 94.2(1) 
F(1)--Ge--F(3) 89.6(1)  F(4)---Ge--O(1 W) 85.9(1) 
F(1)--Ge---F(4) 171.7(9) F(5)--Ge-q3(1 W) 178.7(1) 
F(1)--Ge--F(5) 94.0(1)  C(2)--N(1)--C(9) 1 112.5(2) 
F(1)--G~)(1 W) 86.0(1) N(1)--C(2)--C(3) 111.7(3) 
F(2)--Ge---F(3) 173.3(1) O(4)---C(3)---C(2) 114.3(3) 
F(2)--Ge--F(4) 88.6(1)  C(3)--O(4)--C(5) 113.4(3) 
F(2)--Ge----F(5) 93.6(1)  O(4)--C(5)--C(6) 108.0(3) 
F(2)--Ge--O(1 W) 87.7(1) O(7)---C(6)--C(5) 107.9(3) 
F(3)--Ge---F(4) 91.6(1)  C(6)--O(7)--C(8) 115.6(3) 
F(3)---Ge---F(5) 93.0(1)  O(7)--C(8)--C(9) 108.3(3) 
F(3) - -G~(1W) 85.7(1) C(8)--C(9)--N(1) 1 111.5(3) 

Symmetry transformations used to generate equivalent atoms: 
1 -x, -y, 1 - z. 

organic cations (H 2-1,10-diaza- 18-crown-6) 2+in the ratio 2 : 1. Anion and cation 
interact (Table V) via N - - H . . . F  and O ~ H . . . O H  bonds with host N I t  2 groups 
and the water molecule acting as H-bond donors. The latter forms the H bond 
O(1W)- -H . . . 0 (4 )  of length 2.760 A. Both hydrogen atoms of the aminogroups 
form donor-acceptor contacts, which can be considered as H bonds (Table V). 
The host is connected to two guest entities by two bifurcated N(1)--H- • .F(1) H- 
bonds. One may consider such joining as the chelating of  the guest by two host 
NHz-groups placed in the 1,10-positions of  the ring. The second H atom of the 
N H  2 group participates in the N(1)--H.--F(3)  H bond. Thus each guest anion is 
bound to the host by four H bonds. Between themselves the anions are joined 
by strong O H. . .F(2)  (2.622/k) hydrogen bonds (Figure 2). All the H bonds 
mentioned above are responsible for chain formation, having the c o m p o s i t i o n -  
H ~ H - - G  G H - -  and directed along the z axis in the unit cell. The 
chains related by translation along x are joined by the N(1)--H. • .F(3) H bond and a 
three-dimensional network of  H-bonded structural units is formed. The distinction 
between H bond distribution in isostructural complexes on the basis of  germanium 
(I) and silicon (I*) atoms is defined by the increased Ge- -F  distances in comparison 
with Si--F. 
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F4 

Figure 1. ORTEP view of complex (I) (the second guest entity is omitted) with the H bond 
description and atomic numbering scheme. 

Figure 2. Fragment of the chain motif in complex (I). 
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Table IIIb. Bond lengths (A.) and angles (°) for complex II. 

Ge--F(1) 1.763(2) O(4)--C(5) 1.430(4) 
Ge---F(2) 1.764(2) C(5)--C(6) 1.481 (5) 
G~: ) (1W) 1.927(2) C(6)--O(7) 1.422(4) 
O(1)--C(2) 1.417(4) O(7)--C(8) 1.421(4) 
C(2)--C(3) 1.494(5) C(8)--C(9) 2 1.482(5) 
C(3)--O(4) 1.428(4) C(9)--O(1) 1.429(4) 

F(1)--Ge---F(2) 90.2(1) O(4)--C(3)---C(2) 109.0(3) 
F(1)---Ge---F(2) 1 89 .8 (1 )  C(3)---O(4}--C(5) 113.5(3) 
F(1)---Ge---O(1 W) 89.8(1) O(4)---C(5)---C(6) 109.6(3) 
F(1)--Ge--4)(1W) I 90.2(1) O(7)--C(6)--C(5) 110.3(3) 
F(2)--Ge--O(1W) 1 90.7(1) C(8)--O(7)---C(6) 111.6(3) 
F(2)---G~4)(1 W) 89.3(1) O(7)--C(8)--C(9) 2 110.9(3) 
C(2)--0(1)--C(9) 112.6(2) 0(1)---C(9)---C(8) 2 110.2(3) 
0(1)---C(2}--C(3) 109.7(3) 

Symmetry transformations used to generate equivalent atoms: 
1 1 - x , - - y , - z .  
2 - x ,  - y ,  - z .  

Table IV. Selected torsion angles for complexes I and II. 

Complex I Complex II 

O(9) 1--N(1)--C(2)--C(3) 168.2(3) 
N(1)---C(2)--C(3)--0(4) 61.9(4) 
C(2)--C(3)--O(4)---C(5) 69.1 (4) 
C(3)--O(4)--C(5)--C(6) 175.6(3) 
O(4)---C(5)---C(6)--O(7) 54.3(4) 
C(5)--C(6)--O(7)--C(8) 157.5(3) 
C(6)--O(7)--C(8)--C(9) 179.9(3) 
O(7)---C(8)---C(9)--N(1) a 62.3(3) 
C(8)--C(9)---N(1)a~(2) 1 174.1(3) 

C(9)--4)(1)--C(2)--C(3) 
O(1)--C(2)--C(3)--O(4) 
C(2)--C(3}--O(4)---C(5) 
C(3)--4)(4)--C(5)--C(6) 
O(4)---C(5)--C(6)--O(7) 
C(5)--C(6)--O(7)--C(8) 
C(6)--O(7)---C(8)---C(9) 2 
O(7)--C(8)--C(9)2-4)(1) 2 
C(8)2~(9)--0(1)--C(2) 

174.2(3) 
-68.0(3) 
177.5(3) 

-163.6(3) 
63.0(3) 

179.5(3) 
- 178.0(3) 
-72.1(3) 
169.1(3) 

S y m m e t r y  transformations used to generate equivalent atoms: 
- x ,  - y ,  1 - z .  

2 - x ,  - y ,  - z .  

Additionally in crystals, numerous C - - H .  • .F interactions take place with C. • .F 
and H(C). • .F distances in the ranges 3.16-3.39 and 2.32-2.62 A, respectively. They 
are formed by  the fluorine atoms (F(2), F(4), F(5)) which are not involved partially 
or completely in NH- • .F or O H - . . F  hydrogen bonds. 

For complex (II) a polymer-like structure, including neutral guest entities [ t r a n s -  

GeF4-2H20],  water and 18-crown-6 molecules is attained. In the complex the ratio 
o f  the components  is 1 : 2 : 1 (Figure 3). The interaction between an inorganic com- 
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Table V. The possible H-bonds in the compounds I and II. 
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Donor Acceptor Distance, • Symmetry code Distance, A Angle (o) 

D A D ~ A ,  A for A H. • .A 

Complex I 
N(1) F(1) 2.907 x, y, z 2.12 145 

N(1) F(1) 2.995 - x ,  - y ,  1 - z 2.32 138 

N(1) F(3) 2.896 - x ,  - y ,  1 - z 2.10 147 

N(1) F(3) 2.864 - 1  + x, y, z 2.21 130 

O(1W) 0(4) 2.760 - x ,  - y ,  1 - z 2.15 145 

O(1W) F(2) 2.622 - x ,  - y ,  - z  1.84 170 

Complex II 
O( lW) O(2W) 2.580 - x ,  - y ,  - z  1.63 161 

O(1W) 0(4) 2.643 x, y, z 1.68 168 

O(2W) O(1) 2.857 x, y, z 2.12 169 

O(2W) 0(7) 2.872 x, y, z 2.04 153 

plex and the crown ether molecule is achieved by the coordination to the germanium 
moiety water molecule O(lW) and through the bridging water molecule O(2W) 
(Table V). The latter one is bound by H bonds with crown ether oxygen atoms 
O(1) and 0(7) (Figure 4). Between themselves the water molecules interact by a 
strong O(1W)- • .O(2W) H bond. The fluorine atoms of the neutral inorganic com- 
plex [trans-GeF4.2H20] do not participate in H bonds. The axis of the polymeric 
chain is directed along a spaceous [111] cell diagonal. In general the character of 
the host-guest interaction completely coincides with that found in the appropriate 
silicon complex [12-14]. 

3.2. STRUCTURES OF INORGANIC COMPLEXES 

There is extremely limited information in the literature about hexacoordinated 
germanium(IV) complexes. Moreover, data about its aquafluorocomplexes are 
completely absent, because, like the appropriate silicon complexes, they pos- 
sess low stability. In the known germanium compounds, [GeF4.2,2~-Bipy] [19], 
K2[cis-Ge(C204)2F2].2H20 [20] and K2[cis(eF3)2.GeF4] [21] the metal poly- 
hedron appears essentially distorted due to participation in the coordination of 
chelating bidentate ligands such as bipyridine and oxalate ion. The coordinated 
CF3 groups in K2[cis(CF3)2.GeF4] [21] also cause distortions. It was shown [19- 
21] that Ge--F distances vary in the range 1.757--1.833 •. In [GeFs.H20]-, as in 
[trans-GeF4.2H20] moieties, a practically undistorted comer octahedral structure 
is realized. The metal octahedron is slightly extended in the direction of the water 
molecule tops. In complex (I) Ge--F distances vary within the range of 1.738-1.799 
A, and the shortest distance is observed for the bond to the F atom located trans 
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Figure 3. ORTEP view of complex (II) (the second guest entity is omitted) with the H-bond 
description and atomic numbering scheme. 

Figure 4. Fragment of the chain motif in complex (II). 

to a water molecule (Ge--O(H20) distance --1.966/~). The metal coordination 
polyhedron has approximate C4v symmetry. For germanium-containing complex- 
es we do not observe a dependence of the Me--F distance on the number and 
types of H bonds in which fluorine atoms participate. For the [trans-GeF4.21-120] 
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entity Ge- -F  distances are 1.763 and 1.764 A, while Ge- -H20  is 1.927 A. The 
polyhedron symmetry is close to D4h. 

3.3. MACROCYCLE CONFORMATION AND GEOMETRY 

The conformation of the H2-1,10-diaza-18-crown-6 entity is described by a 
sequence of torsion angles a 9 + 9 + a9 + aag + aag - g - ag - aa 9 - a (Table 
IV). The same conformation for the diaza-18-crown-6 entity is found in a num- 
ber of its complexes e.g. with CuC12 [22], CuBr2 [23], thiourea [24] etc. [25]. 
This indicates, that angular g + g + (g - g - )  fragments are formed at C(3) and 
the atom symmetrically related to it. The transannular distances N(1)...N(1)*, O 
(4)-..0(4)* and 0(7). . .0(7)* are equal to 5.118, 6.284 and 5.498/k, respectively. 
The macrocycle O atoms are coplanar, while the N(1) and N(1)* atoms deviate 
from this plane by +0.282/k. The geometrical characteristics of the crown ether 
molecule are: C- -C  = 1.505, C ~  = 1.418, C - - N  = 1.495 •, bond angles: CCO = 
109.6, CCN = 111.6, COC = 114.5 and CNC = 112.5 ° (Table IIIa) and do not differ 
from those found in other complexes [22-25]. The 18-crown-6 entity in (II) has a 
typical crown-like form (D3d symmetry) with the oxyethylene moieties containing 
a sequence of  a g + / - a  of bonds. The average distances and bond angles have the 
values: C-~2  = 1.486, C- -O  = 1.424/k, CCO = 110.0 and COC = 112.6 °. 

3.4. IR SPECTROSCOPIC CHARACTERISTICS OF (|) AND (II) 

A very strong band at 1075 cm -I  observed in the spectrum of (II) is assigned 
to the asymmetric stretching mode u~s (COC) of the OCCO sections in the aga  

conformation [26, 27], in agreement with the X-ray data. The presence in the 
spectrum of  (II) of  vibrational bands of the OCCO units (1000-800 cm-1), and the 
bending band of  average intensity at 845 and 830 cm-1 are also characteristic of  the 
aga  conformation. The X-ray data of(I) indicate two OCCO and two NCCO units in 
a9a  conformations and two NCCO units in a99 conformations. A reduction of the 
crown ether symmetry during complexation results in an appreciable complication 
of  the IR spectrum of (I) in comparison with the spectrum of free diaza- 18-crown-6 
in the region of  1165-800 cm -1. Thus, in the spectrum of (I), in addition to the 
bands at 967, 830, 820 cm -1 and 950, 870 cm -1, attributed to the OCCO and 
NCCO unit vibrations in a9a  conformations [26-28], bands also appear at 1017, 
918, 850 cm -1, which arise from the presence in the macrocyclic framework of 
two NCCO units in a99 conformations. The change of conformational state of 
the diaza-18-crown-6 entity during complexation is also indicated by the intensity 
changes of  the following vibration bands uas (CNC), U~s (COC), u (CC), the most 
intense in the spectrum of (II) being the bands at 1135 and 1108 cm -1, while the 
most intense bands in the spectrum of diaza-18-crown-6 are those at 1118 and 
1085 cm -1 . Taking into account the data from [29], the u (GeF) vibrations of  the 
'guest' fragment of  [ trans-GeF4.2H20]  in the IR spectrum of  (II) are identified at 
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630 and 585 cm -1, and the splitting is expected On the basis of X-ray data (D4h 
symmetry coordination polyhedron trans-GeF4.2H20) the singlet band of the Eu 
type vibration being split into two components due to the effects of the crystal 
environment. In turn the u (GeF) vibrations in the spectrum of (I) (coordination 
polyhedron GeFs-H20 with C4, symmetry) are observed at 630, 582 and 560 
cm- 1; the latter probably contains contributions of the skeletal bending mode of a 
macrocycle -8(CCO) and ~(CNC). We note an essential similarity of the u (GeF) 
bands in the IR spectra of (I) and the (R4N)[GeFs.H20] complexes investigated 
earlier [30] which contain the same anionic fragment [GeFs.H20]-. 

4. Conclusion 

Interaction in GeOz-HF-L solutions (L = 1,10-diaza- 18-crown-6, 18-crown-6) 
results in the formation of host guest type complexes (I) and (II), respectively. 
Complexes (I) and (II) are structural analogues of the related complexes containing 
[SiFs.H20]- and [trans-SiF4.2H20] moieties as the guests [12-14]. 

According to 19F-NMR data [30] when GeO2 is dissolved in hydrofluoric acid 
a number of germanium-containing fluorocomplexes are formed. In particular, for 
the ratio HF/GeO2 = 4.2 the authors [30] give the following equilibrium: 

24GEO2 + 101HF = [GeF3(OH).2H20] + 9GeF4-2H20 + 7H[GeFs.H20] 

+ 2H2GeF6 + 5H20, 

the stability of [GeF4.2H20], and especially of [GeFs.H20]-, being due to the 
presence of excess of HF. In contrast to the silicon diaquatetrafluorocomplex, 
possessing a trans-configuration [15], the [GeF4.2H20] complex exists in solutions 
as an equilibrum mixture of geometrical isomers with a cis : trans ratio of ~3 [30]. 

Complexation with 18-crown-6 causes the selective stabilization of the [trans- 
GeF4.2H20] moiety in (II), and it appears to be the first example of stereospecific 
isolation of an octahedral fluorocomplex of a p-element from a mixture of cis and 
trans isomers in the form of a host-guest compound. 

In summary we emphasize, that the stabilization of 'guest' fragments [trans- 
GeF4.2H20] and [GeF5 .H20]- in complexes (I) and (II) is provided by the systems 
of intermolecular H bonds of the OH.. -O, NH.. .F  and OH.. .F type. 
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