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Summary 

Reactions of (CF,),GeX (X = halogen) or (CF,),Ge with fluoride ions in aque- 
ous or acetonitrile solutions give the trigonal-bipyramidal (CF,),GeF,- and oc- 
tahedral fuc-(CF3),GeF32p or cis-(CF,),GeF22p anions, respectively. The crystal 
structure of [(CH,),N][(CF,),GeF,] has been determined. The symmetry of the 
anion (C, ) approximates to C,,,, with axial F atoms (ra:,,.(GeF) 1.835(8) A) and 
equatorial CF, groups (r,,(GeC) 2.000(S) A) (both distances corrected for libration). 
The bonding in the anion is discussed on the basis of structural and vibrational 

spectral data. The configurations of the octahedral complexes have been deduced 
from their 19F NMR spectra. 

Introduction 

Pentacoordination is uncommon in germanium chemistry. Most such pentacoor- 
dinate species contain chelating ligands and possess geometries between trigonal-bi- 
pyramidal and square-pyramidal [l] or display internal coordination via N [2], 0 [3] 
or S atoms [4]. Internal Ge-N coordination is also found for some germatranes [5], 
whereas the trimethylamine adduct of GeCl, represents an example of an almost 
ideal trigonal-bipyramid [6]. The geometry of the structural analogue of SiF,-, 
monomeric GeF,-, has been deduced only from vibrational spectra [7], since most 
structures with a GeF,- stoichiometry contain bridged octahedral geometries. 

With the highly electronegative CF, group as a substituent, the Lewis acid 
character of the central germanium atom is conserved. The bulk of the CF, unit, 
however, leads to the expectation that pentacoordination might be favored for 
germanes containing several CF, groups; octahedral fluoro complexes have, in fact, 
been observed upon fluoride addition to CF,GeF, or (CF,),GeF,, whereas with 
(CF,),GeF the 19F NMR spectrum is in accord with a pentacoordinated 

(CF,),GeF,- anion with the fluorines in the axial positions [8]. In extension of this 
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TABLE 1 

POSITIONAL AND ISOTROPIC OR EQUIVALENT ISOTROPIC THERMAL ’ PARAMETERS 

FOR KCH, ~4N~(CF~)3~eF~l 

Atom x .L ; u 

Ge 

F(l) 
F(2) 
F(3) 

F(3A) 

F(4) 

F(4A) 
F(5) 

F(5A) 

F(6) 

F(6A) 

F(7) 

F(7A) 
N 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

0.25659(4) 

0.3253(3) 

0.1924(3) 

0.2547(5) 

0.2X1(2) 

0.3X65(5) 

0.401(2) 

0.347(l) 

0.307(2) 

0.0824(5) 

0.122(2) 

0.1431(6) 

0.060(3) 

0.4580(4) 

0.1341(6) 

0.3137(5) 

0.5216(6) 

0.3558(6) 

0.4769(4) 

0.7500 

0.7500 

0.7500 

0.5154(7) 

0.503(3) 

0.5981(5) 

0.579(3) 

0.5255(7) 

0.566(3) 

0.6542(9) 

0X43(3) 

0.7500 

0.7500 

0.7500 

0.7500 

0.5895(6) 

0.7500 

0.7500 

0.6386(5) 

0.19306(7) 

0.3555(5) 

0.0252(4) 

0.074(2) 

0.194(4) 

0.054( 1) 

0.165(4) 

0.246X(X) 

0.004( 3) 

0,2714(Y) 

0.385(3) 

0.4367(X) 

0.227(4) 

0.6721(5) 

0.298( 1) 

0.1393(7) 

0.7978(8) 

0.7177(9) 

0.5835(5) 

0.0540(2) 

0.093(2) 

0.092(2) 

0.192(6) 

0.08(l) 

0.13X(3) 

O.OY( 1) 

0.192(5) 

0.08(l) 

0.203(5) 

0.09(l) 

0.148(6) 

0.07(l) 

0.052(2) 

0.091(4) 

0.0X0(2) 

0.08X(3) 

0.086(4) 

0.079(2) 

u U = iZ,U,, for anisotropically refined atoms. 

Intensity data (hkf, 4” 6 213 5 65”) were collected by the 28-w step-scan tech- 
nique as described previously [12]. The data were corrected for coincidence losses, 
the slow decay (4.5%) of standard reflections checked hourly, and absorption (p 
22.2 cm-‘, transmission 0.617 and 0.733). Of the 2697 unique reflections measured, 
only 1169 with 1 F, 1 >= 4a( ( F, I) were deemed “observed” and used in the refine- 
ment. 

Fig. 1. A perspective drawing of the anion in [(CH,),N][(CF,),GeF,1. 
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TABLE 3 

SELECTED BOND ANGLES (“) IN [Me,N][(CF,),GeF,] 

F(l)-Ge-F(2) 

F(l)-Ge-C(1) 

F(l)-Ge-C(2) 

F(Z)-Ge-C(1) 

F(2)-Ge-C(2) 

C(l)-Ge-C(2) 

C(2)-Ge-C(2) u 

Ge-C(l)-F(6) 

Ge-C(l)-F(7) 

Ge-C(2)-F(3) 

Ge-C(2)-F(4) 

177.4(2) 

92.2(3) 

90.2(2) 

90.4(3) 

X8.6(2) 

118.4(2) 

123.2(3) 

112.8(6) 

114.5(7) 

114.2(5) 

114.1(5) 

Ge-C(2)-F(5) 

Ge-C-F(A) h 

F(6)-C(l)-F(6)’ 

F(6)-C(l)-F(7) 

F(3)-C(2)-F(4) 

F(3)-C(2)pF(5) 

F(4)-C(2)-F(5) 

F(A)-C-F(A) h 

C(3)-N-C(4) 

C(3)-N-C(5) 

C(4)-N-C(5) 

C(5)-N-C(5)’ 

114.3(5) 

115(l) 

107.5(9) 

104.3(7) 

104.5(7) 

104.9(8) 

103.6(7) 

103(l) 

110.2(6) 

109.8(4) 

109.3(4) 

108.4( 5) 

u x’, y’, “= x, 1.5- y. z. h These are averaged bond angles involving the fluorine atoms of low 

olXUpa”cy. 

librational corrections to the Ge-F and GeeC bond lengths are statistically signifi- 
cant, corrected values are used in the following discussion. The mean Ge-F bond 
distance, 1.835(8) A, agrees excellently with those tram F in cis-[(CF,),GeF,lZP, 
corrected 1.835(2) A [S]. Although the GeeF bonds in these anions are more than 
0.1 A longer than those determined in the gas phase for <CF,),GeF,, 1.697(3) A [17], 
the mean Ge-C distance in [(CF,)JGeF,]-, 2.000(6) A, agrees well with the gas 
phase value for (CF,),Ge, 1.989(S) A [lo], and (CF,),GeF,, 2.000(5) A [17], but is 
significantly shorter than those in cis-[(CF,),GeF,12-, corrected 2.051(4) A [8]. 

Depending on the orientation of the CF, groups, the highest possible symmetry 
for the [(CF,),GeF,]- anion is not trigonal-bipyramidal D,, but either C,, or C,,,. 
In the solid state the symmetry is lower (CT), and only roughly approximates to C-,,,. 
The F(l)--GeeF(2) bond angle, 177.4(2)“, is slightly non-linear, a distortion which 
tilts the Ge-F(1) bond further away from the C(l)-F(7) bond with which it is 
eclipsed. The C(l)-Ge-C(2) bond angle, 118.4(2)“, is smaller than that across the 

mirror plane (i.e., C(2))Ge-C(2)’ 123.2(3)“). On the other hand, the C(l), C(2), 
C(2)’ and Ge atoms all lie within 0.02 A of the trigonal plane. 

As can be seen from Fig. 1, each GeCF, fragment exhibits large torsional 
amplitudes about its Ge-C bond. Rigid-body-motion calculations yield libration- 
ally-corrected average C-F distances of 1.397(6) A. Since the corrections are large 
(0.1 A), they should not be accepted uncritically. While corrected distances found in 
crystal structures of cis-[(CF,),GeF,]2P [8] and (CF,),GeMn(CO), [18] are not 
significantly shorter (1.39(l) and 1.38(l) A, respectively), much shorter C-F bond 
lengths were found in the gas phase for (CF,),Ge, 1.330(2) A [lo], and (CF,),GeF,, 
1.336(2) A [17]. The larger C-F distances are, however, in accord with the averaged 
C-F stretch frequencies, which are red-shifted by ca. 40 cm-’ with respect to 
(CF,),Ge [19] or (CF,),GeF, [20]. Furthermore, the mean F-C-F angle, 104.7(4)“, 
found here is closer to those for ci.s-[(CF,),GeF,]2P, 103.8(3)O [g], and 
(CF,),GeMn(CO),, 105.2(8)O [18], than to the larger values for (CF,),Ge, 108.3(3)O 
[lo], and (CF,),GeF,, 108.6(3)O [17]. Since the C-F distances tend to increase as the 
F-C-F angles decrease [21], the changes in trends in the bond angles are consistent 
with the variations in the bond distances. 
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-i-ABLE 4 

VIERATIONAL SPEClX.4 OF THE (CF,),GeF, ION 

IR u IWr Rasol ’ Ra,,’ Assignment 

363s 

465vw 

508w 

527m 

556s 

72%~ 

1078vs 

1123~s 

1177vs 

12085 

140w 

239~s 

260m 

275m 

37ovw 

460~ 

1 

531m 

555sh 

729s 

1080w.b 

1120w,b 

1180wm 

1208w 

(145vw) 

235s,p 

255m 

275m : 

475m.p 

727s.~ 

1075vw 

112o\w > 

1182w \ 

1208vw,(p) I 

G(CGeF) 

p,(GeC,) 

P(CF,) 

va,(GeCj) 

v,(GeF,) 

MCF,) 

v,,(GeFz) 

S,(CF,) 

v,,(CF,) 

v,(CF,) 

“As KBr pellet of [(CH,),N][(CF,),GeF,]. h From crystalline Na[(CF,),GeF,]. ’ Aqueous solution of 

NaWX) 3Ge& I. 

tion of the corresponding covalent radius of M from the M-C and M-F bond 
lengths. For the Ge-F and P-F bonds, the differences are 0.62 and 0.50 A, 
respectively, whereas for the Ge-C and P-C bonds, the corresponding differences 
are almost identical viz., 0.78 and 0.79 A, respectively. These values reveal that with 
the same kind of hybridization the negative charge of the anion mainly effects the 
Ge-F bond, the character of the Ge-C bond remaining comparable with that of the 
uncharged species. Some delocalization of electron density into the C-F bond is, 
however, indicated by the larger C-F distances, the lower C-F stretching frequen- 
cies, and the smaller F-C-F bond angles. 

In aqueous solution tris- and tetrakis(trifluoromethyl)germanes show no tendency 
to form hexacoordinated species. An intermediate complex formed from (CF,),Ge 
and F- decomposes with evolution of HCF,. 

(CF,),Ge 2 (CF,),GeF ~ z (CF,),GeF,- + HCF, 

In aprotic solvents, such as acetonitrile, both (CF,),GeX (X = halogen) and CF,),Ge 
add fluoride ions to form octahedral species which are unstable in water, e.g. 

CH,CN 

(CF,),GeF,- + F- 3 (CF,),GeFj2- 
Hzo 

For both (CF,),GeF,2- and (CF,),GeF,‘- the 19F NMR spectra 
conclusive evidence for the presence of only the relevant cis isomer: 

(Table 5) offer 

2- 1 
2- 

CF3 
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