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The Lewis acid behavior of Te(OTeFs)4 toward the OTeF5- anion has been investigated, and the resulting 
Te(OTeF5)s- and FTe(OTeF5)4- anions have been structurally characterized in solution as the tetramethylammonium 
and tetraethylammonium salts by 19F and lz5Te NMR spectroscopy. The crystal structures and Raman spectra 
are reported for Te(OTeF5)4 and N(CH&+Te(OTeF&-. The former com ound crystallizes in the triclinic system, 
space group P i ,  with a = 9.502(3) A, b = 9.748(5) A, c = 10.603(4) 8: a = 85.73(4)", @ = 72.50(3)", and y 
= 71.26(3)" at -97 "C; V = 886.7(6) A3; DCdc = 4.052 g cm-3 for Z = 2; RI  = 0.0239. The salt, 
N(CH&+Te(OTeF&-, crystallizes in the orthorhombic system, space group Pbca, with a = 11.021(2) A, b = 
20.096(5) A, c = 27.497(5) 8, at 24 "C; V = 6090(2) A3; Dcalc = 3.042 g cm-3 for Z = 8; wR = 0.0781. The 
Te(OTeF5)4 molecule is a disphenoid and is consistent with an AX4E VSEPR geometry in which a lone electron 
pair and two OTeFs groups occupy the equatorial plane and two OTeFs groups occupy the axial positions of a 
trigonal bipyramid. Two secondary TeIV- *F contacts arising from two nearest neighbor Te(OTeF& molecules 
give rise to a chain structure in which the coordination about TeIV is best described as a distorted octahedral 
( m Y 2 E )  VSEPR arrangement. The central TeIV atom of the Te(OTeF&- anion is bonded to five OTeF5 groups, 
so that the gross geometry about the Te'" atom can be described as pseudo-octahedral. The presence of a bulky 
OTeF5 group in the axial position influences the conformational relationships of the equatorial OTeF5 groups. 
Solution NMR studies establish that the FTe(OTeF5)4- anion is pseudo-octahedral about the TetV atom and that 
the fluorine bonded to TeIV is in the axial position opposite the lone electron pair. The coordination in the TeIV 
valence shells of the Te(OTeF&- and FTe(OTeF5)d- anions is consistent with an AX5E VSEPR arrangement of 
five bond pairs and a lone electron pair. The Te(OTeF&- and TeF5- anions were shown to undergo ligand 
redistribution and, with the exception of FTe(OTeF5)4-, the intermediate FnTe(OTeF5)5-,- anions were found to 
be labile on the NMR time scale. 

Introduction 

The Lewis acidities of OTeF5-substituted complexes of the 
main-group elements have been little studied. We have previ- 
ously prepared As(OTeF5)s and Bi(OTeF& and shown that they 
function as strong OTeF5- anion acceptors forming the 
As(OTeF&- and Bi(OTeFd6- anions. Although the 
precursor to the Sb(OTeF&- anion, Sb(OTeF&, is unstable, 
this anion has also been synthesized by a different route and 
characterized in the solid statea3 Substitution of OTeFs groups 
for fluorines in the BF4- and MF6- anions (M = As, Sb, Bi) is 
expected to result in a dramatic lowering of the basicities of 
the resulting anions by dispersing the negative charge over 20 
and 30 rather than 4 and 6 fluorines, respectively. Consequently, 
As(OTeF&,-, Sb(OTeF&-, and Bi(OTeFd6- and the fully 
OTeF5-substituted transition metal anions, Nb(OTeF5)6-,495 
Ta(OTeF5)6-? Pd(oTeF~)4~-$ and Ti(OTeFg)62-? offer promise 
as very weakly coordinating anions. References 3, 8, and 9 
should be consulted for overviews of the subject. 
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The present study extends this work to a coordinately 
unsaturated OTeF5 derivative of a main-group VI element, 
namely, Te(OTeF5)d. The structure and OTeF5 donor properties 
of Te(OTeF& and the mixed derivatives, FxTe(OTeF5)4-x, 
toward As(OTeF5)s have been previously established in solution 
by I9F and Iz5Te NMR spectroscopy.2 Unlike TeF4, which is 
extensively fluorine bridged in the solid statelo and undergoes 
intermolecular fluorine exchange in solution by means of 
fluorine-bridged intermediates,' the OTeF5 groups of Te- 
(OTeF5)4 were shown to be nonlabile with respect to intermo- 
lecular exchange in solution.2%'2 The difference in exchange 
behavior between TeF4 and Te(OTeF5)4 is attributed to the 
greater steric crowding in Te(OTeF5)4, rendering the formation 
of bridged intermediates more difficult. The Te(OTeF5)4 
molecule was, however, shown to be fluxional on the NMR 
time scale.2%'2 The exchange is consistent with the axial and 
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equatorial OTeF5 groups of the A X 8  molecule undergoing rapid 
intramolecular exchange by means of a Berry pseudorotation. 
The crystal structure of the related FpTe(OTeF5)z molecule has 
been determined in O=R~(OT~F~)~*F~T~(OT~F~)Z,~~ but no 
detailed structure determination of Te(OTeF& has been re- 
ported. 

Although the fluoride acceptor properties of TeF4 and the 
existence of the TeF5- anion are well documented both in 
s~ lu t ion , '~ - '~  and in the solid ~ t a t e , ' ~ , ' ~ * ' ~  the OTeF5- acceptor 
properties of Te(OTeF5)d and the formation of the Te(OTeF5)s- 
anion had not been demonstrated prior to the present study. The 
X-ray crystal structures of several related ionic and neutral 
square-planar and pseudo-octahedral main-group and square 
pyramidal transition metal OTeF5 derivatives have been previ- 
ously determined, namely, O=I(OTeF5)4-,19 I(OTeF5)4-,I9 
X e ( 0 T e F ~ ) 4 , ~ ~  O = M O ( O T ~ F ~ ) ~ , ~ ~ , ~ ~  O I W ( O T ~ F ~ ) ~ , ~ ~  
O=Re(OTeF5)4,I3 and 0=0~(OTeF5)4.~~ The iodine(V) deriva- 
tives FI(OTeF5)423 and 1 ( 0 T e F ~ ) 5 ~ ~  have been synthesized and 
are isoelectronic with the FTe(OTeF5)4- and Te(OTeF&- 
anions, but their X-ray crystal structures have not been 
determined. In the aforementioned cases, where crystal struc- 
tures have been determined, the axial positions are occupied 
by a doubly bonded oxygen or a lone electron pair, whereas 
the Te(OTeF5)s- anion affords the opportunity to study the steric 
effects of a bulky OTeF5 group in the axial position of a pseudo- 
octahedron. 

The present work reports the crystal structure of the Te(OTeF& 
molecule, as well as the synthesis of the Te(OTeF5)s- anion as 
its N(CH3)4+ salt and its characterization in solution by I9F and 
'25Te NMR spectroscopy and in the solid state by X-ray 
crystallography and Raman spectroscopy. The structurally 
related FTe(OTeF5)d- anion has also been characterized in 
solution by I9F and Ip5Te NMR spectroscopy. 

Results and Discussion 

Syntheses of the Te(0TeFs)~- and FTe(OTeFd4- Anions. 
Although the Lewis acidity of Te(OTeF& is expected to be 
less than that of TeF4, the synthesis of the hitherto unknown 
Te(OTeF5)s- anion has been achieved using a synthetic route 
analogous to that used for the preparation of As(OTeF5)a- as 
the N(CH3)4+ salt3 (eq 1). The reaction proceeds at ambient 
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S0,CIF 
Te(OTeF,), + N(CH,),+OTeF,- F 

N(CH3),+Te(OTeF5),- (1) 

temperature to yield a colorless solution in the weakly coordi- 
nating solvent, S02ClF. The salt, N(CH3)4'Te(OTeF&-, was 
isolated as a colorless, stable, crystalline solid by allowing Freon 
114, in which the salt is insoluble, to diffuse slowly into the 
SOpClF solutions. 
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All N(CH3)4+Te(OTeF5)5- preparations were contaminated 
with small amounts of N(CH3)dfFTe(OTeF5)4- (ca. 5-10%) 
which are believed to arise from incomplete conversion of TeF4 
with excess B(OTeF5)3 in the preparation of the starting material, 
Te(OTeF5)4.12,24 Moreover, the FTe(OTeF5)d- salt is even less 
soluble in the Freon 114/SOzClF mixtures used for recrystal- 
lization and, therefore, was concentrated in the recrystallized 
product, resulting in the adventitious characterization of the 
FTe(OTeF5)4- anion in SOzClF solution by NMR spectroscopy 
(see NMR Spectroscopy of Te(OTeF&- and FTe(OTeF&). 

Higher concentrations of the FTe(OTeF5)4- anion in S02- 
ClF solution were generated by the interaction of XeF2 with 
N(CH&+Te(OTeF&- at -50 "C according to eq 2. 

2Te(OTeF5),- + XeF, -50"~  
S0,CIF 

21Te(OTeF5),- + Xe(OTeF,), (2) 

Warming of the solution to room temperature resulted in 
F/OTeF5 scrambling and the formation of the mixed-anion series 
FflTe(OTeF5)5-,- according to eq 3. Although the neutral 

S0,ClF 
lTe(OTeF,),- + nXeF, 

F,Te(OTeF,),-,- + nFXeOTeF, (3) 

isoelectronic iodine analog, FI(OTeF5)4, undergoes thermal 
decomposition at 80 "C according to eq 4,23 the analogous 
decomposition of the FTe(OTeF5)4- anion was not apparent 
under the conditions employed to prepare and study this anion. 

FI(OTeF,), - O=I(OTeF,), + TeF, (4) 

Ligand redistribution has been established when I(OTeF5)5 
dissolves in IF5  to give the entire series of mixed F,I(OT~FS)~-~ 
species.23 Mixtures of N(n-Bu)4+TeF5- and either 
N(CHzCH3)4+Te(OTeF&- or N(CH&+Te(OTeF&- undergo 
ligand redistribution in CH2Cl2 and SOpClF solvents, respec- 
tively, upon dissolution at ambient temperatures. However, 
other than FTe(OTeF5)4-, chemical exchange and extensive 
spectral overlap precluded identification and NMR spectral 
assignments of individual FflTe(OTeF5)5-,- (n = 2-4) anions 
and their isomers. 

NMR Spectroscopy of Te(OTeF&- and FTe(OTeF&- 
Anions. The I9F and 125Te NMR spectra of 
N(CH3)4+Te(OTeF5)5- in SOpClF are shown in Figures 1 and 
2, and their NMR parameters are listed in Table 1. The Ip5Te 
NMR spectrum appears as two overlapping sets of doublets of 
quintets in the fluorine-on-tellurium(VI) region of the spectrum 
arising from the coupling of 125Te to the 19F ligands of the four 
equatorial OTeF5 groups and the single axial OTeF5 group. The 
Ip5Te multiplets clearly have an asymmetric appearance which 
is attributed to higher-order effects. Such effects have been 
noted previously for other OTeF5 derivatives and arise from 
the very small difference in chemical shift between the FA and 
FB environments and relatively large sizes of 1J('25Te-'9F~) 
and 1J('25Te-'9F~).3.i2,25 The 125TeV1 spectrum of the minor 
impurity attributable to the FTe(OTeF5)4- anion is observed to 
low frequency of Te(OTeF&-. The Ip5TeIV chemical shifts of 
Te(OTeF5)5- (1 122.9 ppm) and FTe(OTeF5)a- (1083.6 ppm) 
are similar to that previously reported for TeF5-,17 which occurs 
at 1142.2 ppm in CH2C12 at -39 "C in the present study 
(Table 1 and Supporting Information Figure 7). The '25Te NMR 
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OTeF5 groups in the most abundant isotopomers 
Te(0' 25TeF5)( OTeF5)4- and Te( 0Ip5TeF5)p( OTeF5)3-. The TeW 
resonance of FTe(OTeF&- also exhibits a doublet splitting 
arising from 'J('9F~-'25Te'V) which is very similar to the 
corresponding coupling in the TeFs- anion (Table 1). Each 
doublet branch is further split into an odd-line multiplet that 
arises from the three-bond coupling, 3J(19F,,-'25Te1v). The 
central TeIV and the equatorial fluorines of the OTeF5 groups 
are expected to exhibit this three-bond coupling because the 
corresponding 3J('?,- I2%e) couplings in FxXe(OTeF5)4-, and 
O=XeF,(OTeF5)4-, (n = 0-4)26327 are well resolved even 
though '29Xe has a smaller gyromagnetic ratio than Ip5Te. This 
coupling is also well resolved in the case of the FTe(OTeF5)d- 
anion where there is only a single equatorial OTeFs environment 
but is not observed for the Te(OTeF5)s- anion. The Ip5TeIV 
resonance of Te(0TeFs)s- is, however, broad and this broaden- 
ing is presumed to arise from overlap of two coupling pattems 
arising from the equatorial fluorines of both the axial and 
equatorial OTeFs groups to give an unresolved septodecet of 
quintets. In both axial and equatorial OTeFs groups, the 
couplings of the axial fluorines of the OTeF5 groups are expected 
to be small (cf. 4 Hz in 01Xe(OTeF5)4~~) and are not resolved. 

The I9F NMR spectrum of the Te(OTeF&- anion consists 
of two overlapping A B 4  pattems in the ratio 4: 1 corresponding 
to the equatorial and axial environments of the OTeFs groups 
(Table 1 and Figure 2). The AB4 patterns are characteristic of 
OTeF5 derivatives with chemical shifts and 2J(1?~-'?~) values 
for these resonances falling within the normal range found for 
other OTeF5  derivative^.^^'^^^^^^^ The frequency separations 
between &FA) and ~ ( F B )  for the axial and equatorial environ- 
ments are sufficiently large to give well resolved AB4 pattems 
which could be analyzed and computer-simulated in order to 
extract the values of 2J('9FA-'9FB). The spectra also display 
'25Te and Iz3Te satellites flanking the main resonances. These 
satellites have an asymmetric appearance arising from second 
order effects associated with the coupling of the A B 4  spin 
systems to 123,125Te as discussed in the section on the '25Te NMR 
spectra (vide supra). In addition, the spectrum also reveals a 
weak AB4 pattem and a singlet with '25Te satellites which are 
attributable to the FTe(OTeF&- impurity (Table 1 and Figure 
2). Both I9F and 125Te spectra are consistent with the fluorine 
being bonded to TeIV in the axial position trans to the lone 
electron pair. The chemical shift of the axial fluorine (-15.2 
ppm) is more shielded than that of TeF5- (N(n-Bu)d+TeFs-: 
-30.1 ppm, -39 "C in CH2C12 solvent). 

The FTe(OTeF5)4- anion was obtained in high concentrations 
in S02ClF solution according to ligand exchange reaction 
3 and did not form the F2Te(OTeF5)5- anion as hoped for. The 
I9F NMR spectra of the products of the reaction between 
N(CHpCH&+Te(OTeF5)5- and a 50 mol % excess of XeF2 in 
SOpClF solvent were recorded after warming the sample from 
-196 to -50 "C; no gas evolution was noted upon warming. 
The I9F NMR spectrum of the reaction products exhibited two 
new singlets and two new AB4 spin pattems. The two AB4 
spin pattems attributed to the Te(OTeF5)s- anion were no longer 
present. An intense singlet at -15.3 ppm, along with its '25Te 
satellites (1J('25Te-19F), 2874 Hz), was assigned to the F-on- 
TeIV environment of FTe(OTeF5)d- and corresponded to the 
impurity in the '? NMR spectrum of Te(OTeF&- (vide supra). 
A weaker singlet at -176.8 ppm, with I2%e satellites (IJ(I2%e- 
I9F), 5607 Hz), was assigned to unreacted XeF2. The more 
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Figure 1. 'WTe NMR spectrum (157.794 MHz) of N(CH3)4+Te(OTeF5)5- 
in SOzClF at -50 "C. (a) Te(1V) region: (A) Te(OTeFs)s-; (B) 
FT'e(OTeF&-. The lower case lables (a, a", and b) refer to lz5Te(VI) 
satellites arising from the Te(OlZ5TeF5)(OTeFs)4-, Te(0lZ5TeFs)2- 
(OTeFs)3-, and lTe(0125TeF~)(OTeFs),- isotopomers, respectively. (b) 
Te(V1) region: (A) (OTeFs), of Te(OTeF&-; (B) (OTeF& of 
Te(OTeFs)s-; (C) (OTeFs), of FTe(OTeF&-. The low-intensity peaks 
at the bases of the main resonances are lz5Te satellites arising from the 
two-bond coupling of lzSTe(VI) to IZSTe(IV). 
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Figure 2. IT NMR spectrum (470.599 MHz) of N(CH3)4+Te(OTeF&- 
in SOlClF at -50 "C: (A) F(B4) of (OTeF& of Te(OTeFs)s-; (A') 
F(A) of (OTeF&. of Te(OTeFs)s-; (B) F(B4) of (OTeF5), of 
Te(OTeF&-; (B') F(A) of (OTeFS), of Te(OTeFs)s-; (C) F(B4) of 
(OTeFs), of FT'~(OT~FS)~-;  (C') F(A) of (OTeF5)eq of FTe(OTeF5)4-. 
Lower case letters denote Iz5Te satellites. 

spectrum of Te(OTeF&- in the TeIV region consists of a broad 
line with two sets of Iz5Te satellites arising from overlapping 
25(125Te*V-125TeV1) couplings with the axial and equatorial 
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Table 1. I9F and 125Te NMR Data for Te(OTeF&-, FTe(OTeF&-, and TeF5- 

Mercier et al. 

~ 

chem shifts, ppm" coupling constants, Hz" 
6 ( ' 9 F ) ~  6(I9F)~ 6(125Tev1) 6(125Te1V) 2J (19F~- '9F~)  'J('9F~-'25Te) 'J('9FB-125Te) 2J('25TeV1-'25Te1V) 

Te(OTeF&- b,c 

( O T e F L  -42.5 -35.2 540.2 186 343 1 3677 1414 
1 122.9d 

(OTeF5),q -38.1 -38.8 562.4 183 3334 3641 1207 

(OTeFdeq -37.8 (-36.7) -39.3 (-40.2) (1777 3308 365 1 

FA -15.2 (-17.3) 2844 (2880) 

FTe(OTeF& d,e 

567.5 1083.6 2116 

TeF5- * 
-30.1 -39.5 1142.2 50.9 2890 1379 

The axial and equatorial environments of the OTeF5 groups and of the TeF5- anion are designated by A and B, respectively. Spectra were 
recorded in S02ClF solvent at -50 "C for the N(CH&+ salts. 'The 3J('25Te"-19F~) couplings are too small to be resolved (cf. ref 22). dThe 
central line and its satellites are broad owing to unresolved splittings arising from the 3J('25Te1V-19F~) coupling constants of the axial and equatorial 
OTeF5 groups. e lJ('25Te1V-19F A), 2844 Hz; 3J('25Te1V-'9F B), 76 Hz. f Values in parentheses are from spectra recorded at for a 1:l molar mixture 
of N(CH~)~+T~(OT~F~)~-/N(~-BU)~+T~F~- in S02ClF solvent at -60 "C. Spectrum recorded in CH2C12 at -39 "C. The I9F NMR parameters 
differ significantly from those reported in ref 13. The reported values of 2 J ( ' 9F~-19F~)  = 105 Hz, 6(I9FA) = -28.4 ppm, and 6(I9FB) = -42 ppm 
are also in marked variance to the values reported in refs 11 and 12, which also use CH2C12 as the solvent. The differences may arise because a 
coordinating solvent, CH,CN, was used in the former study and may strongly coordinate to Te(1V). Acetonitrile is apparently a relatively strong 
electron-pair donor toward Te(OTeF5)4.I0 

intense of the two AB4 spin patterns corresponded to the 
equatorial OTeFS ligands of FTe(OTeF&-, while the less 
intense AB4 spin pattern was assigned to Xe(OTeF&. When 
the sample was w m e d  to 25 "C and the spectrum was recorded 
at -50 "C, the singlet and AB4 spin patterns attributed to 
FTe(OTeF5)4- disappeared, while the resonance attributed to 
Xe(OTeF5)z increased significantly in intensity. Only the B part 
of the A B 4  spectrum of FXeOTeF5 (6(19F~) = -46.3 ppm, 

observed because the A multiplet severely overlapped with the 
AB4 patterns of the mixed-anion series, F,Te(OTeF5)5-,- (n  = 
2-5), but is in good agreement with the published data.28 The 
F-on-Xe" environment of FXeOTeF5, a singlet with '29Xe 
satellites, was located at - 151.0 ppm; 1J('29Xe-19F), 5729 Hz. 
Warming to 25 "C resulted in further ligand exchange, consum- 
ing all of the FTe(OTeF5)4- anion present and producing the 
series of mixed F/OTeF5 substituted TeN anions, F,,Te(OTeF5)5-,- 
(n  = 2-5) according to eq 3. These anions gave a complex 
series of overlapping A B 4  patterns in the range of -33 to -43 
ppm and could not be assigned. Failure to observe F-on-TerV 
environments other than that of FTe(OTeF5)d- is attributed to 
intermediate fluorine exchange among F-on-Te'" environments 
which presumably occurs through TeIV- - -F- - -TerV bridge 
formation (vide infra). 

Ligand redistribution reactions have also been investigated 
for the mixtures N(CH~)~+T~(OT~F~)~-/N(~-BU)~'T~F~- in 
SO2CF solvent and N(CH~CH~)~+T~(OT~F&-/N(~-BU)~+T~F~- 
in CH2C12. The I9F NMR spectrum of a 1:2 molar mixture in 
S02ClF solvent at -60 "C shows a well-resolved & pattern 
(superimposed on a broad resonance centered at ca. -36.5 ppm 
(Av112 - 2000 Hz). The f i  pattern (6(19F,4) = -32.7 ppm, 
6(I9Fx) = -40.5 ppm, 2J('9F~-'9Fx) = 181.3 Hz, 1J('25Te- 
I 9 F ~ )  = 3135 Hz, 'J(125Te-'9Fx) = 3658 Hz) was assigned to 
OTeF5 groups undergoing rapid intermolecular exchange, while 
the F-on-TetV environments again were not observed owing to 
intermediate intermolecular fluorine exchange and are assigned 
to the broad resonance at -36.5 ppm. At a 1:l molar ratio in 
S02ClF solvent, the axial fluorine of FTe(OTeF5)4- was 
observed at -17.3 ppm as a broadened line with '25Te satellites 
('J(125Te-19F~) = 2880 Hz) and the broadened AB4 pattern of 
the FTe(OTeF5)4- anion (6(l9F*) = -36.7 ppm, 6(I9F~) = 
-40.2 ppm, 2 J ( ' 9 F ~ - ' 9 F ~ )  = 177 Hz) was also observed along 
with an intense f f i  spectrum assigned to rapidly exchanging 
OTeF5 groups of the higher fluorinated anions (6(I9F~) = -33.5 

1J('25Te-'9F~) = 3621 Hz, 2J( '9F~- '9F~) = 179 Hz) was 

Table 2. Summary of Crystal Data and Refinement Results for 
Te(OTeF& and N(CH3)4+Te(OTeF5)5- 

compound 

chem formula 04F20Te5 C ~ H I ~ N O ~ F X T ~ ~  
space group (No.) p1 (2) Pbca (61) 

b ('+I 9.748(5) 20.096(5) 
c (A) 10.603(4) 27.497(5) 
a (deg) 85.73(4) 90 
P (deg) 72.50(3) 90 
Y (deg) 7 1.26(3) 90 
v (A3) 886.7(6) 6090(2) 
molecules/unit cell 2 8 
mol wt (g mol-') 1082.0 1394.7 
calcd density (g ~ m - ~ )  4.052 3.042 
T ("C) -97 24 
iu (cm-9 4.40 58.43 
wavelength (A) used 0.56806 0.71073 

final agreement factors" 

a (4) 9.502(3) 11.021(2) 

for data collcn 
RI =0.1044 
R, = 0.0781 

RI = 0.0239 
w R ~  = 0.0577 

"R ,  is defined as xllFnl - ~ F c ~ ~ / ~ ~ F n ~ .  R, is defined as [c[w(iFol 
- I~cl)21/CW(IFnl)2]"2. wR2 is defined as [E[w(Fo2 - Fc2)2)]/  
CW(F0*)2] 1'2. 

ppm, 6(I9Fx) = -40.6 ppm, 2J(19F~- '9F~) = 179 Hz). Failure 
to observe F-on-TerV environments for other than the 
FTe(OTeF5)d- anion is attributed to intermediate intermolecular 
fluorine exchange which results in a broad fluorine resonance 
that is indistinguishable from the spectral baseline. The '25Te 
NMR spectrum of a 1 : 1 molar ratio of Te(OTeFs)s-/TeFs- in 
CH2C12 at -50 "C consisted of a series of broad overlapping 
multiplets in the TeIV region (1 165- 1180 ppm), while the TeV1 
region showed a sharp doublet of quintets (6('25Te) = 570.3 
ppm, 1J('25Te-19F,) = 3283 Hz, 1J(125Te-19Feq) = 3679 Hz) 
overlapped by an intense broad doublet of quintets (6(lz5Te) = 
574 ppm, 1J(125Te-19F,,) = 3038 Hz, 1J('25Te-19Fe,) = 3638 
Hz). Although the broadened multiplets in the TeIV region of 
the spectrum arise from 19F-125TerV coupling, they cannot be 
assigned with certitude to individual members of the mixed 
anion series. 

X-ray Crystal Structures of Te(OTeF& and N(CHJ)d+Te- 
(OTeF&-. Details of the data collection parameters and other 
crystallographic information are given in Table 2. The final 
atomic coordinates and the equivalent isotropic thermal param- 



The Te(OTeF5)s- and FTe(OTeFd4- 

eters are summarized in Table 3. Important bond lengths and 
angles for Te(OTeF& and the Te(OTeF5)s- anion and long 
contacts in Te(OTeF5)d are listed in Table 4. 

Te(0TeFs)d. The solid state geometry of Te(OTeF5)d is in 
accord with the gross geometry deduced from a previous low- 
temperature solution I9F and Iz5Te NMR study.2 While several 
examples of TeIV-F bonds that have been characterized by 
X-ray crystallography are known,'0~2'~22 FzTe(OTeF&, in 
O=Re(OTeF5)4*F2Te(OTeF5)2,13 is the only other example of 
an OTeF5 group bonded to TeIV that has been characterized by 
X-ray crystallography. Both Te(OTeF5)d and FzTe(OTeF5)2 are, 
in the VSEPR30 notation, systems exhibiting the expected 
disphenoidal geometries. The two axial positions of Te(OTeF5)4 
are occupied by OTeF5 groups, and the equatorial positions are 
occupied by two OTeF5 groups and a lone electron pair (Figure 
3a) whereas both the axial and the equatorial positions of 
F2Te(OTeF& are occupied by one F atom and one OTeFs 
group. 

Both FzTe(OTeF5)z and Te(OTeF5)d exhibit axial and equato- 
rial O(F)-TeIV-O angles that are significantly compressed from 
their respective ideal angles of 180 and 120' and may be 
attributed to the stereochemical activity of the lone electron pair 
and its repulsive interactions with axial and equatorial bond pair 
domains. The axial angles of both structures are bent toward 
the two equatorial ligand atoms and away from the sterically 
active lone electron pair in the equatorial plane [0( 1)-Te( 1)- 
0(2), 168.73(9)", and Oax-Te-Fa,, 166.4(2)"]. Larger com- 
pressions are observed for the equatorial angles [0(3)-Te(1)- 
0(4), 95.16(12)", and Oeq-Te-Feq, 93.3(3)']. The large 
compressions for both angles follow the general trend of 
increasing compression with increasing row in the Periodic 
Table.30 The axial TeTV-O bond lengths of Te(OTeF5)4 [Te(l)- 
0(1), 1.998(3), and Te(1)-0(2), 2.057(3) A] are longer than 
the equatorial bond lengths [Te(l)-0(4), 1.885(2), and Te(1)- 
0(3), 1.888(3) A] and are similar to the TeIV-Oax (1.945(6) 
A) and TeIV-Oeq (1.881(7) A) bond lengths of F2Te(OTeF&, 
reflecting the reduced crowding in the equatorial plane. 

The TeV1-0 (1.834(3)-1.882(3) A) andTeV1-F (1.805(2)- 
1.858(3) A) bond lengths are in agreement with other known 
 value^,^ and the angles around the tellurium atoms deviate by 
a maximum of 4" from the ideal octahedral geometry. As a 
consequence of maintaining the total bond valence3I of oxygen, 
the TeV1-O bond lengths reflect the difference in TeIV-Oa and 
TeIV-Oeq bond lengths so that the TeVr-Oax bond lengths 
(1.834(3) A) are significantly shorter than the TeV1-Oeq bond 
lengths (1.879(3) A) and are comparable to those ob- 
served in FlTe(OTeF& [ax, 1.852(5) A; eq, 1.876(6) A] and 
exhibit a similar relationship between TeV1-O and TeN-0 bond 
lengths. 

Two short contacts exist between Te(1) and two equatorial 
fluorine atoms, F(2) and F(6), belonging to two axial OTeFs 
groups of two different nearest neighbor Te(OTeF5)4 molecules 
(Figure 3b). The contacts, Te(l).*-F(2b), 2.776 A, and 
Te(l).*.F(6a), 2.820 A, are significantly less than the van der 
Waals sum for Te and F (3.5532 -3.6033 A) and occur trans to 
the oxygens of the equatorial OTeF5 groups but are displaced 
by 0.485 (F(6a)) and 0.553 b; (F(2b)) from the equatorial 
0(3),Te( 1),0(4) plane toward the axial O( 1) atom, providing a 
distorted octahedral (mY2E)  arrangement of four primary 
oxygen bonds and two secondary fluorine bridge bonds to Te( 1) 
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Table 3. Atomic Coordinat$s ( x  104) and Equivalent Isotropic 
Displacement Coefficients (A2 x lo3) for Te(OTeF& and 
N(CH3)4+Te(OTeF&- 

X Y Z weq)" 

(30) Gillespie, R. J.; Hargittai, I. The VSEPR Model of Molecular Geometry; 
Allyn and Bacon: Needham Heights, MA, 1991; pp 145-146. 

(31) Brown, I. D. J.  Solid Stare Chem. 1974, 11, 214. 
(32) Pauling, L. The Nature of the Chemical Bond, 3rd ed.; Come11 

(33) Bondi, A. J. Phys. Ckem. 1964, 68, 441. 
University Press: Ithaca, NY, 1960; p 260. 

76(1) 
-1328(3) 
-2489( 1) 

-761(3) 
-2283(3) 
-4290(3) 
-2766(3) 
-3605(3) 

1382(3) 
2677( 1) 
1067(3) 
2 197(3) 
4362(3) 
3180(3) 
3870(3) 
627(3) 

247 1 (1) 
1288(3) 
2349(3) 
3667(3) 
2634(3) 
4217(3) 

-1702(3) 
-2295( 1) 
-3485(3) 
-3936(3) 
-1 145(3) 
-664(3) 

-29 19(3) 

T ~ ( O T ~ F S ) ~  
2473(1) 
4333(3) 
6 147( 1) 
6594(3) 
6862(3) 
5910(3) 
5561(3) 
7976(3) 
745(2) 

-972(1) 
-1224(3) 
-1999(2) 
-844(3) 

-60(3) 
-2670(3) 

3618(3) 
3788( 1) 
5349(2) 
261 2(3) 
2253(2) 
4958(2) 
3987(3) 
2353(3) 
1385(1) 
3102(3) 
129 l(3) 

-360(2) 
1485(3) 
469(3) 

3534(1) 
4485(2) 
4146( 1) 
3 166(3) 
562 l(3) 
5182(3) 
2671(2) 
3875(3) 
2242(2) 
2634(1) 
4046(2) 
1 5 63 (2) 
1311(3) 
3807(3) 
3099(3) 
2068(2) 

861(1) 
207(2) 

-311(2) 
1553(2) 
2023(2) 
-326(3) 
3165(3) 
2049( 1 ) 
1622(3) 
3441(2) 
2473(3) 
635(2) 

lOOO(3) 

2546(2) 
3882(28) 
4970(3) 
44 14(29) 
5875(30) 
5535(26) 
4212(24) 
6160(29) 
2574(30) 
2973(5) 
2691 (64) 
1741(50) 
336 1 (58) 
4371(55) 
3327(44) 
4 107( 36) 
4704(3) 
5640(41) 
3776(37) 
3734(44) 
5624(42) 
5359(42) 
2988(32) 
2481(3) 
1608(67) 
1458(51) 
3436(57) 
3345(58) 
2180(25) 
1563(47) 

197(4) 
-25(51) 

-352(55)  
47 l(38) 
732(67) 

- 1096(40) 
7344(30) 
7222(35) 
6907(37) 
8540(35) 
6459(37) 

1058( 1) 
1454( 15) 
1604(2) 
2447( 14) 
1901 (18) 
834(17) 

1325(14) 
18 14(2 1) 
1823( 18) 
2621(2) 
2393( 19) 
2954(24) 
2901 ( 19) 
2315(26) 
3401( 18) 

645(20) 
298(2) 
95 l(29) 
666(25) 

-304( 19) 
-132(26) 

-43(24) 
330(20) 

-403(2) 
-54(18) 

-499(26) 
-832(22) 
-342(28) 

-1 175( 14) 
147 l(25) 
1804(2) 
2219(3 1) 
1147(22) 
1488(26) 
2555(22) 
2197(26) 
1009( 16) 
336(20) 

1298(2 1) 
1162(21) 
1280(21) 

6539(1) 
621 l(11) 
5790(1) 
5722( 10) 
6279(13) 
5817(10) 
5258( 10) 
5391(12) 
6971 (12) 
7182(2) 
7759(16) 
7195(25) 
663 5 (20) 
7385(31) 
74 13( 17) 
69 13( 14) 
7369(1) 
7443(22) 
78 19( 12) 
7405(22) 
6984(13) 
7837(15) 
6017( 14) 
5760(1) 
5327( 16) 
623 l(22) 
6 120(25) 
5253(23) 
5470( 12) 
603 1( 18) 
5813(2) 
6292( 19) 
6000(25) 
5311(15) 
5636(23) 
5559( 19) 
1024(11) 
1143(16) 
1441 ( 14) 
1101( 15) 
700(14) 

16(1) 
22( 1) 
20( 1) 
45(1) 
34(1) 
36(1) 

37( 1 ) 
21(1) 
21(1) 

3x11 
40U) 
44U) 
39U) 

20( 1) 

32( 1) 
28( 1) 
34( 1) 
37(1) 

20( 1) 
35(1) 
34(1) 
33(1) 
31(1) 
39U) 

79(1) 
145(11) 
105(1) 
197( 17) 
235(21) 
193(16) 
163(14) 
271(24) 
187( 13) 
143(2) 
368(39) 
361(40) 
381(40) 
420(51) 
326(31) 
220(17) 
111(1) 
423(43) 
313(31) 
443(39) 
367(31) 
282(19) 
212(16) 
108(1) 
412(48) 
437(42) 
404(42) 
365(42) 
195( 17) 
278(21) 
129(2) 
421(39) 
501(51) 
315(28) 
382(48) 
347(36) 
l03( 10) 
150 
150 
150 
150 

4 ~ 1 )  

4 0 m  

2 3 ~ )  

32( 1 ) 

2 3 ~ )  

"Equivalent isotropic U defined as one-third of the trace of the 
orthogonalized Uo tensor. 
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Table 4. Bond Lengths and Bond Angles in Te(OTeFd4 and N(CH3)4fTe(OTeF5)5- and Long Contacts for Te(OTeF& 

Mercier et al. 

Te( 1) - O( 1) 
Te( 1 ) - O( 2) 
Te( 1)-0(3) 
Te( 1)-0(4) 
Te(2)-0(1) 
Te(2)-F( 1) 
Te(2)-F(2) 
Te(2)-F(3) 

Te( 1)-O( l)-Te(2) 
Te( 1)-0(2)-Te(3) 
Te( 1)-0(3)-Te(4) 
Te( 1)-0(4)-Te(5) 
O(4)-Te( 1)-0(3) 
O(4)-Te( 1)-0(1) 
O(3)-Te( 1)-O( 1) 
O(4)-Te( 1)-0(2) 
O(3)-Te( 1)-0(2) 
O( 1)-Te( 1)-0(2) 
O( l)-Te(2)-F( 1) 

-W 
-R3) 
-F(4) 
-F(5) 

F(5) -Te(2) - F( 1) 
-F(2) 
-F(3) 

1.998(3) 
2.057(3) 
1.888(3) 
1.885(2) 
1.834(3) 
1.825(3) 
1.845(2) 
1.8 1 O(2) 

140.03( 14) 
125.84( 13) 
137.07(14) 
141.46( 14) 
95.16( 12) 
85.47(11) 
86.35(11) 
88.29( 10) 
84.87(11) 

92.24( 12) 
89.43( 11) 
92.83(12) 
94.32( 11) 

177.03(11) 
87.10(13) 
87.66( 12) 
87.65(13) 

168.73(9) 

1.90(3) 
1.94(4) 
2.17(4) 
2.11(4) 
1.95(5) 
1.69(3) 
1.81(3) [1.84] 
1.78(4) [1.79] 
1.67(3) [1.70] 

Te( 1 )-O( 1 )-Te( 2) 
-0(2)-Te(3) 
-0(3)-Te(4) 
-0(4)-Te(5) 
-0(5)-Te(6) 

O( 1)-Te( 1)-0(2) 
-0(3) 
-0(4) 
4 x 5 )  

O( l)-Te(2)-F( 1) 
-F(2) 
-F(3) 
-Q4) 
-F(5) 

F(5) -Te(2) -F( 1) 
-F(2) 
-F(3) 
-F(4) 

F( l)-Te(2)-F(2) 

Bond Lengths and Long Contacts (A) for Te(OTeF& 
Te(2)-F(4) 1.822(2) Te(4)-O(3) 1.882(3) 
Te(2)-F(5) 1.8 lO(2) Te(4)-F(ll) 1.809(2) 
Te(3)-O(2) 1.835(2) Te(4)-F( 12) 1.805(2) 
Te( 3) -F(6) 1.858(3) Te(4)-F( 13) 1.820(2) 
Te( 3) -F(7) 1.809(2) Te(4)-F( 14) 1.8 1 l(2) 
Te(3) -F( 8) 1.8 16(3) Te(4)-F( 15) 1.8 14(2) 
Te(3)-F(9) 1.833(2) Te(5)-O(4) 1.875(2) 
Te(3) - F( 10) 1.8 1 l(2) 

Bond Angles (deg) for Te(OTeF5)4 
Fe(5)-Te(2)-F(2) 88.59(12) Fe(6)-Te(3)-F(9) 
F(l)-Te(2)-F(2) 88.25(14) F(7)-Te(3)-F(8) 

-F(3) 173.70( 11) -F(9) 
-F(4) 9 1.6(2) F(8)-Te(3)-F(9) 

F(2)-Te(2)-F(3) 88.06(12) 0(3)-Te(4)-F(ll) 
-F(4) 176.25(11) -F(12) 

F(3)-Te(2)-F(4) 91.78( 13 -F(13) 
0(2)-Te(3)-F(6) 90.77( 12) -F(14) 

-F(7) 92.19( 11) -F(15) 
-F(8) 93.89(12) F(15)-Te(4)-F(ll) 
-F(9) 91.76(12) -F( 12) 
-F(10) 176.92(12) -F( 13) 

F(lO)-Te(3)-F(6) 86.17(13) -F(14) 
-F(7) 88.14(12) F(ll)-Te(4)-F(12) 
-F(8) 89.16(13) -F(13) 
-F(9) 87.78(12) -F(14) 

F(6)-Te(3)-F(7) 90.05( 13 F( 12)-Te(4)-F(13) 
-F(8) 175.19(12) 

87.34(14) 
90.96(13) 

175.29(12) 
91.32(14) 
88.01(11) 
90.5 1( 12) 
92.07( 11) 
90.53( 12) 

178.47( 11) 
90.49( 12) 
89.22( 12) 
8 9 . 4 (  12) 
89.76( 12) 
90.56( 12) 

178.30(11) 
89.96( 12) 
91.14(11) 

Bond Lengths (Ay for N(CH&+Te(OTeF&- 
Te(2)-F(4) 1.78(3) [1.79] Te(4)-F(ll) 1.68(5) [1.86] 

-F(5) 1.76(3) [1.78] -F(12) 1.77(4) [1.92] 
Te(3)-O(2) 1.76(4) -F(13) 1.62(4) [1.79] 

-F(6) 1.68(5) [1.83] -F(14) 1.70(5) [1.84] 
-F(7) 1.52(5) [1.63] -F( 15) 1.63(4) 
-F(8) 1.66(5) [1.82] Te(5)-O(4) 1.73(4) 
-F(9) 1.75(6) [1.91] -F(16) 1.68(6) [1.88] 
-F( 10) 1.74(4) [ 1.771 -F(17) 1.73(6) [1.92] 

Te(4)-O(3) 1.58(4) -F(18) 1.68(6) [1.87] 

Bond Angles (deg) for N(CH&'Te(OTeF5)5- 
F(2) -Te(2) -F(3) 94(2) 0(3)-Te(4)-F(14) 
F(3) -Te( 2) -F(4) 85(1) 0(3)-Te(4)-F(15) 
F(4)-Te(2)-F( 1) 93(1) F(15)-Te(4)-F(ll) 
0(2)-Te(3)-F(6) 91(2) -F(12) 

-F(7) lOl(2) -F(13) 
-F(8) 94Q) -F(14) 
-F(9) 90(2) F(ll)-Te(4)-F(12) 
-F(10) 177(2) F(12)-Te(4)-F(13) 

F(lO)-Te(3)-F(6) 87(2) F(13)-Te(4)-F(14) 
-F(7) 78(3) F(14)-Te(4)-F(ll) 
-F(8) 88(2) 0(4)-Te(5)-F( 16) 
-F(9) 90(3) -F(17) 

F(6) -Te(3) -F(7) 860)  -F( 18) 
F(7) -Te(3) -F( 8) 96(3) -F(19) 
F(8)-Te(3)-F(9) lOl(3) 0(4)-Te(5)-F(20) 
F(9)-Te(3)-F(6) 77(4) F(20)-Te(5)-F( 16) 
0(3)-Te(4)-F(ll) 90(3) -F(17) 

-F(12) 98(2) -F(18) 
-F(13) 96(2) 

Te(5)-F(16) 1.807(2) 
Te(5) -F( 17) 1.817(2) 
Te(5)-F(18) 1.810(2) 
Te(5) -F( 19) 1.827(2) 
Te(5)-F(20) 1.809(2) 
Te( 1)-.F(2b) 2.776(2) 
Te( l).-F(6a) 2.820(2) 

F( 12)-Te(4)-F( 14) 
F( 13)-Te(4)-F( 14) 
O(4) -Te(5) -F( 16) 

-F(17) 
-F(18) 
-F(19) 
-F(20) 

F( 16) -Te(5)-F( 17) 
-F( 18) 
-F( 19) 
-F(20) 

F( 17)-Te(5)-F( 18) 
-F(19) 
-F(20) 

F( 18)-Te(5)-F( 19) 
-F(20) 

F( 19) -Te(5) -F(20) 

178.85(11) 
88.34(11) 
89.94( 12) 
88.64(11) 
91.49( 12) 
92.03(11) 

178.53(12) 
89.42( 13) 

178.29(10) 
90.06(13) 
89.39( 12) 
89.68( 12) 

179.15( 11) 
90.05(12) 
90.82( 12) 
89.16( 12) 
89.28(12) 

Te(5) -F( 19) 

Te(6)-O(5) 
-F(20) 

-F(21) 
-F(22) 
-F(23) 
-F(24) 
-F(25) 

1.69(6) [1.88] 
1.78(3) [1.79] 
1.75(5) 
1.58(5) [1.72] 
1.54(6) [1.69] 
1.55(4) [1.68] 
1.69(5) [ 1.851 
1.77(5) [1.80] 

F(20-Te(5)-F( 19) 
F( 16) -Te(5) -F( 17) 
F( 17)-Te(5)-F( 18) 
F( 18)-Te(5)-F( 19) 
F( 19)-Te(5)-F( 16) 
0(5)-Te(6)-F(21) 

-F(22) 
-F(23) 
-F(24) 
-F(25) 

F(25)-Te(6)-F(21) 

F(25)-Te(6)-F(23) 

F(21)-Te(6)-F(22) 
F( 22)-Te( 6) -F( 23) 
F( 23)-Te( 6) -F( 24) 
F(24)-Te(5)-F(21) 

-F(22) 

-F(24) 

a Distances after corrections for thermal motion by the riding model are given in brackets. 

(Figure 3b). The bridging TeV1-Fe, bond lengths, Te(2)-F(2), 
1.845(2), and Te(3)-F(6), 1.858(3) A, are correspondingly 
longer than the nonbridging TeV1-Fe, bond lengths which range 
from 1.805(2) to 1.833(2) A. The approaches of the bridging 
fluorines on the same side of the equatorial 0(3),Te(1),0(4) 
d a n e  is consistent with disdacement of the lone electron pair 

Te-0 bond pair domain proximate to the lone electron pair, 
Te(l)-0(2), is elongated relative to Te(1)-O(1). The geometry 
resembles a distorted octahedral arrangement akin to that of 
XeF634 (AX&) and is most closely related to that of the ffiY2E 
VSEPR arrangement of the XeOF3+ cation in XeOF3+SbFs-,35 

from the Of the "gement 
pseudotrigonal face defined by F(2b),F(6a),0(2). This face 
contains the sterically active lone electron pair and is splayed 
open relative to the pseudotrigonal face defined by O( 1),0(3),0(4) 
as a Of lone pair-bond pair repu1sions which 
also account for unequal TeIV-Oax bond lengths, so that the 

(34) (a) Cutler, J. N.; Bancroft, G. M.; Bozek, J. D.; Tan, K. H.; 
Schrobilgen, G. J. J. Am. Chem. SOC. 1991, 113, 9125. (b) Rothman, 
M. J.; Bartell, L. S.; Ewig, C. S.; van Wazer, J. R. J. Chem. Phys. 
1980, 73, 375. (c )  Pitzer, K. S.; Bemstein, L. S. J. Chem. Phys. 1975, 
63, 3849 and references therein. 

(35) Mercier, H. P. A,; Sanders, J .  C. P.; Schrobilgen, G. J.; Tsai, S. S .  
Inorg. Chem. 1993, 32, 386. 
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Figure 3. ORTEP views showing (a) the asymmetric unit of the crystal 
structure of Te(OTeF&, (b) the two secondary TeIV***F contacts 
(thermal ellipsoids shown at the 50% probability level), and (c) a ball 
and stick diagram of the resulting parallel chains defining a layer 
running parallel to the b-axis and the TeIV**.F contacts. 

with two secondary contacts between the central Xe atom and 
a fluorine atom from each of two SbFs- anions. 

The relative conformations of the equatorial and axial OTeFs 
groups are likely a consequence of the secondary fluorine bridge 
bonding to the central Te" atom. The axial O( 1)Te(2)Fs group 
is bent away from the neighboring axial OTeFs groups that 
contribute the long fluorine contacts with the central Te'" atom 
(vide supra), and in tum, the equatorial OTeF5 groups are bent 
toward the axial 0(2)Te(3)F5 group and away from the axial 
O( 1)Te(2)F5 group, giving axial OTeF5 group conformations 
which are syn and anti, respectively, to the lone electron pair. 

Figure 4. ORTEP view of the Te(OTeF&- anion showing the 
numbering of the atoms. Thermal ellipsoids are shown at the 20% 
probability level. 

The shortest intramolecular Fa *F contacts range from 2.658 to 
3.025 8, (average, 2.949 A). The closest intermolecular F- *F 
contacts between the equatorial and axial OTeF5 groups occur 
for 0(1)Te(2)Fs at F(4).**F(16), 3.058 A, and F(l).-*F(11), 
3.238 A, and for 0(2)Te(3)Fs at F(6).*.F(18), 2.944 A, 
F(8).**F(13), 2.890A, F(7)...F(18), 2.948 A, andF(9)..*F(13), 
3.196 A. Both intramolecular and intermolecular F.* *F contacts 
are somewhat greater than the sum of the van der Waals radii 
for fluorine, 2.7032-2.8033 A, indicating that there is little in 
the way of OTeFs*..OTeFs steric interactions as a result of the 
conformation assumed by Te(0TeFs)l. The shortest intramo- 
lecular Te(l).**F contacts occur for 0(2)Te(3)Fs [Te(l).* *F(9), 
3.256 A, and Te( 1). *F(6), 3.464 A] and are close to the sum 
of the van der Waals radii for Te and F (3.55 A), straddling the 
lone electron pair position and the pseudotrigonal face it 
occupies. 

Like its extensively fluorine-bridged analog, TeF4, Te- 
(OTeF5)4 may be described as a polymeric chain structure. The 
secondary contacts to TeIV, Te( 1). oF(2b) and Te( 1). *F(6a), 
result in the distorted octahedral &Y2E geometry about Te'" 
discussed above and are bridged through axial OTeFs groups 
along the c-axis of the unit cell. Two parallel chains result 
(Figure 3c) which define a layer running parallel to the b-axis 
such that the lone electron pairs of each chain are directed 
toward the interior of a channel defined by the two parallel 
chains (Supporting Information Figure 8). The closest fluorine- 
fluorine distances between adjacent layers occur at 2.900 8, 
along the c-axis and at 2.929 A along the a-axis. 

N(CH&+Te(OTeF&-. The structure of N(CH&+Te- 
(OTeF5)5- consists of well-separated anions and cations. The 
central TetV atom in the Te(OTeF&- anion is coordinated to 
five crystallographically nonequivalent OTeF5 groups, so that 
the gross geometry can be described as either a distorted square 
pyramid or as a pseudo-octahedron if the sterically active free 
valence electron pair on Te" is included as a sixth ligand (Figure 
4). The tetramethylammonium cation is tetrahedral about 
nitrogen with the expected bond lengths and bond  angle^.^ 

The five OTeFs groups of the anion have ample space and, 
therefore, do not suffer any significant distortion from their 
normal pseudo-octahedral geometry. All distances between 
atoms of neighboring OTeFs groups are longer than the sums 
of the corresponding van der Waals radii for two fluorines 
(2.7032-2.8033 A) and for an oxygen and a fluorine (2.7532- 
2.8033 A) as well as the closest contacts within OTeFs groups, 
F-**F,2.211-2.479A,andF-*0,2.211- 2.454A. Theclosest 
intermolecular F- *F and F- -0 contacts between different 
OTeF5 groups are as follows: OTe(2)Fs.*.OTe(3)Fs, F(l)...F(8) 
= 2.910 A; OTe(2)Fs*..OTe(5)Fs, F(4)...F(19) = 3.483 A, 
F(3).*.0(4) = 3.034 A, and F(4).*0(4) = 3.191 A. 
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As noted in both published structures of the Sb(OTeF&- 
anion3 and in the U(OTeF5)6 molecule,36 the fluorine and oxygen 
atoms have exceptionally large thermal parameters showing that 
the pentafluorotellurate groups are undergoing librational mo- 
tions of large amplitude, a problem which was enhanced by 
our inability to obtain a crystal structure at low temperature 
owing to a phase transition (see Experimental Section). A 
standard rigid-body librational analysis was performed. As 
already noted in related compounds, the Te-0 and Te-F 
(especially Te-F,,) distances are significantly affected by 
thermal motion and, as expected, the librationally corrected 
Te-F bond distances are longer than the uncorrected distances 
(Table 4) and are in good a eement with other known values 
(average Te-F = 1.81 w' ). With a lack of anisotropic 
parameters for the basal oxygen atoms, no corrected values for 
the TeIV-O and TeV1-O bond lengths are reported. 

The immediate environment around the TeIV atom of the 
Te(OTeF5)s- anion is that predicted by the VSEPR rules for a 
pseudo-octahedral AX5E system30 and is in accord with the gross 
geometry deduced from solution I9F and '25Te NMR spectros- 
copy (NMR Spectroscopy of Te(0TeFs)s- and FTe(OTeFd4- 
Anions). The local TetV05 geometry of Te(OTeF&- closely 
resembles that of its fluorine analog, TeF5- in N(CH3)4+TeF5- l6  

and K+TeFs-.'* The Te-0, (1.90(3) A) and Te-0, (1.94(4)- 
2.17(4); average, 2.04(4) A) bond length differences are similar 
to those encountered for TeF5- in K+TeF5- (Te-F,, 1.862(4) 
A; Te-F,,, 1.953(4) 8) and N(CH3)4+TeF5- (Te-F,, 1.859(6) 
A; Te-Fq, 1.949(6) A) and are a consequence of the lone pair- 
bond pair repulsions which cause lengthening of the equatorial 
bonds compared with the axial bond. The TeIV-Oeq bond 
lengths of Te(OTeF&- are similar to the more sterically 
crowded TeIV-Oax bond lengths in Te(OTeF5)d (average, 
2.022(3) A) and in FzTe(OTeF5)2 (1.945(6) A). Moreover, the 
less sterically congested TeIV-O, bond length of Te(OTeF&- 
is similar to the less sterically con ested equatorial bond lengths 

A). The TeIV-O,, bonds of Te(OTeF5)s- are tilted away from 
the lone pair as a result of lone pair-bond pair repulsions so 
that the 0,-Te-0,, angles are compressed from the ideal 90" 
angle to an average angle of 81" (range, 77( 1)-86( l)"), in close 
agreement with the Fax-Te-Fe, angle observed in TeF5- 
(K+TeF5-, 78.9( 2)" ; 

Unlike the structurally related pseudo-octahedral and square 
planar main-group and square pyramidal transition metal OTeF5 
derivatives (vide infra) studied to date, the four equatorial 
oxygen atoms and the TetV atom of Te(OTeF&- are not 
coplanar. Displacement of the central Te(1) atom from the 
equatorial plane of oxygen atoms is best described with respect 
to an average equatorial plane. Calculation of the mean least- 
squares plane3' passing through 0(2), 0(3), 0(4), and O(5) and 
perpendicular to the Te( 1)-O( 1) direction shows that the 
equatorial oxygen atoms are coplanar within experimental error. 
As expected for a molecule possessing an AX5E geometry, the 
Oax-TeIV-Oeq angles are smaller than 90" and the central TeIV 
atom is found to be displaced below the average plane defined 
by the equatorial oxygen atoms. The displacement of the TeIV 
atom from the basal plane is -0.30 and is similar to that 
calculated in both structures of the TeF5- anion (K+TeF5-, 

of Te(OTeFs)4 (average, 1.887(3) 1 ) and F2Te(OTeF5)2 (1.881(7) 

N( CH3)4+TeF5-, 80.7" 6). 

Mercier et al. 

-0.377 A; N(CH3)4+TeF5-, -0.326 A). Several other structures 
of ionic and neutral pseudo-octahedral main-group and square 
pyramidal transition metal OTeF5 derivatives have been previ- 
ously determined. In the case of Xe(0TeF5)dm and I(0TeF5)4-,l9 
both axial positions are occupied by lone electron pairs, while 
for O=I(OTeF5)4- l9  and O=M(OTeF5)4 (M = Mo,21,22 W,22 
Re,I3 0s2l), one of the apical positions is occupied by an oxygen 
atom doubly bonded to the central heavy atom and is trans to 
either a lone electron pair, as in the case of O=I(OTeF5)4-, or 
is vacant, as in the case of the transition metal analogs. In all 
three types of compounds, the four oxygens belonging to the 
OTeFs groups are coplanar, while the position of the central 
atom relative to the equatorial oxygen plane is variable. For 
O=I(OTeF5)4-, the iodine atom was found to lie, within 30, in 
the 0 4  plane (actually 0.018(5) 8, above the plane). The iodine 
atom is coplanar with the four oxygen atoms as in I(OTeF5)4- 
and Xe(OTeF5)4 because the steric requirements of an oxygen 
double bond are similar to those of a lone electron pair. The 
Mo, W, Re, and Os atoms were found to be displaced above 
their respective planes by 0.419 and 0.385, 0.403, 0.348, and 
0.267 A, respectively. The square pyramidal shapes of the 
transition metal derivatives are basically determined by d-orbital 
participation in the bonding to the oxygens, and the positioning 
of the transition metal atoms above the plane is a consequence 
of no free electron pair having a high s-character in the axial 
position and may serve to relieve TefV-O ***TexV-O bond pair 
interactions. 

All three types of the aforementioned OTeF5 derivatives have 
adjacent OTeF5 groups pointing pairwise up and down (trans- 
anti) with respect to the equatorial M04 plane. No satisfactory 
explanation, however, has been advanced for why trans, anti- 
conformations are preferred over trans, syn-conformations. In 
EYX(OTeF5)4 and trans-F2Te(OTeF5)4 compounds where Y is 
the axial ligand and cylindrical, Le., a free electron pair or F, 
the four OTeF5 ligands should altemate up and down. Only if 
Y is replaced by a noncylindrical OTeF5 group may truns-anti- 
structures become more favorable. It is noteworthy that trans- 
FzTe(oTeF~)4~~ is the only example where OTeF5 groups 
altemate up and down so that the trans-OTeF5 groups are syn 
to one another. The conformational energy differences might 
be small, and the observed trans-anti-conformations may result 
from the effects of crystal packing. The Te(0TeF5)~- anion is 
the first example of a pseudo-octahedral OTeF5 compound in 
which the axial position is occupied by a noncylindrical group 
and which has been structurally characterized by X-ray crystal- 
lography. As a consequence of the steric effect of the axial 
OTeFs group, the relative conformations of the equatorial OTeF5 
groups differ markedly from those of other known OTeF5 
derivatives having AX5E and AX& geometries. The relative 
OTeF5 conformations of the Te(OTeF5)s- anion are closely 
related to the trans, syn-OTeF5 and cis, anti-OTeFs conforma- 
tions observed in trans-F2Te(OTeF5)4. Figure 5a,b represents 
two views perpendicular to the [0( l), 0(2), 0(4)] and the [0(1), 
0(3), 0 ( 5 ) ]  planes, respectively, of the Te(OTeF5)s- anion. The 
axial OTe(2)F5 group points toward the equatorial OTe(5)Fs 
group, which, in turn, is directed away from the OTe(2)Fs group. 
The two OTeF5 groups are not, however, perfectly eclipsed 
(Figure 4). The two equatorial trans-OTeF5 groups, OTe(4)Fs 
and OTe(6)F5, are cis to OTe(5)Fs and also point away from 
the apical OTe(2)F5 group so that they adopt a trans, syn- 
conformation relative to one another. The OTe(3)Fs group trans 
to OTe(5)Fs points toward the apical OTe(2)Fs group so that 
these two equatorial groups have a trans, anti-conformational 

(36) Templeton, L. K.: Templeton, D. H.; Bartlett, N.; Seppelt, K. Inorg. 
Chem. 1976, 15, 2720. 

(37) The equation for the equatorial least-squares plane is defined by 7 . 8 4 ~  
-t 10.41~ - 13.12 = 5.15 in the direct crystal coordinate system. It 
was calculated by the program BESPLN from the NRCVAX package. 
NRCVAX Crystal Structure System: Larson, A. C.; Lee, F. L.; 
LePage, Y . :  Webster, M.; Charland, J. P.; Gabe, E. J. Chemistry 
Division, NRC, Ottawa, Canada. PC version: White, P. S. Department 
of Chemistry, University of North Carolina, Chapel Hill, NC. 

(38) (a) Pritzkow, H.: Seppelt, K. Angew. Chem., In?. Ed. Engl. 1976, 15, 
771. (b) Pritzkow, H.: Seppelt, K. Inorg. Chem. 1977, 16, 2685. 
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Figure 6. Raman spectra of microcrystalline (a) Te(OTeF5)d and (b) 
N(CH$4+Te(OTeF&- recorded in glass capillaries at room temperature 
using 514.5-nm excitation. 

Figure 5. Two views of the Te(OTeF&- anion showing the mange- 
ment of the OTeFs groups perpendicular to (a) the [0(1), 0 ( 2 ) ,  0(4)] 
and (b) the [0(1), 0(3),  0(5)] planes. 

relationship apparently imposed by OTe(2)F5* OTe(5)Fs steric 
interactions. Three TeIV-Oeq-TeVIeq angles are equal within 
experimental error, ranging from 151(2) to 158(2)", and as a 
result of increased congestion, the fourth angle, Te( 1)-O(4)- 
Te(5), is significantly smaller (143(2)") (Table 4) and the axial 
TeIV-Oax-TeVIax angle is more open (161(2)"). 

The closest anion-cation contacts occur at 3.015 [F(23)..C(4)], 
3.320 [F(14).-C(l)], and 3.399 8, [F(18)..C(3)]. The sum of 
the van der Waals radii of CH3 (2.00 A)32 and F (1 .3532- 1 .4033 
A) is 3.35-3.40 A. These short contact distances suggest weak 
hydrogen bonding between the methyl groups and these three 
fluorine atoms (see Raman Spectra of Te(OTeF& and 
N(CH3)4+Te(OTeF&-). The anions and cations are stacked 
along the a- and b-axes so that the layers alternate between two 
cations and two anions in the a-direction and single anions and 
cations in the b-direction (Supporting Information Figure 9). 
The formal negative charge of the anion is expected to be 
dispersed over 20 fluorines. The closest contact in the 
anion* *anion pairs, which are packed so that the axial positions 
occupied by the lone electron pair on each Te" face one another, 
is 2.979 A (F(15).**F(17)). This arrangement serves to 
maximize the negative charge separation within each anion pair. 
The presence of a sterically active valence lone electron pair in 
the sixth coordination position of Te'" in Te(OTeF&-, along 
with Coulombic repulsions and orientation of the anions relative 
to one another, preclude close interanionic contacts, with the 
shortest Tetv* mion contacts at 3.507 (Te( 1). * *F( 11)) and 3.695 
A (Te(l).**F(15)). In contrast, the sixth coordination site of 
the metal pseudo-octahedron in O=M(OTeF& (M = Mo, W, 
Re, Os) is not occupied by a lone electron pair and exhibits a 

short contact with a fluorine atom [O=Mo(OTeF& (Mo..*F, 
2.59(2)22 and 2.55(1) A);21 O=W(OTeF5)4 (w. OF, 2.58( 1) A);22 
O=Re(OTeF5)4.F2Te(OTeF5)2 (Re- OF, 2.210(5) & ; I 3  

O=Os(OTeF5)4*F--TeF3+*2TeF4 (Os- *F, 2.05(2) A)21]. As in 
the case of iodine in O=I(OTeF5)4- (shortest intermolecular 
contact is I.*-F, 4.20 A),19 the Te'" atom of the Te(OTeF&- 
anion is well insulated from intermolecular interactions, which 
is, in large measure, related to the packing of the anion along 
the a-axis of the unit cell (vide supra). 
Raman Spectra of Te(OTeF& and N(CH&+Te(OTeF&-. 

The Raman spectra of solid Te(OTeF5)4 and N(CH3)4+Te- 
(OTeF5)5- are shown in Figure 6 .  The observed frequencies 
and their assignments are summarized in Table 5 .  Spectral 
assignments are necessarily tentative owing to uncertainties 
regarding the degree of vibrational coupling among the OTeF5 
modes of the ligands, which appears to be weak; the anticipated 
coupling among vibrational modes associated with the Te-O- 
Te moieties; site symmetry lowering and vibrational coupling 
within the unit cell (factor-group splitting). Moreover, it is not 
possible to distinguish between the vibrational modes of the 
axial and equatorial OTeF5 groups. The assignments of the 
frequencies of the OTeFs groups have been aided by comparison 
with the most recent assignments for N ( C H ~ ) ~ + T ~ O F S - , ~ ~  for 
which ab initio calculations and a normal coordinate analysis 
confirm the correctness of the assignments, and by assignments 
for F5TeOF.40 Assignments were made under CdV symmetry 
for the OTeFs groups with each group contributing 15 vibrations, 
 AI f 2B1 + B2 + 4E, all of which are formally Raman active 
(AI and E are infrared active), and generally require little further 
comment. The antisymmetric TeF4 stretching mode, vg(E), is 

(39) Christe, K. 0.; Dixon, D. A.; Sanders, J. C. P.; Schrobilgen, G.  J.; 

(40) Schack, C. J.; Wilson, W. W.; Christe, K. 0. Inorg. Chem. 1983, 22, 
Wilson, W. W. Inorg. Chem. 1993, 32, 4089. 

18. 
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Table 5. Raman Frequencies and Assignments for Te(OTeF5)4 and 
N(CH&+Te(OTeF&- a 

freq, cm-I assgnts 

Mercier et al. 

expected to be very weak in the Raman spectrum and therefore 
is not assigned. Additional splittings are observed in the Raman 
spectrum of Te(OTeF5)d for the bands assigned to the TeIVF4 
stretching frequencies YI(AI) and Y5(BI) and for the TeIVF4 
bending frequencies v9(E), Y~(AI) ,  Y7(B2), and YII(E). The 
splittings are presumed to arise from axial OTeF5 groups that 
are fluorine bridged through one of their equatorial fluorines to 
the central Te'" atom of a neighboring Te(OTeF5)4 molecule 
(see X-ray Crystal Structure of Te(OTeF& and Figure 3c). 
The modes associated with the TerV04 moiety of Te(OTeF& 
are treated as a XY2Z2 skeleton having C2, point symmetry. 
The symmetric axial TeO2 stretching mode is expected to exhibit 
a strong Raman intensity whereas the antisymmetric mode is 
expected to be only weakly allowed. Both the antisymmetric 
and symmetric equatorial TefV02 modes are expected to be 
Raman active. The modes associated with the TeIV05 moiety 
of the Te(OTeF5)s- anion are treated as a XY4Z CdL, skeleton. 
The symmetric X Y 4  modes are expected to exhibit strong Raman 
intensities, whereas the antisymmetric XY4 stretch is expected 
to be very weak if XY4 is planar. However, the vibrational 
modes associated with the TeIV-O-TeV1 1' inkages of both 
species are expected to be strongly coupled because the oscillator 
components share the same central light atom and are expected 
to have similar frequencies, so that assignments of specific 
TeIV-O,x,eq and TeVf-O,x,eq are not possible. The general 
assignments were aided by comparison with the strongly coupled 
and intense M-0, Xe-0, and Te-0 stretching modes in the 
M(OTeF5)6- anions (M = As, Sb, Bi; 392-443 ~ m - ' ) , ~  
Xe(OTeF5)2 (428, 442 ~ m - ' ) , ~ ~  FXeOTeF5 (457 cm-'),4I and 
XeOTeFs+ (487 ~ m - ' ) ~ ~  and the M-0-Te and Xe-0-Te 
bends of the M(OTeF5)6- anions (1 18- 140 ~ m - ' ) , ~  Xe(OTeF5)z 
(133 ~ m - ' ) , ~ ~  and XeOTeFs+ (174 ~ m - ] ) . ~ ~  The assignment 
of a Te-0-Te torsion in the Te(OTeF& anion at 79 cm-' is 
more tenuous and may represent a lattice mode. Moderately 
strong bands in the region 790-905 cm-' are observed in the 
spectra of both Te(OTeF5)4 and the Te(OTeF&- anion and are 
not assigned. These bands appear to be associated with the 
strongly coupled TeV1-O/M-O stretches of the TeV1-O-M- 
O-TeV1 (M = TefV) linkages as similar bands have been 
observed in the Raman spectra of the M(OTeF&- anions (M 
= As, Sb, Bi)3 and in Xe(OTeF5)z.42 These features are absent 
in the spectra of the XeOTeFs+ salts$2 ClTeF5, ClOTeF5, and 
FOTeF5.40 

The assignments for the N(CH3)4+ cation of the Te(OTeF&- 
salt are based on those for the free cation, which belongs to the 
point group T d  and has 19 fundamental vibrations,  AI -I- A2 -I- 
4E +  TI + 7T2. Of these, the T2 modes are infrared active 
and the AI ,  E, and T2 modes are Raman active. Although the 
assignments for the N(CH3)4+ cations generally follow those 
previously given for other N(CH3)4+ and require little 
further comment, they do exhibit some interesting features which 
have been discussed in detail in an earlier paper related to the 
syntheses and characterization of the N(CH&+M(OTeF5)6- (M 
= As, Sb, Bi) salts.3 Our assignments of the N(CH3)4+ cation 
in the previous and present work are largely based upon a 
previous study by K a b i ~ c h ~ ~  of the deviations of the Raman 
spectra of the free N(CH3)4+ cation from the Td selection rules 

N(CH3)d'Te- 
Te(OTeFs)4 (OTeF5)j- cation ( T d )  anion (C4J 

892 (2) 

792 (23) 

754 (lo), sh 
750 (14) 
739 (16) 
723 (50) 
716 (18) 
710 (13), sh 
706 (35) 
702 (34) 
671 (100) 
662 (21) 
659 (82) 
648 (9) 
643 (9) 
610 (23) 
604 (1 9) 
469 (7) 

461 (6) 

445 (8) 
416 (14) 

355 (4) 
349 (3) 
342 (3) 
332 (8) 
327 (11) 
321 (11) 
316 (8) 
310 (16) 
299 (7) 
297 (6) 
251 (17) 

249 (16), sh 
233 (13) 
225 (8) 
212 (3) 
204 (3) 
189 (9) 
180 (12) 
173 (10) 
135 (25) 
113 (12) 
100 (1) 
90 (3) 

LYUO (1) 
2831 (5) 
1457 (13) 

1426 (1) 
1291 (<1) 
1171 (1) 
952 (10) 
905 (1 6) 
822 (42) 
810 (38) 
779(11) 
756(23) 
731 (14) 
710 (50) 

1 

691 (100) 
682 (37), sh 

645 (39) 
633 (19), sh 

490 (8) 

453 (16) 
398 (13) 
375 (10) 
335 (22) 

307 (14) 

300 (1 l ) ,  sh 

252 (10) 

234 (16) 
228 (1 l ) ,  sh 
193 (7) 

177 (4) 
126 (56) 
11 1 (35) 

73 (49) 

G(Te0M) 

lattice mode or 
t(Te0M) 

The spectra were recorded on microcrystalline powders sealed in 
Pyrex glass melting point capillaries at room temperature using 5 14.5- 
nm excitation; values in parentheses denote relative intensities, and sh 
denotes a shoulder. No assignments have been made for the bands in 
this region. Similar bands have been observed in the Raman spectra of 
the M(OTeF& anions (M = As, Sb, Bi). 

(41) Sladky, F. Monatsh. Chem. 1970, 101, 1571. 
(42) Keller, N.; Schrobilgen, G. J. Inorg. Chem. 1981, 20, 2118. 
(43) Berg, R. W. Spectrochim. Acta, Part A 1978, 34A, 655. 
(44) Bottger, G. L.; Geddes, A. L. Spectrochim. Acta 1978, 21, 1708. 
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in various salts of known crystal structures, providing empirical 
rules for estimating, from vibrational spectra, the degree of 
N(CH3)4+ cation distortion. It can be concluded that in 
N(CH3)4+Te(OTeF&- the distortion of the N(CH3)4+ cations 
from tetrahedral symmetry is also minimal. It should be noted 
that the Raman spectrum of N(CH3)4+Te(OTeF&- presents 
some specific features previously reported for N(CH3)4+Bi- 
(OTeF5)6-.3 In particular the broadening of the Y~(E)/YI~(Tz) 
bands which has been suggested to be related to short C***F 
contacts is indicative of weak hydrogen bonding between the 
methyl groups of the cation and the fluorines of the anion as 
indicated by the X-ray crystal structure results. 

Conclusions 

The gross geometries of Te(OTeF5)4 and the FTe(OTeF5)d- 
and Te(oTeF5)~- anions are little influenced by steric inter- 
actions among OTeF5 groups. The primary bonding in 
Te(OTeF5)4 is consistent with an &E VSEPR arrangement 
of TelV-O bond pair domains and a lone electron pair. 
Incorporation of secondary contacts with two neighboring 
fluorines results in a seven-coordinate &Y2E VSEPR ar- 
rangement which assumes a distorted octahedral geometry about 
TeIV. The existence of fluorine bridges between TeIV and OTeFs 
groups of neighboring Te(OTeF5)4 molecules in the solid state 
and the formation of the Te(OTeF&- anion are indicative of 
the moderately strong Lewis acid properties of five-coordinate 
TeIV in Te(OTeF5)4. Both FTe(OTeF5)d- and Te(OTeF&- 
exhibit pseudo-octahedral arrangements for the lone electron 
pair and ligand atoms bonded to TeJV and may be described in 
terms of AX5E VSEPR arrangements of five bond pairs and a 
lone electron pair. The unique axial fluorine of the FTe(OTeF5)d- 
anion is trans to the lone electron pair. Among the square 
pyramidal and square planar main-group and transition metal 
OTeF5 derivatives that are known, the Te(OTeF&- anion has 
afforded the first opportunity to study the effects of an axial 
OTeF5 group on relative OTeF5 group conformations in a 
pseudo-octahedral OTeFs derivative having an AX5E VSEPR 
arrangement. 

Contrasting with their isoelectronic iodine(V) mixed analogs, 
F,I(OTeF5)5-,, which have all been characterized in I F 5  solution 
by I9F NMR spectroscopy, and with mixtures containing only 
FTe(OTeF5)4- and Te(OTeF&-, mixtures containing the more 
highly fluorinated anions undergo fluorine exchange among Te'" 
sites as well as OTeF5 group exchange. 
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Experimental Section 

Apparatus and Materials. Manipulations involving volatile materi- 
als were performed under strictly anhydrous conditions on a Pyrex glass 
vacuum line equipped with greaseless J. Young glass/PTFE stopcocks. 
Nonvolatile materials were handled in the dry nitrogen atmosphere of 
a glovebox (Vacuum Atmospheres Model DLX). 

The reagents TeO2 (British Drug House, Analar Grade), aqueous 
HF (Fluka, 49% aqueous, 199% purity), n-Bu4NOH (Fluka, 55-60% 
aqueous. '97% purity), and CH30H (British Drug House, 99.8%) were 
used without further purification. The reagents T e ( o T e F ~ ) d , ~ . ~ ~  
N(CHq)4+OTeF5-,3 N(CH2CH3)4+0TeFj-,34 and XeF249 were prepared 
as described previously. Literature methods were used for the 
purification of SOzClF (Aldrich and Columbia Organic Chemical),5o 
Freon 114 (Aldrich),' and CH2Cl2 (Caled~n) .~  

N(n-Bu)d+TeFs-. Only a cursory description of the synthesis of 
N(n-Bu)d+TeFj- appears in the l i terat~re; '~  consequently a detailed 
description is provided here. Tellurium dioxide was weighed into a 

(49) Mercier, H. P. A.; Sanders, J. C. P.; Schrobilgen, G. J . ;  Tsai, S. S. 

(50) Schrobilgen, G. J . ;  Holloway, J. H.; Granger, P.; Brevard, C. Inorg. 
Inorg. Chem. 1993, 32, 386. 

Chem. 1978, 17, 980. 

Teflon beaker. Aqueous hydrofluoric acid (49%, 30 mL) was added 
to the TeOz which dissolved upon stimng. Aqueous hydrofluoric acid 
(49%) was added to a solution of n-BudNOH in CH30H (40%, 32.5 
mL) at 0 "C in a Teflon beaker until in slight excess. The TeO*/HF 
and n - B ~ O W H F I C H 3 O H  solutions were combined and then evapo- 
rated in a Teflon beaker on a steam bath for 5 h giving an upper organic 
phase and a lower aqueous phase. Upon cooling of the mixture to 
room temperature and the addition of ca. 30 mL of deionized water, 
the organic layer rapidly crystallized as colorless needles. The mixture 
was stirred and then filtered through an FEP Buchner funnel. The 
crystals were washed three times with ca. 8 mL of 15% aqueous 
hydrofluoric acid and air dried on the Buchner funnel for 1 h. The 
crystalline product was transferred into a '/2 in. 0.d. FEP tube equipped 
with a Kel-F valve and pumped under dynamic vacuum for 18 h to 
remove residual HzO and HF. The product (5.15 g; 37% yield) was 
stored in an FEP vial inside the drybox until used. 

N(CH2CH3)4+Te(OTeF5)5-. The synthesis of N(CHlCH&+Te- 
(0TeFj)s- is similar to that described for N(CH3)4+Te(OTeF&- (vide 
infra), except dry CHzCll was used as the solvent. The reactants 
Te(OTeFs)l(3.2285 g, 2.984 mmol) and N(CH*CH3)4+OTeF5- (1 .lo95 
g, 3.008 mmol) were added to one limb of a two-limbed glass vessel 
containing a Teflon stir bar, and ca. 10 mL of CH2C12 was condensed 
onto the solids at -196 "C. The reagents dissolved upon warming to 
room temperature and with stimng. The solution was filtered by 
pouring through a medium-porosity glass frit joining the two limbs of 
the reaction vessel. Several aliquots of CH2C12 were condensed back 
into the empty limb at - 196 "C to rinse it and then poured back through 
the frit. Finally, all the CH2C12 solvent was condensed into the empty 
limb and sealed off. The resulting slightly off white solid was pumped 
under dynamic vacuum for several hours prior to transferring to an 
FEP storage vessel in the drybox (yield 4.2097 g, 97.2%). 

Te(OTeF& and N(CH3)4+Te(OTeF&. Synthesis and Crystal 
Growing. Te(OTeF&. Single crystals of Te(OTeF& were grown by 
slow vacuum sublimation at ambient temperature in a sealed evacuated 
glass tube. Approximately 100 mg of Te(OTeF& was loaded into a 
previously vacuum-dried 12-mm glass tube equipped with a glass to 
metal seal and connected to a Hoke 4171M2B brass bellows valve. 
The tube was evacuated to Torr while maintaining the sample at 
- 196 "C whereupon the sample was warmed to room temperature and 
pumped on for several minutes before cooling to -196 "C and heat 
sealing under dynamic vacuum. The tube was allowed to stand at 
ambient temperature for 10 months. Several colorless crystals formed 
on the tube walls. The tube was cut open in the drybox, and the crystals 
were pryed off and mounted in glass Lindemann capillaries. The crystal 
used in this study was a parallelepiped with dimensions 0.58 x 0.3 x 
0.15 mm. 

N(CH3)4+Te(OTeF&-. Freshly sublimed Te(OTeF& (2.0353 g, 
1.8811 mmol) and N(CH3)4+OTeFj- (0.5895 g, 0.1885 mmol) were 
loaded into separate limbs of a two-limb Pyrex vessel equipped with 
J. Young stopcocks in the drybox. The vessel was attached to a glass 
vacuum line and S02ClF (ca. 5 mL) distilled on to the Te(OTeF& at 
-78 "C. On warming of the mixture to room temperature, the 
Te(OTeF& dissolved in the S02ClF and the resulting solution was 
then poured on to the N(CH&+OTeFj-. The empty limb was rinsed 
(three times) with SO2ClF by chilling it and decanting the condensed 
SO2ClF back into the limb containing the reactants in order to ensure 
that all the Te(OTeF& had transferred. The N(CH&+OTeF5- rapidly 
dissolved giving a clear colorless solution. Freon 114 was distilled in 
vacuo into the empty limb of the vessel while keeping the stopcock 
between the two limbs closed. When the Freon 114 had warmed to 
room temperature, the interconnecting stopcock was opened, allowing 
the Freon 114 vapor to diffuse into the SOzClF solution. Clusters of 
large colorless platelike crystals formed over a period of 2 weeks. The 
supematant liquid comprised two layers which were decanted away 
from the crystals. The crystals were rinsed with Freon 114 and pumped 
dry in dynamic vacuum before being transferred in a drybox. Some 
of the crystals were cut with a scalpel and mounted in 0.3, 0.4, and 0.5 
mm Lindemann glass capillaries and stored at room temperature prior 
to mounting on the diffractometer since they proved to undergo a phase 
transition when kept at -78 "C. The crystals, observed under a 
polarizing microscope, appeared to be single or perfectly twinned. The 
crystal used in this study was a thick plate with dimensions 0.30 x 
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0.45 x 0.55 mm. Following X-ray data collection, the Raman spectrum 
of the single crystal was obtained and shown to be identical to the 
bulk sample. 

Crystal Structure Determination of Te(OTeF& and 
N(CH3)4+Te(OTeF5)5-. Collection and Reduction of X-ray Data. 
A crystal of Te(OTeF5k was centered on a Siemens/Syntex P21 
diffractometer, using silver radiation monochromatized with a graphite 
crystal (1 = 0.560 86 A). A crystal of N(CH&+Te(OTeF5)5- was 
centered on a Siemens P4 diffractometer equipped with a rotating anode 
using molybdenym radiation monochromatized with a graphite crystal 
(A = 0.710 73 A). Examination of the peak profiles of N(CH&+Te- 
(OTeF5)s- revealed they were slightly broadened but single. The 
experimental values for the Te(OTeF& anion, when they differ from 
those of the Te(OTeF5)d compound, are given in brackets. Accurate 
cell dimensions were determined at T = -97 "C [24 "C] from a least- 
squares refinement of the setting angles 01, @, and 28) obtained from 
26 [31] accurately centered reflections (with 15.04' [10.47'] 5 28 5 
46.05 [25.00"]) chosen from a variety of points in reciprocal space. 
Integrated diffraction intensities were collected using an w [8-28] scan 
technique with scan rates varying from 3 [1.5] to 14.65 "/min (in 28) 
and a scan range of k0.5 [0.54]' so that weak reflections were examined 
most slowly to minimize counting errors. The data were collected with 
-1 5 h 5 14 [ i l l ,  -14 [-I] 5 k 5 14 [21], and -15 [-11 5 1  5 15 
[29] and 3 [2] 5 28 5 50 [45]". During data collection, the intensities 
of three standard reflections were monitored every 97 [loo] reflections 
to check for crystal stability and alignment. A total of 6079 [6658] 
unique reflections remained after averaging of equivalent reflections 
of which only 5212 [1979] satisfied the condition I ?  2[1.5]0(4 and 
were used for structure solution. No decay was observed for 
Te(OTeF&, while some decay was observed (-10%) for 
N(CH3)4+Te(OTeF5)5- and was corrected. Corrections were made for 
Lorentz and polarization effects. An empirical absorption correction 
was applied to the data of Te(OTeF5)d by using the PSI SCAN method5I 
( A 4  = IO", pfi = 0.755), while the program DIFABS2 was used for 
the Te(OTeF5)s- anion. 

Crystal Data. OdF2oTes Cf, = 1082.0) crpallizes in the triclinic 
system, space group P i ,  with a = 9.502(3) A, b = 9.748(5) A, c = 
10.603(4) A, a = 85.73(4)", /3 = 72.50(3)", and y = 71.26(3)'; V = 
886.7(6) A3; D,,I, = 4.052 g cm-3 for Z = 2. Ag K a  radiation (1 = 
0.560 86 A, u(Ag Ka) = 4.40 mm-l) was used. C4H1205F25Te6 cfw = 
187.0) crystallizes in the orthorhombic system, space grFup Pbca, with 
a = 11.021(2) A, b = 20.096(5) A, and c = 27.497(5) A; V =  6090(2) 
A3; Dcalc = 3.042 g cm-3 for Z = 8. Mo K a  radiation (A = 0.710 73 
A, p(Mo Ka) = 5.84 mm-') was used. 

Solution and Refmement of the Structure. The XPREP programs3 
confirmed the original cells and space groups. All calculations were 
performed on a 486 personal computer using the SHELXTL PLUS 
(Sheldrick, 1993)53 determination package for structure solution and 
refinement as well as structure determination molecular graphics. 

Te(0TeFs)d. The lattice was triclinic primitive (R,,, = 0.013). The 
structure was shown to be centrosymmetric by an examination of the 
E-statistics (calc, 0.949; theor, _0.968), and consequently the structure 
was solved in the space group P1. A first solution was obtained without 
absorption corrections by direct methods which located the positions 
of all atoms, except one fluorine, confirming the presence of the 
Te(OTeF& compound. The full matrix least-squares refinement of 
the Te, 0, and F atoms gave a conventional agreement index R I  of 
0.0957. A difference Fourier synthesis revealed the last fluorine atom. 
Refinement of positional and isotropic temperature parameters for all 
atoms converged at R l  = 0.0689. 

The structure was solved a second time using data that had been 
corrected for absorption. All atoms could be refined anisotropically. 
The final refinement was obtained by setting the weight factor to 
l l[d(Fo2) + (0.0737P)2 + O.OP] and gave rise to a residual, RI ,  of 
0.0239 (wR2 = 0.0577). In the final difference map, the maximum 
and the minimum electron densities were 1.12 and -0.86 e k3. 
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N(CH3)4+Te(OTeF&-. The lattice was orthorhombic primitive (R- 
int = 0.042). The only space group which was consistent with the 
systematic absences was the centrosymmetric Pbca space group. The 
structure was shown to be centrosymmetric by an examination of the 
E-statistics (calc., 0.934, theor., 0.968), and consequently the structure 
was solved in this space group. A first solution was obtained without 
absorption corrections, and it was achieved by direct methods which 
located the positions of the tellurium atoms on general positions. The 
full-matrix least-squares refinement of the tellurium atom positions and 
isotropic thermal parameters, the weight factor being set equal to zero, 
gave a conventional agreement index R1 of 0.212. The following 
difference Fourier synthesis clearly revealed the five bridging oxygen 
atoms as well as the five fluorines of the axial OTeF5 group, all of 
them being on general positions (RI  = 0.196), and confirmed the square 
pyramidal geometry of the anion. All of the remaining fluorine atoms 
and the nitrogen and carbon atoms of the cation were located on general 
positions by successive difference Fourier syntheses. Refinement of 
positional and isotropic temperature parameters revealed large thermal 
parameters, especially for the fluorine atoms associated with the 
equatorial OTeF5 groups. The anisotropies of the carbon atoms were 
also high. 

The structure was solved a second time using data that had been 
corrected empirically for absorption. The final refinement was obtained 
by introducing a weight factor (w = 1/u2(F) + 0.000171F2), and all 
the 0 atoms and one of the fluorine atoms (F(15)) were kept isotropic 
and gave rise to a residual, R1, of 0.1044 ( R ,  = 0.0781). In the final 
difference Fourier map, the maximum and the minimum electron 
densities were f1.48 and -1.09 e A3. 

The final value of 0.1044 for the residual, R, is not as low as might 
be desired and likely arises from our inability to adequately compensate 
for absorption. This is reflected by our inability to refine one of the 
fluorine atoms anisotropically. In addition, the authors were unable 
to work at low temperature owing to a phase transition (ca. 0 to -30 
"C), and the crystal diffracted weakly and only at low angles (only 
30% of the reflections were used in the refinement). However, the 
uncertainties on the variables that were refined are comparable to those 
observed in U(OTL?F~)~.~~ 

Nuclear Magnetic Resonance Spectroscopy. All spectra were 
recorded unlocked (field drift <0.1 Hz h-I) on a Bruker AM-500 
spectrometer equipped with an 11.744-T cryomagnet and an Aspect 
3000 computer. The I9F spectra were obtained using a 5-mm 
combination 'I-I/19F probe operating at 470.599 MHz. The spectra were 
recorded in a 32 K memory. A spectral width setting of 20 or 50 lcHz 
was employed, yielding data point resolutions of 1.2 and 30 Hddata 
point and acquisition times of 0.82 and 0.33 s, respectively. No 
relaxation delays were applied. Typically, 750-4000 transients were 
accumulated. The pulse width corresponding to a bulk magnetization 
tip angle, 8, of approximately 90" was equal to 1 ps. No line- 
broadening parameters were used in the exponential multiplication of 
the free induction decays prior to Fourier transformation. 

The '25Te spectra were obtained using a 10-mm broad-band VSP 
probe (tunable over the range 23-202 MHz) which was tuned to 
157.794 MHz to observe 125Te. Free induction decays for 125Te were 
accumulated in 16 K memories with spectral width settings of 30 or 
50 kHz and yielded acquisition times of 0.28 and 0.16 s and data point 
resolutions of 3.6 and 6.1 Hddata point, respectively. No relaxation 
delays were applied. Typically, 10 000-45 000 transients were ac- 
cumulated for the 125Te spectra. The pulse width corresponding to a 
bulk magnetization tip angle, 8, of approximately 90" was 18 ps. Line- 
broadening parameters used in the exponential multiplication of the 
free induction decays were 3-7 Hz. 

The 19F and 125Te NMR spectra were referenced to external samples 
of neat CFC13 and Te(CH3)2, respectively, at 30 "C. The chemical shift 
convention used is that a positive (negative) sign indicates a chemical 
shift to high (low) frequency of the reference compound. 

The I9F and '25Te NMR samples were prepared in 5-mm medium- 
wall and in 10-mm 0.d. thin-wall precision glass NMR tubes (Wilmad), 
respectively. Samples of recrystallized N(CH&+Te(OTeF5)5- were 
weighed into the previously dried NMR tubes in the drybox. The tubes 
were closed with Kel-F valves and transferred to a glass vacuum line, 
and SO2ClF or CH?C12 solvent was distilled in vacuo on to the solid at 
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-78 "C. The tubes were heat-sealed in dynamic vacuum while keeping 
the contents frozen to -196 "C. 

Raman Spectroscopy. Raman spectra were recorded on a Jobin- 
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slit settings corresponding to a resolution of 1 cm-'. A total of 10 
reads having 30 s integration times were summed. Spectral line 
positions are estimated to be accurate to f l  cm-I. 

Yvon Mole 'S-3OOO sikctrograph system equipped with a 0.32-m 
prefilter, adjustable 25-mm entrance slit, and a 1.00-m triple mono- 
chromator. Holographic gratings were used for the prefilter (600 
grooves mm-I, blazed at 500 nm) and monochromator 11800 grooves 
mm-' (N(CH3)4fTe(OTeF5)5-) or 2400 grooves mm-I (Te(OTeF&) 
both blazed at 550 nm] stages. An Olympus metallurgical microscope 
(Model BHSM-L-2) was used for focusing the excitation laser to a 
1-pm spot on the sample. The 514.5-nm line of an Ar ion laser was 
used for excitation of the sample. Spectra were recorded at ambient 
temperature on a powdered microcrystalline samples sealed in a baked- 
out Pyrex melting point capillaries as well as on the single crystals 
used to determine the X-ray structures sealed in their original glass 
Lindemann capillaries. The spectra were recorded by signal averaging 
using a Spectraview-2D CCD detector equipped with a 25" chip 
(1 152 x 298 pixels) and at a laser power of 20 mw at the sample and 
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