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is qualitatively supported by the results of 80-exchange
studies between water and phosphorus acids; the first-
order rate constants for exchange!' decrease with in-
creasing phosphorus oxidation state, k(H;PO,) >>
E(H;POs) > k(H;PO4). We anticipate that the acid-
dependent aquation of the Cr(OPH.)** ion is even
slower than that of Cr(O;PH,)2+,
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The '%Sb and *?’Sb nmr spectra of the octahedral
hexafluoroantimonate(V) ion in solutions of NaSbF;
or SbF; in 489, aqueous hydrofluoric acid are known2—*
to consist of seven-line multiplets due to spin-spin
coupling of *F with the antimony nucleus. The cor-
responding multiplet structure expected for the *F nmr
spectrum of this species, however, has apparently not
been observed. We have now obtained complete resolu-
tion of this spectrum using a solution of the silver(I)
salt in acetonitrile. The 14-line spectrum consists of a
sextet arising from coupling of 12'8b (I = 5/;) with 1°F,
superimposed on an octet due to coupling of 128b (J =
/5) with F. The spectrum is shown in the figure to-
gether with the corresponding !2!Sb and !**8b nmr
spectra obtained in this laboratory. The coupling
constants determined from the F spectrum are
JF—lﬂsb = 1934 (:‘:15) Hz and JF_me = 1047 (:‘:25)
Hz. The ratio JF_uxsb/JF_me is 1.85 (:*:006), in
good agreement with the ratio of the gyromagnetic
ratios yi1/7y1s = 1.8466. The relative intensities of
any two components due respectively to coupling with
1218h and 123Sb is approximately 2:1, as expected for the
isotopes in their natural abundances (}2'Sh, 57.29;
125Sb, 42.89%,). Although the symmetry of the intensity
pattern is somewhat unsatisfactory (see Experimental
Section), the overall line shape of the sextet is in qualita-
tive agreement with that calculated by Suzuki and
Kubo? for the nmr spectrum of a nucleus of spin [ =
1/, coupled to a nucleus with spin 7 = 5/,. The values
of the coupling constants are in good agreement with
those obtained from !*'Sb and !2!Sh nmr spectra by
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Hatton, et al. (JF_me = 1945 (:‘:5) HZ,‘ JF_me =
1055 (£5) Hz).#% A value of Jpngy = 1820 Hz has
also been determined from the F nmr of solid KSbFe.”
The chemical shift of AgSbFs in acetonitrile, bcrey,
+123 ppm, is within about 10 ppm of values found for
absorptions previously assigned to SbFg—.3—%

Sirice *F nmr spectra previously reported for this ion
have consisted of single absorptions with varying line
widths, it was of interest to determine, qualitatively at
least, the factors influencing resolution of the multiplet.
For spin-spin coupling involving quadrupolar nuclei
(I > 1/,), the component line widths depend on the
rate of quadrupole relaxation. Increase of either the
electric field gradient around the high-spin nucleus or
the rotational correlation time should increase the rate
of relaxation and thus broaden the resonance lines.!!
For ionic species, the electric field gradient is expected
to be sensitive to the magnitude of ion—ion interactions
and hence to changes in dielectric constant (e) of the
solvent and change of the counterion. Previous studies
of the F nmr of the hexafluoroarsenate(V)!? and
-niobate(V)!*~%* jons have demonstrated the depen-
dence of multiplet resolution on these factors.

We have found similar results for SbF¢~ in non-
aqueous solution. The YF nmr of dilute solutions of
AgSbFs in dimethyl sulfoxide (¢ = 45.0) and N,N-
dimethylformamide (e = 36.1) showed resolution com-
parable to that for acetonitrile solution (¢ = 38.0),
but noticeable broadening of the components occurred
for dilute solutions in acetone (e = 20.7). The com-
ponent line widths are also sensitive to change of cation.
A solution of NaSbFs in acetonitrile, similar in concen-
tration to that used to determine the “F spectrum of
AgSbFe (~2 M), showed considerable broadening of
both YF and !'2!Sb multiplets. Saturated solutions
of AgSbF; in dimethyl sulfoxide, N,N-dimethylform-
amide, and acetone were highly viscous and showed
considerably broadened bands in their *F spectra, con-
sistent with the increase in correlation time compared
to dilute solutions. In the temperature range 450 to
—40°, the *F spectra of the dilute solutions showed
little change. The broad multiplets in the °F spectra
of the viscous solutions, however, progressively co-
alesced to give somewhat sharper singlets as the tem-
perature was lowered. The various line shapes were
similar to those calculated by Suzuki, et ¢l From
these results, we conclude that, in nonaqueous solvents,
multiplet resolution is mainly determined by solvent
dependence of the rate of quadrupole relaxation.

Compared to their acetonitrile solutions, AgSbF
and NaSbF; in 489, aqueous hydrofluoric acid showed
considerable broadening of the ¥F and !2!Sb multiplets.
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The addition of water or 489, aqueous hydrofluoric
acid to AgSbF; in acetonitrile showed similarly broad-
ened lines. In the absence of information concerning
possible exchange processes involving fluoride ion and
viscosity and dielectric constant changes in these
solutions, we are unable to account for the obhserved
multiplet broadening.

Experimental Section

Sample Preparation.—AgSbF; and NaShF, were obtained from
Alfa Inorganics and used without further purification. Spectro
Grade solvents were used.

Solutions were normally prepared in the air although un-
necessary exposire of reagents to the atmosphere was avoided.
The possible effects of moisture absorbed from the atmosphere
were tested by preparing a sample solution under dry nitrogen.
Acetonitrile was dried by distillation from calcium hydride under
nitrogen and a previously unopened sample of AgSgFs was re-
crystallized from this solvent. The ¥F nmr of this solution
showed no significant difference compared to that of a similar
solution prepared in the air with spectroscopic grade solvent.

On exposure to light, freshly prepared solutions of AgSbFs
produced a black material, presumably metallic silver, after a
few minutes. This did not appear to affect the nmr spectra in
any way other than to decrease signal intensity after exposure to
light for several days.

Nmr Spectra.—The *F spectra were obtained using a Varian
HA-100 spectrometer operating at 94.1 MHz. The spectrum
illustrated in Figure 1 was obtained using a modified HA field-
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Figure 1—The 19F, 1218b, and 23Sb nmr spectra of the SbF~
ion. The spectra are shown relative to a common frequency
scale.
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sweep mode. The lock was switched off and the manual oscillator
was replaced by an external oscillator generating about 15,000 Hz.
We were unable to obtain a symmetrical intensity pattern using
this mode. The coupling constants were determined by scanning
each component separately in an HA frequency-sweep mode
using trifluoroacetic acid to provide a lock signal Considerable
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difficulty was experienced in correctly phasing the broad (100-
200 Hz) components in this mode. Consequently, each value
was obtained from measurements on the two appropriate compo-
nents with the best line shapes. The precision is a subjective
estimate of the accuracy in determining the band maxima.

The 12Sb and '28Sb nmr spectra were obtained with a Varian
4200B wide-line spectrometer combined with a 9-in. magnet.
In a field of 14.1 kG, frequencies of 14.4 and 7.8 MHz were used
for 1%Sb and 1238b, respectively. The spectra shown in Fgure 1
were recorded as the derivative of the absorption mode.
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Although sulfates and selenates of the A?+SO, and
A2tSeQ, types are well known, little is known about
anhydrous A?+TeO, tellurates. Only BaTeO, is well
established.!? We have now prepared and characterized
tellurates of this type where A is Mg, Ca, Sr, Ba, Cq,
or Pb.

Experimental Section

The reactants were reagent grade or better. The syntheses
were generally carried out at high pressure and temperature.
Appropriate quantities of the reactants were intimately mixed,
sealed in gold tubes, and heated at 700° with 3000 atm of sup-
porting pressure for 8 hr., The reactant mixtures were of the
types ACla-xHQO—NagTeO,;-ZHgO, AO~HgTeOA-2H20, or A-
(OH)2~tzO—HgTeO4-2H20. A mixture of PbO; and TeO; could
also be used to prepare PbTeOs. Preparations at 600° under 1
atm of flowing oxygen were successful for making polycrystalline
samples of BaTeQs, SrTeOQy, and CdTeO..

Anal. Caled for MgTeOs: Mg, 11.3; Te, 59.1; O, 29.6.
Found: Mg, 11.5; Te, 58.7; 0, 29.4. Calcd for CdTeOQs: Cd,
37.0; Te, 42.0; O, 21.0. Found: Cd, 36.8; Te, 42.3; O, 21.4.
Caled for CaTeOy: Ca, 17.3; Te, 55.1; O, 27.6. Found: Ca,
17.2; Te, 55.4; O, 27.3. Calcd for SrTeOy: Sr, 31.4; Te, 45.7;
0, 22.9. Found: Sr, 31.4; Te, 45.5; 0O, 22.8. Calcd for BaTe-
Os: Ba, 41.8; Te, 38.8; O, 19.5. Found: Ba, 41.9; Te, 38.4;
0, 19.1. Caled for PbTeOs: Pb, 52.0; Te, 32.0; O, 16.0.
Found: Pb, 52.4; Te, 29.9; O, 16.2.

X-Ray powder patterns were obtained on all products at 25°
using a Guinier-Hi4gg camera with Qu Koy radiation and an
internal standard of KCl (¢ = 6.2031 A). Single-crystal photo-
graphs were taken with a precession camera using Mo radiation.
Cell dimensions were refined by least squares using the Guinier
data.

Thermogravimetric analyses (tga) employed a Du Pont 900
thermal analyzer and a heating rate of 10°/min.

Results
The A?*TeO, tellurates where A**is Mg, Ca, Sr, Ba,
or Cd are white, and PbTeO, is light yellow. They
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