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NOTES 

Antimony-121 Mssbauer Spectra of the Uranium-Antimony 
Oxides, USbO, and USb,O,, 

INTNODUCTIOS 

The urnriium-untilnony-oxide syst.em has 
been examined by :!ykan and Sleight (I), 
who wcrc able to prcparc two compounds, 
namely, UShO and USb3010. It was con- 
cluded on the basis of magnetic measurc- 
ments that the uranium, and hence the 
antimony, was in the +.5 oxidation state 
in these two compounds. Grssselli et al. 
(2) have come t.0 similar conclusions. 
Scvcral groups (3-S) have demonstrated 
the usefulness of l*‘Sb 1liissbaucr spectros- 
copy in establishing t,hc oxidation states 
of nnt.imony in a variety of chemical sys- 
terns. Recently ICvans (6) has applied this 
rncthod to the I! Sb-0 system and con- 
firmed that. the oxidation state of t.he anti- 
mony was indeed +5. It was concluded (6) 
that thr covalency of the Sb-0 bonds in 
L-SbOj and USbsO,o was higher than in 
pure Sb-0 systems and that this increased 
covalency was important in accounting for 
the higher catalytic activit,y of the U-Sb-0 
phases. However, since the Mijssbauer 
paramcicrs reported for these syst,ems were 
obtained from rnthcr poor qua1it.y spectra 
and in view of t.hc importance of the 
materials, a reinvestigation of thrse com- 
pounds seemed to be warranted. 

The compounds were prepared as de- 
scribed previously (1). blijssbauer spectra 
were recorded on cquiprnent described prc- 
viously (7). The samples, containing X mg 

of Sb,,‘cm* intirnately mixed with apiezon 
grease, were held in Cu holders between 
t.hin aluminum foil windows and were cooled 
t.o liquid nitrogen temperature : The source, 
0.5 mCi of 13a121mSn03, was maintained at 
room temperature. The spectra obtained 
contained between 50 and 80,000 counts 
per channel and were computer fitted both 
to a single Lorentzian line using the pro- 
grarn described by Bancroft et al. (8) and 
to the tight-line quadrupole split routine 
of Shcnoy el al. (9), modified to include 
a variable asymmet.ry parameter (10) and 
f he transmission integral procedure of 
Cranshaw (11). Typical spectra arc shown 
in Fig. 1, and the parameters abstracted 
arc summarized in Table 1 and discussed 
below. 

RESULTS AND DISCUSSION 

In l*lQb JI6ssbauer spectroscopy, the ob- 
served transition is between an excited 
stat.c (I = 7;2) and the ground state 
(I = S/2), and in the absence of an electric 
field gradient at the antimony nucleus 
only one spectral line is allowed. The 
width at half-height of this observed 
I,orentzian line should be close t.o the 
natural linewidth, t.hat is, 2.1 mm,‘scc, 
but, in pract.ice, is slightly greater than 
this, bring governed by the source as well 
as t.he absorber linewidth. In cases when 
the site symmetry deviates from cubic, 
the dcgencracy of t,he ground and excited 
states is partially rernovcd, a quadrupole 
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intrixction occurs, and an unrcsolvcd cight- 
line spectrum results (3). The spcck,l 
shape will no longer be T,orcntzinn, the 
ovcrnll width of the absorption b:d will 
bv grentcr than the n:ttural linewidth, :~nd 
the pe:tk minitnuni will no longer give rlic 
isomer shift.. ;In eight-line computer fit 
must then bc carried out in order to obt:kin 
the ;\Iiir;sbnuer pmxriwtcrs (9). M’hcn the 
qusdrupolo coupling constant is lill.g(‘, as 
for ex:implo in Sb,Ozj, thcrct is an ol)vious 
asynimot.ry t.0 the spwtrum (:I), :~nd 1 tic 

sign of the qunclrupolc coupling constnnt. 
is obt:linccl by inspwtion. Howwr, when 
e*q(j is smnll, i.e., < - S mrr~,~scc, the sign 
:d lungnit uck :iw often difiicult to dc- 

PK. 1. The ‘?a ~I6sh1uer q?ctlY1m of LSbJO,.,. 

Upper move fit ted to an eight-line pat tern, IOWI ttlrminc with cortairity (I,?). Onr must 
cnrve fittc~tl to ii single Lorentzinri lincb. I hcreforo resort to fitting the spwtrum in 

differcrncc constant 
(rnm/sec) k%Q) 

(mni,/sec) 
- -.. 

Yb:O, 0.61 -6.1 
-- I-L.36 16.4 

0.3 
- 14.5 

Sb20; 1 .oti 4.:; 
0.1 

USbOf -O..i:j 3. I!) 
USb30$ -0.57 1.28 
TJSbOs’ 0.4:~ - 3.X 
us1,30,0a 0.75 .- 3.2x 

I 
1JSbOj 0.30 (-1 -3.80” I .::I 

o.:Io (-) -3.9:i 1.53 
0.2s (f) :1.0-l I.41 
027 (+ ) X0!) 1.61 

I,-Hb,O,~ 0.5s (-) xnti 1 .:-a 
0.57 (+) 4.27 I:li 
0.W (-) -3.14 1.:;9 
0.W ( -) -3.05 1.t;” 

” I.orentGui fit. 

(:l,ll- 

T:1 volrllion 
0.4i 0 
0.42 I 
O.-ii 0 
0:t:I I 
O.-l I I) 
0.40 I 
0.4s 0 
0.4 I I 

-.. 
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a variety of ways and to compare them 
carefully before commenting on the mean- 
ing of the parameters obtained. 

The spectra obtained for each of the two 
compounds studied appear as relatively 
sharp resonances. Computer fits to a single 
Lorentzian line shape resulted in small 
positive isomer shifts relative to t,he source. 
The overall width of each line was 3.3 
mm/see, which is greater than that expected 
for a thin absorber in a cubic environment. 
Fits to eight-line quadrupole split spect,ra 
were then tried bot.h without and with the 
convolution routine, which does the trans- 
mission integral properly. Again small posi- 
tive isomer shifts were obtained together 
with small quadrupole coupling c0nstant.s. 
Unfortunately the signs of the e?qQ values 
varied depending upon the signs of the 
initial estimates, and there was no differ- 
ence in X2 or Misfit (IS) values for the 
various fits tried for each compound. The 
~2 and Misfit values were however higher 
for USb3010 than for USb05. It is also 
apparent from Table 1 that the calculated 
widths, using the transmission integral 
procedure, arc st.ill higher than t,heoretical 
(1.05 mm/set, i.e., f2.1/2) (9). 

At.tempts were also made to fit t.hesc 
spectra using a variable 7 as well as variable 
e2gQ, but reliable fits could not be obtained. 
It is not clear to us why USb3010 con- 
sistently gave higher x2 vnlues than USbOh 
when the two spectra appcarcd comparable. 
It is tempt.ing to conclude that the Sb(V) 
in USbOB exists in only one near cubic 
environment while a number of slightly 
different environments arc present in 
USb3010. This would certainly be consistent 
with the conclusions of Grasselli and co- 
workers (2). 

The isomer shift difference between 
USbOs and USb3010 appears to be sig- 
nificant no matter how the spectral 
fit.ting is carried out. Both shifts are posi- 
tive wit.h respect to Ba 121mSn03 and arc 
similar to the values obt.ained for the Sb(V) 

site in Sb204 and Sb206 (Table 1). The 
negative values reported by Evans (6) 
appear to be in error, probably because 
of the poor quality of t.hc spectra obtained. 
To attribute the high catalytic activity 
of the U-Sb-0 phases relative to t.he pure 
Sb-0 phases to considerably increased 
Sb-0 covalency in the former is therefore 
not correct. The increased catalytic activity 
is undoubtedly caused by the variety of 
possible oxidation states and t.hc ease of 
electron transfer between them. The differ- 
ence in catalytic activity bet,ween USbOj 
and USb30i0 (14) may well be related to 
the increased ionic character of t,he Sb-0 
bonds in the latter as evidenced by the 
more positive isomer shift, that is, +0.57 
mm/set for USb30r0 compared to +0.28 
mm,/sec for USbOs. The more ionic system 
would allow a more facile elect.ron transfer 
between antimony and uranium ions and 
would lead to enhanced activity. 
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