
4230 

ion with EDDGA-DA results in the formation of a very 
stable chelate, FeEU2L3-, in which two amide protons 
have been displaced by the metal ion. This conclusion 
is further supported by calculation of two successive 
dissociation constants of the normal chelate, FeL - , 
from the potentiometric data, showing that the chelate 
with one negative amide donor group also exists in so
lution as an intermediate. The structure suggested for 
the chelate compound FeFU2L3- is indicated by XIII. It 
is suggested that the negative amide nitrogen donors are 
arranged in a trans position to minimize steric and 
coulombic repulsions. 

The chelate compound represented by XIII is unique 
in that it is the first stable amide complex in which the 

I n recent years a large amount of work has been re
ported on 119Sn Mossbauer spectra of organotin 

compounds which has been of value in the study of 
structure, reactivity, and mechanism of transformation 
of these compounds.5 Although a large variety of 
organotin compounds is known, including compounds 
in two different oxidation states, the range of isomer 
shifts (IS) is very narrow and falls between —0.2 and 
—1.0 mm/sec with respect to gray tin for the vast ma

jority of these compounds; the extremities of the range 
are -1 .22 mm/sec for [(^-ClC6H4)2SnO]n and +0.85 
mm/sec for the divalent molecule6 
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Fe(III) ion displaces amide protons. Thus it is seen 
that suitably designed ligands may be useful in demon
strating previously unknown properties of ligand donor 
groups. This may be especially true of heavy metal 
ions and highly charged metal ions that hydrolyze 
readily at relatively low pH. The presence in the ligand 
of auxiliary donor groups may serve to stabilize the 
metal chelate in the low to moderate pH range, until the 
pH becomes high enough to assist the metal ion in dis
placing protons from the donor group being studied. 
Examples of strongly coordinating donor groups that 
may be studied in this way are peptide, hydrazine, and 
hydroxamide groups, as well as simple amides, imide 
linkages, and hydroxyalkyl groups. 

121Sb isomer shifts are spread over a much greater 
range7 than 119Sn isomer shifts,8 and thus the oppor
tunity may exist to readily observe differences in the 
Mossbauer spectra of organoantimony compounds 
owing to relatively subtle changes in geometric environ
ment, bonding, and substituents. The success of such 
experiments is not guaranteed, however, because the 
natural line width7 of 121Sb is considerably larger than 
that for 119Sn, the quadrupole splitting of 121Sb is more 
complex than that for 119Sn, and the per cent effect in 
organoantimony compounds at liquid nitrogen temper
ature was found to be rather low (2-6%) in the only 
121Sb Mossbauer study of these compounds to date.9 

We have determined the 121Sb Mossbauer spectra for 
a number of organoantimony compounds in the initia
tion of a systematic study of the spectra of these sub
stances. The natural line width and the complexity of 
the quadrupole splitting pattern cannot be avoided, but 
a decrease in temperature markedly increases the per 
cent effect, and thus results are reported for some of the 
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compounds at both liquid nitrogen and liquid helium 
temperatures. We have compared the Mossbauer 
spectra of several different types of organoantimony 
compounds and have used the Mossbauer data in con
junction with other experimental data to learn some
thing about the structures of the (C6H5)4SbX com
pounds (where X = F, Cl, Br, I, NO3, etc.). 

Experimental Section 

Spectra at Liquid Nitrogen Temperature. These spectra were 
determined with both source and absorber at liquid nitrogen tem
perature on a spectrometer which consisted of an Austin Science 
Associates S-3 constant acceleration drive unit, a xenon-methane 
proportional counter, a Nuclear Data 512 channel analyzer, a single 
channel analyzer set on the escape peak of the 37-keV 121Sb y 
and a ~150-,uCi 121SnO2 (

121Sb) source. The velocity scale was 
calibrated by using a Pd (67Co) source and metallic iron foil ab
sorbers. Samples were prepared by mixing the compound with 
polyethylene powder and then placing a sufficient quantity of this 
mixture in Lucite holders so as to give the desired sample thickness 
(9-50 mg of Sb/cm2). Generally 2-3 X 106 counts/channel were 
collected over a period of several days. 

Spectra at Liquid Helium Temperature. These spectra were de
termined with the Ca121SnO3 source and spectrometer at Argonne 
National Laboratory which have been previously described by 
Ruby.10 Absorbers containing 8.5-11 mg of Sb/cm2 were prepared 
by mixing the organoantimony compound with powdered boron 
nitride. The spectra were determined with both the source and ab
sorber immersed in liquid helium. About 5 X 104 counts/channel 
were generally collected. The high precision in the determination 
of parameters from the spectra at liquid helium temperature is 
reflected in the small errors reported (Table II). However, it 
should be pointed out that particularly in the case of the isomer 
shifts, the absolute errors are an order of magnitude larger. There 
appear to be variations of 0.1-0.2 mm/sec in isomer shifts deter
mined with different spectrometers and different calibration meth
ods. For the series of compounds studied under identical experi
mental conditions, the smaller errors as reported appear to be a 
true reflection of the relative precision among the shifts, and thus 
small differences between compounds are significant at liquid helium 
temperature. 

Data Treatment. Data points were computer fit to either a single 
Lorentzian or to an eight-line quadrupole split pattern. In the 
latter case, the relative intensities of the eight-line pattern were 
taken from Clebsch-Gordon coefficients. The value 1.32 was 
used11 for R (the ratio of the quadrupole moment of the excited 
state to that of the ground state) for spectra taken at liquid nitrogen 
temperature. Since the intensities are much larger at liquid helium 
temperature and hence the Mossbauer parameters can be more 
accurately determined, the spectra of the six trimethyl- and tri-
phenylantimony dihalides were used to determine a new value of 
R. The average result of these six determinations, R = 1.34 ± 
0.01, was used in fitting the other spectra determined at liquid 
helium temperature. 

Synthesis and Characterization of Compounds. The organo
antimony compounds were synthesized by methods taken from the 
literature,12 recrystallized until the determined per cent antimony 
agreed satisfactorily with the theoretical per cent antimony; carbon-
hydrogen was determined in many instances and found in accord 
with theoretical carbon-hydrogen values; and infrared spectra, 
nmr spectra, and melting points were determined13 and compared, 
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2010(1969) 

(12) (a) G. G. Long, G. O. Doak, and L. D. Freedman, J. Amer, 
Chem. Soc, 86, 209 (1964); (b) G. O. Doak, G. G. Long, and L. D. 
Freedman, J. Organomelal, Chem., 12, 443 (1968); (c) M. C. Henry and 
G. Wittig, /. Amer. Chem. Soc., 82, 563 (1960); (d) G. O. Doak, 
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(13) Infrared spectra were determined on samples mulled in Nujol 
between CsBr plates on a Perkin-Elmer 521 infrared spectrometer. 

when possible, with literature values. Electrical conductivity 
measurements in anhydrous acetonitrile were made on compounds 
of the type Ph4SbX according to a procedure reported in an earlier 
paper.14 

Results and Discussion 

Comparison of 121Sb Mossbauer Results at 4.20K 
and 8O0K. Presented in Tables I and II are the 121Sb 
Mossbauer data for a number of organoantimony com
pounds at liquid nitrogen temperature (~80°K) and 
some of the same compounds at liquid helium tempera
ture (4.20K). The most striking result obtained by 
comparing the data in the two tables is that the per cent 
effect at ~80°K ranges from 0.9 to 5.6% (with most of 
the compounds in the 1-3 % range) while the per cent 
effect at the lower temperature is markedly increased 
and ranges from 26 to 45%. In addition the line 
widths are somewhat narrower at the lower temperature 
and need not be constrained during the computer 
fitting. The increased intensity and narrower line 
widths obtained at 4.20K allow more precise deter
mination of the various Mossbauer parameters than at 
liquid nitrogen temperature, and in some instances param
eters are determinable at the lower temperature which 
could not be determined at liquid nitrogen temperature. 
Quadrupole splitting of less than ~ 8 mm/sec is not 
discernible at liquid nitrogen temperature, but can 
readily be determined at 4.20K. The ability to deter
mine reasonable values for quadrupole splitting may be 
more important than the increased precision with which 
isomer shifts may be determined, since these former 
values frequently are not otherwise available. Al
though quadrupole splitting can be precisely deter
mined on a nuclear quadrupole spectrometer, the sig
nals often are not readily located. 

The isomer shift values may be directly compared be
tween the two tables, since there is no significant differ
ence between values for the isomer shift of standard 
InSb as determined with the two sources (see Tables I 
and II). Indeed, in most instances the values of the 
isomer shift for a compound determined with these two 
sources at the different temperatures fall within the 
limits of the experimental errors. 

Reported Isomer Shifts. Spectra of three compounds 
are reported both in Table I and by Gukasyan and 
Shpinel9 (see footnote b of Table I). These are Ph4-
SbBr, for which there is good agreement for the value of 
the isomer shift, and the triphenylantimony dihalides 
(Ph3SbF2 and Ph8SbCl2), where our values are 0.8 and 
0.6 mm/sec more positive than those of Gukasyan and 
Shpinel. The dihalides show considerable quadrupole 
splitting which is readily discernible even at ~80°K, 
and this must be taken into consideration to obtain 
accurate isomer shift values. Gukasyan and Shpinel 
certainly were aware of this fact, as they discussed the 
subject in their paper and noted that the shape of the 
peaks indicated quadrupole splitting. They reported a 
value only for Ph3SbCl2, e

2qQ/4 =1 .15 mm/sec, a value 
considerably smaller and of opposite sign compared to 
our result. Indeed, when our spectra were fitted to a 
single Lorentzian at the expense of a poor x2 value, the 
isomer shift values became —5.3 ± 0.2 mm/sec for 

Spectra of moisture-sensitive materials were determined as mulls sealed 
between thin polyethylene sheets. 

(14) G. E. Parris and G. G. Long, /. Inorg. Nucl. Chem., in press. 
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Table I. 121Sb Mossbauer Data Taken at Liquid Nitrogen Temperature 

Compound 

Ph5Sb 
Ph5Sb-VaC6H12 
Ph4SbF 
Ph4SbCl 
Ph4SbBr" 
Ph4SbI 
Ph4SbNO3 
Ph4SbClO4 
Ph4SbOCHO 
(Ph4Sb)2O 
Ph3(CH3)SbBF4 
Ph3SbF2

6 

Ph3SbCl2" 

Ph3SbBr2 

Ph3SbJ2 
(PhCHj)3SbCl2 

(CHu)3SbCl2 
(CHn)3SbBr2 

(Ph3SbCl)2O 
(Ph3SbBr)2O 

Ph3Sb 

IS," i 

- 4 . 6 
- 4 . 2 
- 4 . 5 
- 5 . 2 
- 5 . 5 
- 5 . 6 
- 5 . 4 
- 5 . 9 
- 4 . 9 
- 4 . 0 
- 5 . 8 
- 4 . 9 
- 6 . 1 
- 6 . 0 
- 6 . 1 
- 6 . 2 
- 6 . 3 
- 6 . 2 
- 6 . 2 
- 5 . 7 

mm/sec 

± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.25 
± 0.2 
± 0.2 
± 0.1 
± 0.1 
± 0.2 
± 0.2 
± 0.1 
± 0.2 

- 6 . 0 ± 0.1 
- 6 . 0 
- 5 . 2 
- 5 . 3 
- 5 . 3 
- 9 . 4 
- 9 . 4 

± 0.1 
± 0.1 
± 0.1 
± 0.1 
± 0.2 
± 0.2 

e2lqQ, mm/sec 

-17 ± 
- 2 0 ± 
- 1 9 ± 
- 1 8 ± 
- 1 8 ± 
- 1 6 ± 
- 3 0 ± 
- 2 9 ± 
- 2 4 ± 
- 2 1 ± 
- 2 2 ± 
- 1 8 ± 
- 1 6 ± 
- 1 5 ± 
+ 17 + 
+18 ± 

2 
1 
1 
1 
1 
3 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 

Width, mm/sec 

3.0 ± 0.15 
2.7 ± 0.15 
3.1 ± 0.2 
2.9 ± 0.3 
3.2 ± 0.2 
2.9 ± 0.2 
2.8 ± 0.2 
2.6 ± 0.1 
2.9 ± 0.15 
2.7 ± 0.1 
2.4 ± 0.2 
3.0 ± 0.5 
2.6 ± 0.2 
2.8= 
2.1 ± 0.1 
2.8" 
2.4 ± 0.5 
4.5 ± 0.5 
2.8= 
3.0 ± 0.2 
3.1 ± 0.2 
2.8= 
2.8 ± 0.25 
2.1 ± 0.25 
2.8= 
3.25 ± 0.4 
2.8= 

% effect 

2.7 
2.1 
2.2 
1.3 
1.3 
0.9 
1.4 
5.6 
2.5 
3.5 
1.6 
0.9 
1.6 
2.3 
3.4 
2.8 
0.9 
1.9 
2.5 
2.0 
3.8 
4.1 
2.5 
2.4 
2.0 
1.6 
1.7 

Absorber 
thickness, 

mg of Sb/cm2 

16 
21 
9.2 

10 
9.0 
9.8 
9.7 

11 
19 
15 
23 
16 

25 

25 

15 

25 

25 

25 

20 

20 

50 

<• With respect to 121SnO2(
121Sb) source. The isomer shift of InSb with this SnO2(

121Sb) source is —8.52 ± 0.06 mm/sec. ° 121Sb Moss
bauer spectra have been reported in ref 9 for the following organoantimony compounds [compound, isomer shift from SnO2 source in mm/sec 
(width in mm/sec)]: Ph3SbCl2, -6 .9 ± 0.2(3.7); Ph3SbF2,-5.5 ± 0.3 ( - ) ; (o-CH3OC6H4)3SbCl2,-6.2 ± 0.2 (5.1); Ph4SbBr, -5.6 ± 
0.2 (3.3); Ph4SbBF4, -6 .0 ± 0.1 (2.85); (p-ClC6H4)3Sb, -9.3 ± 0.2 (3.7); (/7-CH3OC6H4)3Sb, -9.0 ± 0.2 (5.2). = Width constrained by 
computer program to value indicated. 

Table II. 121Sb Mossbauer Data Taken at Liquid Helium Temperature 

Compound IS," mm/sec e2qQ, mm/sec Width, mm/sec % effect 

Absorber 
thickness, 

mg of Sb/cm2 

Ph4SbF 
Ph4SbCl 
Ph4SbBr 
Ph4SbNO3 
Ph3SbF2 
Ph3SbCl2 
Ph3SbBr2 
Ph3SbI2 
(PhCHj)3SbCl2 
(CH3)3SbCl2 
(CH3)3SbBr2 
Ph3Sb 

-4 .56 ± 0.01 
-5 .26 ± 0.01 
-5 .52 ± 0.01 
-5 .49 ± 0.01 
-4 .69 ± 0.03 
-6 .02 ± 0.02 
-6 .32 ± 0.02 
-6 .72 ± 0.05 
-5 .86 ± 0.01 
-6 .11 ± 0.01 
-6 .40 ± 0.02 
-9 .69 ± 0.01 

- 7 . 2 ± 0.3 
- 6 . 0 ± 0.5 
- 6 . 8 ± 0.3 
- 6 . 4 ± 0.3 

-22 .0 ± 0.4 
-20 .6 ± 0.3 
-19 .8 ± 0.3 
-18 .1 ± 0.4 
-23 .0 ± 0.1 
-24 .0 ± 0.2° 
-22 .1 ± 0.3° 
+ 17.5 ± 0.1 

2.62 ± 0.06 
2.73 ± 0.08 
2.75 ± 0.05 
2.57 ± 0.06 
2.66 ± 0.06 
2.55 ± 0.04 
2.75 ± 0.04 
2.58 ± 0.14 
2.89 ± 0.03 
2.74 ± 0.02 
2.58 ± 0.04 
2.82 ± 0.02 

33 
26 
36 
38 
30 
29 
33 
29 
47 
27 
27 
45 

8.3 
8.3 

11.4 
7.8 
8.0 
7.4 
8.0 
8.1 
9.9 
7.0 
7.8 

15.2 

« With respect to Ca121SnO3 (
12Sb) source. The isomer shift of InSb with this Ca121SnO3 (

121Sb) source is -8.4 ± 0.2 mm/sec (ref 7). 
° Quadrupole splittings, e'qQIh, are reported from radiofrequency quadrupole resonance spectra (NQR) by D. L. Macalady, Ph.D. Disserta
tion, University of Wisconsin, Madison, Wis, 1969; (CHs)3SbCl2, -660,393 ± 105 KHz and (CHa)3SbBr2 -631,127 ± 175 KHz at room 
temperature. These correspond in terms of units of mm/sec, respectively, to 22.13 ± 0.04 and 21.06 ± 0.06. 

Ph3SbF2 and - 6 . 7 ± 0.2 mm/sec for Ph3SbCl2, which 
are in good agreement with the data of Gukasyan and 
Shpinel. 

Triarylstibines. The only organoantimony(III) com
pound for which we have determined the Mossbauer 
spectrum is triphenylstibine, which has an isomer shift 
of —9.69 mm/sec and quadrupole splitting of +17.5 
± 0.1 mm/sec. Gukasyan and Shpinel9 determined 
values for two additional substituted aromatic stibines 
and found similar isomer shift values (see footnote b 
of Table I). Thus, it would seem that aromatic or-
ganoantimony(III) compounds have isomer shifts 
which fall at the positive end of the range found for in

organic antimony(III) compounds (more negative than 
— 11 mm/sec);1116 this corresponds to less s electron 
density at the antimony nucleus for the organoantimony 
compounds as compared to the inorganic antimony-
(III) compounds. The positive sign of the quadrupole 
splitting implies excess p electron density along the z 
axis, the threefold rotational axis of triphenylstibine, as 
compared to that in the x-y plane. These data can be 
understood in terms of the observation that the C-
Sb-C bond angles are ~113° in triphenylstibine,16 a 

(15) G. G. Long, J. G. Stevens, and L. H. Bowen, Inorg. Nucl. Chem. 
Lett., 5, 799 (1969). 

(16) I. G. M. Campbell, J. Chem. Soc, 3116 (1955). 
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fact which implies that this trigonal-pyramidal molecule 
has (T bonds which are essentially sp3 hybrids, and that 
the lone pair occupies one of these hybrids. There can 
be resonance between the phenyl rings and the lone 
pair17'18 which permits some of the electron density of 
the lone pair to be dissipated into the aromatic rings, 
thereby giving rise to smaller s electron density on the 
antimony than usually found on inorganic antimony-
(III). Sufficient electron density, however, is still 
found in the sp3 orbital utilized by the lone pair to pro
duce the imbalance of p electron density along the z 
axis, and hence, the observed positive quadrupole split
ting. Since derealization of the lone electron pair 
would not be possible in the trialkylstibines, it would be 
anticipated that the isomer shifts of these compounds 
would be more in line with those for inorganic anti-
mony(III) compounds. 

Organoantimony(V) Compounds. Examination of 
Tables I and II shows that for the three general types 
of organoantimony(V) compounds studied, substances 
in which there are respectively three, four, and five 
organic groups bound to the antimony, the isomer shifts 
fall between —4.0 and —6.72 mm/sec. These values 
are at the negative end of the range of values found for 
inorganic antimony(V) compounds15 and indicate 
greater s electron density on the antimony nucleus of the 
organoantimony(V) derivatives than for inorganic anti-
mony(V) compounds. 

The triorganoantimony(V) compounds all have large 
negative quadrupole splittings, a fact which means that 
the p electron density is greater along the x and y di
rections than that along the z axis. This is just as one 
would expect for a trigonal-bipyramidal molecule where 
the more electronegative groups occupy the apical posi
tions (along the z axis). In cases where the structures 
have been determined for the R3SbX2 type compound, 
this is the geometry that was found.19 As the electro
negativity of the halide increases, the isomer shift of the 
antimony becomes less negative, in accord with in
creased withdrawal of electron density as the electro
negativity difference between the halogen and antimony 
increases. As expected for molecules with similar geom
etry,n the variation of isomer shift with electroneg
ativity difference is linear. As electron density is with
drawn along the z axis, the quadrupole splitting in
creases. It can be concluded that the Sb-X bond has 
some s character (from the isomer shift variation) and 
considerable p character (from the quadrupole split
tings); hence, the Mossbauer data are in accord with the 
expected dsp3 bonding. The results at liquid helium 
temperature indicate a possible trend, since the isomer 
shifts for (CHs)3SbCl2 ( -6 .11 mm/sec) and (CH3V 
SbBr2 ( — 6.40 mm/sec) are both slightly more negative 
than the corresponding phenyl compounds ( — 6.02 and 
— 6.32 mm/sec, respectively). Taken into considera
tion with the somewhat larger quadrupole splittings for 
the methyl compounds, these results could indicate that 
the phenyl groups are slightly more electron with
drawing than methyl, removing both pXit/ and s electrons, 
thus lowering both the s electron density and the p elec-

(17) H. H. Jaffe, J. Chem. Phys., 22, 1430 (1954). 
(18) W. R. Cullen and R. M. Hochstrasser, / . MoX. Spectrosc, 5, 

118(1960). 
(19) A. F. Wells, Z. Kristallogr., Kristallgeometrie, Kristallphys., 

Kristallchem., Abt. A, 99, 367 (1938); T. N. Polynova and M. A. Porai-
Koshits, J. Struct. Chem., 7, 691 (1966). 

tron imbalance. However, the isomer shift for tri-
benzylantimony dichloride is less negative than for the 
phenyl compound. More data of this type are neces
sary to form any significant generalization. In any 
event it appears that the difference between aromatic 
and aliphatic substituents is small. It would thus seem 
that both types of substituents form essentially <r bonds 
with antimony, in which the electron pair is more closely 
associated with antimony than in covalent inorganic 
antimony(V) compounds. This is in accord with the 
observations of the ultraviolet spectra of triphenylanti-
mony dihalides by Jaffe,17 in which it was concluded that 
there is little or no conjugation of the phenyl rings 
through the antimony. 

Some comparisons of the isomer shifts of the R8SbX2 

compounds with other series of compounds can be 
made. Replacement of one of the chlorines or bro
mines of Ph3SbX2 by an oxygen to give a (Ph3SbX)2O 
compound results in a less negative isomer shift in ac
cord with the increased electronegativity of the oxygen. 
Comparison of the quadrupole splitting data is prob
ably meaningless since the only values available at the 
present for the oxobis[triphenylantimony(V)] halides 
were obtained at ~80°K and are not particularly ac
curate. The isomer shifts for the Ph3SbX2 compounds 
are consistently more negative than those for the corre
sponding Ph4SbX compounds (comparison between 
compounds where X is the same), and the differences in 
isomer shifts between pairs of compounds become less 
as the electronegativity of the X group increases. It is 
not surprising to find that the quadrupole splitting of a 
Ph3SbX2 compound is relatively large, but it is sur
prising to find that compounds which were thought to 
contain symmetrical Ph4Sb+ cations have quadrupole 
splitting at all. This can be better understood after dis
cussion of the structures of the latter group of com
pounds in the next section. 

Compounds of the Type Ph4SbX. The 121Sb Moss
bauer spectra show that the Ph4SbX compounds have 
isomer shifts which vary between —5.9 and —4.0 mm/ 
sec. The spectra of these compounds at 4.20K (X = 
F, Cl, Br, and NO3) all show negative quadrupole split
tings of approximately 7 mm/sec. One would expect 
that a tetrahedral Ph4Sb+ cation would neither have 
variation in isomer shift as the negative counterion is 
varied nor give a spectrum showing quadrupole split
ting. Thus, with the possible exception of the per-
chlorate, the Sb-X bond in the Ph4SbX compounds 
must have considerable covalent character in the solid 
state. 

Although the assumption is generally made in Moss
bauer work that structures of solids do not change over 
the 4-3000K range, it would be desirable to verify these 
conclusions based on the Mossbauer studies by other 
experimental techniques. Some of the Ph4SbX com
pounds, e.g., Ph4SbF12d and the corresponding car-
boxy lates,12f have been known to have relatively high 
solubilities in nonpolar solvents, but nevertheless these 
were still designated as salts. Although recently Ph4-
SbOH20 and Ph4SbOCH3

21 have been shown to be 
covalent with trigonal-bipyramidal structures in which 
the oxygen occupies one of the apical positions, com-

(20) A. L. Beauchamp, M. J. Bennett, and F. A. Cotton, J. Amer. 
Chem. Soc, 91, 297 (1969). 

(21) K. Shen, W. E. McEwen, S. J. LaPlaca, W. C. Hamilton, and 
A. P. Wolf, ibid., 90, 1718 (1968). 
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pounds containing the Ph4Sb group usually have been 
assumed to be ionic and accordingly have been named 
as tetraphenylstibonium salts. Indeed, the infrared 
spectra of Nujol mulls and KBr pellets of the chloride, 
bromide, iodide, and triiodide have been interpreted to 
be in accord with each of these substances containing 
the Ph4Sb+ cation.22 Antimony-halogen stretching 
vibrations were not observed above 250 cm -1 , and the 
variations in the phenyl modes, even the X-sensitive 
modes, were suggested as largely due to solid-state 
effects and differences between the symmetry of the 
Ph4Sb+ site and tetrahedral symmetry. We examined23 

the infrared spectra of a number of similar compounds 
which included the fluoride, nitrate, and perchlorate. 
The spectrum of a Nujol mull of Ph4SbF showed a 
strong band at 404 cm - 1 , which was assigned by Doak 
and Long to the Sb-F stretching frequency23 (the asym
metric Sb-F stretching mode is found at 505 cm - 1 in 
Ph3SbF2

12d). In the spectrum of the nitrate there are 
very strong bands at 1460,- 1295, and 728 cm -1 , and 
medium intensity bands at 1275, 1020, and 818 cm - 1 

which definitely are not phenyl frequencies. These can 
be readily assigned in terms of C2v symmetry for the 
nitrate with the band at 1460 cm - 1 corresponding to 
Vi, those at 1295 and 1275 cm - 1 to v\, 1020 cm - 1 to v2, 
and 818 cm-1 to ^6.

24 The 750-700-cm-1 region of the 
spectrum shows a number of bands which are undoubt
edly associated with the / phenyl mode (notation of 
Whiff en25), but two of these could very easily be v% and 
Vi for the nitrate. The splitting between v\ and v± is 165 
cm -1 , which certainly indicates that the NO3 group 
deviates from D3h symmetry, and suggests26 at least 
partial covalent bonding between the nitrate and anti
mony.27 The infrared spectrum of the perchlorate 
shows a strong band at 1090 cm -1 , a medium band at 
622 cm -1 , and a weak band at 920 cm - 1 which are 
characteristic of a perchlorate ion.28 It is interesting to 
note that the phenyl frequencies show very little split
ting compared to what is usually found in the spectra of 
Ph4SbX compounds and are similar to the relatively 
simple phenyl spectrum reported for Ph4SbI3,

20 which 
suggests that undistorted Ph4Sb+ cations do exist. 
Other indications that something is different about the 
perchlorate come from the Mdssbauer data; the per 
cent effect is markedly higher for the perchlorate as com
pared to the other Ph4SbX compounds (5.6 % us. a range 
of 0.9-3.5 %) at liquid nitrogen temperature. A higher 
per cent effect is to be expected in an ionic compound 
than in one made up of discrete molecules. Also, al
though quadrupole splitting parameters cannot be 
evaluated for the Ph4SbX compounds at ~80 0 K, it is 
interesting to note the variation in line width (Table I) 
for absorbers of similar thickness (3.2 mm/sec for Ph4-
SbBr to 2.6 mm/sec for Ph4SbClO4). The larger width 

(22) K. M. MacKay, D. B. Sowerby, and W. C. Young, Spectrochim. 
Acta, Part A, 24, 611 (1968). 

(23) G. O. Doak and G. G. Long, Abstracts, 3rd International 
Symposium on Organometallic Chemistry, Munich, 1967, p 192. 

(24) B. M. Gatehouse, S. E. Livingstone, and R. S. Nyholm, J. Chem. 
Soc, 4222 (1957); C. C. Addison and N. Logan, Advan. Inorg. Chem. 
Radiochem., 6, 98 (1964); J. R. Ferraro, / . MoI. Spectrosc, 4, 99 (1960). 

(25) D. H. Whiffen, / . Chem. Soc, 1350 (1956). 
(26) L. I. Katzin, / . Inorg. Nucl. Chem., 24, 245 (1962). 
(27) As this paper was being typed, R. G. Goel [Can. J. Chem., 47, 

4607 (1969)] reached very similar conclusions as to the covalent nature 
of a number of compounds of the PhtSbX type on the basis of their 
infrared spectra, conductivity data in nitromethane, and molecular 
weight determinations. 

(28) B. J. Hathaway and A. E. Underhill, J. Chem. Soc, 3091 (1961). 

of the former is perhaps indicative of a small quadru
pole splitting. When a few of these spectra were fitted 
with splittings, the result gave e2qQ ~ —5 mm/sec with 
errors larger than the values. As seen in Table II, the 
splitting is readily obtained at 4.20K for the four com
pounds measured. However, the spectrum of Ph4Sb-
ClO4 at ~80°K is the narrowest as well as having by far 
the largest per cent effect, and thus complete absence of 
quadrupole splitting is likely. Additional evidence 
from the study of vibrational spectra as to the nature of 
the Sb-X bond in Ph4SbX compounds was recently pre
sented by Orenberg, et a/.,29 in a Raman study of Ph4-
SbCl and (Ph4Sb)2SO4 in both the solid state and in so
lutions. The conclusion reached, in contrast to that of 
MacKay and Sowerby,22 was that "the antimony deriv
atives generally appear to be pentacoordinate trigonal 
bipyramids with the fifth coordination position oc
cupied by an anion or by a solvent molecule." 

In order to better understand the nature of the R4-
SbX compounds, a study of the electrical conductivities 
of these compounds in anhydrous acetonitrile was 
undertaken. The fact that a given substance is a strong 
electrolyte indicates nothing about the nature of the solid, 
but where weak electrolytes are found, the solid almost 
certainly is made up of molecules. The data for the 
electrical conductivity of the R4SbX compounds are 
presented in Table III; for comparison, silver nitrate, a 

Table III. Electrical Conductivity Measurements in 
Acetonitrile Solutions 

Compound 

Ph4SbF 
Ph4Sb O CO CH3 

P h 1 S b O C O H 
Ph4SbCl 
Ph4SbBr 
(CH3)4SbBr 
Ph4SbNO3 

(CH3)4SbI 

104K, 
ohm - 1 

cm"1 

0,014 
0.064 
0.213 
1.23 
7.10 

17.6 
10.8 
22.3 

C.«, 
mol/1. 

0.01073 
0.00971 
0.01001 
0.00958 
0.01005 
0.02001 
0.00984 
0.01975 

AM, ohm-
cm2 

mol"1 

0.13 
0.66 
2.13 

12.8 
70.6 
88.0 

110 
113 

i 

Temp, 
0C 

25 
26 
27 
26 
27 
25 
26 
25 

strong 1:1 electrolyte in acetonitrile, has a molar con
ductance, AM,25°, of 155.2 ohm - 1 cm2 mol - 1 at a con
centration of 0.00228 mol/1.30 Certainly the data in 
Table III indicate that Ph4SbF, Ph4Sb(O-CO-CH3), 
and Ph4Sb(O-CO-H) are essentially undissociated, 
that Ph4SbCl is dissociated only to a small extent, and 
that the other compounds could well be 1:1 electro
lytes.27 

Conclusions 
Although useful information can be obtained from 

121Sb Mdssbauer spectra taken at liquid nitrogen tem
perature, the various Mdssbauer parameters can be 
determined more precisely and more readily at 4.20K. 
In molecular compounds where the per cent effect is 
small at ~80°K, e.g., the organoantimony compounds, 
operation at a lower temperature is almost required in 
order to obtain meaningful data. The fact that quad-

(29) J. B. Orenberg, M. D. Morris, and T. V. Long, II, Abstracts, 
Papers, 158th National Meeting of the American Chemical Society, 
New York, N. Y., Sept 1969. 

(30) P. Walden and E. J. Birr, Z. Phys. Chem. (Leipzig), 144, 269 
(1929). 
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ruple splitting can be readily determined and reason
ably precise values obtained should be of great impor
tance, since NQR results frequently are not obtain
able. 

The Mossbauer data lead one to the conclusion that a 
great majority of Ph4SbX compounds do not contain a 
simple tetrahedral Ph4Sb+ cation in the solid state. In 
some cases there is considerable covalent character to 
the Sb-X bond, in others the effect of the X group 
might be best described as causing distortion of the 
Ph4Sb+ group, and finally in a few cases the Ph4Sb+ 

cation does exist. Of the compounds studied only 
tetraphenylstibonium perchlorate belongs to this last 
category. The experimental observation that the 
isomer shift for the ionic Ph4SbClO4 corresponds to the 
largest s electron density in the Ph4SbX series requires 
some comment. The tetrahedral bonding in the Ph4-
Sb+ cation would be described as sp3. Pentacoordinate 
bonding, such as required in a covalent Ph4SbX mole
cule, would be described as some sort of dsp3 hybridiza
tion. Significantly, the basic s electron density and p 
shielding should be identical for these two types of hy
bridization. In the case of pentacoordinate bonding, 
as in covalent Ph4SbX, the Sb-X bond should have some 
s character. If X is an electronegative group, it should 
withdraw electrons along the bond, thus reducing the s 
density at Sb. This electron withdrawal would not 
occur for a Ph4Sb+ X - ionic compound, and thus the 
Ph4Sb+ cation would have the largest s electron density 

Several esr studies of planar, square-pyramidal, 
and octahedral low-spin cobalt(II) complexes have 

indicated the sensitivity of their esr parameters to solva
tion or crystalline environment.2_e This has been 
attributed to the fact that the single unpaired electron is 
in the dzi orbital of cobalt.2>3'5 Assour3 has correlated 

(1) NIH Postdoctoral Fellow, UCLA, 1966-1967. Address after Aug 
1, 1970: Department of Chemistry, San Francisco State College, San 
Francisco, Calif 94132. 

(2) J. M. Assour, J. Chem. Phys., 43, 2477 (1965). 
(3) I. M. Assour, / . Amer. Chem. Soc, 87, 4701 (1965). 
(4) G. N. Schrauzer and L. P. Lee, ibid., 90, 6541 (1968). 
(5) J. M. Assour and W. K. Kahn, ibid., 87, 207 (1965). 
(6) J. H. Bayston, N. K. King, F. D. Looney, and M. E. Winfield, 

ibid., 91, 2775 (1969). 

Walker / 

at Sb and the lowest value for the isomer shift in a series 
Ph4SbX. 

The general observation that the isomer shifts for the 
Ph3SbX2 series are lower than for the corresponding 
members of the Ph4SbX series indicates either more s 
density at the antimony in the Ph3SbX2 series or less p 
density. It is difficult to imagine how the substitution 
of an electronegative X group for a phenyl could in
crease electron density at antimony. The situation is 
complicated by the possibility of variations in geometry 
and hybridization in the Ph4SbX series. However, 
both isomer shift and quadrupole splitting data are in 
agreement that the Ph3SbX2 compounds have less p 
electron density. The p density would be removed 
along the apical Sb-X bonds, giving rise to the char
acteristically large negative quadrupole splitting ob
served in these compounds. 

It is apparent from the results presented above that 
121Sb Mossbauer studies of organoantimony com
pounds, especially at liquid helium temperature, can be 
valuable in structural analysis of these compounds. 
Indeed, the variations observed appear considerably 
more sensitive than those reported for 119Sn in organotin 
compounds. 
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bonding parameters of cobalt phthalocyanine [Co(pc)] 
obtained from glassy spectra with the electronegativity 
of the amine solvent. In the present study of a,/3,-
7,S-tetra(p-methoxyphenyi)porphinatocobalt(II) [Co-
(/7-OCH3)TPP] it was found that the esr spectrum was 
extremely sensitive to the quality of the glass, and be
cause of this a common solvent (toluene), which is 
known to form good glasses, was used for all samples, 
with various amounts of amines added as ligands. The 
purpose of this study was to determine the esr param
eters (g| i, gL, A i f, A1, Ay1) of a number of different cobalt-
porphyrin complexes in a common medium in order to 
isolate the specific effects due to coordination from 

/ Esr Study of a,ji,y,5-Tetra(p-methoxyphenyl)porphinatocobalt(H) 

An Electron Spin Resonance Study of Coordination to the 
Fifth and Sixth Positions of 
a,/?,y,8-Tetra (p-methoxyphenyl )porphinatocobalt (II) 

F. Ann Walker1 
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Abstract: Esr studies of a,,8,7,5-tetra(p-methoxyphenyl)porphinatocobalt(II) in toluene glasses in the presence of 
various concentrations of a number of different amines show the formation of both five- and six-coordinate com
plexes. The esr parameters are quite insensitive to the basicity of the amine, and the resolution of the spectrum is 
determined by the composition of the glass. In the presence of air, the esr spectrum undergoes a dramatic change, 
attributed to the formation of a six-coordinate complex containing one amine and one oxygen molecule as the 
fifth and sixth ligands. 


