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The paramagnetic resonance of Mo5+ in liquid solution with two different (chloride and thiocyanate) 
complexes has been observed. In each case, a hyperfine interaction due to the odd isotopes of molybdenum 
was observed, in addition to the contribution of the zero-spin isotopes which yield a single line at the center 
of the spectrum. Upon freezing the solutions, the resonance spectra may be described by spin Hamiltonians 
possessing axial symmetry. The averages of the g tensor and the hyperfine tensor agree very well with 
the measured values obtained with the liquid solutions. 

THE paramagnetic resonance of Mo5+ in liquid so­
lution with two different complexes has been ob­

served. In each case a well resolved hyperfine structure 
of six lines due to the two isotopes 95Mo and 97Mo 
(both possessing spin! and nuclear moments 0.93 and 
0.91 nm, respectively), was observed in addition to the 
contribution of the zero-spin isotopes which yield a 
single line at the center of the spectrum. The widths 
of the lines and the very small difference between the 
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FIG. 1. First derivative of the paramagnetic resonance ab­
sorption curve of the complex of M05+ with C!- in concentrated 
HCl acid. Klystron frequency=9496 Me/sec. 

magnetic moments, prevented resolution of the hyper­
fine structure due to each odd isotope alone. The rela­
tive intensity of the central line compared to the sum 
of the hyperfine line intensities, agrees very well with 
the known abundance ratio 3: 1 of the even to odd 
isotopes. 

Mo03 dissolved in a strong HCI solution was reduced 
with Zn or with excess Hg until a light-green color 
appeared;I the green color could not be extracted by 
ether. These solutions gave a spectrum (see Fig. 1) 
with g= 1.9S0±0.002 and A =S1.7±0.8 G. An identical 

* Visiting IAEA Fellow, 1962-1963. Present address: Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

1 G. Charlot, TMorie et Methode Nouvelles d'Analyse Qualita­
tive (Masson et Cie, Paris, 1944), p. 229. 

spectrum (although weaker) was obtained by an in­
complete electrolysis of an HCl solution of Mo03 giving 
a blue color. The latter color could be extracted with 
ether with no noticeable changes in the spectrum. 

The EPR spectrum of the chloride complex in a 
frozen solution at liquid-air temperature is given in 
Fig. 2, and it shows a characteristic powder-pattern 
shape.2 Except for a small region of the spectrum be­
tween the arrows (of the order of SS G) drawn in Fig. 2, 
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FIG. 2. First derivative of the paramagnetic resonance absopr­
tion curve of the complex of M05+ with Cl- in frozen solution. 
Klystron frequency is 9118 Me/sec. A "line diagram" shows the 
position of the lines for the complex with the symmetry axis 
parallel (shorter lines) and perpendicular (longer lines) to the 
static field. 

The intensity of the peak at the left arrow increases at first 
with dilution, and the region of the spectrum up to 55 G to the 
right of this peak is sensitive to dilution and also to the addition 
of NaC!. 

a good fit is obtained assuming axial symmetry for the 
complex, with gil = 1.972±0.004, g.l= 1.942±0.005, 
A =81±1, and B=34±4 G. A "line diagram" for these 
values is also given in Fig. 2. Our values differ a little 
from the values gll'""1.96, g.l= 1.938±0.00S; A =89 and 
B=49 G obtained previously.3 The accuracy in the 
determination of B is much less than that of A. 

In the interpretation of the spectrum it was difficult 

2 R. H. Sands, Phys. Rev. 99, 1222 (1955) j R. Neiman and D. 
Kivelson, J. Chern. Phys. 35,156 (1961). 

3 N. S. Garif'yanov and V. N. Fedotov, Zh. Strukt. Khim. 3, 
711 (1962). 
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. FIG. 3. First derivative of the paramagnetic resonance absorp­
tlOn curve of the complex of Mo&+ with (SCN)- in the frozen 
solution. A "line diagram" as in Fig. 2 is drawn in this figure. 
Klystron frequency is 9125 Me/sec. 

to understand the region between the arrows drawn 
in Fig. 2. We believe that in this zone the observed 
spectrum shows also the magnetic resonance due to the 
hydrolysis products of the complex,' already present in 
our solution in concentrated HCl. 

To verify this hypothesis, we diluted the original 
solutions with increasing quantities of water and ob­
served the EPR spectrum; the intensity of the peak 
marked by the left-hand arrow increased at first with 
dilution relative to the rest of the spectrum. The 
saturation of the original solution with NaCI also pro­
duced large changes in the same region of the EPR 
spectrum; this fact confirms the existence of a chemical 
equilibrium between complexes with different EPR 
spectra. For all but the highest dilution the rest of the 
spectrum shown in Fig. 2 is not changed, even when 
the green solution turns to a brown color. At the 
highest dilution the intensity of the spectrum was too 
low for an estimate of the relative peak intensities. 
Jorgensen's hypothesis· that the complex CI.OMo~ is 
still present in the brown solution is apparently verified 

4 J. W. Melior, A Comprehensive Treatise on Inorganic and 
Theoretical Chemistry (Longmans Green and Co., Ltd., London, 
1954), Vol. 11, p. 629. 

6 K. Jjilrgensen, Acta Chern. Scand. 11, 73-85 (1957). 

by these results since the EPR spectra is independent 
of the color of the solutions. 

The formation of a paramagnetic dimer6 could also 
explain the behavior of the EPR spectrum upon di­
lution. 

The values H21 gJ.I+1 glll)=1.952±0.005 and 
HI A 1+2 I B 1)=50±3 G agree_ within experimental 
error to the values of g and A measured at room 
temperature? 

The second complex was formed by adding NH, 
(SCN) and a solution of SnCl2 in HCI to a solution of 
MoOa dissolved in HCI, and resulted in a deep red 
color which was extracted either_by ether or by benzyl 
alcohol,l Here g= 1.938±0.002; A = 48.6±0.4 G in both 
ether and water. At 0.025 moles Mo/liter H20 the line 
shapes were very nearly Gaussian; the line widths were 
approximately 14 G and were not appreciably changed 
by further dilutions. 

In Fig. 3 the spectrum of the thiocyanate complex in 
water at liquid-air temperature is given. Just as for the 
chloride complex, this spectrum is well described by a 
spin Hamiltonian with axial symmetry. A good fit was 
obtained with the values gil = 1.932±0.002, gJ.= 1.944± 
0.005; A = 76.0±O.6, B=37±1 G. A "line diagram" 
for these values is also given in Fig. 3. 

The values H2IgJ.I+lglIl)=1.940±0.004 and 
HI A 1+21 B 1)=50±0.9 G a~ee within experimental 
error with the values of g and A measured in the liquid 
solution. 

The same spectra were obtained at liquid-air temper­
ature when the thiocyanate complex was extracted 
with ether or with benzyl alcohol. 
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