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The influence of additions of Al( NOa )a to aqueous solutions of Cr( NOa )a on the EPR (elec
tron paramagnetic resonance) spectrum of the latter is studied. The EPR line width is found 
to be independent of the macroscopic viscosity of the solution. 

PREVIOUS measurements of the temperature de
pendence of the line width .0.H of paramagnetic 
resonance in violet-colored aqueous solutions of 
the nitrate of trivalent chromium [1] showed that 
this dependence could not be explained by the 
theory of paramagnetic relaxation presented by 
McConneu.C2.1 However changes in .0.H in solutions 
over a wide temperature range can always be as
cribed not only to a direct dependence of the relax
ation time on temperature, but also to a change in 
the initial splitting of the spin sublevels with tem
perature. This is made more probable by the fact 
that cases are lmown among solid chromium salts 
in which the trigonal field constant D changes 
gradually with temperature over a wide range of 
the latter. [a] Therefore it was of interest to look 
into the dependence of the EPR line width in solu
tions of chromium salts on the viscosity at con
stant temperature. In doing this we strove to 
create changes in the viscosity of the solution with
out any disturbance to the immediate surroundings 
of a Cra+ ion. It is to be noted that measurements 
of .0.H as a function of viscosity have hitherto been 
made only on solutions of Mn2+ salts.C4•5J 

We prepared two series of aqueous solutions. 
Samples of the first series contained 0. 6 mole/liter 
of Cr( NOa )a and varying concentrations of 
Al ( NOa )a (from 0 to 2.5 mole/liter). The second 
series consisted of samples containing 0. 01 mole/ 
liter of Cr ( NOa )a and the same concentrations of 
Al ( NOa >a as in the first series. The coefficient of 
viscosity TJ of each sample was measured with an 
Ostwald viscosimeter at 295°K. The EPR measure
ments were carried out at the same temperature 
in a PE-1301 double-modulation radiospectrometer 
at 9346 Me/sec. The line width was measured as 
the separation between the maximum and minimum 
of the first derivative of the absorption curve. The 
results obtained agree with the earlier data, within 
the limits of accuracy of the measurement ( ± 10% ). 

Thus, for 0.6 mole/liter Cr ( NOa) a in water oH 
= 130 oe, which corresponds accurately to Kozy
rev's data,[4] if it is assumed that the shape of the 
absorption line in Cr ( NOa >a solutions is Lorent
zian. 

It is certain that the predominant type of chro
mium ions in the violet aqueous nitrate solutions 
is [ Cr ( H20 )6 1a+. Since we added the nitrate of 
another trivalent ion, Ala+, in order to increase 
the viscosity, we had grounds for believing that 
the concentration of Cra+ ions, holding in the first 
sphere not only water but also acid residues, will 
not increase here by any substantial amount. This 
found some confirmation in the measurements of 
the optical absorption spectrum of the solutions, 
made with an SF-2M spectrophotometer. It turned 
out that in the given series the location and inten
sity of the two observed absorption bands (the 
centers of which are at .A1 = 0.4121l and .A2 

= 0.5801l) do not depend on the Ala+ ion concen
tration in the solution. At the same time, in going 
from the violet aqueous solutions of chromium 
nitrate to the green aqueous solutions of chromium 
chloride [ Cr ( H20 )4 Cl2 1 C l, a shift of the centers 
of both absorption bands toward longer wavelengths 
is observed. This shift equals 0.0201l and lies out
side the limits of error of the experiment. 

The results of our EPR measurements are 
presented in the figure. It can be seen from it that 
the more concentrated solution exhibits a slight 
widening of the E PR line with the increase in 
viscosity as the Ala+ concentration is made 
greater. For an almost ninefold increase in vis
cosity, the line width increases correspondingly 
only 1.6 times. On the other hand, for the 0.01 
mole/liter Cr ( NOa )3 solutions (Curve 1) the line 
width remains unchanged for a ninefold increase 
in viscosity, within the limits of error. It is 
natural to attribute the weak dependence of oH on 
TJ observed in the 0.6 mole/liter Cr ( N03 )a solu-
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tions (Curve 2) to the contribution to the width 
brought about by the magnetic dipole interaction 
between the [ Cr ( HP )6 ] 3+ ions. This contribution 
is practically nil at a concentration of 0. 01 mole/ 
liter Cr3+, where the line width is evidently com
pletely determined by the spin-lattice relaxation. 
According to any of the theories on paramagnetic 
relaxation in liquid solutions, [2•6• 7] the independ
ence of the spin-lattice relaxation time of the 
macroscopic viscosity Tl is rather unexpected. 
This independence can apparently be explained 
only by assuming that the correlation time Tc is 
not connected with the macroscopic viscosity of 
the solution as a whole, but with the microscopic 
viscosity on the boundary between the paramag
netic complex and the solvent. This micro-

viscosity apparently changes little with the ionic 
concentration, as was first proposed by Tishkov[sJ 
in an analysis of the data on paramagnetic relaxa
tion in parallel fields in solutions of Mn2+ salts. 
Our measurements, having been made by a differ
ent method and on a different ion, confirm this hy
pothesis. 

In conclusion the author wishes to thank B. M. 
Kozyrev and N. S. Garif'yanov for guidance and 
assistance with the work, and R. R. Shagidullin for 
the optical measurements accomplished for the 
present work. 
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