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1. -  Introduction.

It has been already shown (x) that 
the signs of gx, gv and gz are somewhat 
arbitrary, and in particular that it is 
possible to change the sign o f a pair of 
them by a canonical transformation. 
Some resnlts needed later will he hriefly 
reformulated.

The spin Hamiltonian (S.H.) is a linear 
operator on a vector space (S.H.Y.S.) 
and it is expressed as a polynomial in 
the operators 8¿ and (with i = x ,  y, z). 
The vectors of the S.H.Y.S. represent 
states of a physical system; a convenient 
orthogonal basis in this space is giyen 
by the vectors \M, m,y, where M = 8 ,  
8 — and m — I ,  I — 1 ,..., — I  
(with 8  and I  integers or half-integers); 
the dimensión of the S.H.V.S. is there- 
fore (2 /S '+ 1 )(2 J + 1). The matrix ele- 
ments of 8 { and I { between pairs of 
vectors of this basis are the standard 
ones of the corresponding eomponents of 
angular momenta in units o f h (with 
máximum projections along z equal to 8  
and 1 respectively).

0 ) M. H . L . P b t c e :  Phys. Rev. Lett., 3, 
375 (1959).

A  canonical transformation is defined 
by a unitary operator T, and in the 
new representation the vector ¡ M, m>* =  
=  T\M, m } corresponds to the state 
described by \M, m> in the oíd repre­
sentation; the operator A i =  T A T - 1 cor­
responds in the new representation to 
the magnitude described by A  in the oíd 
representation.

W e introduce four canonical trans- 
formations through the linear opera­
tors Ta (a =  1. 2, 3, 4) defined by their 
matrix elements

(1.1) <_M', m> =  dM. _ M Sm'¡m ,

(1.2) (M ', m'\T2\M, wb) =

=  ( 1)S M •

By exchanging M', M  and 8  with m’, m 
and I  in the second members of (1.1) 
and (1.2), the operators T3, Ti are 
respectively obtained.

The usual S.H. for axial symmetry is 
given by

(1.3) ¿ P = 'Z g iH iSt + 'Z A iI tSt +
X

+  J  frH tSt +  D (8l -  8 (8  +  l)/3 ) +  
i

+  P ( l l - 1 (1 + D / 3 ) ,
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where tlie summations run over x, y, g. 
Using Tlt tlie corresponding operator in 
the new representation is 34?‘ =  T1M?T^Í, 
and since

8 1 = 8 ' ,  Sl =  - S „  ll =  I„

we flnd that the formal expression of 34?* 
is the same as that of 34?, if we cliange 
the signs o f gz, g„, A v and A z. Similar 
results are obtained using the other Ta: 
with T2 we have to change the signs 
° f  9xf gv> A x and A y; the parameters 
(iy, [iz, A y and A z ehange sign with T3, 
and fix, py, A x, A v change sign with Ti . 
In all these cases T) and P  do not 
change sign.

Most of the determinations of sign 
found in the literatura will be discussed 
using the results summarized above.

i) When the sign of the product 
9¡e9y9z is measured the sign of gz is 
determined by the convention gx =  gu 
for axial symmetry (or gx — gy =  gz for 
cubic symmetry). Similar results hold 
for nz.

ii) The sign of D  is measured by 
the anysotropy of the magnetic suscep- 
tibility (3); it is independent o f any 
convention about the relative signs of 
other parameters. A  similar result holds 
for P  (1).

iii) The relative sign of D  and gz 
is determined by  E.P.E . using the con­
vention gx =  gy =  g± ; but there is not a 
reasonable convention to determine the 
relative sign o f D  and g± . Similar 
results (3-4) hold for the relative signs of D  
and A f or P  and A ¡: it is possible to 
change the sign of A x =  A v =  A ± using 
the canonical transformation defined

(*) C . A .  H u t c h i n s o n  a n d  B . W e i n s t o o k :  
Journ. Chem. Phys., 3 2 , 56  (1 9 6 0 ).

(3) B .  B l e a n e y  a n d  D . J . E . I h o k a m : 
Proc. Roy. Soc., A  205 , 336 (1 951 ).

(*) B .  B l e a n e y ,  P .  M . LLEWELLYlsr, 
M . H . L .  P k y c e  a n d  G . R .  H a l l :  PMl. M ag., 
45, 992 (1 954 ).

by Tt . Only when the Zeeman nuclear 
term is considered (5), it is possible to 
give some meaning to the relative signs 
of A s and A ± because it is then possible 
to measure the signs of the two prod­
ucís PgzA z/j,z and Pgx A x /Zj_.

Using other canonical transformations 
more involved than the Ta deñned 
above, we have been able to show that 
it is possible to flnd the sign of gxgvgz 
for the S.H. defined in (1.1) (axial 
symmetry), with a resonant experiment 
that uses only one oscillating magnetic 
field of a ñxed direction. In the deriva- 
tion (6) we have used a first-order time- 
dependent calculation, and we have 
«üsregarded the interaction of the nuclear 
Zeeman term with the oscillating field.

2. -  The ease of resonance in a liquid 
solution.

The E.P.E. of a complex dissolved 
in a liquid of low viscosity is described 
by the following S.H.:

(2.1) j r i, =  gl.H 8 ,+  A i,S - I .

When the complex has axial sym­
metry, it has been shown (7>8) that

gis =  g and A is =  A  ,

where

' ' ( A =  (A t +  2AJ/S.

Using these results, the relative signs 
of g ||, g± and of A t , A ± are sometime

( 5) B .  B l e a n e y :  PM l. M ag., 42, 441 (1951 ).
(6) M. E .  F o g l i o : Determinación de signos 

de los parámetros del hamiltoniano de spin, 
Publicación C.N.U.A., 1967.

( 7) H . M . M c C o n n e l l :  Journ. Chem. Phys., 
25, 709 (1956 ).

(s) N . K i v e l s o n :  Journ. Chem. Phys., 33 , 
1094 (1960 ).
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deduced in the literature (9-10) from 
E.P.R . measurements in liquids. These 
doterminations contradict the results 
summarized abo ve, and we shall now 
show that gis and A ís are not given 
by g and A  respectively, when tlie signs 
of g t and g± or of A. E and A ± are opposite, 
but they are given by

|  9i, =  ±  ( U , |  +  2 |s r J ) / 3 ,
l A-s=±(M,| + 2MJ)/3.

In the deduction of (2.2), the S.H. of 
eacli molecule o f tlie complex is referred 
to a co-ordinate system (C.S.) ñxed to 
the molecule. The components of the 
magnetic ñeld in this C.S. are then 
expressed as a function of thoso in 
another C.S. common to all tlie molecules 
and fixed to tlíe laboratory. A  canonical 
transformation deñned by  a given linear 
operator T(B) for caeli molecnle is then 
made (B is the rotation that transforms 
the molecular C.S. into the labora­
tory C.S.), and the following S.H. is 
obtained:

(2.4) ^ = ^ 0 + ^ .

The operator is given by(2.1) (with 
9is—g and A is= A ) ;  it is time-inde- 
pendent and it is the same for all the 
molecules. The operator 3^v has coef- 
flcients that depend on the orientation 
o f the molecules and, therefore, it 
varíes with time; it consists of several 
terms, and each of them contains g t—g± 
or A  n — A ± as a factor. The next step 
in the derivation is a perturbation 
calculation, where is the perturba­
tion term; the final result is that '/fa

(s) N. S. G a b if'y a itov  and V . N. F e d o to v : 
Zurn. Slructurnei Himii, 3, M 711 (1962).

(10) A . H . M aki and B . R . M oG abvet: 
Journ. Ohem. Phps., 29, 31 (1958).

determines the position of the lines, 
and M ’x determines their shape. This 
derivation requires that ]grn — ;7jJ <  |<?| 
and |JLb— A ± \ <  \A\. When the moduli 
of g t and g± are not very different, 
this condition requires that g t -g± is 
positive and the same situation arises 
with A it and A  ,_. When any o f these 
requirements does not hold, i.e. when 

'ff± 01 A'¡ "A l are negative, the per­
turbation calculation breaks down. W e 
shall now extend the previous results 
to the case when either g ]t -g± or A ¡ -A x 
or both are negative.

When g tl'g± >  0  and A t -A± <  0 ,  in- 
stead of the canonical transformation 
deñned by T(B), we perform the one 
deñned by T(B)TÍ . As we saw before, 
we have — A ± instead of A ± in all the 
formulae given in the representation 
included by T\, and proceeding as 
before we have the same formal expres- 
sion (2.1) for but with

A u =  ( A , - 2 A J)/3 =  ±  (\A,\ +  2|¿JJ)/3

(the +  or — sign is given by the sign 
of -áB). The condition for the vaüdity 
of the perturbation calculation is now 
|A lt +  A ± \ <1^-, — 2Ax \/3 and in this case 
it holds when the moduli o f A , and A ± 
are not very difíerent.

In the other two cases, the procedure 
to follow is obvious: when g „ • gL <  0  

and J - h -A ± >  0 ,  we define the canonical 
transformation by T{B)TiTi -, when g t 'g_¡_ 
and .áj ■Aj_ are both negative, the canoni­
cal transformation is defíned by T(B)Ti . 
In all three cases, the position of the 
E.P.E. lines is given by jf¿ s, but with gis 
and A is as deñned in (2.3).

W e have, therefore, shown that it is 
not possible to determine the relative 
signs of and gx  or A lt and A ± by the 
usual E.P.R. measurements in liquid 
solutions.


