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Summary Broadening effects in the spectra of spin-$ 
nuclei, A, coupled to fast relaxing spin-* nuclei, X, have 
been related to the T ,  value of X and hence provide a new 
method for measuring this parameter at high field on 
account of enhanced relaxation by the chemical shift 
anisotropy mechanism. 

EVIDENCE is accumulating to show that linewidths of spin-3 
nuclei, A, (e.g. A = lH, 13C, 31P) coupled to fast relaxing 
spin-+ nuclei, X, (e.g. lg5Pt,l 199Hg,2 205T13) may be dominated 
by relaxation a t  X, particularly at high field. Specification 
of the relationship between the broadening effects in the A 
spectrum and relaxation a t  X provides a new and facile 
means of determining the spin-lattice relaxation of X. 

These lineshape phenomena are examples of the T ,  spin- 
decoupling effect noted previously4 for the effect of dissolved 
oxygen on proton spin-spin multiplets. The spin-lattice 
relaxation of the X nuclei produces an effect analogous to that 

of chemical exchange on the multiplet and hence a useful 
insight may be gained by treating the effect of changes in 
the X spin-state on the A spectrum of an AX spin system in 
terms of two-site exchange. Assigning the two A compon- 
ents respectively to the cc and p spin states of X, standard 
exchange equations may be applied noting that the lifetimes 
of the equally populated spin states, T, and TO, are related 
to the transition probability, W,p, and spin-lattice relaxa- 
tion of X, T1,,5a by ~ ~ - 1  = ~ p - 1  = Wmp = (ZTIx)-l. The 
most usual situation corresponds to the slow exchange limit 
when 7,) >(27~J)-~.  In this case the broadening of each A 
component is just (n~,)-l or ( 2 ~ T , ~ ) - - l .  Thus the observed 
line width is given by equation ( l ) ,  were (nTiA)-l is the sum 

Av+(A) = (nTLA)-l + (2~Tlx)- '  (1)  

of the natural linewidth of A and magnetic field inhomo- 
geneity broadening. The general treatment of Navon and 
Polak* for first-order A,X, spectra yields the same result in 
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the slow exchange limit for the A,X case, and also provides 
a means of calculating A-multiplet lineshapes for faster 
exchange rates, although other formulations of the exchange 
problem could of course be used. 

It should be noted that although scalar relaxation of the 
second kind6” is undoubtedly responsible for the broadening, 
the usual expressions6b for relaxation a t  A are inappropriate 
in the case of non-overlapping A-components where the 
condition6a ( 2 ~ J ) - l >  >T,,, implying collapse to a single 
resonance, clearly does not apply. The situation is analo- 
gous, however, to broadened, non-overlapping components 
of a spin-& nucleus coupled to a quadrupolar nucleus (e .g .  
1H-14N)5b although in this case differential broadening 
arises from unequal lifetimes of the quadrupolar nuclear 
spin-states. 

The value of (nTiA)-l can be obtained from non-coupled 
signals in the A spectrum and, for some X nuclei (e.g. lg5Pt, 
leDHg), the central uncoupled signal arising from A con- 
nected to the ‘n.m.r. inactive’ isotope of X provides a par- 
ticularly convenient measure. The ability of equation (1) 
to yield Tlx  with accuracy increases with increasing 
( 2 ~ T ~ 4 - 1 ,  i.e. with increasing relaxation rate of X. The 
situation will be especially favourable for X nuclei which 
relax significantly via the chemical shift anisotropy (C.S.A.) 
mechanism and where the A spectra are determined at  high 
magnetic field, B,, because (Tl,)-l (C.S.A.) oc BO2 [(T 
is essentially field independent]. Equation (2) gives the 
C.S.A. contribution for the extreme narrowing condition and 
axial symmetry,’ and indicates that the applicability of this 

( T1x) -’ (C. S . A. ) = (6/7) ( T2,) -’ (C. S . A. ) = (2 / 1 5)y;Bo2- 
(011 - 0J27c (2) 

method for determining Tlx also depends on the value of 
yx and the chemical shift anisotropy in the particular 
molecular species. 

Illustrating the use of equation (1) we have obtained 
Av+(H) = 55 Hz for T1(CH3),N03 in D20 (degassed) at 
400 MHz and 300 K. Without allowances for (rTTgH)--I and 
the effect of overlapping components coupled to 203Tl and 
2o5Tl (together <ca. 4 Hz), equation (1) predicts Tl(,,, = 
ca. 2.9 ms in good agreement with a preliminary for 
this solution of ca. 2-9 ms a t  295 K and thesame magnetic 
field. 

Where the C.S.A. contribution to relaxation of X is lOOyo, 
combination of equations (1 )  and (2) and neglecting (.nT’,,)-l 
yields Av+(A) = (3/7)Av+(X), where Av+(X) = (rTgX)-l. 
For the thallium solution noted above, Av+(TI) = ca. 140 Hz 
a t  231.5 MHz3 which is consistent with the predicted value 
of (7/3)Av+(H) = 128 Hz. The additional broadening in 
the 205Tl spectrum can be ascribed to the effects of tempera- 
ture inhomogeneity a t  high field [temperature coefficient of 
chemical shift for T1 (CH3),N03 in H20  = 0.44 p.p.m. K-11.8 
In cases where the relaxation of X is not totally dominated 
by the C.S.A. mechanism, the relative contributions of other 
mechanisms (e.g. spin rotation) may be ascertained by 
observation of broadening effects on A as a function of 
temperature and magnetic field. 
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