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The relaxation times 7\ , T2, T\Q and Ti0 are calculated in the weak collision case in the 
presence of anisotropy of the chemical shifts. 

Introduction 

The problem of nuclear magnetic relaxation in 
the laboratory frame in the presence of anisotropy 
of the chemical shift has been considered in a series 
of papers 1 _ 7 . In the previous papers it was assum-
ed that the chemical shift tensor is a symmetric one, 
but there are some theoretical suggestions that gen-
erally the chemical shift tensor may be unsymmetric 
with nine independent elements 8 ' 9 . Unfortunately, 
only the symmetric part of the tensor is accessible 
through measurements of NMR spectra10 . How-
ever, the antisymmetric part of the anisotropy of the 
chemical shift can contribute to the relaxation rate 
in the presence of molecular reorientations. 

The purpose of this paper is to calculate the re-
sultant relaxation rate due to the symmetric and 
antisymmetric part of the anisotropy of the chemical 
shift both in the laboratory and rotating frame. The 
calculations are performed in a weak collision case 
using a method presented elsewhere u . 

Theory 

Consider a system of nuclear spins / in the pre-
sence of a strong external magnetic field H0 along 
the z-axis in the laboratory frame. The Hamiltonian 
Ti may be written as a sum of two terms, the Zee-
man term and the chemical shift term: 

n = hG= -hyll'(l-a)'H0 

= -ftyiZ {dpq-Opq) H0qlp, (1) 
pq 

(p, 0 = 1 , 2 , 3 = x, y, z), 

where oPQ is the chemical shift tensor (screening 
tensor), d])q is Kronecker's delta, I p are components 
of nuclear spin, Hoq = H0 dpq are the components of 
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the field H 0 in the laboratory frame, and y\ is the 
gyromagnetic ratio for the nucleus considered. In 
our present consideration we ignore spin-spin inter-
actions discussed previously n ' 1 2 . The Hamiltonian 
given by the Eq. (1) may be presented as a con-
traction of two cartesian tensors of the second rank, 
namely: 

G = 2 Tpq Aqp , (2) 
pq 

Tpq = [opq - dpq) co0 = (Opq - 6pq) yl H0 , (3) 

AqP = n0<1 Ip = (H0q/H0) Ip, (4) 

where OJ0 is the Larmor precession angular frequen-
cy and n 0 is a unit vector along the H 0 field. 

The tensors T p q and AqP may be reduced into the 
irreducible spherical tensors Fim and tensor opera-
tors Alm (I, tl0) of orders Z = 0, 1, 2, respectively 
(1. c. u ' 1 3 - 1 5 ) and finally the Hamiltonian (1) may 
be written in the following general f o rm: 

c - i c ® = 2 2 ( - l )mAlm(I,n0)Fl_m, 
1 = 0 1 = 0 m= - l 

(5) 

where in the laboratory frame one gets 

A00(I,n0) = I n0 = Iz, (6) 

A10(I,n0) - i - ( / + n _ - / _ = 0 , (7) 

A1±1(I,tl0) = - y2 (I±n,-I2n±) = - , 

(8) 

A20(I,n0) = hnz- £ (7+ n. + / _ n+) =/2, 
(9) 

A2±1(I, n0) = + \[6 (lzn+ +1± Iz) = + I ± , 

(10) 
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A2±2(ln0)= I± n± = 

• (Ix±ilv)(nx±iny) = 0 , (11) 

^oo = a 2 T„= -co0(l-o), (12) 
p 

F10 = - l°2 (°xy-Oyx), ( 1 3 ) 

= J y ! ^ * ° x z ~ ° z x > } ± i { < ° y z ~ ° z y ) ^ ' 

F20 - w0(ozz-o), (15) 

F2±l=+ ^ [ (Oxz + osx) ± i {oyz + ozy) ] , (16) 

^2±2 = " ^ 6 {.0xx-0yy±i{0xy + 0yx)'\ , (17) 

where o = J T r a is the ordinary screening constant. 
In the presence of molecular reorientations the 

spherical tensors F\m and F^m are random functions 
of time and the terms G ^ and G ^ of the Hamil-
tonian (5) can contribute to the relaxation rate. 

Moreover , in the case of spins exchanging positions 
between two sites with chemical shifts + dco/2 and 
— dw/2 f r o m co0, also the term G^ can prov ide 

a relaxation mechanism 1 6 . Using the method pre-
sented e lsewhere 1 1 and well known commutation 
relations and transformation properties f o r the ten-
sor operators and spherical tensors respectively, one 
can calculate the relaxation rate due to the chemical 
shifts in both the laboratory and rotating f rame. 
The calculations were per formed under the assump-
tion that correlation times TcI f o r the interactions 
G ® are much shorter than the spin-spin relaxation 
time in a r igid lattice (weak col l is ion approach ) . 

In the case of the relaxation in rotating f rame 
( R F ) one has to take into account the radiofrequen-
cy field 2 Hx cos OJ t perpendicular to H0 , which 
gives an effective component Hx along the x-axis of 
the RF. As a result of the calculation one can get 
the fo l lowing expression f o r the relaxation times 
Tlo and T2ß in the R F : 

Tno J o mJ--l UCl[m'-N+l N-l -m') (m 0 - m ) 1 + ( m „ + „ > „J* Xcf » 
(N = 1, 2 ) , ( 1 8 ) 

where 
c0=i(dco)2, ( 1 9 ) 

Ci= i O)02(do)2 = i co02[(oxy-oyx)2 + {oxz-ozx)2 + (ovz - ozy)2] , (20) 

C2 = I CO02 {Ao) 2 = \ CO02 { (Ozz - Oxx) (Ozz - Oyy) + (Oxx - Oyy) 2 

+ ! [{°xy + Oyx)2+ {0xe + 0)2+ {oyz + Ozy)2]} , ( 2 1 ) 

coe= yiHe = V(co0-aj)2 + aj12, (22) 
oj1 = 7I Hlt ( 2 3 ) 

ß = arc t g [ c o 1 / ( c o 0 - c o ) ] , ( 2 4 ) 

where f h h h \ are W i g n e r ' s 3 / s y m b o l s 1 3 " 1 5 , \m1m2m3J ° 
dmm' {ß) is the transformation matrix f o r rotation 
around y-axis through the angle ß between the 
direction of H0 field and the effective field He in 
the R F 1 5 , do and Ao are the asymmetry and an-
isotropy parameters f o r the screening tensor opq in 
the molecular reference f rame, respectively. F r o m 
Eq. ( 1 8 ) one can get directly the general expres-
sions f o r the spin-lattice and spin-spin relaxation 
times Tx and T2 in the laboratory frame, respec-
tively 

U . < j v = 1 - 2 » ' <25> 

where d$m> ( 0 ) = d m m ' . 

F r o m the above formulas one can get as a special 
case the known expressions f o r the relaxation times 
T1 and T2 in the presence of the symmetric part o f 
the chemical shifts 2 ' 3 and the expression f o r TXe in 
the presence of spin exchange f o r chair-to-chair iso-
merization 1 6 , where r c 0 = r e . Moreover , one can get 
also the relaxation contributions to Tx and T2 due 
to the antisymmetric part G ^ of the chemical shift 
anisotropy in the laboratory f rame and the relaxa-
tion contributions to Tlo and T2o due to the sym-
metric and antisymmetric part of the chemical shift 
anisotropy. In the case of isotropic molecular re-
orientations, when t c 1 / 3 = t c 2 = r c and under normal 
resonance condit ions (co = <o0, ß = tt /2, wx co0) 
it fo l lows that: 



1 _ (<3a>)2 T ^ <»o 2 (3a ) 8 t e 

T i 0 ~ 4 l + w ^ re2 4 1 + 9 co02 r e 2 ( 2 6 ) 
4 , 3 co*{Aoy-

^ 45 C LL + W ^ R C 2 ^ 1 + W 0 2 T C 2 I ' 

( M 2 

7 v 
TC 

l + < r c s + 
co02(/la)2 

+ 90 T c 

3 co/(do)* Tc 
8 1 + 9 co0

2 r c 2 

9 
l + ^ r c 2 + 1 + O)0 2T c 2^ ( 2 ? ) 

Also the relaxation times T1 and T2 may be easily 
expressed in explicit f o rm, namely : 

1 = &>02 (<3a)8 tc 2co02(Ao)2 tc 
Tx 2 1 + 9 co0

2 r c 2 15 l+<u02 r c 2 ' 
(28) 

( 2 9 ) 
1 ((5a»)2 a)02(8o)2 r c 

r , ~ 4 T e + 4 1 + H 2 TC2 

eo02(da)2 / 3 
^ 45 T ° \ + l + co02 r c 2 

One can note that f o r sufficiently l ow field H1 one 
gets Tlo = T2. In the extreme narrowing case it 
f o l l ows f r o m Eqs. ( 2 6 ) - ( 2 9 ) that Tt + T2 and 

q 4= T2q and under appropriate condit ions it may 
be even possible to find T1<T2 if (<3o ) 2 > ^ (Ao)2 

and d(D = 0. 

It has been f ound experimentally that the sym-
metric part of the chemical shift anisotropy can play 
an important role in nuclear magnetic relaxation 
in the laboratory f rame f o r 1 9F, 1 3C and 3 1 P 4 - 7 . It 
seems that investigation of the field dependence of 
T1, T2, T\q and T2q may be a basis f o r discovery 
of the antisymmetric part of the screenning tensors 
which is unobservable in N M R spectra. 

In the considerations presented we have neglected 
relaxation contribtions due to the spin-spin inter-
action calculated previously n ' 1 2 . One has to note 
that there are time correlations between the spin-
spin interaction and the anisotropy of the chemical 
shifts leading to an interference effect in nuclear 
magnetic relaxation in the laboratory f rame 1 7 . Such 
interference effects should appear also in the rotat-
ing frame. This prob lem will be considered else-
where. 
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