
Anwachsen des Resonanzintegrals ßl2 in nematischer 
Phase von 0,90 ß0 auf 0,95 ß0 ermöglicht werden. 

Das beobachtete Maximum im Temperaturverlauf 
von Aa(C9) läßt sich qualitativ ebenfalls durch eine 
Spindichte-Umverteilung verstehen. Wegen der Klein-
heit des Effektes und wegen der Komplikation, die 
durch die Abhängigkeit der isotropen C913- Hfs-Kon-
stante auch von benachbarten Spindichten hervorgeru-

fen wird, schien uns aber eine quantitative Rechnung 
nicht lohnend. 
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In a recent Article 1 in this Journal, McCourt and 
Hess presented a theoretical treatment of nuclear spin 
relaxation in a dilute gas of spherical rotors for the 
case where the relaxation mechanism is governed by 
the spin-rotation interaction JFSR . Unlike the earlier 
analyses2'3, the McCourt-Hess calculation focuses on 
effects associated with the symmetry properties of the 
molecules and attempts to take these into account. Un-
fortunately, in deriving a convenient form for JFSR , 
serious errors were made in treating these molecular 
symmetry properties with the result that the arguments 
upon which the symmetry-related conclusions rest are 
not valid. It is the purpose of this Note to point out 
these errors and to discuss briefly some of the associat-
ed implications. We select CH4 as a representative 
spherical rotor and confine most of our detailed re-
marks to this example. 

MH do not attempt to present a complete analysis. 
They consider only effects associated with "zero-fre-
quency" transitions. These are transitions which con-
serve both the energy of rigid rotation and the energy 
of centrifugal distortion4, so that their frequencies 
are, in magnitude, | ct>0 |, where co0 is the nuclear 
larmor frequency. The MH analysis is based on the as-
sumption that only such zerofrequency transitions need 
be considered, and it is within this framework that the 
current criticism is presented. 

MH specifically exclude effects associated with two 
types of "high-frequency" transitions. In the first, the 
rotational quantum number is not conserved and the 
energy of rigid rotation is changed. In the second, the 
total nuclear spin quantum number I is not conserved 
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and the energy of centrifugal distortion is changed5. 
The justification for neglecting these transitions 6 lies 
in the fact that they occur at frequencies whose magni-
tude is, in general, | a>0 | . 

It should be pointed out that there is a third type 
of highfrequency transition in which 7 is conserved but 
the centrifugal distortion energy is not. The possibility 
of such transitions has not been mentioned previously 
in the literature. However, because of their high fre-
quency, they are also excluded from the framework of 
the MH treatment and the present discussion. 

Of the many symmetry-related conclusions derived 
by MH, only one representative result will be quoted 
here. In Eq. (4.10) of MH, it is shown that, for the 
limit of extreme narrowing, the spin-lattice relaxation 
time T is given by 

1 J - - + ) m 
T 3 V / o 1 cocoll 4 5 cD c o l l j • I 1 ' 

Here ca is the average spin rotation constant and Cd is 
the anisotropy in the spin rotation matrix. ( / 2 ) 0 is the 
average value of / ( / + 1 ) . The collision integrals toColl 
and cöcoll a r e defined, respectively, in Eqs. (3.11) and 
(3.12) of MH. For tetrahedral molecules, q = 3; for 
octahedral molecules, q — 2 (for values of / > 2). It is 
one of the major conclusions of MH that T depends in 
this manner on the symmetry of the particular spheri-
cal rotor under consideration. 

Because we are confining our detailed remarks to 
CH4 , we can make direct use of the work of Yi, OZIER 
and ANDERSON (Paper I) 4 and of OZIER, CRAPO and 
LEE (Paper II) 7. These two papers present (among 
other things) a detailed group theoretical treatment 
of (1) the spin rotation interaction JFSR; (2) the ne-
cessary spin-rotational wave functions and (3) all the 
matrix elements required for an analysis which con-
siders only zero-frequency transitions 8. 

In Sec. III.A of Paper I, there is defined a represen-
tation r which takes into account all the symmetry re-
quirements which the wave functions must satisfy. Al-
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though MH do not explicitly introduce any representa-
tion, their arguments implicitly assume one, and it is 
clear that this assumed representation is not equivalent 
to r . This selection of an inappropriate representation 
is the fundamental error in the MH treatment and 
leads to three errors in the detailed development of the 
effective spin rotation operator given in Eq. (2.13) of 
MH. We shall consider each of these in turn. 

(1) The total nuclear spin 7 is a good quantum num-
ber9 in a dilute gas and can equal 2, 1 or 0. The con-
stant Cd contributes only to the relaxation of the (7 = 1) 
species and not to the relaxation of the (7 = 2) species 4. 
No account of this fact is taken in MH. 

(2) While the MH treatment clearly fails for the 
(7 = 2) species, it may still be valid for the (7=1) 
case. However, for this case, it can be shown that the 
simplification of Eq. (2.9) of MH is not correct. This 
equation can be written 

7 '= L, + L, (2) 

where L, = - * [70> +7(2) + 7(3)] (3) 

and L 2 = - I [ / « 7 ( 2 ) • ^ 7 + 7(3) . 
(4) 

If we use the notation of Papers I and II, then 
L1== LA + LB (5 a) 

and L2 = L\ — LB, (5 b) 

where L\ = — (6a) 
S — ryz 

and L B = - i U x - ( e y + £ z ) + i y •(£* + £*)+I Z 

•(,ex + £V)]. (6 b) 

It can be shown 7 by simple group theory (or by direct 
evaluation) that, in representation R, J has no non-
zero matrix elements diagonal in 7. Since transitions off-
diagonal in 7 are being neglected, we can, within the 
context of the present problem, write 

L, = L2. (7) 

Yet in MH, L2 is set equal to zero and only is re-
tained. 

(3) The MH calculation can be modified so as to 
take Eq. (7) into account simply by multiplying Cd 
by a factor of two. However, the analysis leading from 
Eq. (2.12) to Eq. (2.13) of MH is also incorrect. The 
operator 

77SR = e4 e4• / (8) 

plays the role of a spin-rotational magnetic field. MH 
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part i cu lar cho i ce is the m o s t c o n v e n i e n t o n e f o r c o m p a r i n g 
M H to Papers I a n d I I . 

argue that 7-77SR has non-zero matrix elements diago-
nal in J only for the component of 77SR along J. They 
then apply arguments equivalent to the use of a simple 
vector model to obtain 

77SR = A / , ( 9 ) 
where 

I K 2 1 \ 
a = = \ 7 ( 7 + I ) ~ - " 3 ) • ( 1 0 ) 

Here K is the quantum number associated with the 
projection of J on the "4" axis defined MH. 

However, when the matrix elements of 7 * a / are 
evaluated in representation r , it is found that they all 
vanish. This results is not surprising since I-AJ has 
only non-zero matrix elements diagonal in K, whereas 
the complete expression for the tensor part of the spin 
rotation interaction has only non-zero matrix elements 
off-diagonal in K, as can be seen from Eq. (A4) of 
Paper II10. An assumption equivalent to Eq. (9) was 
made by GORDON 11 in analysing the magnetic-reso-
nance molecular-beam spectrum of CH4 observed by 
ANDERSON and RAMSEY 12 and was, in part, responsible 
for the fact that the Gordon analysis gave incorrect 
results 7. 

It is clear from arguments (1), (2) and (3) pre-
sented here that the expressions [e. g. Eq. (1) above] 
for the spin-lattice relaxation times derived in MH for 
tetrahedral molecules are not correct. Although we 
have not discussed the octahedral case here, it is felt 
that a reexamination of this part of the problem is in 
order as well. 

In Sec. 5 of MH, the data available in the literature 
on Cd for CH4 is reviewed in the light of the MH treat-
ment and it is concluded that the best value for | Cd | 
is 21.0 kHz12 '7 , rather than 18.2 kHz13. It is clear 
from our remarks here that the basis for this conclu-
sion is not valid. In fact, the best current value for Cd 
is + ( 1 8 . 5 ± 0 . 5 ) kHz, as obtained by Y I , OZIER , and 
RAMSEY 1 4 . 

In spite of the difficulties in the MH treatment, this 
work represents a significant step forward. Besides 
pointing out the possibility that symmetry considera-
tions may be important, they extend the kinetic equa-
tion approach to the problem of NMR in polyatomic 
molecules and show many of the advantages of this 
technique over the correlation function approach. When 
the treatment of JFSR has been modified so as to in-
clude the symmetry requirements correctly, the MH 
calculation will be very helpful in the analysis of spin-
lattice relaxation data on spherical rotors. 
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