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The Zeeman effect of the nuclear quadrupole resonance (NQR) lower transition (± 3/2 <-» 1/2) 
spectrum for 7 = 5 / 2 in crystalline powder has been studied and the frequency splittings of the 
±3 /2 <-• ± 1/2 transition line have been plotted as a function of the asymmetry parameter t] and 
the external magnetic field H. The experimental Zeeman frequency splittings of the ,27I lower 
transition line in crystalline powder of H5I06 have been compared with the theoretical values in 
order to evaluate The present value of >7 agrees with the earlier values reported from the two 
transition frequencies and also from a single crystal Zeeman study on the ± 3/2 <-* ± 1/2 transi-
tion line. 

Introduction 

Pure quadrupole resonance spectroscopy is insuf-
ficient to determine both the q u a d r u p o l e coupl ing 
constant (e^qQ) and the asymmetry p a r a m e t e r (rj) 
of the electric field gradient ( E F G ) when deal ing 
with a nuclear species with spin 3/2, and the re fo re 
an independent experiment must be p e r f o r m e d to 
measure r\. Application of a magnet ic field results in 
the observation of four transitions, and a s tudy of 
these transitions with single crystals [ 1 - 4 ] or powder 
samples [ 5 - 7 ] will allow for the de te rmina t ion of 
Morino and Toyama [5] have first deve loped the 
Zeeman N Q R line shape theory for polycrystal l ine 
samples with spin 3/2 when the radio f r equency 
field is parallel to the static field H. Subsequent ly , 
others [6. 7] have employed the me thod to mea-
sure // in polycrystalline materials. 

In the case of spin 5/2 systems, there are two 
transition frequencies corresponding to ± 5/2 <-> ± 3/2 
and ± 3 / 2 <-> ± 1/2, and therefore one could ob ta in 
e2qQ and // separately f rom the two resonance fre-
quencies. However, for the knowledge of the direc-
tions of the principle axes of the E F G tensor one has 
to carry out Zeeman studies on single crystals. 

Quite strong E F G s prevail at the l27I nuclei in 
covalently bonded iodides [8] and coupl ing constants 
between 1500 MHz and 2000 M H z are found in 
these systems. On the other hand, low coupl ing con-
stants of 20 MHz to 40 MHz for , : 7I have been found 
for ionic systems like N a I 0 4 and KIO4 [9]. This 
implies that the lower transition line of 127I in ionic 

systems will be observable around 3 to 6 MHz, and 
the higher transition line in covalent systems a round 
450 to 600 MHz. It will be somet imes difficult to 
detect both the lower and higher transit ions of 127I in 
ionic or covalent systems due to the l imitat ions of 
the spectrometer. However, even if one of the two 
transition lines could be detected, a detai led Z e e m a n 
study on single crystals on the detected line would 
enable one to determine t] and e2qQ precisely. T h e 
main problem, however, arises when a single crystal 
specimen can not be obtained, in which case a 
powder Zeeman study has to be carr ied out in o rder 
to evaluate t], 

2. Theory 

In this section we present the me thod of calculat-
ing the frequency splittings of the ± 3 / 2 <-*• ± 1/2 
transition line for spin 5/2 systems in an external 
magnetic field. 

When electric quadrupole and nuclear Z e e m a n 
interactions are present, the Hami l ton ian is given by 

y- = y-Q + Xm, (1) 

where 

< 2 ) 

and 

xm = - h yH (I. cos 9 + Ix sin 9 • cos tp 

+ /,. sin 9 • sin <p). (3) 
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Here / is the nuclear spin, 6 and <p give the orien-
tation of the steady field H in the principal axes 
system. The magnetic field is regarded as weak i.e. 
<rqQ> tv/H. The solution of the resulting secular 
equation yields, to first order in the field strength, 
the energy levels as 

E+m = E%m ± h yH IA cos2 6 + ^ ^ 

(£ + 2 C c o s 2<p) 
1/2 

(4) 

where E±m are the degenerate energy values in the 
absence of the magnetic field. Values A, B and C for 
0.1 ^ r ] ^ 1.0 in r] intervals of 0.1 for the spins 5/2, 
7/2 and 9/2 have been given by Cohen [10]. T h e 
transitions between these energy levels correspond 
to four different frequencies. 

H 
v = vQ(m, ^ m2) ± [(m,) ± (m2)} , (5) 

where 

(m) = A cos2 e + 
s in 2# 

(B + 2 C c o s 2(p) 
1/2 

(6) 

and VQ (m, <-> m2) is the single quadrupo le f requency 
in the absence of the magnetic field. The pair with 

v H 

larger frequency separat ion 1(/7;|) + {m2)\ is 

called ß pair and the pair with smaller f requency 

separation {(m,) - (w2)) is called i pair . Both 
pairs are functions of 0 and tp as seen f rom (4). 
When a polycrystalline specimen is employed , the 
crystallites with different or ientat ions with respect 
to the field will have dif ferent resonant f requenc ies 
and therefore the f requency separat ions should be 
averaged over 0 and <p. If we write fx (6, <p) for 
{(m,) + (m2)} and f2(0, (p) for {(m,) - (m2)}, then the 
frequency separations of i and ß pairs for a poly-
crystalline sample are 

n/2 2 7t 

AOL = ± 
yH 

(2n) 2 o o 
j J / 2 ( 0 , p ) s i n 0 d 0 d p , (7) 

and 
yH n/2 2 n 

Aß=± t ^ - j J f / ^ ö . ^ s i n ö d ö d ^ . (8) (2 nY o o 

The frequency splitting between a and ß lines is 
{Aß-Ai) = Av. Using the values A, B and C for 
/ = 5/2 [10], the Av for the lower transit ion line has 
been numerically calculated using (7) and (8) for 
various values of r]. The inf luence of 6 being more 
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Fig. 1. Frequency splitting between a and ß lines as a function of H for various values of rj. 
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Fig. 2. 127I NQR spectrum of the lower transition line at 
294 K. H = 0. 

i 3 
\ i 

Fig. 3. I27I NQR spectrum of the lower transition line at 
294 K. / / = 22.727 • 10"4T parallel to the r.f. coil axis. 

a 

Fig. 4. 127I NQR spectrum of the lower transition line at 
294 K. H = 30.157 • 10~4T parallel to the r.f. coil axis. 

Table 1. Zeeman NQR data on the ± 3/2 ± 1/2 transi-
tion line of 127I in H5I06 at 294 K. 

H Experimental splittings na 
10~4T [kHz] 

22.727 32.0 0.185 
30.157 42.5 0.190 
a v = 0.237 [12], 0.25 [13] (previous values). 

important than that of tp, in evaluating the integrals 
the increments 3° and 10° have been chosen for 9 
and (p, respectively. Figure 1 shows the var ia t ion 
of Av for the lower transition line with respect to H 
for various values of 77. 

3. Experimental Study 

The experimental work has been done at D a r m -
stadt using the N Q R spectrometer along with the 
magnetic field assembly described by N a g a r a j a n 
et al. [11]. Frequency modula t ion was employed 
with application of the Zeeman field along the r .f . 
coil axis. The magnetic field was measured to an 
accuracy of 0.1% at 300- 10" 4 T and the f r equency 
to an accuracy of ± 0.005 MHz. H 5 I 0 6 was ob ta ined 
from E. Merck, Darmstadt . Figure 2 shows the 
I27I N Q R spectrum of the lower transit ion line at 
44.989 MHz recorded at 294 K. With the appl ica-
tion of the Zeeman field along the r.f. coil axis, 
the spectrum shows splittings as shown in Fig. 3 
(H = 22.727- 10"4T) and Fig. 4 ( / / = 30.157 • 10"4T). 

4. Results and Discussion 

The pure quadrupole resonance f requenc ies of 
the two transition of 127I in H 5 I 0 6 were s tudied by 
Rama Rao and Weiss [12] f rom 77 K to 398 K, and 
the value of rj reported by them at 296 K is 0.237. 
The Zeeman study on the ± 3 /2 <-> ± 1/2 t ransi t ion 
line occurring at 44.976 MHz at 296 K obta ined in 
single crystals of H 5 I 0 6 [13] using the Zero locus 
method [14] has given an average value 0.25 for rj. 
The present powder Zeeman N Q R data on the 
± 3 / 2 ^ ± 1/2 transition line of 127I in H 5 I 0 6 at 
294 K are shown in Table 1, and a value of 0.19 
for t] is obtained by compar ing the exper imenta l 
and theoretical Zeeman splittings, which agrees 
with the previous values. 

From Fig. 1 it can be seen that at h igher f ields 
the accuracy of the determinat ion of rj is bet ter . 
However, the disappearance of the signal at h igher 
fields is handicap in locating the pairs. 
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