
Microprocessor-Controlled Pulsed NQR Spectrometer 
for Automatic Acquisition of Zeeman Perturbed Nuclear 
Quadrupole Spin Echo Envelope Modulations (ZSEEM ) *
Narsimha Reddy, Arun Bhavsar, and P. T. Narasimhan
D epartm ent o f Chem istry, Indian Institute o f Technology. K anpur 208 016, India

Z. N aturforsch. 41 a, 4 4 9 -4 5 2  (1986); revised version received N ovem ber 5, 1985

A sim ple m icroprocessor-controlled pulsed N Q R  spectrom eter system has been developed 
with the capability  to acquire Zeem an perturbed spin echo envelope m odulations (ZSEEM ). The 
C PU  o f the system is based on the Intel C orporation 8085 A m icroprocessor. The perform ance o f 
the spectrom eter is illustrated with the presentation o f ZSEEM  spectra o f  N aC 1 0 3 and K C 103.

Introduction

Nuclear quadrupole interaction is characterized 
by two parameters namely, (i) the quadrupole 
coupling constant (e 2 q Q h ~ x) and (ii) the asym­
metry parameter (rj) of the electric field gradient 
(EFG) tensor. For the case of nuclei with spin 
/  = 3/2, there exists, in the absence of a magnetic 
field, a single transition frequency (vQ) in the pure 
NQR spectrum [1], Hence it is not possible to 
obtain the two parameters e2 q Q h ~ { and rj from 
pure NQR without application of an external 
magnetic field. Zeeman NQR has been utilized to 
obtain these parameters in both single crystal [2 ] 
and polycrystalline specimens [3-5]. The higher 
sensitivity and convenience of employing long-term 
signal averaging in pulsed NQR spectrometers are 
expected to facilitate the evaluation of r] from 
Zeeman NQR studies of polycrystalline samples. 
The Zeeman perturbed spin echo envelope modula­
tion (ZSEEM) patterns contain the information on rj
[6 ]. Due to the insensitivity of the spin echo signal 
to static inhomogeneities, splittings will be observed 
as echo envelope modulations even when they are 
obscured in the steady-state experiments. We have 
therefore explored the possibility of determining >7 

for spin /  =  3/2 nuclei from ZSEEM patterns. 
Automation of pulsed NQR systems utilizing mini­
computers [7 -9 ] has been discussed in the litera­
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ture. Compared to minicomputer-based systems, 
microprocessor-based systems are relatively inexpen­
sive. Hence we have automated our pulsed NQR 
spectrometer [1 0 ] using a microprocessor system.

Experimental

A low cost Intel 8085A-based eight-bit micro­
processor system (Microfriend-I) manufactured by 
M/s Dynalog Micro-Systems, Bombay, is the control 
system in the present spectrometer. The required 
spin echo pulse sequence generated by the micro­
processor system is used to gate the rf signal from a 
signal generator (Model 8640 B, Hewlett-Packard, 
USA). The rf gating scheme used was described 
earlier [10]. The gated rf pulses are amplified using 
a low-noise, tuned power amplifier [1 0 ] and coupled 
to the sample coil through an impedance matching 
and tuning network. The NQR signal induced in the 
sample coil is first amplified using a 3N-200 FET 
based tuned preamplifier and subsequently am­
plified and detected by a broadband receiver 
(Model 625, Matec, USA). The NQR signal infor­
mation available at the output of the receiver can 
either be presented on an oscilloscope or be pro­
cessed further using a signal analyzer (Model SM- 
2100B, Iwatsu Electric Co. Ltd., Tokyo, Japan). In 
the case of a two-pulse sequence with an interval r, 
a spin echo signal is generated and a boxcar aver­
ager (Model CW-1, Princeton Applied Research, 
USA) is used to sample the echo maximum 
amplitude at 2  r after the first pulse.

The 8085 A microprocessor chip contains six 
general purpose eight-bit registers (namely, B, C, D,
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a c q u is it io n  p u l s e

Fig. 1. Functional block d iagram  o f the m icroprocessor system (M icrofriend-I) showing the com m on com m unication  path 
betw een the various com ponents th rough the da ta  bus.
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Fig. 2. Echo pulse sequence along with the boxcar trigger 
pulse.

E, H and L) for data storage and data transfer, and 
an eight-bit accumulator (Register A) for performing 
arithmetic and logic operations. The functional block 
diagram of the microprocessor system is shown in 
Figure 1. The processor of this system utilizes a 
6.144 MHz crystal, the clock rate being 3.072 MHz. 
The system has a 2 K RAM which is useful for 
developing software programs and a 4 K EPROM for 
storing the programs. It also has a serial audio 
cassette interface for bulk storage. There is an on­
board EPROM programmer to load software pro­
grams into EPROM. Facility also exists for expand­
ing the memory up to 32 K of RAM or EPROM (or 
any mix of these two memories).

A programmable peripheral interface (PPI) 
8255 A-5 is used for outputting the pulse sequences, 
the trigger pulse for the boxcar averager (read pulse) 
and also the trigger pulse for the initiation of data 
acquisition. The PPI has three eight-bit I/O  (input/ 
output) ports, A, B and C. Three bits of the port A, 
bits 6 . 7, and 8 , are utilized to output (through BNC 
connectors) the echo sequence, the boxcar trigger 
pulse, and the trigger pulse for data acquisition, 
respectively.

We have written a suitable program which 
enables the microprocessor to generate a two-pulse

sequence with r values automatically incremented 
and the corresponding echo maximum amplitude 
acquired by the signal analyzer. In the initiation 
part of the program desired numbers are stored for 
various parameters of the pulse sequence, namely, 
the pulse widths of first and second pulses (/] and t2) 
and pulse separation r (see Fig. 2), and through 
appropriate delay routines these numbers are trans­
lated into time intervals. To achieve lowest possible 
values for pulse widths (t\ and t2) through appro­
priate delay routines it was necessary to store the 
corresponding numbers in the 8085 A registers (B, D 
and C for t\,  t2 and r, respectively) rather than 
storing in the memory because the data transfer 
is faster between various registers and the accumu­
lator than the transfer between memory and 
accumulator. By these registers and corresponding 
delay routines it was possible to obtain a mini­
mum value of 1 0  usee for pulse widths (/] and t2), 
which could be incremented in steps of 4 |isec. The 
software is written in such a way that the pulse 
sequence is repeated a preset number of times for 
each value of t  in order to enable the boxcar 
averager to give a stable voltage output correspond­
ing to the echo maximum at 2r. The number of 
times that the pulse sequence has to be repeated is 
determined by the setting of the time constant of 
the boxcar integrator, w'hich in turn is optimized for 
the best S/N ratio. After repeating the sequence a 
given number of times the program increments the 
contents of C register and generates the sequence 
with an increased value of r, and the process 
continues till the maximum desired value of r is 
reached. The program also generates and outputs
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Fig. 3. Experim ental 35C1 ZSEEM  pattern in N aC 1 0 3 
(co0 =  29.902 MHz) at s  298 K.

/T  (y u S e c s ) -----------»-

Fig. 4. Experim ental 35C1 ZSEEM pattern in K C103 
(w0 =  28.0896 MHz) at ^  298 K.

through another BNC connector, a trigger pulse at 
2 r (from the first pulse of the echo sequence) to 
open the boxcar gate and to sample the echo 
maximum. Apart from generating an echo sequence 
and boxcar trigger pulse, the program also generates 
another pulse in a third BNC connector which 
initiates the data acquisition into the memory of the 
signal analyzer. The program can be run in two 
modes, namely, (i) set mode, and (ii) measure 
mode. In the “set mode” the separation between the 
pulse is not incremented and also the trigger pulse 
to the signal analyzer is not generated, but the 
presentation of the signal can be made on an oscillo­
scope. In the “measure mode” the data acquisition 
by the signal analyzer is initiated for a given value 
of r and the data are acquired with pulse separation

incremented. The spectrometer is operated in the 
“measure mode” only when the data are to be 
acquired after adjusting all the experimental param­
eters in the “set mode”. Transfer from “set mode” 
to “measure mode” is achieved by the interrupt 
facility available in the microprocessor system. 
Program listings and flow charts are available upon 
request from the authors.

Results

The microprocessor-controlled pulsed NQR spec­
trometer described above has been employed to 
investigate 35C1 ZSEEM patterns in polycrystalline 
specimens of the model compounds NaC103 and 
KC103 at =  298 K. The external Zeeman field has 
been oriented parallel to the rf field. A home-made 
low noise tuned power amplifier [1 0 ], which gives 
an rf power of =  500 Watts has been utilized in 
recording the ZSEEM spectra. The pulse separation 
t  has been altered from an initial value of 2 2  psec to 
a final value of 631 psec in steps of 5 psec. For each 
setting of r sufficient time was given to effect the 
single point boxcar averaging. The time taken for a 
complete ZSEEM spectrum is typically 40 minutes. 
As described earlier, the data from the boxcar 
output are acquired into the memory of the signal 
analyzer and are transferred to an in-built mini­
floppy disk of the signal analyzer for permanent 
storage. The ZSEEM spectrum stored in the floppy 
can be taken, when desired, on to an X-Y recorder 
through “pen out” of the signal analyzer. Compared 
to the earlier unautomated system the micro- 
processor-based spectrometer system offers com­
plete ease to the operator. The ZSEEM patterns for 
the 35C1 nuclei in NaC103 and KC103 are shown in 
Figs. 3 and 4. These patterns agree with the experi­
mental ZSEEM patterns reported earlier [6 ] for the 
case of rj = 0 .

In addition to generating the two-pulse sequence 
required for ZSEEM, the microprocessor system is 
capable of generating several other pulse sequences 
of use in magnetic resonance spectroscopy. For 
example pulse sequences required for the measure­
ment of various relaxation times, multiple pulse 
sequences required for line narrowing studies in 
magnetic resonance, etc. can be generated by suit­
able software. This has resulted in a considerable 
reduction of the hardware. Further details of our
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microprocessor-controlled NQR spectrometer sys­
tem and newer results on ZSEEM spectra will be 
published elsewhere.
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