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'Simple»Data Acquisition System for Proton-Enhanced

Nuclear Induction Spectroscopy

T. Merrick, S. Smiriga and A. Pines'

Depaftment of Chemistrﬁg-University of California, Berkeley

Berkeley, Ca. 94720

ABSTRACT

A Simple ihexpensivéIQata acquisition system is described,
whiéh pérmité accumulation of 102u digital.points in < 3 msec.
This isiuseful'for protqﬁ—enhénced nuclear induction spectro-
scopy where excessive accumﬁlation.time ca@ses extraneous
,éxpenditure of rf power during multiple cross-polarization

experiments. A brief example of the operation is presented.
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Simple Data.Acquisition System for Proton-Enhanced

‘Nuclear Induction Spectroscopy

'T. Merrick, S. Smiriga and A. Pines'

Department of Chemlstry, Unlver51ty of California, Berkeley,

Berkeley, Ca. _94720

" An important requirement for multiple cross—polarization
versions of proton enhanced nuclear 1nductlon spectroscopy(l)
is the rapld and efficient accumulation of data between cross-
polarlzatlons; That thls is more than just a questlon of
elegance and is of cruc1al technical 1mportance, can be made
‘clear by con51der1ng carefully the process in ouestlon, |
sen91t1v1ty enhancement is effected by transfer of nuclear
magnet;c.polarlzatlon between an abundant_nuclear spec1es I
tvand.a”dilutebépecies_annder'ebserVation,;with repeated'cycles
.Qf,croas—pelariZation, Qbservation_and'databaccumuiation.v In
the most convenient.form’bf'this multiple cross-polarization
‘approach,“the I spins are strongly irradiated to induce spin-
loCkingvduring the cross-polariiatibn stepj andISPin—decoupling
v during.ebserVation-to prodnce high resolution S‘spectra.
Normally, the irradiation must continue during the accumulation
~of the S signal, and if this is a time consumingzprocess,

. an;unnecessary_expenditure‘of high poWer rf_eneues; causing
-problems“ef heat dissipation, limiting the range of I systems
which can be stuﬂied,‘and reducing‘the sensitivity'enhance—

ment. This vitiates the whole basis of these experiments and i

the inherent advantages. over the indirect detection schemes(z’d>.



We have employedrin ouf_spectrometer(&? an exéeedingly
simple data_acquisition system,‘utilizing a Biomation.802
transient reggrder, interfaced to a PDP8/e minicomputer, which
ﬁeéts'the timing requirements of these experiments with no
additibﬁal hardware . The system is éimplé and quite inexpensive,
| yet vefy flexible, and has proveéd useful for studieé of high

l?C nmr(S) and coherent transients in SOlids(B){

sensitivity
 Figufe 1 depicté the system schematically, together with a
simplified tiﬁing diagram. The acquisition is tailored‘to
a single chanﬁel'phaSe détector and 1024% points. An IOT

' éommand‘issued by the computer determines options such as
,pefmit or refuse 'break requesf,” sélect memory quadrant, and
store or add to memory for accumulation.

Data 5reak transfers are initiated after a 'record’
éyCie‘is’cdﬁplétediby the Biomation 802, Which brings the
reéord line low. The_intéffaéé_then.asSerts 'output command'’
until all word}tranSférS‘afe cbmpleted; .Following this, the
Biomation raises the 'flag' line up indicating that word '0'
is availablé. Both addreés and data information are stcred

.in the interface and 'break request' is transmitted to the

AN

compﬁter.“ After the data break is completeband the first word
has been;transferred to the computer, 'word_command' is asserted
to the Biomation. Whén the next word is ready, the 'flag'

“line goes up and the data break séquenée is repeated. This
contindés-until the Biémétion i§Auﬁ1oadéd, thch is defec;ed |

A‘“ﬁy;ﬁggodipgmiﬁgrgss 1023f_ Ibe "r?arm" signallthen~§ignifie§

that the recorder is ready for. the next cycle. The total



transfer end‘accumulationbtakes < 3 msec, which is normally
'absorbed"in'the cross-polarization time, so no additional
'time is added and no extraneous rf power ie expended. The
interfaee-utilizes commercially aveilable MSI circuits and
is ineofperated on a single PDP8/e circuit board.

The fraces_in Figure;Z depict the oberation of the
system oh'a prototype sample of Solid adamanfane, aﬁd A
:proyide a Qisual illﬁetratien'of the ppoeess‘of rapid
accumulation and sensitivity enhancement. Details appear in
the caption. The final sigﬁal, for 20 cross-polarizations,
was vauired-in 0. 4 sec. and fﬁrther enhancement Was limited
only by problems of heat dissipation from the 1ntense proton
1rrad1atlon We acknowledge the assistance of Dr. J. J. Chang,

D. D Wllklnson, T. W. Shattuck and D. N Shirley.
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.Figure>Captions

Figure 1:  Simplified schematic diagramsrof interface‘for
data acquisition and accumulation employing 'data break!',

and corresponding timing pulses.

13

Figure 2: C nmr in SOlidIédamantane.- The oScilloscope

photographs on the left depict the output of the 13c phase

L 13C cross-polarization

detector for various numbers (n) of “H -+
steps in a' proton-enhanced hmr experiment..'The positive
pulses are from rf re¢eiver blocking durihg‘théﬁcross—
.folarizétion, followed by proton-decoupled free induction
bdecays. iIf is these which are rapidly transferred and accum-
'ulatéd by the computer. The cross-polarization pulses are

5 msec lqhgjﬂ The‘traces on fhe right show the accumulated
signaié and‘éééuisition timés.corrésponding to the'number_Of

crpss—polarizations on the left. These were recorded further

off resonance for display purposes.’
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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