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~ DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SPIN LATTICE RELAXATION MEASUREMENTS IN SLOWLY RELAXING COMPLEX SPECTRA

JohnbL; Markleyf.william J}‘Horsley, and Melvin P, Klein

Laboratory of Chemical Biodynamics
Lawrence Radiation Laboratory .
University of California
Berkeley, California 94720

Recently, it was demonstrated that the longitudinal relaxation
ates of all lines in a high-resolution NMR spectrum could be
meosured simultaneously.1 This method (I) employs a non-selective
180° pulse which inverts the entire spin system~'at a‘vsrihtle time
7 later, a non-selective 90°'pulne samples the maonetization.
The Fourier transform? of . the following induction decay: gives the
partially relared‘spectrum. Avfield.gradient pulse between the rf
pulses suppresses echo formation.le timeét eouei to‘Sle's must
intervene between each pulse pair to assure a (99%) return to
thermal equilibrium, Such measnrements on weak,samples.with long Tl's
require frustratingly:lony'times. (Furthermore, one generally must
overestimate t for unknown samples to ensure comnlete relaxatlon )
An alternative method (11) which permits sipnificantly faster

determination of long T values and which requires no a nriori

1
knowledge of .their magnitudes measures the return to equilibrzun

of the spins from a saturated state.3 A burst of nonfselective

pulsea'saturetes the system; apain at times t, later a 90° pulse
samples the magnetization for Fourier transformation. A gradient

pulse is interposed as before. Method 191 is'advantageous because



the systém_may be résaﬁﬁratédAimmediately'fbllowing_the'colléction of the
free induction signal.

Thé eQuations used to determine,Tl by the two methods are:

(1), 1n(M M ) - 1n(2M ) - (ti/T ), and (II), ln(W -M ) = In Mo =~ (t /T ), .
where M. is the equilibrium magneti zation and My is the maonctization ' : ’ ,
at time ti.> ?1 values determined by bqthvmethods_w1ll have the same gcéuracy

if_;he_grroiavinvug,_Mi,vand ti.are'equivalent’- the'SPeétré; inversion
in I eifgcfivély ddubiés the sipgnal-to-noise ratio of tﬁe;Mi measurements,
Four timeéige_many_paéseoiare réquired'to achieve,equivgleﬁ;_fatios by'II.
Ihe.miniﬁu@ timea»tquired to éﬁecutg'iimeasurements.witﬁ equivalent
acgﬁracy’hre as:folloéa.f | | o | |
fér I, | |

.time(I) - (e, +:)+ n(t +cd)+£ti] ' : (1)
. _ lyn - - V :

where :i ig.the'wait timgiand td-the_time.allocatgdgco digitize the -
ffcevipddccibnidecay. The first te:m.of (1) represents the time
‘requiféd to deférmine M.;_;ﬁe'éeCOhdAtcfm is thé timevfdr'collectiné
thé'péftially feiaied aééctia;"in a typiéai éxpeiimeht éonéistinp of
ten data points diatributed over. equal logarichmic intervals, the sum
of the.t:i terms equals 2 5T Substitution of this value into (1)

1’
with'tr:- 5 T, gives,

| time(I_) -sTs T 41t I > |
B . ' o ¥
Fnr II _ _
cime(II) fo(t +t ) + 4[n(t +t ) + 1] . , ;.(3‘) _

where tb ia the duration of the saturatinp burst. Ihe two terms are
analogoua to those in (1). Using the same tenapoint‘distributiOn,

:img(II) - 30 Tl+44 c(.l +,40' Eye o R %)
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'Equafibné:(Z) ;ﬁd (4i'ar€‘pibtted in Fig.'}_using'tdutsn 1 sec.
A l-séé!digitizing time Yieids 1 Hz»spéétral resoluﬁion. E#perimentally
Qe'find cﬁét>a 0‘5 sec‘Surst Qf_250; pu1ses-at'1O msec intervals'feduces'
M, by 60-80 dB. With thesé gonditioné,vFig. lrshdws'that_II is faster
'than I when Tl - 2,7 sec. The ratio tiﬁe(l)/time(II)vshown in ;he |
upper.pgrt of Fig. 1 shows an aéymptotic advantage of II by a factor
of 1.9. | For O 1 Hz iesolhcion, tg = 10 sec, and II 1is faster than I

¢

when Tl - 13 5 sec.

13, 15, 31

Since those nuclei that ‘have long Ty values (e B -C, N, TP)

‘yieldeeak signals requiring extensive averaging,-the nearly two-fold

tiﬁe'saving afforded Ey'ii is‘uséfui. Measurement . of the'long'(llvsec)
Tifs of’3lB"iﬂidilﬁce (0,1 gplbioiogical phosphorus cohpouﬁds requirgé\
3 hrs By.I and‘l.S hrs b&’Ii.v Aﬁiéément between Tl values obtained

by thé twb.methbds ié'Withiﬁ‘expéfimentél1erfbr. -
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~ “Wnite noise could be used &6 an alternative means of

SN

s_é.t_:'ura-t_:ioh-.j - An _anaij?éié of .npisé. saturation is ,giv;an .'by_' :
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'Fiﬁure Capfion

.

Fiﬁ.-lh- Rottom: The ﬁiﬁimum comparable times feduired to determine
T1 by ﬁechéd I (épin-ihve:sion);and Mecﬁod ;I.(spin séturation) plotted.
as-a fupgtion Of-Ti, Thevtimés Arebcél;uiated using Eqs. (2) and (4)
assuming a satutating time’tb of l sec and a éigitizing t;me ty of

l'sec.'3Togz The relative advantage of Méchod_II over Method I

(time(I)/time(I1) as a function'of Tl for a l-sec saturation time

and for digitizing times of 1 sec (1 Hz resolution)'and‘lo sec (0.1 Iz

resolutiqn)}
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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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