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' longitudinal relaxation of individual lines, but they all

;‘entirely.8

wfa

A complete exploitation of NMR in the study of molecular

- dynamlcs would requlre an analysis of the fluctuating local

fields at every spin in the molecule. One would like, for * = - '

. example, to measure the longltudlnal relaxation rate of each

species, When the sPins are coupled together, one cannot

-identify eech line in the NMR spectrum with a particular spin,
-~ but studies of the 1ongitudinal relaxatioh"behavior of each

line can still yield the desired information.

Various experimental methods?™! have been used to measure

"'suffer to some extent from elthe: or both of two major defects:

a) the initial state from which the spins relax is complicated

‘if . or not well characterized, b) the spin system is perturbed by
' 'neasurement of the recovemyvto equilibrium. In this letter we

; describe a new method which avoids both of these problems

180° pulse of the type used in standard T1 measurements. After

a time T, a non-selective 90° pulse is applied and-the entire

free induction decay following this pulse is recorded. From the_

Fourier transform of this decuy,lo according to a well known
t‘neorem,}l one obtains the partly relaxed spectrum. The history of

this spectrum as a function of 1 gives the full unperturbed relaxation

behavior.
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The initial -state of the spins is established by a non-selective™

U P T S

. .
e ot 4 e

\ .
R Bt R

s g e et it S

e era e



..2-
"l Flgure 1is ; superpos;tion of such Fourier transfbrmed —
free induction decays from a 1. 5 x 10 3M solution of FeCl3
in equal volumes of acetone and water, as a function of 7.
" The spectra heve,beeh displaced isometrically proportional _
to the logarithm of the pulse spacing to display the characterisfic.
recovery fupctions. The inductioﬁ decays were obtained with an
'-,‘extensively modified Varian HR 6Q spectrometer operating at
1? 60 MHz ie.conjunction with a modified Northern Scientific 5kl
51gnal averaging computer. The 90° pulse.duration was 50 usec.
f”he Fourier transforms of the digitally accumulated decays were
- performed on the LRL 6600 computers. As ‘expected, the water
i protons relax more rapidly than the acetone protons. Similar
. resultslare obtained for other systems, €.g. the protons of

. ethyl alcohol.

The limiting factor on frequency resolution iq this experiment.:

is the static field‘inhomogeneity, exactly as for ordinary slow

- passage field sweep experiments. However, & problem arises if

broadening, l/T;.- In this case, errors in setting the initial
pulse prqduce an initial transverse magnetization which persists
lohg enough to.interfere with the induction decay following the
90° pulse. In our experiments, the interfering trensverse |
magnetization was destroyed by prodﬁcing a temporary, large.

static field gradient between'the 180° and 90° pﬁises.
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the longitudinal relaxation rates are comparsble to the inhomogeneity = -
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' - Apart f‘rom'_, its main purpéé-e, this_'é;:?pejriment.could_ be
ﬁgéfu; in-the'ahalysis of e@uilibrium spectra qontaihing_
~ ‘overlapping lines:. " For example, an exact accidenial super- -
-, pos..-itior-x of two transitions cannot be rec;ognized in the
l‘equilibrium.spectrum but becomes evident in our experimeht
"bhro'\;gh the time development of intensity of the two
tré.nsi;ions;.» | |

The procedure ‘demonstrated above ma..y'be 'a',pp;l.j.ed to

measuré différent'ia.l trahsverse relaxation timé'é'_' and differential
- diffusion céefficiénts. A Ca.r‘r-Purcelll? puléle s.e_quence, as

,troutinely' employed for the measurement of transverse reléxation

“'. " 'times, produces spin echoes, each of which may be Fourier

. .tzv-ahsformédAto reveal thé par’(';ially relaxed spectra. The well
}:‘nowﬁ method of determining diffusion coéfficients by ;;erfomixig_ 8
spin echo experiments in the presence of a pﬁlsed field gradient
' may be combined with the qurier transform method to permit the
simultaneous measurément of diffusion coefficients 'pf chemically -
shifted species.
This work was done under auspices of the ﬁ.' S. AtOmic"Energ'y

Commission,
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. Figure 1. -

1.5 x 107

{-5-

. Figure Caption -

Longitudinel proton relaxation surface for

3y FeCl3”ip a 1:1 acetone-water mixture.

'Q'Each_spectrum results from the Fourier transform

of the free induction decay.fbllowing the second
A pulse of a 180°-90° pulse sequence.f The time
1nterval between pulses is 1nd1cated on the right-

'-'{iihand edge of the spectrum The spectra are

4

ia»-dlsplaced 1sometr1cally on a logarithmic scale, -
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N This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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