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It is shown that fully J-decoupled homonuclear spectra involv-
ng Lorentzian lines can be readily obtained by straightforward
rocessing of the 2D data arising from a conventional spin echo
equence (p/2–t1/2–p–t1/2–Acq(t2)) used in the so-called J-re-
olved experiment. The method simply rests on power spectra with
he drawback of lines having meaningless relative intensities. In
rinciple, the experiment should also yield transverse relaxation
imes. Several tests demonstrate that this is not so, due to pulse
mperfections and nonresolved long-range J couplings. Con-
ersely, longitudinal and rotating frame relaxation times can be
asily determined by means of an appropriate preparation period
for instance, a saturation-recovery period in the case of longitu-
inal relaxation) inserted before the 2D spin echo sequence. Since
ne is dealing with a single line per nucleus, relaxation measure-
ents become reliable and accurate. © 1999 Academic Press

INTRODUCTION

“Decoupled” proton NMR spectra, based on two-dim
ional J-spectroscopy (1), require invariably heavy data pr
essing (2, 3), a satisfactory outcome not always being w
anted. This is due to the inherent hypercomplex nature o
ata which precludes directly obtaining pure absorption s

ra, leading to lines affected by the so-called phase-twist p
em. Magnitude spectra are of little help because their p
nvolve important wings which result in a degraded resolut

oreover, as explained below, such spectra are not qua
ive. To circumvent this problem, one possibility lies in
onstruction of whole echoes either in thet 1 (4) or the t 2 (5)
imension. However, the success of such a strategy is str
ependent on the algorithm used for analyzing the experi

ally available half-echo and anyway involves a large am
f calculations. In the present study, it is shown thatpower
pectraremove the phase-twist problem in a rather straigh
ard manner while leading, at the same time, to high-res

ion Lorentzian lines, however, at the expense of meanin
elative intensities in the fully decoupled spectrum. Beca
uch spectra arise from spin echo experiments, it was h
hat transverse relaxation times would be attainable as

nfortunately, various experimental factors render this hopT

250090-7807/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.
-

-
e

c-
b-
ks
;
ta-

gly
n-
t

r-
u-
ss
e
ed
ll.

llusory. Nevertheless, the quality of the decoupled spe
btained in this way and the simplicity of the procedure s
ests that the two-dimensional spin echo sequence ca
mployed as a sort of “black-box” for probing any evolut
hich may occur prior to its application. This feature will

nvoked here for determining longitudinal and rotating fra
elaxation times in proton systems whose normal spectra a
vercrowded that standard measurements prove to be u

able.

THEORY

At the onset, let us consider a single line represented i
ime domain by

f~t! 5 ae2t/T2eiwe2ipn0t, [1]

being its intensity,T2 the transverse relaxation time,w the
hase factor, andn0 the resonance frequency. The Fou

ransform off(t) yields

F~n! 5 FT @ f~t!#

5 @coswA~n 2 n0! 2 sin wD~n 2 n0!#

1 i @coswD~n 2 n0! 1 sin wA~n 2 n0!#

5 Re1 i Im. [2]

andD being the absorption and dispersion spectra, res
ively,

A~n 2 n0! 5 a
T2

1 1 4p 2T2
2~n 2 n0!

2

D~n 2 n0! 5 a
2pT2

2~n 2 n0!

1 1 4p 2T2
2~n 2 n0!

2 . [3]

2 2
ehe power spectrum (Re1 Im ) is readily calculated:
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P~n! 5 a2
T2

2

1 1 4p 2T2
2~n 2 n0!

2 . [4]

t is just aLorentzian lineof the same linewidth as the abso
ion spectrum, of intensity equal toa2T2. This feature is in fac
he key to the method presented here because it affo
igh-resolution spectrum irrespective of the phase facto

ecting the considered signals.
Now, we must consider the standard “J-resolved” spin ech

equence [(p/ 2)–t 1/ 2–(p)–t 1/ 2–Acq(t 2)] applied to a dou
let of splitting J. In the time domain, the two lines a
epresented by

f1~t1, t2! 5 ~a/ 2!exp~2t1/T2!exp~ipJt1!

3 exp~2t2/T*2!exp@2ip~na 1 J/ 2!t2#, [5]

nd

f2~t1, t2! 5 ~a/ 2!exp~2t1/T2!exp~2ipJt1!

3 exp~2t2/T*2!exp@2ip~na 2 J/ 2!t2#, [6]

2 andT*2 being the effective transverse relaxation times in
ime domainst 1 and t 2, respectively. We first deal with th
ignal f1, recognizing that conclusions regardingf2 can be
rawn by changingJ into 2J. The corresponding pow
pectrum, in the frequency domain, can be expressed as

p1~n1, n2! 5 ~a2/4!
T2

2

1 1 4p 2T2
2~ J/ 2 2 n1!

2

3
T*2

2

1 1 4p 2T*2
2~na 1 J/ 2 2 n2!

2 . [7]

t is well-known that a decoupled spectrum can be obtaine1)
i) by a 45° tilt which amounts to changen2 into n92 5 n2 2 n1

nd (ii) by a projection upon then92 axis, which corresponds
n integral with respect ton1. This yields

p1~n92! 5 ~a2/4!T2T*2 E
2`

1` T2

1 1 4p 2T2
2~ J/ 2 2 n1!

2

3
T*2

1 1 4p 2T*2
2~na 1 J/ 2 2 n92 2 n1!

2 dn1, [8]

hich can be recast in terms of inverse Fourier transform

p1~n92! 5 ~a2/16!T2T*2 E
2`

1`
3 $@FT~exp~ipJt1!exp~2ut1u/T2!!# b
a
f-

e

3 @FT~exp@2ip~na 1 J/ 2

2 n1!t2#exp~2ut2u/T*2!!#%dn1. [9]

onsistent with [8], the first Fourier transform in [9] is
umed to yield an1 frequency function and the second onen92
requency function. Thus, making explicit the Fourier tra
orms, we can write [9] as

p1~n92! 5 ~a2/16!T2T*2 E
2`

1` E
2`

1` E
2`

1`

3 expS2
ut1u
T2

2
ut2u
T*2

Dexp@2p~ J/ 2 2 n1!t1#

3 exp@2p~na 1 J/ 2 2 n92 2 n1!t2#dt1dt2dn1.

[10]

q. [10] can be written as

p1~n92! 5 ~a2/16!T2T*2 E
2`

1` E
2`

1`

expS2
ut1u
T2

2
ut2u
T*2Dexp~pJt1!exp@2p~na 1 J/ 2 2 n92!t2#

3 F E
2`

1`

exp@22pn1~t1 1 t2!#dn1Gdt1dt2. [11]

he n1 integral is just twice the Dirac functiond(t 1 1 t 2).
sing one of the properties of Dirac functions (i
2`
1` f(t)d(t)dt 5 f(0)), we cantransform [11] as

p1~n92! 5 Sa2

8 DT2T*2 E
2`

1`

expS2
ut2u
T2

2
ut2u
T*2

D
3 exp@2p~na 2 n92!t2#dt2. [12]

t appears now clearly thatp1(n92) is a Lorentzian function
ssociated with a signal at the frequencyn92 5 n a and of

ransverse relaxation time (T2T*2)/(T2 1 T*2). It can be notice
hat [12] is, as expected, independent ofJ; consequently th
ame result is obtained forp2(n92) and the final spectrum
evoid of anyJ-splitting. The analytical function for the lin
hape in the decoupled (power) spectrum arising from a

let is obtained by calculating the integral in [12]:
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252 GUENNEAU ET AL.
pa~n92!

5 2Sa

2D
2 ~T2T*2!

2

T2 1 T*2

1

1 1 4p 2S T2T*2
T2 1 T*2

D 2

~na 2 n92!
2

.

[13]

he lack of quantitativity is evident from [13] and is simply d
o the fact that the square of a sum is not equal to the sum
quares (it can be noted that, for the same reason, this dra
ould also affect magnitude spectra). Nevertheless, high-re

ion spectra are very easily (without any special data proces
btained as exemplified by Figs. 1 and 2. From the above
ent, it can be seen that the linewidth at half height is slig

ncreased with respect to a conventional spectrum; inste
/(pT*2), we have 1/(pT2) 1 1/(pT*2) for the actual “fully de
oupled” spectra, which represents a minor penalty largely
ensated for by the ease of obtaining such spectra. This fea
specially visible in the spectrum of 4-androstene 3,17-dione
; abbreviated below as androstene) where, starting from
vercrowded spectrum, we finally end up with a series of w
esolved singlets which, in spite of the lack of quantitativ
hould greatly facilitate the assignment of the numerous proto

FIG. 1. Top: the conventional (200 MHz)1H spectrum oftrans-crotonald
xhibiting sharp lines, devoid, however, of any quantitative meaning. Th
p/ 2)x–t 1/ 2–(p) y–t 1/ 2–Acq(t 2)). Recycle time: 100 s; 8 K in the t 2 dimens
his molecule (2). S
he
ack
lu-
g)

at-
y
of

-
e is
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l-
,
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AN ATTEMPT TO DETERMINE THE TRANSVERSE
RELAXATION TIME FROM FULLY

DECOUPLED SPECTRA

Owing to the fact that one is dealing with a spin-e
equence and thatJ-modulation is ultimately suppress
hrough fully decoupled spectra, one may hope to deter
ransverse relaxation times. Indeed, Eq. [13] contains in
iple the relevant information, the problem being to extrac
rueT2 (the effective relaxation time acting during thet 1 time
nterval), although this goal cannot be reached directly du
he complicated dependence of [13] uponT2 and T*2. A first
pproach would be to perform a series of exponential m
lications in thet 1 domain and to monitor the changes in
iven line of the decoupled spectrum. Let us denote byA its
ffective amplitude (the area in the frequency domainn92), by H

ts height, and byLw its linewidth at half height. First, it ca
e seen that the sum of the inverses of relaxation times c
educed fromLw or, alternatively, from the ratioA/H:

1

T2
1

1

T*2
5

A

H
5 pLw. [14]

yde. Bottom: the corresponding fully decoupled spectrum (in the power
were 512t 1 increments of 40 ms (one scan for each increment with the seq
for a spectral width of 3000 Hz.
eh
ere
uppose now that we treat the raw data set with different
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253RELAXATION TIME MEASUREMENT BY FULLY J-DECOUPLED SPECTRA
xponential multiplications in thet 1 domain. Letxi equal the
elevant line broadening andyi equal the inverse of the am
litude under these conditions of exponential multiplicat
rom [13] we can write

yi 5
2

a2T2T*2
1

2p

a2T*2
xi [15]

nd easily extract the slope and intercept of this linear re
entation. Their ratio leads to theT2 value

slope

intercept
5 pT2. [16]

FIG. 2. Top: the conventional spectrum (600 MHz) of 4-androstene 3
ottom: the fully decoupled spectrum in the power mode (note the impro
MX spectrometer. There were 512t 1 increments of 12.5 ms (eight scans
K in the t 2 dimension for a spectral width of 1500 Hz.
As illustrated in Fig. 3, the method proved to be efficiena
.

e-

ith small line-broadenings (not exceeding 10% of the
ected natural linewidth). However, theT2 value determine

hat way is seen to be strongly dependent on experim
onditions: the experiments from which data of Fig. 3
xtracted are of the type CPMG (7) with autocompensate
80° pulses. These results clearly indicate that increasin
umber of 180° pulses would presumably lead to the truT2

alue (which, because extreme narrowing conditions pre
hould be of the order ofT1, equal to 16 s). This sugge
eplacing the single 180° pulse of the echo sequence
PMG pulse train. Unfortunately, this method fails proba
ue to a distribution of flip angles over the whole sam
having its origin in the radiofrequency field inhomogenei
his distribution entails an incomplete coherence transfer,

-dione (androstene). Middle: the fully decoupled spectrum in the magni
resolution and the overall quality). The experiments were carried out wBruker
each increment with the EXORCYCLE (6) phase cycle). Repetition time: 10
,17
ved
for
tn imperfectJ modulation leading to poorly decoupled spectra.
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The deleterious effect of 180° pulse imperfections (pa
orrected by a train of pulses in the CPMG manner) onT2

etermination has been confirmed by a second approach
akes use of a series of data sets, each involving a diff

hift of the origin in thet 1 time domain (denoted below byD).
his amounts to delay the sampling byD, meaning that th
arious data sets should differ only by damping factors o
orm exp(2D/T2). Because we are dealing with power spec
ach line in the decoupled spectrum should decrease acc

o exp[2D/(T2/ 2)] and thus afford a straightforward determ
ation ofT2. However, most evolution curves exhibit osci

ions superimposed to the expected exponential decay a
mplified in Fig. 4. This feature can be explained by
xistence of smallJ-couplings whose values are comparabl

he resolution in any of the two dimensions. In order to un
tand this modulation, we have carried out some tedious
ulations which are summarized below. The line height in
ower spectrum for an unresolved (or poorly resolved) dou
f splitting J is given by

P0 5 S aT2

1 1 p 2T2
2J2D 2

, [17]

herea/ 2 is the amplitude of each line in the doublet and

FIG. 3. An attempt to determineT2 from the evolution of fully decouple
f 1/A ( A, amplitude) obtained for the aldehydic proton oftrans-crotonaldehy
pseudo CPMG): (p/ 2)x–[t 1/(2n)–(p) y–t 1/(2n)] n–Acq(t 2). (a) n 5 1, (b) n
or each increment). Recycle time: 100 s; 8 K in the t 2 dimension for a spe
eight is assumed to be measured at the resonance frequet
y

ich
nt

e
,
ing

ex-
e
o
r-
al-
e
et

e

in the middle of the doublet). When the origin in the ti
omain is shifted by a quantityD, we obtain

PD 5 A exp@2D/~T2/ 2!#@1 1 cos~2pJD 2 u!# [18]

ith A 5 (a2T2
2)/(2(1 1 p 2T2

2J2)) and tanu 5 (2pT2J)/
1 2 p 2T2

2J2).
It can be seen thatPD tends toP0 whenD goes to zero. I
ust be emphasized that the above results concern a d
nd are therefore oversimplified with respect to actual s

ions. For instance, the decay curve of Fig. 4 corresp
resumably to a quartet resulting from a long-range coup
etween the aldehydic proton and the methyl protons oftrans-
rotonaldehyde (TCA). Moreover, only one dimension is c
idered in these calculations. Indeed, a simulation (Fig
orresponding to the totality of the two-dimensional data tr
ent employed here exhibits qualitatively the same behav

n Fig. 4, confirming the modulation appearing in Eq. [18
s interesting to note that the analysis of the oscillatory d
eads to (i) an apparentT2 consistent with the one deduc
rom the first approach (see Figs. 3 and 4) and (ii) a reaso
-coupling value.
Finally, we must admit that it is difficult, if not impossib

o extract a properT2 value from fully decoupled spectra ev

ectra with line broadening (lb) applied in thet 1 dimension. The linear evolutio
yields an effectiveT2 (see Eq. [16]). Experiments performed with the sequ
2, (c) n 5 4, (d) n 5 8. There were 512t 1 increments of 40 ms (one sc
l width of 3000 Hz.
d sp
de
5

ncyhough such spectra arise from spin echo experiments. The
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FIG. 4. The decay of the aldehyde proton line in the decoupled spectrum oftrans-crotonaldehyde (power mode). Filled diamonds are consid
xperimental data as they have been obtained by shifting by a quantityD the origin in the time domaint 1. The continuous curve is calculated from the fit
alues ofA, T2, B, J, andw in A exp(2D/T2)[1 1 B cos(2pJD 1 w)]: T2 5 6.8 s;B 5 0.15;J 5 0.24 Hz;w 5 1.74 rad. The data arise from the experim

f Fig. 3b.

ng
FIG. 5. The decay obtained from two-dimensional synthetic data treated in the same way as in Fig. 4. The data are based on a doublet of splittiJ 5 0.25

z with T2 5 6.4 s andT*2 5 1.1 s.
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ajor obstacle comes from 180° pulse imperfections,
urther complications arising from long rangeJ-couplings if
he method involving a shift of the time domaint 1 is retained
hese observations suggest using decoupled spectra sole

ool for probing spin dynamics. This is further discussed in
ext section.

FULLY DECOUPLED SPECTRA AS A TOOL FOR
MEASURING T1 AND T1r RELAXATION TIMES

IN COUPLED SPIN SYSTEMS

The validity of our experimental approach (to be descr
elow) was checked with longitudinal and rotating frame

axation in trans-crotonaldehyde. The proton NMR spectr
f this molecule extends over a wide chemical shift range
.5 ppm) and exhibits well-separated multiplets with a we
f splittings. Indeed, the separation between the different

iplets is sufficient for performing relaxation measurement
onventional methods. Furthermore, this small spin sy
ends itself to a relatively simple interpretation of the exp

ental results. All results concerning TCA are gathere
able 1. Standard nonselectiveT1 measurements have be
erformed according to the fast inversion-recovery techn
8) (waiting time: 60 s) or to the saturation-recovery techn
9) with, in this case, two long (2 and 4 ms, respectiv
aturating pulses of the form (a) x(2a) y applied prior to the
volution period and practically no waiting time. SelectiveT1

elaxation times were obtained by selectively inverting
ultiplet of interest with a DANTE pulse train (10, 11). It can
e seen from Table 1 that all nonselectiveT1 determination
re consistent within experimental error. However, selectivT1

TABLE 1
1H Relaxation Parameters (in s) of TCA

Proton number 1 2 3 4

1, inversion-recoverya 14.9 13.2 19.4 7.9

1, saturation-recoverya 15.4 12.9 19.4 8.2

1, saturation-recovery, fully
decoupled spectruma

16.3 13.8 18.5 8.1

1, saturation-recoveryb 16.2 13.4 20.6 8.7

1, selectiveb

(3 , T1 ./2)c

22.7
(23.6)

18.9
(20.0)

27.1
(29.2)

9.1
(12.3)

1, semiselectiveb,d 17.5 25.7

1r
b,e 19.3 17.2 18.0 7.1

1r, fully decoupled spectrumb,e 16.9 18.5

Note.In DMSO-d6 50% v/v; carefully degassed; measurements perform
5°C. For proton numbering, see Fig. 1.

a 9.4 T; Bruker Avance DRX.
b 4.7 T; homemade spectrometer.
c Calculated with the average of all available nonselectiveT1’s.
d Protons 2 and 3 inverted simultaneously.
e Selective (protons 1 and 4 individually excited) or semiselective ex
ents (protons 2 and 3 excited simultaneously).
how a marked increase with respect to the correspondiA
h

as a
e

d
-

to
h
l-
y
m
-
n

e
e
)

e

onselectiveT1, except in the case of methyl protons.
rotons 1, 2, and 3, this is easily explained by the absen
ross-relaxation contribution in the selective relaxation m
urement, a well-known property usually dubbed “3

2 effect”
12) and roughly verified here. Of course, for methyl proto
he essential relaxation contribution arises from dipolar in
ction within the methyl group, making almost identical se

ive and nonselectiveT1 values.
Due to large relaxation times,T1r measurements requ

ery long spin-locking periods (several tens of seconds)
revent any damage to the probe, low-power radiofrequ
elds must be employed making it impossible to spin-l
imultaneously the magnetization of all protons. Results
orted in Table 1 must therefore be considered as selectiv

he aldehydic proton as well as for the methyl protons. It ca
bserved thatT1r is slightly smaller than the correspond
electiveT1, which is not surprising due to expected additio
ontributions to transverse relaxation (exchange for insta
he case of ethylenic protons is not so easily interpreted
elevant magnetizations are simultaneously spin-locked an

1r are seen to be almost identical and close to the mean
f the corresponding nonselectiveT1. This amazing featur
ay be attributable to a sort of equilibration by Hartma
ahn transfers (13) and not to cross-relaxation as indicated

he results of a homologousT1 experiment (see Table
emiselective inversion of ethylenic protons).
We turn to the determination ofT1 or T1r from fully de-

oupled spectra. The relevant experiments just imply a pe
ation prior to the two-dimensional spin echo sequence;
erturbation must fulfill the two following conditions (i) bein
f course, sensitive to the considered relaxation paramete
ii) not involving a sign change for the signals which
hereafter subjected to the decoupling procedure becaus
elaxation parameter is extracted from power spectra.
hese requirements in mind, we have used the following
uences forT1 (saturation-recovery) andT1r (spin-lock; SL)
easurements, respectively:

~a!x~2a!y–t–~p/ 2!–t1/ 2–~p!–t1/ 2–Acq~t2!

~p/ 2!x–t (SL)y–t1/22(p)2t1/ 2–Acq~t2!.

t can be recalled that a two-dimensional measureme
ctually associated with eacht value.
Generally, the EXORCYCLE phase cycle (6) was used fo

he echo sequence. In the case of TCA, theT1r experiment wa
gain performed in a semiselective way in order to limit
ower deposition during the spin-lock period. Owing to

mportant duration of each experiment, the verification
imited to the spectral region corresponding to protons 2 a
he experimental data are exploited by following, as a func
f t, the intensity of a given line in the fully decoupl
pectrum. It can be recalled that power spectra are empl

at

i-
ngs a consequence the evolutions must be accounted for by



[ r
s ind
c thi

sure-
more
pec-

Top: the
c 00 ms.
T ach
i idth

T n/a
T

0.93
T /a
T 0.82

B

T 1.41
T

1.40
T .30
T 1.28

For proton
n n the
s
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K(1 2 e2t /T1)] 2 and [Ke2t /T1r] 2, K being a scaling facto
pecific to each line. The method is seen to be valid as
ated by the data given in Table 1 which are identical (wi

FIG. 6. An example ofT1r determination by means of fully decoup
onventional spectrum. The successive traces correspond to the followint va
he experiment was carried out with a Bruker Avance DRX spectrome

ncrement). Repetition time: 10 s; 2 K in the t 2 dimension for a spectral w

TAB
1H Relaxation Parame

Proton number 1 2–3 4

1, inversion-recovery n/a n/a n/a

1, saturation-recovery, fully
decoupled spectrum 1.19 1.06 1.12

1r n/a n/a n/a

1r, fully decoupled spectrum 1.02 0.89 0.85

Proton number 13 14 15

1, inversion-recovery n/a 0.96 0.75

1, saturation-recovery, fully
decoupled spectrum 0.68 0.96 0.76

1r n/a 0.94 0.85

1r, fully decoupled spectrum 0.80 0.94 0.83

Note.2% in weight in CDCl3; carefully degassed; measurements perfo
umbering, see Fig. 2. Amplitude of the spin-lock radiofrequency field:gB1/2p

tandard measurement rows.
i-
n

experimental accuracy) to those obtained by standard mea
ments. Once validated, the method can be applied to a
demonstrative case. The complexity of the conventional s

spectra of androstene. Only one part of the spectrum is displayed.
s: 0, 25, 50, 100, 150, 200, 300, 400, 500, 600, 800, 1000, 1300, and 16
operating at 9.4 T. There were 128t 1 increments of 12.5 ms (eight scans for e
of 900 Hz.

2
s (in s) of Androstene

6 7 8–9 10 11 12

/a 1.22 n/a n/a 1.01 n/a

.96 1.22 0.73 0.85 1.00 1.39
1.01 n/a n/a 0.85 n/a n

.85 1.01 0.73 0.90 0.84 0.91

16 17 18 19 A

n/a n/a 0.95 1.32 1.16

1.36 1.05 0.94 1.29 1.18
n/a n/a 0.90 0.91 1.03 1

0.97 0.94 0.87 0.98 1.02

d at 25°C with a Bruker Avance DRX spectrometer operating at 9.4 T.
2 kHz. Overlapping multiplets are responsible for missing values (n/a) i
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rum of androstene obviously precludes relaxation mea
ents of most protons. Conversely, such a measurem

traightforward when mediated by fully decoupled spe
his is exemplified in Fig. 6, the results being provided
able 2. In fact standardT1r or T1 measurements could
erformed on some well-separated multiplets; they yield
ame result as those obtained with fully decoupled spectra
able 2). Moreover, all data are nonselective even forT1r as
ormal spin-lock experiments could be run thanks to a

ively small spectral width and short relaxation times. Mos
he time,T1r is slightly smaller thanT1, presumably, as fo
CA, because of other contributions. ExceptionallyT1r is

ound unexpectedly to be larger thanT1. Again, we can invok
artmann–Hahn transfers which are prone to affect theT1r

ecay (13). Indeed, this effect would be more pronounced
airs of protons, close to the carrier frequency and co
uently for which the Hartmann–Hahn condition (equality

he effective radiofrequency amplitudes) is better satisfie

CONCLUSION

In this paper, we have taken advantage of a seem
nused property, namely that power spectra exhibit high
lution Lorentzian lines. First, this allows one to obtain, fr
pin echo experiments, fully decoupled spectra in a stra
orward although nonquantitative manner. Second, those
ra are able to reflect quantitatively any evolution occur
rior to the spin echo sequence. In that way, the metho

deally suited for the determination of relaxation paramete
hose homonuclear coupled spin systems, which lead to
rowded standard spectra.
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