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Two routes for the exploitation of the t-SEDRA pulse scheme,
which induces coherence transfer in dipolar-coupled homonu-
clear spin systems in rotating samples, are demonstrated and
discussed. This sequence is utilized to deduce intramolecular
connectivities by creating an initial coherence of one spin only,
applying the t-SEDRA sequence, and monitoring the signal en-
hancement of the coupled spin. Probing the signal amplitude
variations of the two spins and comparing them to simulations
can also yield molecular distances. Using 2D spectroscopy, t-
SEDRA can also be utilized to establish spin correlations. In
this case, the t-SEDRA sequence is applied during the mixing
time of a 2D dipolar-correlation experiment. These two ap-
proaches are demonstrated by performing SN CPMAS NMR
experiments on a '"N-doubly labeled sample of 3(5)-methyl-
5(3)-phenylpyrazole. © 1994 Academic Press, Inc.

INTRODUCTION

During the past few years, various techniques have been
developed for detecting the dipolar interaction in rotating
samples in solid-state NMR. The detection of the dipolar
interaction can provide valuable information on intra- and
intermolecular bond distances as well as on the connectivity
of atoms in molecules. It can also contribute to the eluci-
dation of molecular structure in terms of bond angles. In the
solid state, the utilization of cross-polarization magic-angle
spinning NMR (CPMAS) (1, 2) enables us to benefit from
the increased sensitivity due to CP, as well as from the spectral
resolution and sensitivity enhancement due to sample ro-
tation. Sample spinning results in partial or complete aver-
aging of the dipolar interactions (3). To detect the effect of
the dipolar interaction on the MAS spectra, one can analyze
the intensities of the center- and sidebands, using the method
developed by Herzfeld and Berger (4). In most cases, how-
ever, these sidebands are mainly due to the chemical-shift
anisotropy (CSA) interaction. To allow for the detection of
the dipolar interactions, dedicated pulse schemes have been
developed. They can be divided into two main types: exper-
iments that enable the detection of heteronuclear dipolar
interaction (5-8) and methods that deal with homonuclear
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interactions (9-14). In this publication we will restrict our-
selves to homonuclear spin systems.

One of the successful MAS NMR methods for measuring
homonuclear dipolar interactions between spins, is based on
the rotational-resonance (R?) condition (9, 10). In this
technique, the spinning speed is adjusted to be equal to an
integer multiple of the difference between the isotropic
chemical shifts of the two interacting spins. This technique
is highly selective, due to the R? condition, and only one
preselected pair of nuclei can be monitored at one time.
Other techniques rely on the interference of RF pulses with
dipolar averaging, caused by the sample spinning. One of
these methods is simple 7w-pulse excitation for the dephasing
of rotational-echo amplitudes (SEDRA) (13, 14). In these
experiments one = pulse is applied in the middle of each
rotor period and after every two rotor periods, MAS signals
can be acquired. The two pulses in a basic SEDRA unit
result in the averaging of the chemical shift interactions and
at the same time in the decay of the rotational-echo ampli-
tudes of powder samples, due to the RF-driven dipolar
recoupling. By monitoring the dephased signal relative to a
nondephased signal, produced by the transverse-echo
SEDRA (t-SEDRA) pulse sequence (/4), one can obtain
values of dipolar interactions. In this technique, a range of
spinning frequencies can be chosen, which allows us to do
a set of complementary experiments. The analogous broad-
band dipolar recoupling (BDR) experiment, monitoring
longitudinal magnetization exchange, was performed by So-
dickson et al. (15).

Another method for the detection of dipolar interactions
in homonuclear spin pairs was introduced by Tycko et al.
(16). Their DRAMA pulse sequence involves the application
of two /2 pulses per rotor cycle and results again in a non-
complete averaging of the dipolar interaction. Very recently
Gullion et al. combined spin nutation and magic-angle spin-
ning in order to introduce signal decays due to dipolar in-
teractions (/7).

Two-dimensional methods for establishing dipolar cor-
relations between homonuclear spins in spinning samples
were also employed. Bennett e al. applied their RF-driven
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recoupling (RFDR ) experiment ( /8) on fully '*C-enriched
alanine to generate a 2D spectrum of the dipolar-coupled
spins. Other examples of 2D experiments that monitored
dipolar and J couplings in homonuclear spin systems were
also reported (79, 20).

In this article, experiments exploiting the t-SEDRA se-
quence will be reported. This pulse sequence causes coher-
ence transfer and can be utilized in both one- and two-di-
mensional MAS experiments. Applications of this sequence
will be shown and some comparative remarks will be made
about the coherence-transfer techniques, SEDRA and t-
SEDRA, and the magnetization-transfer techniques, BDR
and RFDR (15, 18).

THE t-SEDRA HAMILTONIAN

To review the evolution of a homonuclear spin pair during
a t-SEDRA experiment, we first present its pulse sequence
in Fig. 1a. The basic pulse cycle is composed of = and «/2
pulses, extending over eight rotor periods. The = pulses, lo-
cated in the middle of each rotor period, are responsible for
the RF-induced dipolar dephasing of the MAS signal,
whereas the 7/ 2 pulse, at the fourth rotor-echo position, acts
as a refocusing pulse for the induced dipolar evaluation. This
can be shown by considering the effective Hamiltonians of
the SEDRA and the t-SEDRA experiments. The effective
Hamiltonian, describing the stroboscopically detected spin
signal during a SEDRA experiment, has the form

Hsepra = wsepra{ 21112 + 21,10} + J 0. (1]

This time-independent Hamiltonian was derived using
both Floquet theory (21) and average-Hamiltonian theory
(AHT) (18). Following the Floquet approach, the effective
frequency coefficient equals

x
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where wP are the Fourier components of the dipolar term
in the MAS Hamiltonian of the spin pair. This term can be
written as
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FIG. 1. The basic t-SEDRA sequence is shown in (a). It is composed

of 8 rotor cycles; however, to make it cyclic in the sense of AHT, 16 rotor
cycles must be used with opposite phases for the two 7 /2 pulses. In (b) the
application of t-SEDRA in the mixing time of a 2D experiment is shown.
The phase of the =/2 pulse is x for t,-SEDRA and y for t,-SEDRA; the
reason for this alternation is explained in the text.

where (8, ¢,,) are the polar angles of the dipolar vector in
the frame of the rotor (27). The d%” coeflicients are the ele-
ments of the diagonalization matrix of the CSA-Floquet ma-
trix. They depend on the difference between the isotropic
chemical-shift values of the spins and their CSA parameters.
Expressions for all the elements can be found in Ref. (27).
If the sequence of Fig. 1a is applied twice, with the phase of
the additional w/2 pulse in the opposite direction to the
phase of the first /2 pulse, the t~-SEDRA experiment be-
comes cyclic in the sense of AHT (22). Using AHT, the
effective Hamiltonian for the t-SEDRA experiment has the
form (14)

Hosepra = swsepra{2lalo + 21- L} + J1 L. [5]
This is the correct form when the /2 pulses are applied in
the +x and —Xx directions.

This Hamiltonian commutes with the sum [/, + I,;] of
the two x components of the angular momenta of the coupled
spins. Hence, if the initial coherence, immediately after an
excitation pulse or cross polarization, points in the x direc-
tion, i.e., the initial density matrix equals p(0) = [ 1, + I;2],
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then, at the end of a cyclic t-SEDRA sequence, the total
transverse magnetization creates an echo, p(16mTg) =
{1, + I.»]. The t-SEDRA sequence does not create an echo
in the regular sense, since the individual spins are not refo-
cused. Although the AHT consideration demands a pulse
cycle of 16 rotor periods, it is experimentally feasible to mea-
sure the signal every 8 rotor periods. This t-SEDRA signal
is termed Sy(8mTx) and is proportional to
Tr{p(8MmTr)(IT + I7)}. In a previous paper (/4) it was
shown how this quantity, together with a signal Ssepra
(8mTyg) from the SEDRA sequence, can be used to measure
dipolar interaction strengths, and how intramolecular dis-
tances can be deduced. By measuring the quantity AS/ .Sy,

AS _ So(8mTRr) — Ssepra(8m7TR)
So So(8mTR) ’

(6]

and comparing it to simulated results, one can obtain the mag-
nitude of the dipolar coupling between the spins. In this way
the T, relaxation effects are removed from the experimental
data. For a single crystallite in the powder sample this ratio
will be proportional to {1 — cos(8mwsgpra7r) } - This method
was demonstrated by "N MAS experiments on '*N-enriched
3(5)-methyl-5(3)-phenylpyrazole (PMP) (/4).

COHERENCE TRANSFER WITH t-SEDRA

The t-SEDRA pulse sequence induces coherence transfer
between the homonuclear coupled spins. One-dimensional
and 2D experiments can be constructed to establish spin
correlations and to deduce dipolar-coupling strengths be-
tween low-abundance spins. One could use a singly or mul-
tilabeled molecule, selectively excite one of the labeled nuclei,
apply the t-SEDRA sequence, and look for the signals of the
coupled spins. A crucial step in such an experiment is the
efficiency and the accuracy of the selective excitation. For
example, this can be achieved by applying a selective DANTE
excitation after the cross-polarization (23) or by taking ad-
vantage of the differences between yields of the CP processes
for protonated and nonprotonated nuclei. In the first case
the nonexcited nuclei retain their enhanced z magnetization,
while in the second case their polarization can be strongly
reduced. Although from the point of view of an ideal t-
SEDRA experiment the two cases are equivalent, it is desir-
able to minimize the polarization of the nonexcited spins in
order to avoid the excitation of their coherences, due to im-
perfections in the pulses composing the t-SEDRA sequence.
Of course, this 1D type of experiment can be extended easily
to 2D correlation experiments. However, this requires high
isotopic labeling and can become very time-consuming in
the case of MAS NMR. In this publication, both approaches
will be discussed and demonstrated via >N CPMAS exper-
iments on a doubly "*N-labeled PMP sample.

Our 1D experiments start with 100 us cross polarization,
followed by a set of t-SEDRA sequences and the detection
of the FID signal. The short CP time was chosen to excite
the protonated nitrogens almost selectively. The intensity of
the nonprotonated nitrogen centerband was about 6% of the
intensity of the centerband of the protonated nitrogen, mea-
sured immediately after cross polarization. A set of experi-
ments with an increasing number of t-SEDRA sequences,
with lengths equal to eight rotor periods, was performed and
the results are shown in Fig. 2. The strong line in these spectra
decreases gradually, whereas the weak line maintains about
the same intensity. The longest t-SEDRA irradiation period
was 22.4 ms. The line-intensity changes are due to a com-
bination of the coherence-transfer mechanism and the re-
laxation decay. In Fig. 3, the data are presented in a con-
venient form and compared with computer simulations. For
the analysis, we recorded the intensity of each line and di-
vided it by the sum of the two lines. This removes the effect
of relaxation and allows a comparison with simulations. The
experimental results are given by triangles and the simulated
data by the two lines. The dotted lines correspond to a dipolar
interaction of 420 Hz between the two coupled nitrogens
and the dashed line corresponds to a dipolar coupling of 470
Hz. In both cases the simulated results were calculated, taking
into account the finite lengths of the pulses, with intensities
of 62.5 kHz, and all CSA parameters of the nitrogens in
PMP (24, 25).

Both experimental and calculated results agree with our
previously derived dipolar interaction (450 + 50 Hz) (14).
Thus, this experimental approach is suitable for quantitative
determinations of dipolar-coupling values. However, the
main purpose of such an experiment is to establish corre-
lations between homonuclear coupled spins. This spin cor-
relation can also be achieved by exploiting 2D spectroscopy,
as will be shown below.

MAGNETIZATION-EXCHANGE EXPERIMENTS

Sodickson et al. demonstrated the application of the
SEDRA sequence in their broadband dipolar-recoupling
(BDR) experiments on homonuclear dipole-coupled spin
pairs ( 15). They described the influence of the sequence in
terms of motion of the magnetization vectors. In this ex-
periment, the spin polarization of one of the spins was in-
verted selectively and the quantity (I, — I, ), proportional
to the difference between the inverted and noninverted z
magnetization, was monitored. The signal S°(8mTR), pro-
portional to this difference, can be measured as a function
of the number of SEDRA cycles. In this magnetization-ex-
change experiment, it would have been desirable to perform
a AS/S, measurement; however, no echo-experiment for
this has yet been suggested.

In a coherence-exchange experiment, the spin system os-
cillates between the same coherent states during the SEDRA
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kHz

FIG. 2. Results of a set of coherence-transfer experiments. The first
signal is obtained after cross polarization and each successive signal after
the application of an additional t-SEDRA sequence of length 87%. Acqui-
sitions times were 22.4 ms. The initially excited nitrogen peak decreases due
both to a T, process and to the coherence-transfer process. The peak from
the nonprotonated nitrogen increases due to the coherence-transfer process;
however, it is also subject to a T, dephasing process.

and the t-SEDRA irradiation pulses. Therefore we can expect
that the T,-relaxation effects are eliminated in the AS/.S,
experiment. Another important effect that influences signal
decay is the finite intensity of the pulses. Therefore it is im-
portant to minimize the number of additional pulses nec-
essary in the t-SEDRA cycle. In the case of the magnetization
exchange, the zero-quantum relaxation time 7z influences
the dipolar decay (10-12). Without an echo experiment that
restores the decay and keeps the spin system in the same
coherence manifold as the SEDRA, knowledge about the
magnitude of Tzq is needed. This can usually be extracted
from the spectral linewidth of the spin pair, as described by
Kubo et al. (11). The effects caused by the pulse lengths can
be monitored when the SEDRA sequence is applied to the
equilibrium state p(0) = (/.; + I.,) of the spin pair. The
average SEDRA Hamiltonian commutes with this spin state.
However, the RF fields during the pulses, together with all
interactions of the spins, will cause some destruction of this
state (15). To eliminate at least this last effect, the magnitude
of AS/ So .

AS _ Si(8mTr) — S7(8mTw)
S() S(:)(8WITR)

; (7]

could be monitored, where S5(8mTg) is the signal resulting
from the application of the SEDRA sequence to (1., + 1.,).
If we ignore relaxation and pulse-length effects, this ratio is
proportional to {1 — cos[8m(2wsgpra) Tr]} for each mi-
crocrystal. The effective frequency of this experiment is twice
as high as that for the coherence-exchange case.

The application of the RF-driven recoupling (RFDR ) in-
duced by the SEDRA = pulses on the longitudinal magne-
tization in the mixing time of a 2D correlation experiment
was shown by Bennett ez al. (18). They presented a 2D spec-
trum of a fully '3C-enriched sample of alanine and dem-
onstrated the possibility to perform dipolar-correlation spec-

troscopy on rotating solids. In the next section it is shown
that a similar experiment can be performed with t-SEDRA
in the mixing period.

t-SEDRA IN 2D CORRELATION SPECTROSCOPY

The t-SEDRA, being a coherence-transfer sequence, can
also be utilized in 2D correlation experiments. This can be
achieved by placing the t-SEDRA sequence in the mixing
period of a 2D experiment, as shown in Fig. 1b. In order to
obtain a proper spectrum, phase cycling of the = /2 pulse is
necessary. To explain this, we make a distinction between a
sequence with «/2 pulses in the x direction, t,-SEDRA, and
a sequence with these pulses in the y direction, t,-SEDRA.
The individual t,-SEDRA (« = x, y) sequences refocus only
the « components of the total spin coherences and lead to
undesirable cross peaks.

Let us assume that immediately after the cross polarization
in the experiment in Fig. 1b, the density matrix of the ho-
monuclear spin pair equals p(0) = a,/,, + a./,,. We further
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FIG. 3. Experimental results of relative signal intensities of the '*N spin
pair in PMP obtained after selective excitation, followed by coherence transfer
induced by the t-SEDRA sequence. Simulated data, incorporating the effect
of finite pulses, are shown and compared with the experimental results. The
dotted line corresponds to a dipolar interaction of 420 Hz and the dashed
line to dipolar interaction of 470 Hz between the nitrogen nuclei. In (a) the
intensity of the centerband and sidebands of the protonated nitrogen is shown
and in (b) the signal intensity for the nonprotonated nitrogen.
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assume that, during the evolution and detection periods, the
dipolar interaction does not affect the spins. This is a rea-
sonable assumption for weak dipolar-coupled spins and as
long as the rotational-resonance condition is not satisfied.
At ¢, the spin system has a density matrix equal to

(1) =a{cos Q (1)1 + sin Q, (1)1}

+ ax{cos Q(1) 2 + sin W) ],2},  [8]
where Q,(7;) and Q,(¢,) are the accumulated phases of the
two rotating spins due to their chemical-shift parameters. A
straightforward calculation results in a transformation of the
linear angular-momentum components of the spin system,
due to the t,-SEDRA sequences

t,-SEDRA
I, ———————>cos?0l,; + sin?01,,

t,-SEDRA
Iy —————> cos 0 cos 201, + sin 8 sin 201,

91
where « and 8 equal x and y, or yand x,and i, j = 1, 2.
The parameter # is proportional to the length of the mixing
time, which consists of m t-SEDRA cycles, and equals

# = 4mwSEDRATR. [10]
When the mixing is alternated between t,-SEDRA and t,-

SEDRA and the signals in the detection period are added,
the effective transfer of the linear coherence becomes

t,-SEDRA + 1,-SEDRA
Ixi

> (cos?0 + cos 6 cos 20)1
+ (sin?0 + sin 6 sin 20)/,,

t<-SEDRA + t,-SEDRA

yi

—> (cosf + cos 6 cos 20)1,;
+ (sin?0 + sin 6 sin 20)1,,.
[11]

With the diagonal- and cross-peak transfer coefficients

Ay = [cos?8 + cos 8 cos 26]

A. = [sin?@ + sin 8 sin 26], [12]

respectively, the signals during the detection period become

= iRty +12) Q{8 +13)
S(h, &) = Adla,e + aze ]
+ Ac[aleiﬂl(lu)e-iﬂz(u)eiﬂz(llHz)

+ azeiﬂz(n)e7i§11(11)ei§2|(l|+lz)]’ [13]

where we use the fact that the mixing time is an integer
multiple of the rotor period. The exponents in this equation
can be expanded in Fourier series, with coefficients that cor-
respond to the centerband and sideband amplitudes of the
MAS CSA spectra of the two coupled spins:

X
eiQ,([) — eiAw,l Z 1,,,-€""“’R’.

n=-o;

[14]

The 2D signal in Eq. [13] then becomes equal to

x
S(t, ) = Adalemwl(lmz) Z Inleinwk(llﬂz)

n=—oo

o
+ Ada7eiAw2(ll+[2) z Inzeinwn(l|+l2)

n=—o

A

+ Acalei(Aw111+szlz) Z
N,M,K=-m0

I(N+M*K) 1

X lezlkzel'wR(Nll+Ktz)+Acazei(szl|+Aw|r2)

X

D)

NMK=—x

iwR( N+ K12)

[15]

*
Iiviri—ry2 Iyadxie

Here we have used the fact that during the mixing time the
Hamiltonian is fixed; hence this time does not appear ex-
plicitly in the equations. Aw, and Aw, are the time-indepen-
dent off-resonance values of spins | and 2, respectively.
The terms proportional to 44 result in the diagonal peaks
in the double-Fourier-transformed 2D spectrum, while the
terms proportional to A, generate cross peaks between all
centerbands and sidebands. The value of 4. depends on
wsepra and the intensity of the cross peaks could be used to
evaluate the strength of the dipolar interaction. Only sim-
ulations of powder averages of the spectra could provide this
type of information. As was indicated before (13), the
SEDRA sequence, and thus also the t-SEDRA sequence, is
most efficient when wr < |Aw; — Aw,| < 2wg. Therefore,
when possible, one should try to choose a spinning speed
that satisfies this condition for all interacting nuclei. For in-
creasing spinning speed, the value for wsepra can still be
significant enough to create cross peaks between the center-
and sidebands of the interacting spins. However, the spinning
speed should not be increased too much because then the
efficiency of the coherence transfer will become zero.
Experimental 2D spectra of doubly '*N-enriched PMP,
obtained by the experiment shown in Fig. 1b with the proper
phase cycling, is shown in Fig. 4. The mixing time in this
experiment extended over 32 rotor periods and the spinning
speed was vg = 2500 Hz, which is larger than the value, 1.4
kHz, of |Av, — Av;|. The ratio 0.56 between the isotropic
chemical-shift difference and the spinning speed reduces the
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FIG. 4. Two-dimensional CPMAS correlation experiment with t,-
SEDRA in the mixing period. The mixing time was chosen to be 32 rotor
cycles. The spinning speed was 2500 Hz and the CP contact time S ms. The
repetition time of the experiment was 30 s and 24 signals were accumulated
in the 1, domain.

effective dipolar interaction by about 30%, which leaves
enough dipolar interaction to cause a significant coherence
transfer. To demonstrate the range of spinning frequencies
for which the SEDRA signal decays are significant, an ex-
ample of the signal intensity after SEDRA sequences of 16
(2 X 8TRr) and 24 (3 X 8Ty) rotor cycles is calculated and
shown in Fig. 5. The intensities are evaluated for a spin pair
with the CSA parameters of PMP and with changing ( Aw,
— Aw,) value.

EXPERIMENTAL

All experiments were done on our homebuilt spectrometer,
operating at 20.27 MHz for "*N nuclei. The sample we used
was solid 3(5)-methyl-5(3)-phenylpyrazole-'°N, (PMP).
Solid PMP contains directly bonded '*N spin pairs of the
type - 'SNH-""N = This molecule was previously analyzed
for its intramolecular '*’N-'>N distance by various means.
X-ray and neutron diffraction (26, 27) yielded an intra-
molecular distance of 1.36 A. Static NMR lineshape analysis
(25) gave a distance of 1.34 A and recent CPMAS mea-
surements, using the SEDRA sequence ( /4), gave an intra-
molecular distance of (1.38 + 0.03) A.

Two types of measurements were performed, using the t-
SEDRA sequence. The first consisted of the coherence-
transfer experiment and the second of the 2D correlation
experiment. For the coherence transfer, selective excitation
was achieved by a short cross-polarization time of 100 us.
This allowed an almost complete CP excitation of protonated
nitrogen and hardly any excitation of the nonprotonated
nitrogens. The ratio between the centerband peak intensities
was 0.062. The spinning speed in the experiments was vg =
2.500 kHz and a total of 32 signals were accumulated, with
a repetition time of 30 s. Signals after up to six increments
of eight rotor periods were measured, which amount to a
total time of 16 ms. The intensity of the pulses during the
t-SEDRA sequence was 60 kHz for the nitrogen and about

65 kHz for the proton decoupling. To avoid CP transfer
during the application of the pulses on the nitrogens, the RF
decoupling field strength on the protons was increased to
100 kHz during these pulses.

In the 2D correlation experiments, the spinning speed was
also set to vg = 2.500 kHz; 128 ¢, increments of 40 us were
used and the sampling time in the ¢, domain was chosen to
be the same. The repetition time between signal accumula-
tions was 30 s and the CP contact time was 5 ms. In addition
to the normal CYCLOPS phase cycling, the = /2 pulses were
alternately applied in the x and y directions.

Before the performance of the experiments, the t-SEDRA
pulse sequence must be set accurately. For that purpose the
SEDRA and t-SEDRA pulse cycles were applied to a singly
labeled sample of (95%) benzamide-'°N and the value of
AS = [So(32mTRr) — Ssepra(32mTy)] was monitored. After
a fine adjustment of all pulse lengths and an alternation of
the /2 pulses between *Xx, we achieved a AS value that
was less than 3% of the S, (32mTy) value itself.

For the theoretical curves in Fig. 3 we used a computer
program ( /4) that takes into account all experimental data,
including chemical-shift and dipolar-tensor parameters of
the rotating spin pair and pulse lengths and intensities.

DISCUSSION

We have demonstrated the use of the t-SEDRA sequence
and showed how it can be used to assist in extracting infor-
mation about dipolar coupling parameters in systems con-
taining homonuclear spin pairs. When measuring AS/S,
curves, t-SEDRA is used in order to obtain a reference signal.
This eliminates contributions from noncoupled spins and
corrects for relaxation effects and pulse imperfections.

Another use of the t-SEDRA sequence relies on selective
initial excitation of one of the spins in the spin pair and

0.84+
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FIG. 5. The calculated intensities of spin-pair powder signals subjected
to SEDRA cycles of lengths 167 and 247y are shown by the dotted and
solid lines, respectively. The intensity is shown as a function of the difference
between the isotropic chemical-shift values divided by the spinning frequency.
The CSA parameters were choosen to be those of the PMP nitrogen nuclei.
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enables the detection of the presence of dipolar-driven co-
herence transfer. Experimental results can be subjected to
quantitative analyses. If selective excitation is applied to a
singly labeled molecule, the application of t-SEDRA could
generate signals from naturally abundant spins that are cou-
pled to the excited spin and hence provide a way of estab-
lishing multinuclear correlations. The subtraction of FID
signals, obtained after SEDRA and t-SEDRA excitations,
results in AS spectra that can be viewed as double-quantum-
filtered spectra.

Two-dimensional MAS correlation experiments, with a t-
SEDRA sequence in the mixing time, can also be performed
in order to establish spin correlations in the same way as is
done in liquid samples. For these experiments, the spinning
speed should be chosen to maximize the effective dipolar
interactions. The considerations of choosing the spinning
speed for these experiments depend on the isotropic chem-
ical-shift differences and the number of sidebands. To sim-
plify the MAS sideband spectra, the spinning speed can be
increased. However, this speed should not reach a level at
which the wgepra frequency values of coupled spin pairs in
the powder vanish.

The various applications of the basic SEDRA sequence
in RFDR, BDR, and t-SEDRA serve the purpose of re-
coupling homonuclear dipolar-coupled spin pairs rotating
at the magic angle. Depending on the spin system under
investigation, a choice of experiments can be made to ob-
tain dipolar interactions or connectivities with the highest
efficiency and best possible accuracy. In all cases, as much
information as possible should be acquired on the chem-
ical-shift parameters of the coupled spins, for the quan-
titative analysis of the data.
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