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Exact solutions for the effect of time-independent RF pulses on
any initial configuration of an IS J-coupled system demonstrate
that on-resonance CW decoupling yields signals whose frequency
depends on RF field strength and homogeneity. These signals are
enhanced starting with “undetectable” antiphase and multiple
guantum coherences, which can also produce centerband intensity
to mimic the signal from decoupled S,. Conversely, these coher-
ences can be generated from S, using a low-power pulse, B, = J/2,
of length (\/2J)™, dubbed a “90° pulse” since it is the selective
equivalent of {(2J)'-90[1]}. Utilizing 90° pulses, new character-
ization-of-decoupler (COD) pulse sequences can determine the
performance of an insensitive I-spin channel by observing large
signals from either antiphase or multiple quantum coherences
with the S-spin channel, allowing, in minutes rather than hours: (i)
frequency calibration to an accuracy of 0.1 Hz; (ii) measurement of
RF amplitudes over a 500-fold variation; and (iii) mapping of RF
homogeneity along the sample axis with a single 1D B, spectrum.
These 90’ coherence transfer pulses are of potential general use for
selective spectroscopy. © 1999 Academic Press

Key Words: decoupler calibration; coherence sidebands; RF in-
homogeneity; 90° pulse; selective NMR.

Contrary to prevailing expectatiord)( in a coupled IS spin

geneity of an Insensitive I-spin channel by observing larg
coherence signals with the Sensitive S-spin channel.

Over the past 4 decades, popular methods for the RF pow
calibration of a decoupler channel have developed in thre
stages. The earliesb(6) are derived from a solution for the
off-resonance CW-decoupled signal starting with pure in-phas
magnetizatiorss, (7), but these CW methods are unsuitable a
high RF power because of the likelihood of damage fron
overheating the probe or sample. Consequently, the advent
pulsed NMR required second-stage methods in which th
length of pulses applied to the unobserved nucleus were me
sured. The first and simplest pulse sequence for this purpo:
90[S]-(2J) '-6[I]; acquire[], functions by adjusting thé
pulse angle to 90° to obtain &N null when 5,1, is com-
pletely transformed to the&I, state §). The technique was
republished in greater detail and extended several times the
after ). A third category of current methods, independently
adopted by many laboratories, takes advantage of the increas
reliability of modern hardware. Practitioners commonly cali-
brate their favorite pulse sequences, even very complex s
quences, on all spectrometer channels by incrementation
single on-resonance pulses, which are ideally 90° in norm
use, to obtair¥/N nulls when the pulses are close to 180°. The

system, the statesl; (j = x, y, or ), produce observable oye| ideas described here are not intended to replace
signals, including centerband signals, during a 1D decouplggoe/nyll technique at high RF power. However, at low power
acquisition. Ironically, the decoupler field establishes an addigmplications arise from pulse lengths being a significar
tional means of communication between | and S which yielggction of 10, and off-resonance effects become critical
aJ-coupled evolution to directly detectable magnetizat®n, Furthermore, the trial-and-error search fo&/& null is diffi-
For example, in adiabatic decoupling, these signals are evidgpf to automate and so takes hours to calibrate 20 or more F
as large and inconvenient “coherence sidebands” that mustggplitudes. The new methods utilize these low-power effec
eliminated @). This paper presents a shift in viewpoint taand are readily automated to obtain numerByscalibrations
consider useful applications of these signals. We have appliada few minutes.

a vector picture ofl-coupling during RF irradiation3 4) to The homogeneity of RF fields is normally imaged usinc
CW decoupling, and for comparison we have calculated exagilsed field gradients (see Rel0j for a brief review). Our
analytic quantum solutions for all possible initial conditions afiew methods provide 1D acquisitions, without gradients, il
an IS system. Part of this study, presented here, yields sevevhich the sensitive S-spin signal is distributed across th
efficient methods for characterizing the RF power and homfsequency spectrum as a function of the I-spin RF amplitude
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This provides valuable information on comparative homog®&MR and “*C labels were not available to enhar®, and
neity with a substantial increase ®&N. Small differences these signals may have been broadened considerably by poc
between probes are readily apparent. Spatial dimensions nRey homogeneity within earlier NMR coils. A literature searct
be added to provide alternatives to the standard imagisgows that later, with FT NMR, SimovdZ?) recognized the
methods. utility of the second term in Eq. [1], but did not take advantage

For an IS spin system, solutions for the observa8le of the simplification available on resonance (Eqg. [2]). More:
componentps, of the density operatop(t), during arbitrary over, Simova calibrated a dedicattd decoupler channel via
RF irradiation of I, have been published for the initial condidetection of the coupled®C signal. Multiple broadbanded
tionsp(0) = S, (2, 11) andp(0) = 2SI, [j = x, Yy, orz] (2). channels, which can be used as observe or decoupler chann
We have also derived solutions for thesg,I2 components, are now common stH power levels can be calibrated directly
pas,i;- FOr CW irradiation (a square | pulse of any lengt)), via theH signal. In this study we emphasize tB& gain in
the resulting exact analytical expressions involve effectivalibrating an insensitive I-spin channel (e.gG) via a sen-
fields, B = [B,*> + (AH = J/2)%]°®°, where AH is the sitive S-spin channel (e.g'H).

resonance offset. For example, after a §0pulse ((0) = Comparison of the second terms of Eqgs. [1] and [2] indicate
S.), CW decoupling produces (see also Ré&f))( that the sidebands in question have gredtdrfor on-resonance
decoupling. A more significant gain can be obtained by applyin
ps(t) = 0.5{1 + (B> + AH? — (J/2)3/(B{B;)} decoupling to multiple quantum coherence since a comparison
Egs. [2] and [4] shows that the equivalent sidebands fr&ph, 2
X cogm(Bs — Be)t] + 0.5{1 — (B,* + AH? are larger than those originating fro for all B, > J/2. Alter-
— (I2?)I(BIB:) cod #(B + B)]. [1] natively, the antiphase sidebands resulting from decouplBjig 2

coherence (Eq. [5]) may be utilized if necessary because these
larger than those from&), for B, = J/2.

The 25,1, spin state can be prepared in various ways, e.g
by the pulse sequence elements, §6[2J) '-90][l], but a
more direct selective means can be synthesised from Eq. |
whenB, = J/2:

For on-resonanceA(H = 0) CW decoupling, Eq. [1], and the
new equations relevant here, simplify greatly in term8pf=
[B.? + (J/2)%]°° to

B, 2 J\?
p(O) = S(, p&(t) = (BJ> + <ZBJ) COS{Z’TTBJet]; [2]
° ° p(0) =S, pas,,(t) = —0.5(1 — cog27Bt])

B, J .
p(0) =S, pas, (D) = —B%@ (1 - cod2wB;t]); [3] = —sin#B%]. [6]
B, J Thus, when CW irradiation is applied ith
0) =2S/l,, t) = — =5 ==5 (1 — co§2wB)); , pplied on resonance with an
p(0) =251, pslt B: 2B ( 2mBet]) plitudeB, = J/2 for a discrete timet, = (2B}) * = (V2J) *,

[4] s is completely transformed tol,. This long RF pulse on

J the | spins is the selective equivalent of the pulse sequen

p(0) = 251, ps(t) = >g? sin2mwBt]. [5] elements, (2) *-90[l], so it can be considered to be a specia
€ 90° pulse which we will now write as 90We have been able

N hat E 4 q q ibe the ob ble si tolfollowthe concurrent evolution of the I- and S-spin states b
ote that Eqgs. [4] and [5] describe the observable Slgné‘xperiment at intermediate stages throughout &f0se and

resulting from decoupling multiple quantum and antiphasg, e the identity in Eq. [6]. During the irradiation, via a
coherences, despite the general assumption that no detectg }Eplex time-dependerkcoupling mechanism, vectors rep-

signal is generated. resenting the I-spin states are transformed from being effe

The r'esidual splitting O_f the Centerlzand, lfsed in the Qriginﬁ'vely antiparallel alongz to antiparallel alongy, and this is
calibration methodsy, 8), is equal B, — By, from the first concurrent with the S spins evolving from in-phase al&rtg

term in .Eq. [1]. It vanishes on resonance, ggnerating Eg. [g tiparallel alongy. The extensive detail of this research
and a simple means of measuring both RF field strength perly belongs in a subsequent full paper

homogeneity. The FT of a FID described by Eq. [2] will yield . : : :

) . o ; 5 g Egs. [2—-6] together we identify a family of Charac-
a.centerb.and With amplltjudzeB(/Be) , and &depands atB, terization-Of-Decoupler (COD) pulse sequences:
with amplitude0.5(J/[2B;]) °. B, can be determined from the

frequency difference between these sidebands, and their width

depends on RF homogeneity. 90[S]; {obdS], CW 1]}, [COD1]
Although these sidebands correspond to “lines 5” in Figs. 1a 90[S]: 90°1. 1 fobdS CWII COD2

and 1b of Ref. ), they were probably not used for the earliest [Sl; 901, -Ji {obg S, -], CWI T, ]

means of calibration because they are weakBors> J, FT 90[S]; 907[1._1; 90[I7; {obgS,_], CW]}, [COD3]
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[COD4]

90,[S;,--1; 9071, _]; {obgl.__.], CWS]}.

[COD5]

90,[S]; 9071, _1; 90[S,,__]; {obgl,__.], CWS]}, ‘
i 1.0 Hz

All pulses and decoupling irradiation are on resonance, and g ‘
they are ofx phase unless specified. The notation, {&)s[ } | i
| |
|

pling the | spins. Thet signs in COD2 and COD3 indicate ‘
concurrent alternation of pulse and receiver phase to eliminat Al
all states except&|l,. The extra 90[ pulse in COD3 con-
verts 5,1, to 2S/1,. Alternatively, COD4 and CODS5 are the
S-spin equivalents of COD3 and COD2, respectively, and ca
be used for characterization of the S-spin channel via decoy AN O
pling 21,S, and 24,S,, respectively. Note the 90° phase shift ‘ AL Al I
for the initial 90[S] pulses (typical of polarization transfer il it
sequences) and a four-phase cycle is preferable as written. ‘ ’ ” [ H ‘
CODL1 is not novel. It is common to useCH, group with o . .

CODL1 to obtain an approximate on-resonance condition for thé G- 1. RF frequency calibration of the I-spin decoupler channel.The
large centerband signal obtained from applying low-power CW decoupling t

13 . . S .
C spins, but the SlmphCIty Of, Eq. [2] fOI" an IS-spm syst'er.r} I, coherence using the COD2 pulse sequence {fC, S= 'H) is plotted

may not be well appreciated. Since there is no residual splittiag a function of frequency offset in 0.1-Hz intervaB, (= 95 Hz, corre-

of the centerband on resonance at any power level, for ansi®nding to an attenuator setting of 10 dB in Fig. 2). The centerband |

system the centerband will always increase in intensity as OVgximized on resonance, prov_iding fast and precise cal_libration for the fre

decoupling passes through zero offset for the | spins, indep Hency of the I-spin channel via bett&N from the S spins. By contrast,

dentl fd l th ivalent situati f requency calibrations obtained by decoupliBg using COD1 are not as
eéntly ol decoupiing power—ine equivaient situation for aglccurate, because COD1 provides an asymmetric distribution of centerba

IS, moiety (n > 1) is more complex?). This simplicity for an  ampiitude resulting from the overlap of one line of the symmetric off-reso
IS group is also manifested in Egs. [3-6] and, in addition tance doublet with the small isotopically shifted resonance ffé@afor-

betterS/N than COD1, the COD2 and COD3 sequences elinmate—this provides a distribution which could also be mistakenly attributed t
inate uncoupled S signals (6-91-H signals from 12C1Hn more than one frequency generated by the spectrometer’s synthesiser. Exj

. . imental data for all the figures were obtained on a Varian INOVA-600

%I’OUpS). Hence, our study is restricted to IS systems (e'gjectrometer, equipped with a 5-mm HCN triple-resonance PFG probe, usi
C-labeled formate) and COD1 should only be used to obtaile, sample of*C(99.5%)—formate § = 194.6 Hz) in DO containing a
approximate initial calibrations for the 9Qulse and the | trace of gadolinium chioride to provide'a linewidth of 3.5 Hz at 30°C.
frequency as follows.
Without any initial assumptions, the | frequency can be

roughly estimated using COD1 by finding when the residutilely, to obtain more than 90% of optimum signal intensity
splitting is minimized and thus the centerband maximizedhen using COD2 and COD3.
Initially, B, may be set at 1 kHz or more with the transmitter If a more accurate value of the I-spin centerband frequenc
frequency varied in increments of a kilohertz. When the i$ required, it can be set on resonance to within 0.1 Hz or bett
frequency has been located with an accuracy+df2 kHz, using COD2. Potentially, the precision of the measuremel
these increments can be decreased by a factor of 10 a8l théncreases with decreasing CW power because the envelope
amplitude should also be reduced by 10 dB. After a furthéne decoupled S-spin peak, plotted in Fig. 1, covers a small
reduction of 10 in increments and 10 dBBp, the | frequency frequency range as a result of increased residual splitting a
will be known to within =5Hz and the sidebands atB. given offset aB, decreases. However, Eq. [4] shows that the
should be obvious. If the identity of the sidebands is uncertaimaximum centerband amplitude rapidly decreasesBfpr<
becauseé3, was too large to begin with, or because of broadl/ 2, which limits the ultimate precision obtainable. As de-
ening from bad RF homogeneity or overlap with other resseribed in the legend to Fig. 1, the same accuracy cannot
nancesB; can be repeatedly decremented by 10 dB until threchieved with COD1 in those cases when the | spin is
centerband loses intensity and the sidebands approdth as partially enriched isotope such as the 99.5%-formate sam-
B, — 0. At this pointB, should be increased in steps of 1 ople used here. This is a first example of the value of th
2 dB until the sidebands are at abauf/\/2 as this provides selective nature of COD2 and COD3 (which also make®the
the B, = J/2 calibration for the 90 pulse. These calibrationssidebands easy to observe even when they are very wea
are not critical since the frequency and amplitude for thé 9®rovided peak shapes are symmetric (good magnetic fie
pulse need only be accurate 10)/10 Hz and+1 dB, respec- homogeneity), studies of the kind shown in Fig. 1 also confirr

CWII1}, signifies detection of the S spins while CW decou- ‘ (IRt

REMAIRY
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10% = settings by the 180°/null method. The accuracy of the ne
methods is demonstrated in Fig. 2 in comparison with resul
from the 180°/null method. Thus the new procedure is cornr
plementary to the old, enabling rapid calibrations at the lowe
power settings suitable for selective NMR and decoupling
Figure 2 illustrates that this technique can be used to determi
whether the spectrometer’s attenuators, amplifiers, and prok
are indeed linear.

The frequency distribution of thB] satellite lines produced
in a simple 1D acquisition by any of the COD sequences ce
be used to quickly observe the homogeneity of the I-spi
——"%C CW decoupling irradiation during on-resonance CW decoupling, since the fre

£+ 180° pulse time quency depends o, amplitude. The average power level of

the decoupling field should be high enough so that RF inhc
mogeneity dominates magnetic field inhomogeneity, but not <

L T L B BN B high as to produce po@&N in the B] lines. Again, care must
20 -10 0 o200 30 40 be taken for COD1 that the sidebands do not overlap othi
Attenuator setting (dB) small resonances, whereas COD2 and COD3 have the adv.

FIG. 2. RF amplitude calibration of the I-spin decoupler channel. tlages of pe'”g selective and giving bet&N for the Sa_telll?e
Large satellite lines are produced &} relative to the centerband signal lines. Typical spectra from COD1 and COD?2, plotted in Fig. 3
when low-power CW decoupling is applied on-resonanceSd 2coherence  show a split peak for the sidebandstaB}, indicating a double
using the COD2 pulse sequence. RF fields calculated from the reBtien peak in the RF amplitude produced by the coil. The lines ar
[(B)* — (3/2)7]*™, are plotted as a function of the spectrometer's coarse Rfjrther broadened in the direction of the centerband showing

attenuator over a range of 55 dB in 1-dB increments. The linesBi are istributi fB. in th mbole down t mall val
broadened by RF inhomogeneity, as discussed in more detail in Fig. 3. 1(Ij1|§ rioution orb, In the sample do 0 small values.

frequency of the sidebands was determined as the midpoint of the top third ofDifférences in the spectra in Fig. 3 for offsets just outsid
the broadened peaks to correspond to the dominant sensitive volume in thd/ 2 can be attributed to differences in the signal amplitud

sample. This “average” frequency bisects the notch at the top of the sidebgagponse from the pulse sequences that were used. For
peaks (as displayed in Fig. 3) and bisects the top of the peak when this ”?@[S]'{observe S} elements of COD1. the signal from each
t e ) 1

was not resolved at lower decoupling power. The “zig-zag” scatter seen in . . . .
last few points at low RF was produced by the limiting digital resoluti0|§ample voxel is proportional tésin6 (13), where 6 is the

defining the top of these peaks. For comparison with the more commgpatially inhomOQ_eneous pulse angle appligd to the S spins
180°/null methods, RF amplitudes were also measured using COD3 by findidgch voxel. In regions of the sample wh&gis small enough
a S/N null when the 90[] pulse was changed to 180° for the 10 attenuatofhat B is only a little larger thard/ 2, sideband amplitudes for
settings from 31 to 40 dB. This method was used only at the high-power e@csz are further reduced by the fraction 8f converted to

of the scale to minimize effects df coupling during long low-power pulses. . . . . _ ]
These values are plotted as filled triangles, partially overlapping (and differi ly via the Slﬁd) expression in Eq. [6], wherg = mB:t.

. . ! ., .
by 3% from) the points obtained by the CW decoupling method. This smaln€ signal for COD2 is thus proportional ésinfsin”¢, which
difference is attributable to thésin"gsin"¢ signal dependence from eachaccounts for the differences between the sidebands in Figs.

sample voxel which weights th®, field distribution for any method of and 3c. Althoughy is given by theB? sideband frequency axis,
measuring an averagg RE amp!itudg (disc_:usse_d in the text in relation to Fig.é<})iS unknown in the absence of further experiments.
and fro_m the uncertainty in esgmatmg this weighted average from the broad-FOr values greater thanJ/ 2 relative to the centerband. the
ened sidebands as described in the legend above. . : : . !
frequency axis can also be displayed directly &s axis as for
Fig. 3c. Thus, althougl&/N is ambiguous because of the
that the second-channel frequency synthesiser is providingigknown 6 pulse angle applied to the S spins, the frequenc
single narrowband frequency. response is not. The simple experiment in Fig. 3a shows th
Equation [4] shows that COD2 provides inverte®] side- RF inhomogeneity of the I-spin irradiation is sufficient to
bands relative to the centerband and these yield a direct mpeeduce a continuous spectrum®f down to zero units. But
surement oB,; as demonstrated in Fig. 2. Thus COD2 gives the RF homogeneity of the | coil cannot be expected to be goc
value ofB, from every spectrum and so is easily automated to sample regions outside the boundaries of the coil (where t
quickly provide a calibration curve over a large range of RE coil also has poor homogeneity). Adding a phase-cycle
amplitudes. COD3 vyields identical RF power data from ari-80[S] pulse to COD1 after the 9@ pulse converts the voxel
tiphase sidebands (Eq. [5]), but has be®&X for B, = J/2. response tadsin’0 (13). In Fig. 3b this converts the COD1
The techniques fail at high power where the sideband ampipectrum to one similar to COD2 as in Fig. 3c, which implies
tudes, proportional td/(2B?), are too small. However, heatingsin’d ~ sin’¢ outside the coils where RF amplitudes are small
from CW irradiation is a danger at high power and it will bélhis suggests that the more homogeneous regions of the S ¢
usual to continue to calibrate high-power pulses at sifle | coils are matched as they should be (confirmed in Fig. 4).

0.1138
y=3093e X

1000+
3 R = 0.99996

1004

RF amplitude (Hz)
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o
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The addition of thel80[S] pulse demonstrates that the 600
90[S] pulse in COD sequences can be replaced by a pulse
sequence of any length that producgs thus enabling an 500
estimation of the effect of I-spin RF inhomogeneity on any—
pulse sequence. As illustrated for the sequence in FigS3b, T
is modified by an additional trigonometric term for each pulse, 400

. . . D
(14). The effect of inhomogeneity will therefore decrease withs

w
o
(=)
PN VAN DU S N T S S N TN ST N AN T ST S U SN ST U RTINS A SRR O |

an increased number of pulses sinceBhdield distribution is =
Q- 1
£ '
m 1
w200 o (a) ----- "C coil, °C CW decoupling '
o« «/ (b) © THcol, 'HCWdecoupling  \
©
& 100 (c) 'H coil, incremented 'H pulse
0
5 (d) ®  'H coil, 360° pulse time
3
o
(a) g o T T T T T

10 15 20
Distance (mm)

(=)
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FIG. 4. Profiles of RF amplitude along the sample axis2D images of
sideband signal intensity as a function of frequery;,and of distance along
the z axis of a 5-mm-diameter sample were obtained by inserzaxis
phase-encoding gradients in COD pulse sequencesBThgis was converted
to RF amplitude usin®, = [(BJ)® — (J/2)*"2 (a) A partial selection of
signal contours is displayed and these were obtained for’@eoil using
COD2 (°C CW irradiation corresponding to an attenuator setting of 25 dB ir
Fig. 2) with a phase-encoding gradient inserted after th&Pf\ise. Identical
contours were obtained using COD3. The ellipsoidal central contour surroun
aregion of lower signal intensity (dotted), which is revealed as the RF anoma
that produced the dip in the peaks of Fig. 3. The RF profile is represented
a simple line plot (dashed line) along the contour of maxiniN at each
point along the coil axis. (b) RF profile obtained for th¢ coil using COD4
with a z-axis phase-encoding gradient on the | spiic) inserted just prior to
signal acquisition. (c) RF profile obtained for tHe coil using an incremented
excitation pulse to provide thB, dimension and a read gradient to give the
spatial dimension in the 2D image, according to R&0)( (d) RF profile

FIG. 3. RFinhomogeneity of the I-spin decoupler channelThe lines at obtained by Jahnkelf) by direct measurement of the RF field (360° pulse
+ B! generated by the COD sequences are distributed over a range of frequine, field gradients not used) for a simifé coil by the same manufacturer.
cies by RF inhomogeneity, as illustrated in simple 1D spectra obtained usifige B, axis for Jahnke’s results has been scaled down to match the measu
(a) COD1,; (b) COD1 with d80[S.,-,] pulse prior to signal acquisition and ments in (b) and (c) obtained at lower RF field.
receiver phase alternated &s-—+; and (c) COD2. Sideband signal intensity
begins at+J/ 2 relative to zero centerband frequency and extends to the left . - .
and right as given b? = [B.? + (J/2)7]*? whereB, is the spatially €ffectively narrowed from the product disin"6 and si'g
variable (inhomogeneous) RF field of the CW I-spin irradiation in the samplterms originating from pulses on the S and | spins, respectivel
The B, scale derived from this relation, applicable to all three spectra, @uality factors can be determined by, say, EBlbsideband
provided in (c). An anomalous probe having two dominBptvalues for the intensity, and the frequency width of the sidebands at ha

3C coil, as illustrated by the dip at the top of the sideband peaks, was chosen . .
for this paper to more clearly demonstrate RF inhomogeneity. A spectral wijﬂ?'ght’ a_nd _SUCh qua“ty factors can b_e used to JUdge tt
of 1000 Hz is displayed, witfB, = 270 Hz for the I-spin CW irradiation Progressive improvement of probe designs or the effect «

(corresponding to an attenuator setting of 19 dB in Fig. 2). Spectra for cOinhomogeneity on different pulse sequences. Thus this 1
and COD2 are defined by Egs. [2] and [4], respectively. The COD2 spectrymethod, as illustrated in Fig. 3, provides a quick means ¢
in (c) has been inverted relative to COD1 in (a) and (b). At their maxmuraomparing different sequences, different probes, and differe
amplitude, theS/N for COD1/COD2 sidebands are in the ratio 0.06:0.17 as a

probe manufacturers.

fraction of unitS,, and the centerbands are in the ratio 0-:87.34. The L . . .
baseline is distorted for all three spectra close#d/2 because of the ~ UNncertainties in the interpretation of the 1D spectra arisin

proximity of the intense centerband. Although sample regions outside tH®m the 6sind S-spin response can be eliminated by spatiall
boundaries of the RF coil, wheBa approaches zerat(J/ 2 in the spectra), are jmaging the signal via insertion of an incremented phase
of little potential interest, they can nonetheless be detected with greaéeﬁcoding field gradient a|0ng the sample axis after théBO[

confidence by eliminating the centerband and this baseline ambiguity witfblse in any of COD1-3 (a spin-echo is not necessary if the
COD3. The large centerband signal in (c), produced fr@i 2coherence by P . y _p . y_
on-resonance CW irradiation, illustrates the unanticipated nature of thé¥ains are onresonance). As illustrated by the scale in Fig. 3, t

coherence signals. B? frequency axis obtained from the FT of each FID along th
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t, dimension can be converted By, which is the desired RF 4a, obtained in less than 10 min, revealed the source dfthe
amplitude from the probe, and thie dimension provides the coil's B, anomaly observed in Fig. 3. The alternative lowel
distance axis. Thus, thsin®6sin’¢ signal variation for COD2 S/N **C incremented-pulse method (results not shown) onl
(or Bsin"6sin™¢ in general) becomes &N contour plot as in vaguely indicated the same features after a 4-h experiment.
Fig. 4a. However, for ideal probes producing single values of The excellent agreement between Fig. 4b and the establist
B, for each sample cross-section along thaxis, theS/N method of Fig. 4c confirms the validity and accuracy of ou
contours provide no additional information, sinBe is given new techniques. Jahnke'$5) results, obtained by measuring
by thet, dimension. Results can then be displayed as simp@80° pulse times using tiny samples placed at calibrated di
line plots using either the avera@e across the contours &; tances along the sample axis, are plotted in Fig. 4d in goc
for the contour of maximun®/N, at each point in the sample.agreement with both methods.
Figure 4a also shows a line plot for the results obtained for aThe results in Figs. 1-4 demonstrate the value of the ne
C coil in a high-resolution probe using COD2 or COD3 t€COD pulse sequences for the characterization of heteronucle
detect the largéH signals from multiple quantum or antiphaserobes. We have not yet explored the use of @Qlses
coherence. The results in Fig. 4a were chosen to demonstgeaerally for selective NMR but it is likely that 90] can take
that in this case the contour pldbescontain more information the place of any nonselective {J2 '—90[I]} part of any pulse
than the line plot because the probe is not ideal: Whereas osgguence for an 1S-spin system. Since a secony|P@s
single values o, are apparent from the contours near thequivalent to a selectivg90[1]—(2J) '} combination, and
extremities of the coil at 5 and 20 mm, tB&N contours at the 90°[I] can be mixed with 9¢ S|, the number of possibilities
center of the coil show twB, values. Projecting the sum of themultiply by four. We plan to address the uses and limitations ¢
contours onto the RF axis gives the 1D spectrum of one of tB8’ pulses for selective NMR, and their possible extension t
sidebands, and thus the dip anomaly in the peaks in Fig. 3 als&, systems, in future work.
corresponds to these two domind values. This anomaly
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