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An improved spectral editing method for solids is described obtain the nonprotonatedC (hereafter abbreviated as’c-),
which allows one to obtain a set of subspectra in roughly two-  *3CH, **CH,, and**CH, subspectra. A sequence consisting of ¢
thirds the qmount of t_ime as our original CPEI editing method for  ghort contact time cross polarization (SCP) followed by a sho
the same signal to noise. This improvement is afforded by a new 5|4 rization inversion (Pl) interval (SCPPI) is used to obtai
pulse sequence that is used to acquire a "CH + "CH, spectrum 0 1301y _on1y subspectrum. To obtain ACH-only subspec-
which has very little *CHj; or nonprotonated carbon contamina- . .
tion. By using this new sequence the **CH-only subspectrum is trum three spgctra are Comb'”eg- Usm_g a S(,:P sequence
obtained much more efficiently. Criteria for optimizing the signal  SPECtrum dominated byCH and “CH; signals is obtained.
to noise in the edited subspectra are discussed. © 2000 acacemic press  SUDIraction of the SCPPI spectrum results #GH-dominated

Key Words: solid-state: spectral editing; CPMAS; signal-to-noise ~ SPectrum. Unfortunately the intensity of th€G— and*°CH;
ratio (S/N); CP dynamics. signals in this difference spectrum is too large for this alone t
be a useful means of producifdCH-only subspectra. These
undesired signals are, however, closely reproduced in a sp

INTRODUCTION trum acquired using a SCP sequence that is followed by
depolarization interval (SCPD) which cleanly removes th

The combination of cross polarization (CP) with magi¢’CH and™*CH, resonances. A second subtraction can then &
angle spinning (MAS) and high power proton decoupling comssed to generate a goddCH-only subspectrum, albeit at a
stitutes one of the most popular solid-state NMR experimentgavy penalty in signal-to-noise rati&/{). (12). Methyl and
Routine application of this experiment in laboratories arourtbnprotonated subspectra are obtained from the LCPD (lor
the world results in high-resolution, liquid-like spectra of &P — depolarization) spectrum. Separation of these two carbc
wide range of organic solids. Spectral editing is an importatytpes relies upon the fact that the chemical shift ranges mc
assignment tool for such spectra, especially in industrial appliten do not overlap. In many applications this is justified
cations to hydrocarbon mixtures and polymers. In solutidmowever, it is an inherent weakness of the general approach:
state NMR, spectral editing is well developeld,(and numer- have developed.
ous approaches to editing exist. Solution NMR editing methodsThis paper describes the use of a sequence we call crc
rely on evolution of°*C magnetization under scalar couplinggolarization dipolar dephasing re-cross polarization (CPLC
and the fact thatJ., falls in a characteristic and narrow rangddDRCP). This sequence is used to obtaitiGH + **CH,-only
of values. Since these couplings are not typically resolvablespectrum in which the “C— and**CH, resonances are more
the solid state, editing methods for solids NMR are more oft@ompletely suppressed. This makes generation of'iGei-
based on evolution under dipolar couplings. only subspectrum feasible with a single subtraction and re

We have recently proposed methods that rely upon theces the amount of time needed to collect a spectral editi
domination of CP dynamics at short times by the strong dipoldata set considerably. The remaining subspectra which ta
couplings between &C nucleus and its directly bonded prodess time to acquire are obtained in the same way as befo
tons, and the ratio of the heat capacities of @ and these While the CPPI editing protocol is still found to produce the
directly attached protons. Methods of this type are less sensiost accurately edited data in terms of quantitation, the ne
tive to molecular mobility than those which rely only on thenethod does produce results that are of comparable quality &
strength of the®*C—"H dipolar interactions. The relative meritsis preferable if signal to noise is at a premium.
of such an approach in comparison to many other methods
(2—11) used to edit complex’C spectra of solids have been THE CP-DIPOLAR-DEPHASING-RE-CP SEQUENCE
discussed elsewheré3).

In our most recent method (cross polarization-polarization The sequence shown in Fig. 1la has been devised with t
inversion or CPPI editing)1@) four spectra are combined toaim of producing a*CH + *CH,-only spectrum. In the first
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were determined, the initial CP timegs,, was arrayed to find
the null points for either the —C— or the Gliesonances.

A number of variations are possible on this basic schem
The dephasing interval can be done in a rotor synchronize
fashion to eliminate dephasing from chemical shift anisotrop
(CSA) effects. This can be especially important at higher field:
On the other hand this does introduce signal loss flbm
during the dipolar dephasing delay. At low fields and moderat
spin rates one may find asynchronous operation more efficie
Other methods for dephasing tAH and**CH, signals are
also possible in theory. However, we have found that depola
ization and other multiple-pulse schemes for dephasing’te
signals also result in substantial, often total, losstfmag
netization. Since the basic method described here relies
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b ! Lo ! i n i ! o having essentially the fullH magnetization available for the
| . P . — final SCP step, these alternatives are at the moment imprac

s x] o] [x] = cal.
N W T SRR S A Figure 1b shows the CPDDRCP sequence as it is used

practice. A short initial proton spinlock-{)) of 140 us is added
FIG. 1. The CPDDRCP sequence used to acqiiéH + “CH,-domi t0 allow both the proton amplifier and the spin temperature t
nated spectra. (a) Simplified sequence illustrating the basic idea. (b) Sequestebilize. The dephasing period may be bracketed by prot
iy Esel‘jlghos"_"i:g ‘EES‘(’;F’“;’_”;"" rgt%rosySTrorﬂzit(i)oné_TTrle_tirzénog iz_"’f fi‘;”o"‘@pinlocks frs) chosen to rotor synchronize the pulses. Fi
otermined bacad o the spinning S’Se’edf"z H: T HS: T nally, a carbon spinlock is added to the end of the sequence
minimize differentialT,, effects among the editing sequences
As mentioned, the length of the initial CP can be varied t

step a short cross polarization is applied which polarizes t : ; 13
. o odulate the sign and magnitude of théG— and"CH, error
¥*CH and™CH, groups to a quasi-equilibrium state. A smal 9 9 g

A ignals. A initial CP will yiel ith slightl
amount of £*C— and**CHj, polarization is also produced. At ignals. A 56ps initial CP will yield a spectrum with slightly

. . 1 S yositive methyl signal and near zero nonprotonated signal.
this point the®H magnetization has been largely unaffecte o . .
s . o he initial CP is longer, the nonprotonated resonances will k
application of am/2 pulse with am/2 phase shift in theH . . . .
o . : slightly negative and the methyls will be near zero. An inter
channel returns théH magnetization to the axis where it can

be stored. The*C magnetization is then permitted to evolvemGd"'jlte timing can be chosen such that the nonprotonated ¢

with no *H RF applied, causing thECH and**CH, signals to methyl resqnancesgre both1r31ear Zero. T_his inter_mediate—j[im
dephase during the interval,. Refocusing of the chemical spectrum will have =C— anq CH, error signals with magai
shift evolution during this interval places the smaliG— and tudes Ieis than 0.05 relative to the LCP s_pectrqm. In sor
3CH, magnetizations back in phase where they can be- spfﬁﬂses’ &’CH-only s_ubspectrum can be obtained _d|rectly fron
locked once more. This spinlocked state becomes the start Qﬂspe_ctrum by smp_ly SUb”ac“”Q_ out theH, S|gna_ll._l_:or
point for a second SCP period. By proper adjustment of tff@mParison to the original CPP! editing method, gusbinitial
relative phases, theC— and®CH, signals are now depolar F:P w§1§ chosen. Th|s. yields a spectrum with relative meth
ized, whereas th#CH and**CH, groups, which are starting mtensmes.of 0.07_ which can be easily suptracted gt a sm
with no net polarization, are allowed to again reach thefiecrease irs/N. Figure 2 shows a comparison of this CPD-
quasi-equilibrium intensities. The resulting spectrum will coPRCP spectrum (Fig. 2b) and the SCP spectrum (Fig 2a). Frc
tain *CH and **CH, signals with intensities similar to those
obtained in a SCP experiment. The principal difference is that
the 2°C— and™CH, error signals are now greatly reduced in JJL JL
intensity. The intensity and sign of these error signals depeBd  --~-vecmen
on the relative length of the two CP periods.

The timing of the pulse sequence was determined as follows.
The second CP periodg, was chosen to be 4@s to bring the
CH and CH carbons to their quasi-equilibrium state. Theg L M -
dipolar dephasing timer{g = 50 us) was the minimum time T S B B T B O B
needed to null the CH and GHignals. It was not possible to 200 150 100

L 13 A . .
completely eliminate the ‘.(_:— and “CHj; signals simulta  FiG. 2. Monoethyl fumarate spectra. (a) SCP and (b) CPDDRCP spe
neously under these conditions. Therefore, ongg and 744 tra.

I
T T T
50

0 ppm
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TABLE 1 responding (i.e., thgh) resonance in the LCP spectrum for the
Matrix of Spectral Intensities s; same number of scans. In Table 1 we have included spec
from the CPPI method as well as the CPDDRCP method.
The intensity matrix is used as a guide to form the subspe
i 0 1 2 3 tra. In general th¢th subspectrun(w) is formed by taking a
linear combination of thé experimental spectrg;(w) as

Carbon type: Bo_ 1BCH 13CH, BCH,

Experiment i

LCP 0 1.00 1.00 1.00 1.00

CPDDRCP 1 0 0.42 0.57 0.07 a. E.(0)

SCPPI 2 0 0 —-0.24 0 w) = ij =i _ ael(w). 1
LCPD 3 0.86 0 0 0.61 S(w) ; A ; i€i(@) (4
scp 4 0.09 0.57 0.69 0.24

SCPD 5 0.08 0 0 0.12

Equation [1] defines the linear expansion coefficieats,and
the €,(w), which are the experimental spectra scaled by th

this figure it can be seen that th&c— and*°CH, signals are relative number of scang,. The linear expansion coefficients
suppressed better with the new sequence. are calculated from the intensity matrix elemers{s, and are

Similar to the earlier method1@), the editing protocol listed in Table 2. Each subspectrum is represented by a colur
requires the experimenter to take spectra of a model compoundhe table. The rows represent the experimental spectra. T
using the editing pulse sequences to calibrate their particutable entries are then treg;’s which are the coefficients the
instrument and to empirically account for departures from trsgaled experimental spectra must be multiplied by to form th
idealized spectral intensities predicted from the quasi-equilisubspectra. The subscrips used to denote the pulse sequenc
rium theory. These discrepancies are a result of long-range @&d and indexes the proton multiplicity of the resonances ir
transfer and frontH/*H spin diffusion as we have discussedhe spectra.
before. As such, calibration on a known model compound with As can be seen from Table 2, some of these combinatio
similar 'H density goes a long way toward accounting for sucire quite simple. The®*CH,-only subspectrumS,(w), is
effects in an unknown sample where the H/C ratio can llermed from the experimental SCPPI spectriip,w), scaled
obtained from elemental analysis. These intensity matrix vdly the number of scang},, asS,(w) = (1/s,,) E;(w)/A, =
ues were calibrated for the currently used experimental setlfs,,e,(w). The CH,-only subspectrum is formed from the
and as expected are slightly different from those publishedaled LCPD spectrune;(w), by multiplying it by 1k;; =
previously (L2). The resulting intensity matrix defines thel/0.61 andremoving the region containing*c— signal. The
linear combinations used to generate subspectra for a givefC-only subspectrum is formed from the scaled LCPD spec
carbon type. In each column the matrix elements give tiieim by multiplying it by 1565, = 1/0.86 andhen zeroing the
intensity of the indicated carbon type for the experiment speBCH, region. Only the*CH subspectrum requires a linear
ified by the row label (see Table 1). combination of several spectra to be made. To f&(w), one

A matrix elements; represents the intensity of thgh starts with the CPDDRCP spectrum and subtracts'i@el,
resonance in théth experiment measured relative to the corand *CH, contributions. From Table 2 one find(w) =

TABLE 2
Linear Coefficients, a;, Used to Form the Subspectra

S/(w) CPDDRCP method S(w) CPPI method
i So(w) Si(w) Sy(w) Ss(w) So(w) Si(w) S (w) Sy(w)
1
CPDDRCP 1 0 — 0 0 — — — —
Si1
- 1 — 1
SCPPI 2 0 Sz - 0 0 Se2 = 0
$22511 S22 $22841 S22
1 — 1 1 1
LCPD 3 = S 0 = = 0 0 =
Sz0 S33511 Ss3 Sz0 Ss3
1
SCP 4 — — — — 0 — 0

Sq1
—S43
SCPD 5 — — — — 0 — 0 0
S33841
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[a€1(w) + ane(w) + ases(w)] = [(1/s;)e(w) + one subspectrum at the expense of the others. The secc
(—S12/(S2:511)) €x(w) + (—S13/(S33511)) €3(w)]. constraint is that the total time must be fixefl,(+ A, + A,

= constant). Equation [3] was maximized using Lagrange’

SIGNAL TO NOISE CONSIDERATIONS method of undetermined multipliers subject to these cor

straints. One obtains
Typically the application of these spectral editing methods

will result in a set of subspectra for a given compound. These (S14/S35)2 — (Sy/S59) 2
subspectra may be analyzed quantitatively to determine rela-A; = [S12/Sy)|A;; Az = A1< 1+ (5,05, ) [4]
tive (or possibly absolute) amounts of the different carbon 1z
types. When doing this type of analysis, there is no advant

to having greate®/N in one subspectrum or another. It woul
99 P ental spectra. Using these numbers of scans, one finds t

therefore seem appropriate to have roughly equal S|gnalt % YN for the “CH-only and the®CH,-only subspectra are

noise in each of the subspectra. It is straightforward to calcu
late the correct numbers F())f scans to glvegsmsem for the qual while theS/N for the *CH, and -C-only subspectra are
somewhat better.

13 13 13

C-, "CH,, and “CH, subspectra, as these subspectra ar€ry e rs of scans for the CPPI method can be similar
formed from a single spectrum each. For example, in order for : . :

13 optimized. Here, we will usd, instead ofA; to denote the
the “CH,-only subspectrum to have the sa®® as the LCP 3

: . numbers of scans. Th&/N for the “CH-only subspectrum
spectrum one must acquire (1/0.24) 17.4 times more scans.
‘obtained by the CPPI method is given by

However, it is not immediately obvious, given a set of values
for the experimental numbers of scans, what'f-only SN Is)2 n 1o
will be and whether thé*CH-only S/N is the optimum for the (5) _ Sa (1 L (8ufS22)” | (SudSsd) ) 5]
amount of time used. The situation for tR€H-only subspec N/, B, B, Bs
trum is more complicated than the others since it is formed
from a linear combination of the CPDDRCP (or SCP), LCPWheres,, = s5; = 0 has been used. The optimum numbers c
(or SCPD), and SCPPI spectra. To aid in finding the correstans are found to be
numbers of scans to acquire, tB&N of the “*CH-only sub
spectrum expressed in terms of the intensity matrix eIementsB2 |S42/S22|Bs; Bs = (S49/Ss3) B,
and the numbers of scans will be examined. Such an expression )
can be written for &CH-only subspectrum derived from either B. — B4< (S41/Ss3) ) . 6]
the CPPI or the CPDDRCP protocol and can be used to 1+ [S2fSza + (S4d/Ss2)
determine the advantage of one method over the other. In

r the optimum numbers of scans for the individual experi

general, theS/N of the jth subspectrum is written In the CPPI method, experiment 4 is the SCP and experime
5 the SCPD. Experiments 2 and 3 are still the SCPPI ar
S S ays; LCPD, respectively.
(N). T nZa?\ V2 (2] The advantage in terms of time saved by using the CPL
‘ (Ei ;\ ”) DRCP method over the CPPI method can be calculated as 1

ratio of the total experimental time in the two cases when th
13CH -only subspectrum has the sai®@ ratio. SettingA, =

wheren; is the noise in one scan. , one obtains

First let us consider the CPDDRCP method. Substituting the
appropriatey;’s from Table 2 into Eq. [2] yields Eq. [3], which A+ A+ A
1 2 3

ives theS/N for the *CH-only subspectrum, -
g y subsp 518,18, 1B 063 [7]

2 2\ —-1/2
(S) _Su (1 n (S12/S22) + (S19/S23) ) ., [3] which means that the CPDDRCP method will require less thz
N/, Ay A Ay two-thirds of the time to obtain the san&N as the CPPI
method.
wheres,; = s5; = 0 has been used. Using these relationships a table illustrating the recor

The goal is then to maximize this expression but we needfifended numbers of scans for each experiment in the tv

determine the appropriate constraints. The e@idlcriterion protocols can be produced (Table 3).
mentioned earlier can be most nearly accommodated by con-

straining theS/N for the **CH-only subspectrum to be equal to EXPERIMENTAL

the S/N for the *CH,-only subspectrum. This constraint-en

sures that thes/N of the individual subspectra are roughly All experiments were performed on a homebuilt NMR
equal and that undue time is not spent improving $d of spectrometer based on a Tecmag Libra data system a
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TABLE 3 RESULTS
Optimum Numbers of Scans for the Individual Experiments
in Each Editing Protocol Spectra of monoethyl fumarate (Fig. 3) and cholestery

. acetate (Fig. 4) were acquired in order to test the new pul:
Experiment CPDDRCP CPPI sequence. The normal CPMAS spectrum of monoethyl fum:
CPDDRCP 72 . rate consists of six lines (Fig. 3a). There are twiC— rese
SCPPI 17.4A, 19.3A, nances near 166 and 172 ppm, tW6H resonances near 135
LCPD A A, ppm, a**CH, resonance at 62.7 ppm, and’&H, resonance at
SCP — 6.7 15.9 ppm. In the®CH + “CH,-dominated CPDDRCP spec
SCPD - 13.9A, trum (Fig. 3b), the C— signals are essentially absent and th.
Total 25.7A, 40.5A,

CH, signal is small with an intensity of 0.07 relative to its
LCP value. The®*CH and™*CH, relative signal intensities lie
near their quasi-equilibrium values at 0.42 and 0.57, respe
using an Oxford Instruments 2.35-T, 110-mm room-tempelively. The SCPPI spectrum (Fig. 3c) contains a single negati\
ature bore superconducting solenoid. A homebuilt CPMAREak corresponding to tHé&CH, group and a pair of extremely
probe incorporating a 7-mm MAS stator with a variablémall positive <*C— error signals. Thé’CH signal is well
pitch RF coil from Doty Scientific was used. Samples wergiPpressed as predicted by the quasi-equilibrium theory a
spun at the magic angle at 4.0 kHz. The spin rate wike “CH, |nt'en5|ty is zero.'The relative mtens!ty of.tHTKZH2
determined using a triboelectric tachometer and observed &§onance is-0.24. The final spectrum required in order to

vary no more than=20 Hz over a 24-h period. Spin rateCOMplete the editing protocol is the LCPD spectrum (Fig. 3d.
regulation is accomplished solely by regulating the air squ

this depolarization spectrum thé&’c— resonances are atten
ply with two successive two-stage regulators. The magﬁ’t,ated to 3'86,rﬁlat'v‘? t9 the LCE’?‘CH; (r)eginffll_rrl]ces are a's_‘?
angle was set by minimizing the aromatic centerband ”nggtert\ugtT t, \g't ;re'a:we !trltens:ty OT .bl ' 1 elsetrllnteLnnglé
width for a sample of hexamethylbenzene as the angle wils tabulated in Ine Intensity matrix (Table 1). In the

- . 13,
varied. Typically 19 Hz is the minimum linewidth obtaineaSpeCtrum’ depolarization has reduced #@H and™CH, res

o nances to a relative intensity f0.01. A spinning sideband
under these conditions. For monoethyl fumarate proton (%c_Jm one of the £C- resonances is visible just to the right of

coupling was accomplished at 3.0 ppm with a 95-kHz dg; methyl peak at 9.9 ppm. There is another under the rig
coupling field. Cholesteryl acetate spectra were acquirg ge of the methyl peak

with a decoupling amplitude of 95 kHz for the first 250 ms
and 60 kHz for the remaining 258 ms of the acquisition. The

Hartmann—Hahn match condition was setdtl; = ysH? = o

55 kHz by maximizing the adamantane signal as a function HOJVY°V

of *C RF field strength. For this determination, a sample of °

adamantane was spun at ca. 800 Hz in order to remove the

possibility of accidentally finding a sideband match. A CP. L
1 J

time of 500 us was used while the match was being set.
Once the best match was found, SCPPI and LCPD experi-
ments using a sample of monoethyl fumarate were per-
formed. Absence of ®C—, ®CH, and *CHj, signal in the
SCPPI spectrum and absenced&H and*CH, signal in ¢ L
the LCPD spectrum confirms that the match is well set.

Editing data for monoethyl fumarate and cholesteryl ac-
etate were obtained on samples purchased from Aldrich.

Edited subspectra were generated by linear combinationspf M j{ .

the experimental data according to the intensity matrix

obtained for a single model compound (monoethyl fumar-

ate). The results were evaluated by comparing the “synthet-

ic” LCP spectrum constructed by summing the individual |
S B S A 1

. . a
subspectra to an experimentally obtained LCP spectrum. 1 T
Discrepancies in the intensities of the resonances obtained 200 150 100 50 0 ppm
in these two spectra, as seen in their difference spectrum, 5\t fumarate spectra. (@) LCP: (BEH + “CH,-domi
were taken as indicative of the size of the errors inherent igteq; (c) SCPPI: (d) LCPD. The SCPPI spectrum is plotted upside down f
the method. ease of display.
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peak. The region from 27 to 209 ppm has been zeroed
remove +°C— signal. Figure 5e is the LCP spectrum from Fig
3a redisplayed for comparison with Fig. 5f, which is the
)k synthetic LCP spectrum obtained by summing the subspec
oo (Figs. 5a—5d). The difference spectrum (Fig. 59) is the result
: subtraction of the synthetic LCP spectrum from the normse
u “ M h LCP spectrum. The difference is very good except for som
d o small negative nonprotonated error signals.

Edited subspectra were also obtained for cholesteryl acet:
(Fig. 6) using the intensity matrix measured for monoethy
fumarate. The 2C-only subspectrum (Fig. 6a) is quite clean
with the only errors being the small, incompletely depolarize
*CH signals. The region from 0 to 27 ppm has been zeroed
remove *CH, signals. The largest of the error signals in the
¥*CH-only subspectrum (Fig. 6b) is due to“€H, resonance

4 near 42 ppm. Other error peaks, also traceablEG#l, rese
b I LJU‘LJM%“L nances, are negative and of smaller intensity. Two nonprot

nated resonances, overlapped by the methylene envelope in
| ¥CH + ™CH, spectrum, show small error peaks in this sub
H [LJ LJ spectrum. The™CH,-only subspectrum (Fig. 6¢) has small
error peaks for most of th&’CH resonances, the largest of
T T T T T T which comes at 60 ppm. TH&CH,-only subspectrum (Fig. 6d)
50 again has the region from 27 to 209 ppm zeroed to remo

FIG. 4. Cholesteryl acetate spectra. (a) LCP; {§H + “CH,-domi- — C— signal. Figure 6e is the LCP spectrum from Fig. 4

nated; (c) SCPPI; (d) LCPD. The SCPPI spectrum is plotted upside down f@displayed for comparison with Fig. 6f, which is the syntheti
ease of display.

T T T T T T T

200 150 100 0 ppm

Since cholesteryl acetate has 29 carbon centers and there hre
two distinct molecules in each unit cell one would expect to
observe 58 separate resonances for this compound; however, at
this field strength they are not all resolved (see Fig. 4). LCP. ‘
spectra (Fig. 4a) of this compound show complex spectra witﬁ
several overlapping resonances. Tf@H + **CH,-dominated
spectrum (Fig. 4b) clearly shows that th&G— signals are
suppressed. The two downfield doublets arising from a cag
bonyl and the nonprotonated alkene carbon are both reduced to
less than 0.03 in thi$CH + *CH,-dominated spectrum. The
SCPPI spectrum (Fig. 4c) shows tHEH, resonances clearly.
Several small signals can also be seen that are due to impér- IR
fectly nulled ®*CH resonances. Theé*c— resonances show up
as very small negative error signals. In the LCPD spectrum
(Fig. 4d), the"®*CH and*CH, resonances are suppressed except B
for several small positivé’CH signals. The ¥C— and**CH,
resonances can be clearly seen. U

I8

Edited subspectra of monoethyl fumarate are displayed in
Fig. 5. In the 2*C— subspectrum (Fig. 5a), th&CH and**CH, b
peaks are well nulled. The region from 0 to 27 ppm has been

UL

zeroed to remove the methyl signal. THEH subspectrum

(Fig. 5b) has two small out of phase signals froiG— carbons

but otherwise looks very clean. TH&CH,-only subspectrum ? =773 I R e e e e e e e R

(Fig. 5c¢) is contaminated with very small negativeéG— sig 200 150 100 50 0 ppm
nals. The methyl-only subspectrum (Fig. 5d) contains spinning.,« 5 gyited monoethyl fumarate subspectra. (€C-only: (b) “CH-
sidebands from the'3C— resonances. One is under the righdnly; (c) *CH,-only; (d) **CHs-only; () LCP; (f) synthetic; (g) difference
edge of the methyl peak and the other is visible beside t(wef).
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g ' 4 Al o combined with the fact that thECH intensity is less than the
*CH, intensity ensures that the sum spectrum will have wors

S/N than the SCPPI. It was on the basis of this reasoning th

we chose to constrain th&N of the *CH to be equal to the
S/N of the *CHs.

The CPPI editing method is useful for separating resonanc

)& in spectra of unknown compounds and complex mixtures int

j subspectra on the basis on the number of attached protons.

the subspectra resulting from application of this method, th

*CH-only subspectrum is clearly the most time consuming t

obtain. With the method proposed here, reliance on the SCF
spectrum is removed and tH&CH-only subspectrum can be

obtained more quickly. Because of this advantage, the meth

will find application when signal to noise is poor. The CPD-
s

DRCP sequence is, however, slightly more complicated expe
imentally than the original pulse sequences which kept th

carbon magnetization spinlocked.
, The monoethyl fumarate and cholesteryl acetate spect
b : “ L TS obtained with these pulse sequences are very similar in qual
to those obtained with the CPPI editing method. With either ¢
\ H these methods, smalfCH error signals may sometimes be

N i

seen in the LCPD or the SCPPI spectra but these are usuc
T T T e less than a few percent. TH&CH + “CH,-dominated spec
200 150 100 50 0 ppm  trum successfully reduces the time required to obtairi¥Bel-

FIG. 6. Edited cholesteryl acetate subspectra. (FL-enly; (b) “CH- only subspectrum. .Essentially, the editing m_ethpd is applied
only; (c) *CH,-only; (d) “CHs-only: (€) LCP; (f) synthetic; (g) difference the same way as it was before; a depolarization spectrum
(e-). acquired and used as a source G- and*CH,; signal. The

¥CH,-only subspectrum is still obtained directly from the
SCPPI spectrum and théCH-only subspectrum is obtained
LCP spectrum obtained by summing the subspectra (Fif@m a spectrum similar to the SCP only without thEG—
6a—6d). The difference spectrum (Fig. 6g) is essentially noisignal (the*CH + **CH,-dominated spectrum). With this new
except for a few small peaks in the 20- to 40-ppm range aneethod it is no longer necessary to acquire the SCPD spectrt
small out of phase nonprotonated signals that integrate to zéh@t was used to remove the’c— and*°CH;, signal from the
SCP spectrum. This is the true advantage since the SCF
DISCUSSION spectrum always had the worst signal-to-noise ratio of ar
spectrum in the set used for CPPI editing.

We have considered tH&N in the **CH-only subspectrum  In our analysis, we have implicitly assumed that each rest
to determine the optimum numbers of scans for each of thance of the LCP spectrum is equally intense. This represel
editing experiments. This analysis confirms that the CPRn ideal situation which will only be realized in practice wher
DRCP sequence provides edited subspectra with the Sxhe the spectra are well resolved and the widths of the resonanc
as the CPPI method but only requires two-thirds the amountare equal. More generally, one can expect some deviation frc
time. the calculated/N ratios due to differences in these and othe

With the above optimization condition, the relative signal tparameters.
noise ratios for the individual subspectra &g ):S;(w):

S,(w):S;(w) = 1.4:1:1.6:1 inboth the CPDDRCP and the CONCLUSIONS

CPPI protocols. As mentioned befoi®,(w) and S,(w) will

always have bette®/N. This is not accidental. Since tH&C We have reported here a new pulse sequence that can
and ®CH, subspectra are both obtained from the same LCRBed to acquire &CH + *CH,-dominated spectrum. This

spectrum and th&CH, resonances are attenuated more due $pectrum is useful as part of an editing protocol in that it allow
their stronger dipolar couplings, ti8N of S;(w) must be less the *CH-only subspectrum to be obtained more directly. Th
than that ofSy(w). For the®®*CH:"*CH, case, it can be seen that°CH + “*CH,-dominated spectrum allows for the acquisition
the *CH, will have betterS/N due to the way the CPDDRCP of a *CH-only subspectrum of equal or better quality to tha
and SCPPI spectra are combined to fd8piw). Addition of obtained with the original method with the same signal-to
the SCPPI spectrum to the CPDDRCP spectrum wijth> 1  noise ratio in considerably less time. With the addition of th
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B¥CH + ™CH,-dominated spectrum, the editing routine re 3. K. W. Ziim and D. M. Grant, High-resolution NMR spectra with J
mains simple to set up. couplings in solids, J. Magn. Reson. 48, 524-526 (1982).

These pulse sequences are of course not limited to editirfig M- Alla and E. Lippmaa, High resolution broad line *C NMR and
applications solely for the purpose of spectral decomposition. r;"ga;‘gt'on in solid norbornadiene, Chem. Phys. Lett. 37, 260-264
Preparatory schemes based on these sequences can be im Ié— 3 (') la and M. H. Frev. Selection of tonated carb
. . . . . O. J. pella an . A. Frey, selection of nonprotonatea carbon
mented t‘? prgpare specific Sp'_n polarizations for more elab resonances in solid-state nuclear magnetic resonance, J. Am.
rate poIa_nzguoq trgn;fer exp_erlments. . Chem. Soc. 101, 5854-5856 (1979).

. The_ principal I|m|tat|pn of this method and our previous tgch_—ﬁl J. Peng and L. Frydman, Spectral editing in solid-state MAS NMR
nique is the need to spin fast enough to suppress all CSA spinningusing chemical-shift-anisotropy-dephasing techniques, J. Magn.
sidebands, yet slow enough as not to severely disturb the crossReson. A 113, 247-250 (1995).
polarization dynamics relied upon. Modifications of the protocols. R. Sangill, N. Rastrup-Andersen, H. Bildsge, H. J. Jakobsen, and
presented are being developed which will be better suited to N. C. Nielsen, Optimized spectral editing of *C MAS NMR spectra

high-field operation where much faster spin rates are desirable. ©f"19id solids using cross-polarization methods, J. Magn. Reson. A
107, 67-78 (1994).

8. D. P. Burum and A. Bielecki, WIMSE, a new spectral editing tech-
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