
Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

, t1
1 2 3 4 5

illLL,.o o,1,i1i1,11Inches _

IIIll_"

_51 g_ MANUFACTUREDTO RTIM STnNOAROS
" _/,,, BY QPPLIEO IMQ6e. INC. _,,'_"

_'I_ _





,I ii

r _- .....- ..... I DOE/PC/91285-5

Two Dimensional NMR and_NMl_ Relaxatlon S'tudies "IL'7__'Ch"l O
Jut i
OST IPROGRESS REPORT

including

the period October i, 1992 to December 31, 1992

Kurt W. Zilm

Department of Chemistry

Yale University

New Haven, CT 06511

Prepared for the Department of Energy

Agreement No. DE-FG22-91PC91285

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Governmentnor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade na_ne, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favol_ingby the United States Government or any agency thereof. The views
and opinions of attthors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.

DISTRIBUTION OF THIS DoCUMENT IS UNLIM_



NOTICE

This report was prepared as an account of work sponsored by the United

States Government. Neither the United States nor the Department of Energy,

nor any of their employees, nor any of their contractors, subcontractors, or

their employees, make any warranty, express or implied, or assumes any legal

liability or responsibility for the accuracy, completeness, or usefulness of

any information, apparatus, product or process disclosed or represents that

its use would not infringe on privately-owned rights.

US/DOE Patent Clearance is not required prior to publication of this

document.



ABSTRACT

This report covers the progress made on the title project for the

project period. Four major areas of inquiry are being pursued. Advanced

solid state NMR methods are being developed to assay the distribution of the

various important functional groups that determine the reactivity of coals.

Special attention is being paid to methods that are compatible with the very

high magic angle sample spinning rates needed for operation at the high

magnetic field strengths available today. Polarization inversion methods

utilizing the difference in heat capacities of small groups of spins are

particularly promising. Methods combining proton-proton spin diffusion with

13C CPMAS readout are being developed to determine the connectivity of

functional groups in coals in a high sensitivity relay type of experiment.

Additional work is aimed at delineating the role of methyl group rotation in

the proton NMR relaxation behavior of coals.



Introduction

As the field strengths available for NMR magnets have increased, it has

become increasingly important to develop solid state NMR methods which will

take advantage of the increases in sensitivity and dispersion these advances

make possible. For a number of varied reasons we expect multiple pulse

homonuclear decoupling methods to work significantly better as field

strengths increase° Applications combining multiple pulse methods with magic

angle sample spinning (MAS), also known as CRAMPS, are especially

attractive. In this report we briefly outline some of the experiments we

have been doing recently to investigate the problems inherent in combining

MAS and multiple pulse decoupling, lt has long been held that as long as the

sample rotation period was several times as long as the multiple pulse cycle

time, that the line narrowing produced by these techniques would be

additive. In fact we have found a number of instances in which this

reasonable assumption is totally at odds with experiment. As we produce ever

faster sample spinners to accomodate higher field operation, this problem

will become increasingly severe. Therefore, a better understanding of this

problem is central to the continued development of 2D NMR methods for solids

that will work at high field. The following report describes some of the

results collected during the last quarter in our investigation of this

problem.



Multiple-pulse proton homonuclear decoupling under MAS.

Solid state _H- 13C 2D heteronuclear chemical-shift correlation

experiments (HetCor) have recently been the focus of more attention. We

have proposed that this kind of experiment could be used on coals to give

more structural information. One of the key elements in getting a high

degree of resolution in the proton dimension is effective proton homonuclear

decoupling. This is accomplished by using multiple-pulse sequences. It is

generally believed that 2 - 4 kHz MAS speeds are low enough to avoid MAS

interference with multiple-pulse decoupling of homonuclear interactions.

In practice, a series of lH CRAMPS spectra are first performed and the

experimental conditions for good I-I decoupling, such as the rotor speed, are

optimized accordingly. Then the _H-I_C 2D HetCor spectra are obtained

under the same conditions, except for the different pulse sequence. Usually,

the multiple-pulse sequence used in the HetCor is different from that used

in CRAMPS. It is supposed that the different multiple-pulse sequences

should behave similarly under the same spinning conditions.

Recent work in our laboratory has found that multiple-pulse I-I

decoupling under MAS is more complicated than previously thought. The

MAS interference with multiple-pulse I-I decoupling may still be very

strong even at 2 - 4 kHz MAS. Under a certain condition, one multiple-pulse

sequence works very well, while another may be very bad.

Experiments were performed on adamantane. Under MAS, the 1H-

_sC J coupling can be clearly observed in the _3C spectrum when I-I

decoupling is applied during the acquisition time. Figure la shows a typical

J coupling resolved 1_Cspectrum. The decoupling power was about 50 kHz,

which corresponds to a 5 microsecond 900 pulse. The different multiple-
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pulse sequences used were (a) Semi-windowless MREV-8 with a cycle time

60 microseconds, (b) BLEW-24 with a cycle time 240 microseconds and (c)

MREV-8 with a cycle time 120 microseconds.

Figure 1 shows the different _C spectra obtained under 2.23 kHz MAS

with different I-I decoupling multiple-pulses. Spectra a, b and c correspond

to the three pulse sequences mentioned above. Windowless MREV-8 works

perfectly, while BLEW-24 is very bad. As a measure of the decoupling

efficiency we define R=A/B where A is the distance from the baseline to the

lowest point between the two peaks of the doublet and B is the average height

of the two peaks. Table 1 shows the results for the different multiple-pulse

sequences and the slightly different MAS speeds.

Table 1 R values

MAS speed (kHz) a b c

2.23 0.22 2.40 0.60

2.42 0.44 0.56 0.91

2.50 0.25 0.50 0.65

These data show that a slight variation of the MAS speeds can make a very

big difference for the same pulse sequence. For example, at 2.42 kHz MAS,

BLEW-24 works fine. However, slowing down by 190 Hz makes BLEW-24

very bad.

= The preliminary work has indicated that the I-I decoupling under

MAS is more complicated than once thought. More work is in progress in

our laboratory to have a better understanding, and to design better

procedures for performing the 2D HetCor and other relevant experiments.
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