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Magnetic Susceptibility Matching Fluid in Microcoil NMR 

B. L. Shapiro, Publisher 
The NMR Newsletter · 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Dr. Shapiro and Readers, 

September 25, 1996 
(received 9/26/96) 

In our studies of NMR microcoils, we employ a perfluorinated organic fluid as a magnetic susceptibility matching 
medium (l]. Our microcoils are usually, composed of 50-µm Cu wire and are wound around fused silica capillary 

. of about 350 µm outer diameter. The coil and capi11ary region are surrounded by the fluid which greatly reduces 
linewidth, significantly improves line shl pe, and enhances SIN about 4-fold due to improved field homogeneity in 

the sample region. The volume magneti6 susceptibility of3M's Fluorinert FC-43® (XFc) is 7% smaller than Xwa1cr, 

15% smaller than Xeu, and 40% less than X silica . The wire is coated with polyurethane, the capillary with polyirnide, 

and the coil is held in place by cyanoacrylate adhesive. Since these six substances are present in the coil region, XFc 
is probably not .an optimized magnetic sJ sceptibility match. We have observed that when FC-43 is first applied to 
the coil region, the proton NMR signal (fijom 10% H20/D20) takes as long as three hours to fully stabilize. Shown 
below are several spectra from the first 30 min of equilibration. All the shims are set to zero and the chemical shift 
axis is scaled identically in all spectra. Thri shift in peak location upon application ofFC-43 is about -540 Hz. Once 

I 

the fluid is applied, the probe is reinserted into the 300 MHz magnet and not moved again. The fluid obviously alters 
the magnetic environment of the sample !perhaps by diffusing into the adhesive, into the wire or capillary coatings, 
into any interstitial spaces between the coil components, or by diffusion of oxygen into or out of the coil region. If 
the FC-43 is removed and allowed to thoroughly evaporate from the coil, the phenomenon is repeatable. 

(FC-43 
(No FC-43) added) 

t=O t=O 

OHz -500 Hz 

t= 5 min 

-500 Hz 
I 

t = 10 min t= 15 min 

-500 Hz -500 Hz 

t = 25 min t = 30 min 

-500 Hz -500 Hz 

Each 
tic is 
l0Hz 

Please credit this contribution to the accoJ nt of Dr. Vera Mainz at the Molecular Spectroscopy Lab at the University 
of Illinois School of Chemical Sciences. 

Sincerely, 

Dean L. Olson, Postdoctoral Research Associate 
Jonathan V. Sweedler, Associate Professor of Chemistry 

I 

(l] Olson, D.L.; Peck, T.L.; Webb, A.G.; Magin, R.L.; Sweedler, J.V. Science 270: 1967-1970 (1995). 





Magic Ang/~ Gradient Applications 
Using the Bruker GRAdient SPectroscopy Ill 
(GRASPTM-111) accessory with x,y,z-gradients, an 
effective gradient at the magic angle can be easily 
produced by applying three gradients simultaneously. 
This greatly improves the elimination of residual water 
by coherence selection in multiple-quantum filtered 
COSY experiments. 

Both experiments were acquired on the Bruker 
AVANCE 500 equipped with a 5 mm inverse triple 
resonance (TXI) probe with GRASPTM-111. The 
sample is 1.5 mM BPTI in 90% H20/10% D20. 
The experiment is DQF-COSY. 

Results with the z-gradient only .. . residual water ridgJ 
is clearly visible and overlaps crosspeaks of interest! 

Results with magic angle gradient. .. residual water ridge i 
eliminated! Crosspeaks previously overlapped by the wate!­

can be observed and used for correlation assignment\ 
The elimination of the water signal is achieved bf 
coherence selection. No presaturation is used i/2 

either experiment! 
I 

For complete details or to arrange a [demonstration please contact your nearest Bruker representative. 
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DEPARTMENT OF PHYSICS AND 
SOPHISTICATED INSTRUMENTS FACILITY 

INDIAN INSTITUTE OF SCIENCE 
BANGALORE-560 012 INDIA 

Prof. ANIL KUMAR 

Dr.B.L.Shapiro 

The NMR Newsletter 

966 Elsinore Court 

Palo Aito, CA 94303 

(received 9/24/96) 

September 13, 1996 

Sideband Suppression by VSMASS 

"Close your eyes to what you don't want to see" 

Dear Barry, 

Largest application of solid state NMR is to identify the various 130 chemical 

sites in a solid powder. For this the standard technique is to enhance sensitivity via 

cross-polarization and reduce powder broadening by magic angle sample spinning, 

breaking-up the powder pattern into a centreband and several sidebands. The side- · 

bands are identified by shifting them in a separate experiment with a different spinning 

speed. Alternately, they are suppressed by application of a series of r.f pulses with well 

defined intervals,before the accumulation of the signal, using techruques named TOSS, 

SELTICS etc. These later techniques require time consuming careful experimentation 

and are utilized only by few experts . Generally people identify the centrebands by 

the former method and publish spectra, marking asterix on either the centrebands or 

sidebands. 

We have never been able to understand why obtain spectra with sidebands when 

they are not needed, or in other words why signal average data with the same spinning 

speed, when the sidebands are not needed. A straight forward signal average of spectra 

collected with slightly different speeds ( difference more than the linewidth) produces, 

clean, beautiful-looking spectra, with no extra effort or time (same time as a single 

spectrum with sidebands) as shown in Fig l(b). We may add that computer control 

of spinning speed, which should have been implemented by instrument manufacturers 

long ago, is now available as 'standard' in most of the spectrometers. What is still not 

done by them is to make the variation of spinning speed, into a single command in 

the AU programme (of the Bruker software) necessitating us to write a small package, 

which is available via e-mail from madhu©physics. iisc. ernet. in. This idea is also 

getting printed in Chemical Physics Letters. 

Please advise journals not to publish spectra with asterices!!! We should publish 

clean spectra. 
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l a 

b 

18000 14000 10000 6000 2000 Hz 

Figure 1 

Figure 1: (a) 13 CP-MAS spectrum of tyrosine acquired in 1000 scans at a spinning 

speed of 2500 Hz in DSX-390 spectrometer. The CP contact time was 1 ms and recycle 

delay was 5 sec . (b) Same spectrum in same time (and same number of scans) with 

spinning speed varied from 12000 to 4000 Hz in steps of 50 Hz. 
I 

With best regards, 

1-fadhu 

I 
~~ 
Pratima 
I 

Anil Kumar 

PS: Kindly credit this to the account of our coll~ague Prof.Khetrapal. 
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August 22, 1996 
(received 8/31/96) 

Dr. B. L. Shapiro 
The NMR Newsletter 
966 Elsinor Court 
Palo Alto, CA 94303 
U. S. A. 

Dear Barry 

n,r.:i,J np,o,!:l'.J np:inn 
Chemical Physics Department 

NMR Crystallography 

457-7 
1r.1~P1 )1JY.) Weizmann Institute 

)'"TDJ of Science 
76100 m'.lln7 76100 Rehovot, Israel 

08 934 )l!l?I:) Phone 972 8 934 
08 9466966 )1:JOil Oj7!l Institute Fax 972 8 9466966 
934 4123 ilp?noil Oj7!l Direct to Dept. Fax 972 8 934 4123 

381300 OP?" Telex 381300 
')171:)j)?N 7Nli e-mail 

NMR is a powerful complementary tool for crystallographic studies of solids. In particular it 
provides useful dynamic information that cannot be obtained by X-ray. In some cases NMR can 
also provide structural data, not available otherwise, especially when no good crystals can be 
grown, or when they are orientationally, or otherwise, disordered. 

We have encountered several such examples in our investigations of solid mono substituted 
bullvalenes. In solutions these compounds exist as a mixture of rapidly interconverting isomers, 
while in the solid state they usually crystallize as a single isomer, most often, as the one which is 
abundant in solution. Thus fluorobullvalene crystallizes as isomer 4 (i.e. as the isomer in which the 
substitution is at carbon number 4 - see numbering system in the figure), while cyanobullvalene 
crystallizes as isomer 3. 

Bromo- and iodo- bullvalene exist in solution as a mixture of isomer 3 (55%) and isomer 2 (45%). 
Both these compounds crystallize in the space group Fdd2, with the molecules at sites of C2 
symmetry. Since non of the mono substituted bullvalene isomers has C2 symmetry the crystals 
must be orientationally disordered and possibly contain a mixture of isomers; X-ray measurements 
cannot tell. 

In part A of the figure we compare the solution and solid MAS carbon-13 spectra of 
bromobullvalene. It immediately transpires that the solid consists entirely of isomer 2, despite the 
fact that isomer 3 is the dominant species in solution (note the missing of the 43 and IC3 peaks in 
the MAS spectrum). Dynamic lD and 2D measurements confirm the orientational disorder of the 
molecules in this system. A similar situations obtains in iodobullvalene. 
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As a second example consider chlorobullvalene, which exhibits an entirely different behavior. This 
compounds melts at 14°C and Jno X-ray study of its crystalline state was reported. The NMR 
spectra (see part B of the figure) show that both, in solution and in the solid state, chloro­
bullvalene exists as a 1: 1 molar 1mixture of the 2 and 3 isomers. Moreover the splitting of some of 
the peaks suggest that there are several types of molecules, at least of isomer 3, in the unit cell. 
Dynamic studies indicate that isbmer 2 undergoes a degenerate rearrangement and likewise isomer 
3, but there is no interconversioh of the 2 and 3 isomers on the NMR time scale. 

With best wishes 

~~ 
R. Poupko H. Zimmermann L. Olivier K. Muller C. Krieger 

-z hg--
Z.Luz 

Below are carbon-13 solution (top) and solid state MAS (bottom) spectra ofbromobullvalene (A) 
and chlorobullvalene (B). The peak assignment is explained with the help of the inserted formula. 
The substitution sites for the 2 jand the 3 isomers are respectively carbons 2C and 3C, which are 
enclosed in squares in the form4la. 

I 
I (A) 

Solution 
-40°C I CD2Cl2 (D 
Isomer Rel. Pop. 2 2AB

2 ~ I B I 
• 2 0.542 3AB \\ r 

3 0.458 3 I 
L 3AB 

2As312c3 
42 

tr 1c2 

coi:12 ,.,1c3 
'. 

Isomer 2 
Solid 
-104°C, VR=4.8 kHz 

lt 

. I 
I. I I I I I I I I I I I I I I I I I I I I I I I I I I I I j I I I I I ' I I I I j I l . I I I I I l 

20CLO JJIO.O llOJI 140.0 120.II 100.0 80,0 IO.O -40.D 20.0 -

Solution 
-40°C I CD2Ch 
Isomer Rel. Pop. 

3 0.51 
2 0.49 

1A 1C 

2A83 

3AB3 

2c3 
/ 

.....-3c2 

IC2 

43 42/ 

4 

2c2 

3c3, 

CD2C12 IC3 

__....., ... ,______lj ---~ 
~ Isomers 2+3 
-43°C, VR=4.5 kHz 

I I . I l j I. I l I'. I I I I. I I I. l l I j Ill l I' I I I j Ill l I'll I I' I I I 

200.0 180.0 160.0 1-40.G llO.O 100.0 80.0 IO.O -40.0 20.0 -



uN1rv/NOVA™: Innovation in 
RF System Design 

Only Varian Meets and Exceeds RF Perfonnance Demands 
Experience the benefits of excellent 
RF system design with Vmian's 
UNITY/NOVA NMR spectrometer. 
Giving you accurate, precisely-timed 
RF pulses for the most complex 
pulse sequence, UNITY/NOVA delivers 
unmatched perfonnance, reliability, 
and productivity for all applications. 

And, only Varian's high precision, 
linear RF system design, in 
combination with an accurate and 
flexible pulse programmer, allows 
you to transfer pulse sequences from 
any lab or across Varian systems 
without modification. 

© Varian Associates 

Let Vmian expm1d your 
experimental capability with our 
innovative user pulse sequence 
library, featuring over 
150 pulse sequences. 

Contact the Varian sales office 
nearest you for more information 
on our full line of highest 
performance NMR spectrometers 
for all applications. 

The advantages are clear: 

• Precisely-timed RF pulses 
• Accurate RF pulse phase, 

amplitude, and timing 
• Pulse programs that deliver 

expected results 
• Easy complex pulse 

sequence programming 
• Available for all UNITY/NOVA 

and UNITYplus systems 

■ var1an@ 



Obtain the fflghest Level of NMR 
I 

Perfonnance µi All Applications 
UNITY/NOVA'S high 

dynamic range RF 

transmitters deliver 

predictable, linear NMR 

response over a 

> 140 dB power range. 

.1111111111111111111 

Predictable, 

complex shaped RF 

pulses are easily 

produced with 

UNITY/NOVA. 

t 

Stable, shaped RF 

pulses are a 

hallmark of the 
UNITY/NOVA 
linear RF system, 

which delivers high 

stability shaped 

pulses such as 

these 15 µsec 

gaussian pulses. 

,uu1111lllllllilillll~lllllimilllwmw 
I 

Predictable, reproducible, anti stable RF pulses at all frequencies and power 
levels are the hallmark of UNITt/NOVA. Flexible, modular RF allows UNITY/NOVA to 
be configured for all applicatii°ns, with easy upgradeability and expansion 
for future experimental need~. 

Manufacturing Facilities Varian NMR Instruments. Building 4, 3120 Hansen w1. Palo Alto, California 94304-1030, Tel 415.493-4000 • Australia Mulgrave, Victoria, 
Tel 3.9.560.7133 • Austria Vosendort, Tel 1.69.5445 • Belgium Brussels, Tel 2.~21.4850 • Brazil Sao Paulo, Tel 11 .820.0444 • Canada Mississauga, On1ario, 
Tel 1.800.387.2216 • China Beijing, Tel 1.256.4360 • France Les Ulis, Tel 1.6986.3838 • Germany Darmstadt, Tel 06151.7030 • Italy Milan, Tel 2.921351 

■ • Japan Tokyo, Tel 3.5232.1211 • Korea Seoul, Tel 2.3452.2452 • Mexico Mexico City, Tel 5.514.9882 • Netherlands Houten, Tel 3063.50909 • Russian 
Federation Moscow, Tel 095.203.7925 • Spain Madrid, Tel 91.472.7612 • Swecien Solna, Tel 8.82.00.30 • Switzerland Zug, Tel 42.448.844 • Taiwan Taipei, 
Tel 2.705.3300 • United Kingdom Walton-on-Thames, Tel 01932.898.000 • United States California, Tel 800.356.4437 • Other sales offices and dealers 
throughout the world var1an@ 
MAG-8402Af681 



University 
of Nebraska 
Medical Center 

Nebraska's Health Science Center 

Dr. Barry Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 
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The Eppley Institute for Research 
In Cancer and Allied Diseases 

A National Cancer Institute Designated 
Laboratory Cancer Research Center 

600 South 42nd Street 
Box 986805 

Omaha, NE 68198-6805 
(402) 559-4090 

Fax: (402) 559-4651 

September 16, 1996 
(received 9/20/96) 

Processing of n-dimensional data sets (n > 2) acquired using Varian instrumentation requires third 
party software. Our laboratory is licensed for an older version of FELIX (v. 2.05) that has proved 
adequate to date. Our desire to commit to software that we perceive as having a long-range plan for 
support and growth and that is reasonably priced to the academic community has led us to 
investigate NMRPipe (ver. 6/25/96, from Frank Delaglio, delaglio@speck.niddk.nih.gov). As 
mentioned before in this forum, (Duncan M. Smith, July, 1996), NMR.Pipe requires extensive 
command-line entry or script generation for the conversion of vendor specific data to the data format 
compatible with NMRPipe. Additional script generation is then required for data processing to be 
done using NMRPipe. Frank Delaglio has incorporated TcVTk/Xl 1 graphical interfaces into his 
software package that make the processing of data a snap. To facilitate the data conversion process, 
Dave Babcook in our group has written a macro within VNMR that takes the Varian FID from the 
files interface, loads the selected data set into the current experiment, reads the parameters from that 
data set and generates an appropriate conversion script to create the NMRPipe data set. This macro 
is invoked by entering the macro name (i.e. vnmr2pipe) at the VNMR command prompt after having 
selected one Varian FID directory while in file select mode. Two versions of the macro do the same 
procedure, one is completely automatic except for a user prompt to enter the number of dimensions, 
the other is interactive and confirms every step with the user. If interested in obtaining this macro, 
please send a message by e-mail to dbabcook@unmc.edu and the macros will be sent to the return 
address. 

Sincerely yours, 

~£4~· 
David M. Babcook William H. Gmeiner 

University of Nebraska-Lincoln University of Nebraska Medical Center University of Nebraska at Omaha University of Nebraska at Kearney 
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Biophysical Faculty Positions 
I 

The University of Texas Medical Branch 
Galveston, Texas 

In continuing developm~nt of Structural Biology at the University of Texas Medical 
Branch, we are pleased to anno~nce two tenure-track faculty openings at the Assistant Professor 
level. , 

1. Nuclear Magneti~ Resonance Spectroscopy - We seek candidates with strong 
backgrounds in NMR spectroscopy who make extensive use of NMR to solve imporlant 
biological problems. Successfu{ candidates are to establish independent research program that 
may involve detenninations ofi macromolecu'lar structures and/or innovative application of 
NMR spectroscopy in the study of biological macromolecules. The NMR facility at UTMB 

I 

consists of new 400, 600 and 750 MHz Varian Spectrometers housed in a newly renovated 
buiuling. 

2. Biophysical, Che.Jiistry - Candidates with strong backgrounds and experlise in 
biophysical chemistry are southt. The successful candidate must establish an independent 
research program to investigate! an important biological problem that involves macromolecu'lar 
interactions. Center facilities include analytical u!Jracentrifugation, electrospray mass 
spectrometry and dynamic light scattering apparatus. 

I 

Candidates for both positions must have outstanding potential in research with a record 
and stature in their field of eipertise. They are expected to attract funding from national 
agencies and to fully participlte in teaching and service with the Department of Human 
Biological Chemistry and Genetics. Affiliations with The Sealy Center for Structural Biology, 
other UTMB Centers and relevbt Departments are possible. 

Structural Biology currehtly consists of 10 biophysical faculty members in areas of NMR 
spectroscopy, x-ray crystallography, computational biology, and biophysical chemistry. 
Facilities in areas of NMR s~troscopy, computation, x-ray crystallography, and biophysical 

I 

chemistry are directed by Drs. IDavid Gorenstein, Werner Braun, Robert 0. Fox and James Lee, 
respectively. Structural Biolog~ received financial support from UTMB and endowed support 
from the Sealy Center for Structural Biology. Facilities consist of a newly renovated building 
and additional laboratories, aldng with excellent computational, NMR, crystallographic, and 
biophysical equipment. 

Applications should in6lude a complete curriculum vitae, a description of research 
interests and names and addre~ses of at least three references. Review of applications will 
continue until the positions are lfilled. Applications should be addressed to: 

I Dr. James C. Lee 
Structural Biology Search Committee 

· Department tif Human Biological Chemistry and Genetics 
I and 

The Sealy Center for Structural Biology 
Uriiversity of Texas Medical Branch 

Galveston, Texas 77555-1055 

UTMB is an equal opportunity M/F/V/D affirmative action employer. UTMB hires only 
individuals authorized to workl in the United States. 

I 
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This spectrum was acquired as 2048 rows of 512 hypercomplex points each. Thirty-two 
scans per row were used to achieve the excellent signal-to-noise seen here. 

NOESY SPECTRUM WITH 

FLIPBACK WATER SUPPRESSION OF A 

DILUTE PEPTIDE IN MICELLES 
2607 MIDPOINT DRIVE • FORT COLLINS, COLORADO 80525 ° 800-4-OTSUKA • www.otsuka.com 
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., WESTERN RESEARCH INSTITUTE 
'Providing solutions to energy and environmental problems• 

365 No. 9th St., Laramie, WY 82070-3380 • Phone: (307) 721-2011 • Fax: (307) 721-2345 

Dr. B. L. Shapiro 
The NMK Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

September 18, 1996 

(received 9/23/96) 

Signal Enhancement as a Measure of Molecular Motion in Asphalts 

Dear Barry: 

An important feature in the NMR spectra of any material is the increase in the signal-to-noise ratio as 
the temperature is decreased. The increase in the signal is due to the difference in the population of 
nuclear spins in the ground state relative to a higher energy state. That is, as the temperature is 
lowered, the number of spins increases in the ground state increasing the spin differences between the 
energy states resulting in an increase in the intensity of the NMR signal. The increase in signal can be 
predicted from the Boltzmann distribution equation and nuclear spin theory. The total spin 
magnetization, M 0 , at any given temperature is given by equation 1.1 

M = Ny2Ji2B /4kT 
0 0 

(1) 

Sullivan and Maciel2 used equation 1 to show that the increase in the NMR signals for Powhatan #5 
coal at temperatures below 21 °C is due only to the Boltzmann factor (ratio of the absolute 
temperatures). Coal is a very rigid solid without any apparent or significant molecular motion in the 
range of 10 to 50 kHz throughout the low temperature range. Figure 1 shows the change in the 
CP/MAS spectra of asphalt AAA-1 obtained at temperatures of 20 and -45°C. For the same set of 
conditions, the signal-to-noise ratio in the NMR spectrum at -45 is considerably better than for the 
spectrum taken at 20°C. Note also that the signal of the methylene carbons (32 ppm) at -45°C is 
greatly enhanced relative to the signal at 20°C. The signal enhancement is greater than that predicted 
by the Boltzmann Factor. 

I 
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Fig. 1. Carbon-13 CP/MAS Spectra of Asphalt AAA- I at 20 and -45°C 

"Leadership in energy and environmental technology" 
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Figure 2 shows the NMR molecul~ ­
mobility/temperature profile plots df 
the aliphatic area ratios as a functio~ 
of temperature for three asphalts. [ 
Also shown in Figure 2 is the plot of 
the absolute temperature ratios 
relative to 293°K as a function of 
temperature. 

The ratio of the integrated areas fonl
1 

the aliphatic carbons of the three 
asphalts differ significantly from coal 
and from the signal enhancement dhe 
to the Boltzmann factor. These 
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a.o~7'U..__..,--...,--...,,---31---»----,o--o --,-o--:io--..,-----l.., differences are the result of extensir e 
molecular motions in asphalts which I Temperature, •c 
prevent effective cross-polarization 
of the carbon and hydrogen spins. I Fig. 2. NMR Molecular-Mobility/f emperature Profile Plot for 
However, as the temperature decreases, Aliphatic Carbons in Asphalts AAA-1, AAB-1 & AAM-1 
the molecular motion decreases, thb 
molecular structure of asphalt becdmes more rigid-like, the cross-polarization mechanism becomes 
more effective, and more carbons tire observed resulting in an increase in the integrated area ratio with 
decreasing temperature. Thus, the area ratio can be defined as a molecular rigidity parameter. That is, 
as the temperature decreases, the Iriolecular structure of asphalts becomes more rigid-like. 

I 
Asphalt AAA-1 shows a greater enhancement of the aliphatic carbon NMR signal over the temperature 
range from +20 to -45°C than asph1alt AAB-1 which, in tum, shows a greater enhancement than asphalt 
AAM-1. The greater the relative ehhancement at any given temperature the more molecular motion 
involved for the asphalts. Thus, th6 extent of segmental and rotational motions of the aliphatic carbons 
in the asphalts can be ranked as follows: AAA-1 > AAB-1 > AAM-1. This ranking is in the same 
relative order as the glass-transitio~ temperature, viscosities, and various other rheological properties. 

The distinction among asphalts based upon the extent of molecular motions over the temperature range 
of 65°C for the aliphatic carbons stlggests that the NMR mobility/temperature profile methodology 
may be useful to study aging, steri<l: hardening, and low temperature physical hardening as it affects the 
motions of the aromatic and/or alinhatic carbons in asphalts. 

I 

References I 
Harris, R. K., 1983, "Nuclear Magnetic Resonance Spectroscopy," Pitman Publishing Inc., 

I 

Marshfield, MA, p. 9. 

2 
I 

Sullivan, M. J., and G. E. Maciel, 1982. Spin Dynamics in the Carbon-13 Nuclear Magnetic 
I 

Resonance Spectrometric Analysis of Coal by Cross Polarization and Magic-Angle Spinning, Anal. 
Chem., 54, 1615-1623. 

Sincerely, 

Daniel A. Netzel Francis P. Miknis 



Set your site on 
Oxford Instruments 
Oxford Instruments continues to lead 
the field with innovative technology 
that has become the benchmark of 
NMR magnet excellence. With over 30 
years design and manufacturing 
experience and over 4000 successful 
installations world-wide, the 
companies products remain at the 
fore front of technical achievement. 

But it doesn't just stop at the 
delivery of elegant technology. , 
Systems have to work in-situ and be 
guaranteed to deliver consistent 
results day after day. The success of 
Oxford Instruments' products also lay 
in the detailed appreciation of 
customer's applications and the 
constraints of their operational 
environment. 

From the development of an initial 
technical specification, our specialist 
team of site engineers can 
painstakingly evaluate operating 
constraints to produce siting 
recommendations and an installation 
plan ind ividually tailored to your 
needs. 

Oxford lnstrum~nts is recognised as 
the world leader in the design and 
manufacture of NMR magnet systems 
and our products continue to be the 
preferred choice for NMR specialists. 

Whether you need ,--.---~ 

a custom approach or o--~~ 
a specific application, · . =-
ask the experts first, · • -:=-
ta I k to.. . Certificate No. FM3023 1 
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The Oxford lnstrunients Heritage 
Oxford Instruments are the pioneers 

of NMR magnet systems and associated 
cryogenic technology. After more than 
30 years, we are still leading the way 
maintaining our worldwide reputation 
for transforming scientific ideas into 
usable, practical technology: 

• Oxford Instruments were the first 
company to introduce NMR quality 
super-conducting magnets at 400, 500, 
600 and 750 MHz. 

• We designed and built the world's 
first compact superconducting storage 
ring for X-ray lithography. 

• 20 Tesla magnets are routinely 
produced for physics research. 

Making this happen are the people of 
Oxford Instruments, their expertise and 
dedication makes them our greatest 
asset and a unique resource for our 
customers. 

Our accumulated knowledge and 
experience is unparalleled and some of 
the best minds in research technology 
are consistently working in partnership 
with our customers, exploring new 
techniques and setting new standards in 
the design and manufacture of specialist 

research products. 
But it does not stop there; supporting 

our customers day to day, and around 
the world, is a team of engineers and 
technical specialists. Always on hand, to 
keep our products fully functional and 
equipped with the latest refinements. 

New products such as the Oxford 
NMR'" are practical examples of our 
innovation so you can be sure of Oxford 
Instruments commitment to providing 
the very best in people and products for 
many years to come. 

Standard specifications 
I 

Magnetic field Room Tempera~ure Field Stability Maximum Helium Minimum Operational 
Strength ('H-MHz) Bore Diameter (mm) ('H-Hz/Hour) Refill Interval (Days) Ceiling Height (m) 

I 

750 51 15 60 3.8 
600 51 10 120 3.4 
500 51 10 150 3.2 
400 54 8 365 2.8 
360 54 8 365 2.8 
300 54 3 365 2.8 
270 54 2.7 365 2.8 
200 54 2 365 2.8 
100 54 1 365 2.8 

500 89 15 120 3.4 
400 89 10 180 2.8 
360 89 10 365 2.8 
300 89 3 365 2.8 
270 89 2.7 365 2.8 
200 89 2 365 2.8 
100 110 1 119 2.8 

We would be delighted to discuss your custom specificat ion requirements for any specialist systems. 
For more informat ion please contact your local Oxford Instrument s sales and service organisation. 

UK 
Oxford Instruments 
NMR Instruments, 
Osney Mead, Oxford OX2 0DX, 
England 
Tel: +44 (0) 1865 269500 
Fax: +44 (0) 1865 269501 

France 
Oxford Instruments SA 
Pare Club-Orsay Universite, 
27, rue Jean Rostand, 
91893 - Orsay Cedex, 
France 
Tel: (1) 6941 8990 
Fax: (1) 6941 8680 

Germany 
Oxford Instruments GmbH 
Kreuzberger Ring 38, 
Postfach 4509, D-6200 W iesbaden, 
Germany 
Tel: (611) 76471 
Fax: (611) 764100 

Japan 
Oxford Instruments K.K. 
SF, Second Funato Building, 
1-11-11, Kudankita, 
Chiyoda-ku, Tokyo 102 
Japan 
Tel: (3) 3264-0551 
Fax: (3) 3264-0393 • 0626 

USA 
Oxford Instruments Inc. 
130A Baker Avenue, Concord, 
MA 01742, USA 
Tel: (508) 369 9933 
Fax: (508) 369 6616 

Oxford Instruments Inc. 
West Regionar Office, 
331c Lakeside Drive, 
Foster City, California 94404 
USA 
Tel : (415) 578 0202 
Fax: (415) 578 9018 

OXFORD 
Oxford Instruments, NMR Instruments 
Osney Mead 
Oxford OX2 0DX, England 
Telephone +44 (0) 1865 269500 Fax +44 (0) 
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UNIVERSITY OF CALIFORNIA, BERKELEY 

BERKELEY DA VIS IRVINE LOS ANGELES RIVERSIDE SAN DIEGO SAN FRANCISCO ( ! SANT A BARBARA SANT A CRUZ 
------------------------------' '-----------

Jeffrey A. Reimer 
Professor 
and 
Associate F3:culty Scientist 
Ernest 0. Lawrence Berkeley National Laboratory 
reimer@garnet. berkeley. edu 

Dear Barry: 

•Jass• 

Center for Advanced Materials, LBNL 
and 
Department of Chemical Engineering 
Berkeley, California 94720-1462 
(510) 642-8011 FAX: (510) 642-4778 

In the late 1970's I was a graduate student in Bob Vaughan's group at Caltech; it was quite fashionable in those 
days to perform "dipolar oscillation spectroscopy" or"separated local field spectroscopy". In these experiments the 
time-dependent dipolar coupling between two nuclei in a powder sample was measured and compared to an equation 
such as 

signal ex 1 - ~ 11r cos[21r D(3 cm? 0 - l)t] sin 0d0 , 

where D is the dipolar coupling constant (which contains the internuclear distance to the -½ power), t is the 
amount of time under which dipolar evolution occurs, and 0 is the angle between the internuclear vector and the 
applied magnetic field. A quick look at my old lab notebook shows that I evaluated this integral numerically with a· 
programmable (and quite expensive) calculator; it took about 15 hours to calculate six choices of the Dt product: 
these six points were used, with pencil, graph paper, and french curve, to generate a "dipolar evolution curve." 

The alphabet soup of new pulse schemes aimed at determining internuclear distances in solids, such as SEDOR, 
REDOR, TEDOR TRAPDOR, REAPOR etc., inevitably involve comparing data sets to equations such as the 
one shown above. It is interesting to ask how one best compares data to such models. This letter describes my 
group's success with Mathematica and some clever mathematics published recently by our colleague Karl Mueller 
at Penn State.* 

Mathematica is a software package for numerical and symbolic computation, as well as graphics and sound 
presentation. It is often compared, and contrasted, to other popular software such as MATLAB, MathCad, and 
Maple. Although I find Mathematica to be quite lovely, I am not trying to sell it here. I am hoping to remind you 
how software of this type can make your analysis of NMR problems more productive. 

How does Mathematica, and their ilk, deal with solving equations such as the one shown above? First, one 
types the equation in the form of a command, like this: 

curve= 1 - 0.5Integrate[(Cos[21rDt(l - 3(Cos[0])2)])Sin[0], 0, 0., 1r] 

Mathematica immediately obliges the user by returning the symbolic solution to the integral; the output to the 
user looks like 

(

- ( cos(2 Dt 1r) FresnelC(-2 v'3 '1Dt,) + FresnelS(-2 v'3 vDt) sin(2 Dt 1r)) 
1 - 0.5 r,; r-n:; 

2 v3 vDt 

cos(2Dt 1r) FresnelC(2 v'3 &t) + FresnelS(2 v'3 vDt) sin(2Dt 1r)) 
+ 2v'3vnt 

Notice that the output tells us that the integral yields so-called "Fresnel integrals". One can instruct Mathematica 
to numerically evaluate and plot these integrals as a function of Dt, thereby generating the desired "dipolar 
evolution curve". On my 90Mhz Pentium machine this calculation and graphing takes 181 seconds for a given 
value of the internuclear distance, approximately 300 times faster than the top-of-the-line 1979 calculator, not 
including the large amount of time it took me to program the calculator (in BASIC) and generate a hand-drawn 
plot. 

* Karl T. Mueller, Jour. Mag. Res. A113 81 (1995) 
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Alternatively, one could turn to Karl's paper and discover that the Fresnel integTals may be replaced with an 

infinite series of Bessel functions . Karl shows in his paper that the series solution converges rapidly: keeping only 
the first five terms in the series is accurate to within 0.1%. Using Karl's formulas, then, I ask Mathematica to 
evaluate 

1-BesselJ(0, 3 1r x) cos( 1r x) + 2 ( 0.333333 BesselJ( 1. , 31r x) cos(0.5 1r + 1r x) 

+ 0.0666667Besse1J(2., 31r x) cos(l. 7r + 1rx) + 0.0285714Besse1J(3. , 31r x) cos(l.51r + 1r x) 

+ 0.015873 BesselJ( 4. , 3 J x) cos(2. 1r + 1r x) + 0.010101BesselJ(5., 31r x) cos(2.5 1r + 1r x)) 

where x is the product Dt. This approximation took my Pentium machine 10.8 seconds to generate and plot, 
which is a factor of 18 in time savings over the numerical evaluation of the Fresnel integTals! The result is the 
"SEDOR" curve shown below 

1.2 

1 

0.8 

0.5 1 1.5 2 2.5 3 
As Karl points out in his paper, [the real advantage to these analytical expressions is that Mathematica has 

built-in nonlinear fit algorithms so tnat the expression for the SEDOR curve may be fit to actual data, with the 
resulting "best fit" yielding the dipolar frequency, and thus the internuclear distance. All this can be done in 
moments with your personal computer. 

As an example, the gTaph below shows actual SEDOR data and best fit using Mathematica and Karl's series 
solution, taken by my postdoc Sanlin[ Hu. The range of the dipolar evolution time is much smaller than that for 
the graphs above, and the computati~nal time is correspondingly much faster. Indeed, the fit below with Das the 
floating variable took my Pentium 0.88 seconds to evaluate (it took just another few other keystrokes to generate 
the plot). The data are from Cu-Al 8.ouble resonance experiments on a copper-exchanged zeolite, and establish 
that the Cu(l) atoms are just over two angstroms away from the aluminum atoms, in excellent agTeement with 
computational quantum theory estimates. 

SEDOR o.6 
fraction 

0.4 
I 

0.2 

Cu-ex 
ZSMS 

Dr. Sanlin Hu 

0.05 0.1 0.15 0.2 0.25 
dipolar evolution time 

Mathematica is not unique; there are other packages that claim similar "user-friendliness." My point is that if 
you haven't been using these packages' to explore mathematical analysis of your NMR data, you may be missing out 
on very productive, and powerful, extensions of your work. As it turns out, these packages also serve the purpose 
of reinforcing the fundamentals of mi thematics and analysis that were once a part of our intellectual training, but 
may have rusted a bit over the years. In closing I note that Mathematica is a powerful teaching tool also, and my 
teenage children, as well as my gTadu1ate students, have benefitted by exploring worked examples in Mathematica 
textbooks. * 

* Please credit this contribut ion to the Raychem account. 
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For High Performance 
NMR/NMRI Applications 

Your NMR/NMRI requirements are pushing the leading 
edge of science and you need AMT RF power tech­
nology! The 3446 and 3445 operate from 10-130 MHz 
and are rated at 1000 watts for low field NMR and up 
to 2000 watts for NMRI applications up to 3 Tesla. 
AMT has brought together the highest possible RF 
performance at a most cost effective price. Nobody 
builds a better NMR/NMRI amplifier than AMT. .. 

3080 Enterprise Street ■ Brea, CA 925621 ■ (714) 993-0802 ■ Fax (714) 993-1619 

Additional Features 
Include: 

■ 10-130 MHz bandwidth for 
use in systems up to 3T 

■ Up to 2000 watts of power 
for imaging 

■ CW power capability for 
decoupling 

■ Blanking delay time 
>1 µs for multi-pulse 



Models 3445/3f 46 
"'I0-"'130 MHz, pulsetJ, solid-state, 
RF power amplifie1r systems 

I 

Key Specifications: 

Models: 

Frequency range 
Pulse power (min.) 

into 50 ohms 
CW power (max.) 

into 50 ohms 
Linearity (±1 dB to 30 dB 

down from rated power) 
Pulse width 
Duty cycle 
Amplitude droop 
Harmonics 

Phase change/output power 
Phase error overpulse 
Output noise (blanked) 
Blanking delay 

I 
3445 

I 
10-130 MHz 

I 
2000W 

I 
200W 

15dow 
20 ~s 

I 
Up to 10% 

I 

5% /O 20 ms typ. 
Second: -25 dBc max. 
Thi td: -24 dBc max. 

10° Ito rated power, typ. 
4 ° to 20 ms duration, typ. 

I 
< 10 dB over thermal 

3446 
10-130 MHz 

1000W 

100W 

800W 
20 ms 
Up to 10% 
5% to 20 ms typ. 

Blanking duty cycle 

Protection 

< 1 0 son/off, TTL signal 
Up to 100% 

1. l~finite VSWR at rated power 
2. l~put overdrive 
3. Gver duty cycle/pulse width 

' 4. Over temperature 

Supplemental Charact~ristics: 

Indicators, front panel 1. )c power on 
I 

4. Overdrive 
2.0Wmode 5. Over pulse width 

I 

Other members of AMT's 
NMR/NMRI Family: 

3205/3200 
6-220 MHz, 300/1000 W 

3304/3303 
30-310 MHz, 400/700 W 

PowerMaxx™ series 
25-175 MHz, 4kW/7 kW 

3137 /3135/3134 
200-500 MHz, 50/150/300 W 

6. Over duty cycle 
7. LCD peak power meter 

System monitors 1. Ferward/Reflected RF power 3. DC power supply fault 4. Thermal fault 

Front panel controls 

AC line voltage 

AC power requirements 
Size (HWL, inches) 
Net weight 

2. Over pulse width/duty cycle 

1. AC power 2. Forward/Reflected power 

208/230 VAC, 10%, 10, 47-63 Hz 

I 
3445 3446 
1406 VA 700 VA 

I 
8.75 X 19 X 24 8.75 X 19 X 24 
110 lbs. 75 lbs. 

I 

FOR ADDITIONAL INFORMATION, PLEASE CALL: 

:AIYIT Glgatren 
Associates . 

Dressler 
Germany, 

JEOL Trading Co. Goss Scientific Instruments 
United States Japan United Kingdom, 

Canada Switze~land 

Ph: (714) 993-0802 Ph: (613) ~25-4090 Ph: 49 2402 71091 Ph: 81 3 33421921 
I 

Fx: (714) 993-1619 Fx: (613) 225-4592 Fx: 49 2402 71095 Fx: 81333421944 

I 
3080 Enterprise Street ■ Brea, Cf 925621 ■ (714) 993-0802 ■ Fax (714) 993-1619 

I 

France, Benelux 

Ph: 441245 478441 
Fx: 441245 473272 

951-1 
3/95G 



Dr. habit. Janet Bliimel 
Anorganiscb-cbemisches Institut der 
Techniscben Universitat Miinchen 
85747 Garching, Germany 

Dr. B. L. Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 
USA 

Tel.: (01149)892891-3108 
FAX: -3762 
September 18, 1996 
(received 9/21/96) 

Suspension NMR Spectroscopy of Phosphines Immobilized on Silica 

Dear Dr. Shapiro, 

457-23 

The immobilization of homogeneous catalysts on inert supports is of growing interest, because the advantages of 
homogeneous and heterogeneous catalysis, like high selectivity and easy recycling, can in principle be combined. 
Since most metals form stable phosphine complexes, bifunctional phosphines like Ph2P(CH2)3Si(OEt)3 are often used 
as linkers [1]. However, insiders will agree with me, that the subject is literally very tricky, and a lot of basic 
research is required. 
The most powerful analytical tool for characterizing surface-immobilized species is CP/MAS NMR spectroscopy. 
However, it is somewhat time conswning and expensive, when a large number of samples has to be measured. 
Therefore, as an alternative, we investigated 31P suspension NMR. spectroscopy [2] for a rapid check of the surface­
modified silicas under "realistic" (wet) conditions. 
Indeed, suspension NMR spectroscopy offers several advantages : a) The materials do not have to be dried prior to 
the measurement. b) Reliable quantitative information can be extracted from one spectrum. For example, the ratio of 
oxidic impurity S to immobilized phosphine (see Fig. 1, top trace) is correct. c) There are no rotational sidebands 
that could lead to overlapping. d) The measurement times are short. For example, the suspension NMR spectrum of 
Fig. 1 was recorded in about 15 minutes, while the CP/MAS spectrum of a sample with equal surface coverage (Fig. 
1, lower trace) required three hours. e) The low power mode of any routine NMR machine suffices . 
From a systematic study, some general trends emerge [2]: 1. The lower the viscosity of the solvents (or better: the 
suspending liquids), the narrower are the lines. 1bis is due to the enhanced mobility of the surface-attached species . 
2. Increasing polarity of the solvents reduces the linewidths, because the phosphine moieties are detached from the 
surface. 3. The average pore or particle size does not influence the linewidth. 
The example of Fig. 1 shows, that under optimal conditions the suspension NMR signals can be nearly as narrow as 
the 31P CP/MAS NMR resonances! . 
Please credit this contribution to Prof. F. H. Kohler's account. 

With best regards, 

Fig. 1: 121.5 :MHz 31P NMR spectra of 

Ph,P ~ 0~ 

~~ 
(Dr. habil. Janet Bliimel) 

[l] K. D. Behringer, J. Bliimel, Jnorg. Chem. 35 (1996) 1814. 
[2] K. D. Behringer, J. Bliimel, Z. Naturforsch . 50b (1995) 1723. 

Suspension NMR 
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NMR studies of the ISL Homeodomain; position available 

Barry Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 

Monday, September 16, 1996 
(received 9/21/96) 

One of us (Sybren Wijmehga) has recently moved from Nijmegen University in the 
Netherlands to Urnea Univetsity in Sweden. Here at the Department of Medical Biophysics 
he is in the process of Jetting up a laboratory for structural studies of biological 
macromolecules by means of high resolution NMR. The main stay of the instrumentation is 
going to be a fully equipped! Bruker 600 MHz DRX spectrometer, to arrive in December of 
this year. A 500 Mhz Bruker AMX2 spectrometer is already available. The instrumentation 
is shared with the Departmertt of Organic Chemistry. We seek now a young graduated NMR 
scientist with preferably sorrie post-doctoral experience whose task will be the management 
of the NMR instrumentation. Also, he or she can carry out his or her own research and/or 
participate in the ongoing projects. Please note the attached announcement for further details. 

As you can imagine at this lpoint we have a lot of plans for projects. We are particularly 
enthousiastic since at the University reside a number of well known molecular biology groups, 
who have a strong interest in complementing their research with structural data from NMR 
methods. These projects involve structure determination of nucleic acids as well as proteins, 
and also the study of their irtteractions. Apologies for the generality. That is how it is when 

I 

plans exist, but most data still have to be produced. 

One project has already prL uced some nice results. This project has been initiated and 
conducted by two of us, vii. Gity Behravan and Per-Olof Lycksell, at the Department of 
Medical Biophysics and Sybren Wijmenga has been involved before moving. It concerns the 
Romeo- and LIM-domains of the Insulin gene transcription factor ISL- I. /n vitro translated 
ISL-1 was shown to bind to the T AAT motif present in the insulin gene enhancer in rat. ISL-
1 is also involved in the regulation of the amylin and proglucagon genes . The Romeo-domain 
binds DNA specifically, most likely via a helix-tum-helix motif. The role of the LIM-domain 
seems to be the modulation of the DNA binding. Efficient expression systems have been set 
up for producing sufficient q~antities of both the Romeo-domain, a.o. doubly (1 3C/15N) labeled 
material of a 74 amino acid1residues long construct, and the LIM-domain for NMR studies 
and characterisation of the DNA binding. The figure shows a 15N HSQC spectrum of the 15N 
labeled free Romeo-domain. Furthermore, of this construct the suite of triple resonance 
spectra necessary for assignment has been recorded. In the near future we hope to complete 
the assignment and have a 1structure available of the free Romeo-domain. At present it is 
already known 

Postal address 
S-901 87 UMEA 
Sweden 

TeieJhone 
+46190 16 50 00 

Post giro account 
1 5613 - 3 

Fax 
+46 90 13 63 10 



Figure 1 

15N- 1H HSQC of 
Romeo-domain. 
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from the CD and NMR data that the free Romeo-domain has a significant helix content con­
sistent with a helix-turn-helix type of fold. Initial studies on the Romeo-domain/DNA com­
plex clearly show strong binding of DNA to the Romeo-domain. Most interestingly 
considerable stabilisation occurs of the Home-domain on complexation. 

~3e-hlaua... 
Gity Behravan 

t.JJ/~ ~~-=_ 
Per Ol~;cksell Sybren Wijmenga 

Please credit this contribution to the account of professor Ulf Edlund. 
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RESEARCH POsmoNIA v AILABLE 

A permanent position is avkable at' the Department of Medical Biophysics, Umea 
University. This position will be shared equally between the Departments ofM~dical 
Biophysics and Organic Clremistry. The successful candidate, a graduated NMR 
scientist (Ph.D.), preferablx with post-doctoral experience, will be responsible for the 
management of high resolution NMR equipment, consisting initially of a Bruker 

I 

DRX600 to be installed in December ofthis year (1996), an AlvfX2 500 and an 
A-gP2J0 NMR spectromet~r. The successful c~didate should have excellent 
experience and an interest ih NMR methodology and equipment. The successful 
candidate will have the opp:ortunity to perform own research in the field of biological 
NMR and/or participate in ongoing biological NMR projects focusing on the structure 
determination of biological \molecules, such as peptides, proteins and nucleic acids, and 
on the study of their interactions, by using NMR techniques .. 

Umea University applies individual salary-setting. 

Applications, quoting the aipropriate reference number (3135-1647-96) together with 
a Curriculum Vitae and the I names and addresses of two professional referees, should 
reach the Registrar, Umea University, S-901 87 Umea, Sweden, not later than 
1 December, 1996. 

Further information can be 'obtained from Professor Sybren Wijmenga, Department of 
Medical Biophysics, Umea jUniversity, S-901 87 Umea, Sweden, tel.: +46-90-
167403/165234, e-mail: sy0ren@indigo.chem.umu.se and/or Professor UlfEdlund, 
Department of Organic ChJmistry, Umea University, tel.; +46-90-166933, e-mail: 
ulf edlund@chem. umu. se. 
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XWIN-NMR is probably the most powerful 
NMR software ever written, with a full 
range of acquisition and analysis capabili­
ties that includes multi-dimensional NMR, 
maximum entropy, linear production and 
many others. 

But the real power of XWIN-NMR lies in 
the ease with which all of these advanced 
features can be accessed and put to use. ICON-NMR 
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pulse programming language, full automa­
tion capability, a complete on-line hyper- -
text operator's manual and the fully 
customizable ICON-NMR package for 
routine acquisition and processing. 

Contact your local Bruker representative 
and find out how easy NMR can be. 

Bruker Instruments, Inc., Manning Park, 
Billerica, MA 01821, www.bruker.com Not only does it provide a fully menu­

driven user interface with an industry 
standard layout, it also includes an intuitive We're pushingflfBV}ll way past easy! 

In Europe: Bruker Analytische Messtechnik GmbH 
Silberstreifen, 0-76287 Rheinstetten 4, Germany 
www.bruker.de 

C><) 
BRUKER 
(_X-J 

Comprehensive Support for Innovative Systems 



AVANCE'M-The east to use Digital NMR Spectrometer 

• Digital Lock 

• Digital Filtering with 
Oversampling 

• Digital Signal Processing 

• Digital Signal Routing 

• Surface Mounted Devices 

• UNIX Workstation 
Computer 

• X-11 Windows and 
MOTIF 

• Quick-NMR™ Interface 

• Broadest Choice of 
Probes 

• Extensive Pre-tested 
Experiment Library 

• Comprehensive 
Applications Support 

I . 

I 
Digital, modular 
and[ flexible. 
Now, the fundamentally superior precision 
and s~ability of digital signal processing 
is available from a precedent-setting 
series of NMR spectrometers. With its 
digital advantage, the Bruker AVANCE'" 
series sets revolutionary standards for 
perforr:iance, long-term reliability and 
ease 0f use, whether for routine applica­
tions cbr the most demanding research. 
The modular architecture of the Bruker 
AVANCE design makes extensive use of 
digital I signal processing technology, 
incorRorating high performance RISC­
based processors into the lock, filters, 
timing: control unit, gradient generation, 
and IT)any other key areas of the sys­
tem. 1he result is increased sensitivity, 
highe~ dynamic range, cleaner spectra, 
flat baselines and -unprecedented 
stability. 

I 

The AVANCE Series 
of high performance 
spectrometers. 
The comprehensive AVANCE family of 
NMR spectrometers was developed in 
direct response to the increasing 
demands of the NMR community for 
greater performance and stability in a 
highly automated, easy to use instrument. 
Within the AVANCE series of DPX, DRX, 
OMX and DSX systems there is a virtual 
continuum of configuration options 
from 200 to 750 MHz, including solids, 
liquids and imaging. Whatever the 
environment or application, there is an 
appropriate AVANCE model to choose 
from. Your Bruker representative will be 
happy to recommend a configuration 
that is optimum for your needs - today 
and tomorrow. 

For complete details or to arrange a bemonstration please contact your nearest Bruker representative. 
I 

\XI 
BRUKER 

L:X..J 
Comprehensive Support 
tor Innovative Systems 
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Australia: BRUKER (Australia) P1Y. LTD., Alexandria, New South Wales, Tel. (02) 550 64 22 
Belgiun\: N.V. BRUKER SPECTROSPIN S.A, Brussels, Tel. (02) 6 48 53 99 
Canadl BRUKER SPECTROSPIN LTD., Milton, Ontario, Tel. (604) 656-1622 
P.R. China: BRUKER INSTRUMENTS, LTD., Beijing, P.R. China, Tel. (00861) 255 75 30 
England: BRUKER SPECTROSPIN, LTD., Coventry, Tel. (0 12 03) 85 52 00 
France:! BRUKER SPECTROSPIN SA, Wissembourg/Cedex, Tel. (88) 73 68 00 
Germar)Y: BRUKER ANALYTISCHE MESSTECHNIK GMBH, Rheinstetten/Karlsruhe, Tel. (07 21) 51 61-0 
BRUKEf;l ANAL YTISCHE MESSTECHNIK GMBH, Karlsruhe, Tel. (07 21) 95 28 0 
BRUKEf;l-FRANZEN ANALYTIK GMBH, Bremen, Tel. (04 21) 22 05 0 
BRUKE~-SAXONIA, ANAL YTIK GMBH, Leipzig, Tel. (03 41) 2 35 36 05 
India: BfUKER INDIA, SCIENTIFIC PVT. LTD., Bombay, Tel. (22) 626 2232 
Israel: BRUKER SCIENTIFIC ISRAEL LTD., Rehovot, Tel. (972) 8 409660 
Italy: B~UKER SPECTROSPIN SRL, Milano, Tel. (02) 70 63 63 70 
Japan: BRUKER JAPAN CO. LTD., lbaraki, Tel. (0298) 52 12 34 
Netherl~nds: BRUKER SPECTROSPIN NV, AB Wormer, Tel. (75) 28 52 51 
Scandir\avia: BRUKER SPECTROSPIN AB, TNby, Sweden, Tel. (08) 7 58 03 35 
Spain: BRUKER ESPANOLA S.A., Madrid, Tel. (1) 504 62 54 
Switzerland: SPECTROSPIN AG, Fallanden, Tel. (01) 8 25 91 11 
USA: B~UKER INSTRUMENTS, INC., Billerica, MA, (508) 667-9580, 
Regional Offices in Lisle, IL, (708) 971-4300/Wilmington, DE, (302) 478 8110 
The wobdlands, TX (713) 292-2447 /Fremont, CA (510) 683-4300 

I . 



Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, New Mexico 87185-0367 

Dr. B.L. Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303. 

Managed and Operated by Sandia Corporation 
a subsidiary of Martin Marietta Corporation 

September 10, 1996 
(received 9/20/96) 

29Si CP-MAS NMR INVESTIGATION OF THE IN-SITU GENERATION OF SILICA 
REINFORCEMENT IN MODIFIED POL YDIMETHYLSILOXANE (PDMS) 

ELASTOMERS 
Dear Barry: 

The in-situ generation of silica particles by the sol-gel method provides an alternative route to 
prepare reinforced polyclimethylsiloxane polymers. We have begun a systematic study of the in situ 
growth of the silicate reinforcement phase within the PDMS elastomer. Reactive functional groups 
were incorporated into the elastomeric matrix backbone in order to modulate the degree of interaction 
between the matrix and filler phases. 

The backbone of PDMS was modified by the addition of one reactive trifunctional silicon for 
every 10 normal difunctional silicon repeat units: (Me2SiO)10(MeOMeSiO)1. The silica reinforced 
elastomeric materials were prepared by mixing this matrix polymer, in the presence of dibutyltin 
dilaurate catalyst (0.2 weight % ), with tetraethoxysilane (TEOS) in amounts sufficient to fill the matrix 
to 10 weight% silica. We used solid state MAS 29Si NMR spectroscopy and 29Si NMR relaxation 
times to determine the extent to which the two phases are chemically and physically coupled. 

D Silicons 

Q Silicons 

T Silicons 

\to' . . . ~ . . . . tzo . . . !..co . . . t6Ci • • . ~ • . . L,cio . . . L,20 . . , , 
ppm 

Fig I. The solid state CP-MAS 29Si NMR spectra of the (Me2SiO)lo(MeOMeSiO)l 
+ Si (0Et)4 material showing the D, T and Q silicon species. 
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The 29Si NMR spectrum of tMe2SiO)io(MeOMeSiO)i filled with TEOS is shown in Fig 1. 
The resonance at -21.4 ppm corresp6nds to the D (difunctional) backbone silicons, the resonances at -
56.9 and -65.3 ppm correspond to the T2 and T3 (T is the trifunctional silicon and the superscript 
refers to the number of bridging bxygens) backbone silicons which are functionalized and the 
resonances at-100.7 and-108.6 pp~ correspond to the Q (tetrafunctional) silicons associated with the 
formation of the silicate filler from TEOS. 

The spectra were recorded as a function of cross-polarization time so that the relative product 
distributions for each silicon species! could be determined. The experiments were only carried out to 
15 ms so the longer T1pH relaxation times were not measured. The magnetization buildup was fit by a 
single exponential function where tlie time constant was set equal to the cross-polarization relaxation 
time. The shapes of the resonances

1 
corresponding to the T and Q silicons were independent of time 

for cp times ranging from 7 to 15 ms. The long plateau region exhibited by the signal intensities, 
coupled with a constant spectral shape for each silicon species gave us confidence that the spectrum 
components for the T and Q silicon species were at least semiquantitative. 

The deconvolution of the Q lesonances showed that the extents of reaction of these silicons 
ranged from 86 to 92 %. These values are somewhat higher than that observed for neat acid-catalyzed 
TEOS sol-gels. The greater extent bf reaction of TEOS may be due to its increased mobility when 
dispersed in the elastomeric matrix. 'The T silicons begin the reaction as T2 silicons and condense to 
form T3 silicons. The extents of reaction of the T silicons are approximately 65 % for the material 
investigated. 

The extent to which the vari~us phases are physically coupled can be probed by examining the 
cross-polarization times of each pha~e. The cross-polarization times of the T and Q silicons (2 ms) are 
similar to each other indicating that the the reactive T silicons and the Q silicons have similar mobilities. 
The cross-polarization times of the :d backbone silicons (4 ms) are considerably longer than those of 
either the T or Q silicons demonstrating that on the average, these silicon possess greater mobility than 
the silicons with higher functionalities. 

This work supported by the United States Department of Energy under contract DE-AC04-
94AL8500. 

With best regards, 

j_(L\_,~ -. 6? c, Ll 
S.E. Bates T. A. Ulibarri R. A. Assink 

Exceptional Service in the National Interest I 



Searching for 
Information? 

\.t-"-G£5T COAf.1,~ 

~ 
~o 

or.. '.%dW ~~~o 

' ' ' ' ' ' ' ' ' ' 

lsotec brings 
it to you. 

I 

' ' ' ' ' ' ' ' 

• www.1sotec.com 
' ' ' j 

' j 

l 
l 

' ' l 
l 
l 

' ' l 

L ____ Connect to lsotec's web site for news 
and information about NMR and stable 
isotopes; as well as general information 
about our company and our products. 

3858 Benner Road • Miamisburg, Ohio 45342-4304 • (513) 859-1808 • Sales (800) 448-9760 



NMR Reference Standards 
I 

now available from: ls(wr.. tee Inc. -· 

Miamisburg, Ol·tio, 45342-4304 
<\ , 

<::~ ... 

(513) 859-1808 ~~ • ., 



The University of Virginia 

ROBERT G. BRYANT 
Commonwealth Professor 

Barry Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 
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Department of Chemistry 
McCormick Road 

Charlottesville, VA 22901 
Tel. (804)924-1494 

RGB4G@Virginia.edu 
9 September 1996 

(received 9/14/96) 

RE: XENON-PROTON CROSS-POLARIZATION 
Dear Barry: 

We have made first attempts to investigate the practical aspects of transferring magnetization from 
optically pumped 129:Xe gas with high nuclear spin polarizations to protons in aqueous solutions. Our 
experiments were made possible by a collaboration between the Princeton Groups of W. Happer and G. 
Cates and the University of Virginia Radiology Department (James Brookeman and collaborators) and 
the pulmonary group headed by Dr. Thomas Daniels for the purpose of imaging human lung. We had 
access to hyperpolarized 129Xe samples for just over a week and conducted simple experiments following 
the work in magnetically dilute nonaqueous systems by Pines and collaborators. 

129Xe polarized to the level of 2 % contained in glass containers treated with dichlorodimethyl silane was 
shaken rapidly with solutions of L-tyrosine, a-cyclodextrin, /j-cyclodextrin, and apomyoglobin. Labile 
protons were out-exchanged prior to the experiment to minimize 1H exchange into the D2O as well as 
maximize solute 1H relaxation times. Immediately following a vigorous shaking of the D2O solution, 
which was injected into the sample bulb, the 3 mL aquous sample was placed in a 4. 7 T horizontal 
magnet (SISCO) and the 1H or 129Xe spectrum recorded within seconds. We were searching for large 
intensity changes and took 1H spectra using 5 ° pulses every 2.1 s for five minutes. In no case did we 
detect a significant enhancement of the proton spectrum similar to that reported by Navon et al. Science 
271, 1846 (1996) for any of the solutes listed. 

The xenon spectrum was monitored in separate experiments using samples prepared in the same way. 
The 129:Xe T1 in the D2O solution was approximately 600 sand the xenon T1 values in L-tyrosine and 
/j-cyclodextrin solutions were similar and longer than 100 s. The T1 of the gas phase signal above the 
D2O solution was long and the decay dominated by the effects of the 10.8° sampling pulses used to 
monitor it. Both a -cyclodextrin and myoglobin bind xenon. The relaxation rate of 129Xe in the 
apomyoglobin solution was so rapid that no 129Xe resonance could be detected in the solution following 
mixing although the gas phase peak verifies that the polarization was not inadvertently lost at the glass 
surface. The a-cyclodextrin solution shows a measurable decay of the 129Xe polarization with at TI of 
103 s as shown in the Figure below. The chemical shift reference is taken as the gas phase signal. 
These relatively short 129Xe relaxation times demonstrate efficient coupling to the solute protons which 
serve as relaxation agents for the xenon. In spite of these observations, no proton signal enhancement 
was observed with single pulse experiments and the finite mixing times employed. Given the solution 
mixing times and sample positioning times of order 10 seconds, if the proton polarization was enhanced 
significantly, the solute 1H polarization relaxed to Boltzmann levels more rapidly than we were able to 
detect the 1H spectrum. 

The 129Xe-1H cross-relaxation rate for these samples is that appropriate to the fringe field of the 40 cm-
4. 7 T magnet. The remaining contact occurs at 4.7 T. No match conditions were created, either at zero 



45

::: or using rf fields j artmann-Hahn) both of which may make the transfer rate more favorable. In 
the ~-cyclodextrin and L~tyrosine solutions, no effective magnetic coupling was observed. Thus, 
transient or collisional inleractions are unlikely to be effective as practical cross-relaxation vehicle for 
proton rich solutes. 

1 

Although these experime ts were dib.ppointing, they do not by any means eliminate the possibility that 
significant enhancements !may be observed with higher xenon polarization, more efficient sample mixing, 
and a magnetization trans er conduc~ed under some kind of matched resonance condition. . 

Exponential Fit for m1xe in 29mM a-Cyclodextrin/020 
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Ribonucleosides ~ 
Catalog# Compound Size Price -s 
NLM-3796 Adenosine (U- 15N

5
, 98%) 50mg $2050 0 

Q. CNLM-3806 Adenosine (U- 13C
10

, 98%; U- 15N
5

, 98%) 50mg $2950 

NLM-3797 Cytidine (U- 15N
3

, 98%) 50mg $2050 = CNLM-3807 Cytidine (U-13C
9

, 98%; U- 15N
3

, 98%) 50mg $2950 ~ 
NLM-3798 Guanosine (U- 15N

5
, 98%) 50mg $2050 ~ 

~ 
CNLM-3808 Guanosine (U- 13C

10
, 98%; U- 15N

5
, 98%) 50mg $2950 

NLM-3799 Uridine (U- 15N
2

, 98%) 50mg $2050 o' CNLM-3809 Uridine (U- 13C
9

, 98%; U- 15N
2

, 98%) 50mg $2950 

-s 
Deoxyribonucleosides == Catalog# Compound Size Price z 

NLM-3895 2'-Deoxyadenosine (U- 15N
5

, 98%) 50mg $3500 > CNLM-3896 2'-Deoxyadenosine (U- 13C
10

, 98%; U- 15N
5

, 98%) 50mg $4500 

NLM-3897 2'-Deoxycytidine (U- 15N
3

, 98%) 50mg $3500 ~ 
CNLM-3898 2'-Deoxycytidine (U- 13C

9
, 98%; U- 15N

3
, 98%) 50mg $4500 = NLM-3899 2'-Deoxyguanosine (U- 15N

5
, 98%) 50mg $3500 Q. CNLM-3900 2'-Deoxyguanosine (U- 13C

10
, 98%; U- 15N

5
, 98%) 50mg $4500 

NLM-3901 Thymidine (U- 15N
2

, 98%) 50mg $3500 

~ CNLM-3902 Thymidine (U- I3C
10

, 98%; U- 15N
2

, 98%) 50mg $4500 z Please note: Corresponding Phosphoramidites are available - please call for pricing information. 

> Ribonucleoside 5' -monophosphates 

~ Catalog# Compound Size Price 

NLM-3792 Adenosine 5'-monophosphate (AMP) (U- 15N
5

, 98%) 50mg $2050 
(0 
~ 

CNLM-3802 Adenosine 5'-monophosphate (AMP) (U- 13C
10

, 98%; U- 15N
5

, 98%) 50mg $2950 (0 
NLM-3793 Cytidine 5'-monophosphate (CMP) (U- 15N

3
, 98%) 50mg $2050 ~ 

CNLM-3803 Cytidine 5'-monophosphate (CMP) (U- 13C
9

, 98%; U- 15N
3

, 98%) 50mg $2950 -s 
NLM-3794 Guanosine 5'-monophosphate (GMP) (U- 15N

5
, 98%) 50mg $2050 ~ 

CNLM-3804 Guanosine 5'-monophosphate (GMP) (U- 13C
10

, 98%; U- 15N
5

, 98%) 50mg $2950 =-NLM-3795 Uridine 5'-monophosphate (UMP) (U- 15N
2

, 98%) 50mg $2050 

CNLM-3805 Uridine 5'-monophosphate (UMP) (U- 13C
9

, 98%; U- 15N
2

, 98%) 50mg $2950 

800-322-1174 or 508-749-8000 (USA) 800-643-7239 (Canada) 508-749-2768 (Fax) http ://www.isotope.com 



Catalog# 

NLM-3919 

CNLM-3918 

NLM-3921 

CNLM-3920 

NLM-3923 

CNLM-3922 

NLM-3925 

CNLM-3924 

! 

l -
Catalog# 

NLM-3791 

CNLM-3801 

Catalog# 

NLM-4227 

CNLM-4228 

NLM-4229 

CNLM-4230 

· Loxyriio~ucleoside 5'-monophosphates 
-1- J . -·- . 

Compoun~ I 

2'-Deoxyadenbsine 5'-mon1ophosphate (U-15N
5

, 98%) 

2'-Deoxyadenbsine 5'-moJ ophosphate (U-13C
10

, 98%; U-15N
5

, 98%) 

2'-Deoxycytijine 5'-monoJ hosphate (U-15N
3

, 98%) 

2'-Deoxycytidine 5'-monoJ hosphate (U-13C
9
, 98%; U- 15N

3
, 98%) 

2'-Deoxyguaf sine 5'-moj ophosphate (U-15N
5

, 98%) 

2'-Deoxygua osine 5'-moJ ophosphate (U-13C
10

, 98%; U- 15N
5

, 98%) 

Thymidine 5' monophospliate (U-15N
2

, 98%) 

Thymidine 5' monophospJ ate (U- 13C
10

, 98%; U- 15N
2

, 98%) 

R;bonucle;oside 5'-monophosphate !"fixtures 

Compoun~ 

Ribonucleoside 5'-monopliosphate Mixture (U-15N, 98%) 

Ribonucleosi , e 5'-monoptlosphate Mixture (U-13C, 98%; U- 15N, 98%) 

RNA Kits 

Compoun 
I 

1 Set ofRiborucleosides (µ- 15N, 98%) 
(50 mg each 0f A, C, G and U) 

1 Set of RiboLcleosides (; U- 13C, 98%; U- 15N, 98%) 
(50 mg each !f A, C, G add U) 

1 Set of Ribo~ucleoside 5'rmonophosphates (U-"N, 98 % ) 
(50 mg each @f AMP, CMP, GMP and UMP) 

Size 

50mg 

50mg 

50mg 

50mg 

50mg 

50mg 

50mg 

50mg 

Size 

50mg 
100mg 

50mg 
100mg 

Size 

4x50 mg 

4x50mg 

4x50mg 

4x50 mg 1 Set of Ribo~ucleoside Y[monophosphates ( U-"C, 98 %; U-"N, 98 % ) 

(50 mg each If AMP, CMP, GMP and UMP) 

Cambridge Isotope aboratori~s, Inc. is fully committed to providing the afore mentioned RNA and 
DNA precursors. We ~ope that thb routine availability of a wide variety of these labeled precursors will 
greatly assist researcfers in the srructural biology community who wish to carry out detailed RNA or 
DNA structural studies by multidimensional NMR spectroscopy. 

Price 

$3500 

$4500 

$3500 

$4500 

$3500 

$4500 

$3500 

$4500 

Price 

$900 
$1500 

$1250 
$2000 

Price 

$6150 

$8850 

$6150 

$8850 

CAMBRIDGE ISO~OPE LJ\\BORATORIES 
50 Frontage Road, Ando~er, Massachusetts 01810 USA 

800-322-1174 or 508-749-8000 (USA) 1800-643-7239 (Canada) 508-749-2768 (Fax) http://www.isotope.com 
I , 
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we are currently working with Solid-State Exchange experiments to investigate slow molecular dynamics in organic 
solids and polymers /1/. Since we are interested in time constants of the processes rather than in its geometry (jump 
angles etc.), we use the 13C-2D-MAS exchange technique introduced by Veeman /2/ and modified by Hagemeyer 
/3/. This method gains a much higher spectral resolution and better signal-to-noise compared to the static 
experiments /2/, however, it provides only limited information about the geometry of the process. We like to tell you 
about our experiences in using the necessary spectrometer-hardware. 

The pulse- sequence used for this method is basically the well-lmown NOESY-sequence where the appearence and 
the growth of cross-peaks indicate the existence of dynamic processes and its time-constants. One absolutely 
necessary feature of the 2D-MAS technique is the rotor-synchronization of the mixing time, i.e., the rt/2- pulses 
before and after the mixing time must be performed at the same phase of the MAS-rotor to avoid crosspeaks that 
are not due to the exchange but result from artefacts of the method. In other words, the mixing time must be set to 
either an integer number of the rotation period ( -i: m =N ·TR, rotor-synchronization, RS) or to an integer number minus 
the actual time-increment t1 of the 2D-experiment C•m=N·TR-ti, time reversal, TR). Both types of experiments are 
necessary to obtain phase-sensitive 2D-MAS-spectra /3/,/4/. It should be emphazied that it is absolutely not 
sufficent to just calculate N· TR and set this delay as mixing time because after long mixing times (hundreds or thou­
sends of rotor-cycles) even small deviations will result in a substantial mismatch of the rotor-synchronization and 
thus in unwanted cross-peaks and/or in phase-twisting. 

Most of the commercial spectrometers usually do not provide the hardware for doing rotor-synchronization, 
however, at most instruments there is the opportunity to feed an external trigger into the pulse-programmer. Now, 
the signal from the reader of the MAS-spinning speed can serve as this trigger providing information about the 
rotor-phase to the pulse-program. However, the actual problem is that the timing of the pulse-sequence does not 
allow to put the trigger just before the two rt/2-pulses, i.e. let the rt/2-pulse before the mixing time wait for the 
trigger because this would lengthen the t1-increments of the 2D-experiment and it would give rise to completely 
distorted 2D-spectra. Thus, the following procedure is normally used /5/: at the beginning, the pulse-sequence is 
just waiting for the external trigger from the MAS-rotor. This defines the initial phase of the rotor, lets say O degree. 
Now, the pulse-sequence continues with either a first rt/2- pulse or Cross-Polarization (lets say, this takes tA se­
conds) and the current t1-increment. The rotor acquired during this time a phase angle of <I> A =wR·(tA +t1) ( wR being 
2rt ·spinning frequency). Now, the sequence continues with another rt/2-pulse (that takes the magnetization from the 
x-y-plane into the z-direction) and a predefind mixing time. Rotor-synchronization requires the next rt/2-pulse to 
appear at exactly a rotor-phase of <I> A. This is achieved by waiting for the external trigger which corresponds to the 
initial rotor-phase of O degree. This delay does not harm the experiment since the magnetization is stored in 12 . 

Adding a delay of tA+t1 ensures the desired phase-angle of <PA-Now, another rt/2-pulse brings the magnetization 
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back to the x-y-plane and e fid is acqJired. It should be noted the condition for time-reversal C•m=N·TR-t1) can be 
obtained in a similar mariner just by waiting tA rather than tA +t1 after the 2nd rotor-trigger. This makes the time­
reversed experiinents less sensitive to the problem described below as can be seen from the figure. 

0,1 

0,01 

1E-3 

mlX 
't =1 11 

- -7--------------------------------------
'trrtx =10ms 

..... /' .... ,- ....... t ........ _ _r ....... ,, 1-- ..... ,, ....... ,, ......... , ........ ,, ....... _,.. ..... __ 

't =Os mix 

Although this procedure is well known, the 
literature have paid less attention so far to the 
effective mixing time •me1r created by this 
sequence. It is obvious that •m•ff is larger than 
the nominal mixing time and it is not constant 
throughout the 2D-experiinent (since the 
procedure makes use of the current t1 which 
changes during the experiinent). In particular, 
the effect is very strong for short mixing times 
C•m beeing comparable to Ti). To illustrate the 
effect, we calculated •m•ff for both rotor- syn­
chronized and time- reversed experiinents for 
nominal mixing times of 0, 1 Oms, 1 00ms and 
ls. The parameters we have used are: Spinning 
speed 3kHz, length of cross-polarization lms, 
n/2=4µs. ni is the number of the t1-increment 
which itself was set to M1=3lµs. ni=50 .. 150 is 
necessary to avoid truncation in w 1 ( depending 
on the line-width of the peaks). The dis­
continuities of the graphs appear each time when 
tA+t1 exceeds N·TR; the step-height is equal to 
1/(spinning speed)= 333µs . 

0 20 60 80 100 The distribution of •m•ff might lead to unwanted 
crosspeaks and phase-distortions of the 2D­
MAS peaks. Since •m•ff should be plotted on a 

logarithmic scale, it is obvious that for short mixing times there is a substantial distribution throughout a single 2D­
experiment while for long~r mixing tinies, this effect is less important. It should be mentioned the problem of •m•tr 
-distribution does not play any role :in ID-exchange experiments since the t1 is choosen at a fixed value (for 
example t1=0.5·TR, /6/) dr it is replacbd by a special preparation of the spin-system like TOSS /7/. 
/1/ Domberger, Rei9hert, Garwe,ISchneider, Donth, J.Phys.:Cond.Matter 7,7419(1995) 

40 1. 
m 

/2/ DeJong, Kentgens, Veeman, <Chem.Phys.Lett.109, 337 (1984) 
/3/ Hagemeyer, Schthidt-Rohr, Speiss, Adv.Magn.Reson. 13, 85 (1989) 
/4/ Titman, Luz, Spiess, J.Am.Chem.Soc. 114, 3756 (1992) 

Reichert, Olende~, Poupko, Zimmermann, Luz, J.Chem.Phys., 98, 7699 (1993) 
Hagemeyer, The~is, Mainz 1~90 /5/ 

/6/ 

/7/ 

Gerardy-Montotiillout, Malveau, Tekely, Olender, Luz, J.Magn.Reson. (submitted) 
Reichert, Zimmebann, Poupko, Luz, J.Magn.Reson. (submitted) 

I I 

Yang, Schuster, liimich, Spiess, Chem.Phys.Lett., 139,239 (1987) 

Sincerely yours 

Detlef Reichert 
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Circular 
Dichroism 

Principles and 
Applications 

"ghts in Spectroscopy 

Nakanishi, K./ Berova, N./ 
Woody, R. W. (eds.) 

Circular Dichroism: 
Principles and 
Appljcations 

This book is the definitive 
reference monograph for 
professionals and graduate 
students in analytical spec­
troscopy, organic and natural 
products chemistry, physical 
chemistry, and · biophysics. 
Leading experts close the gap 
in understanding between 
theory and application by 
reviewing the different 
theories. 

Williams, R. 

Spectroscopy 
and the 
Fourier Transform 
An Interactive Tutorial 

The computational intensity 
of Fourier Transform spec­
troscopy (FTS) results in the 
utilization of this technique 
by people who do not fully 
understand the technique or 
its operation. This book 
addresses this problem 
directly. Complete with a 
computer disk containing 
spreadsheets usable by a 
number of computer systems, 
this w

1
ork emphasizes the 

pictorial aspects and hands­
on manipulation of spread­
sheets as opposed to the 
mathematical presentation of 
information. 
The title provides a clear 
understanding of the applica­
tion limitations of FTS and 
gives a clear indication of the 
advantages available in FTS. 

Busch, K.L./ Lehman, T.A. 
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Mass Spectrometry 
This work will be the first glossary­
format reference available on mass 
spectrometry. It will provide defini­
tions, explanations and literature 
citations for work in this field. It will 
serve a broad community of scientists 
who use mass spectrometry and must 
stay in touch with the distant elements 
of a rapidly evolving set of techniques 
and concepts. 

K.lessinger, M./ Michl, J. 

Excited States and 
Photochemistry of 
Organic Molecules 

This book is a new, revised and 
improved, English-language editon of 
Klessinger/Michl' s successful earlier 
German-language textbook. The topic 
has become fashionable within physi­
cal organic chemistry in the last five 
years. This work introduces and pres­
ents the theory underlying organic 
photochemistry. 

van de Ven, F.J.M. 

Multidimensional NMR 
in Liquids 
Basic Principles and 
Experimental Methods 

This book provides an introduction of 
high-resolution NMR, all the way 
from a one-peak one-dimensional 
spectrum to multi-dimensional, multi­
nuclear NMR. It is targeted to biolo­
gists, biochemists, biophysicists, etc. 
interested in the NMR of proteins . 
Each chapter begins with an intuitive 
presentation of physical phenomena 
using vectors, followed by examples 
and concludes with a more rigorous 
derivation from quantum mechanical 
principles. 

Friebolin, H. 

Basic One- and 
Two-Dimensional 
NMR Spectroscopy 
Second. Enlarged Edition 
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Lability of Polyanion-Gelatin Binding Investigated with PGSE-NMR 

Dear Dr. Shapiro: 
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Polyanions behave as excellent viscosifiers for gelatin solutions and are used in various film and paper 
products as coating aids. Despite its overall negative charge above the isoelectric point (pHiso), gelatin binds 
to high molecular weight polyanions to form soluble complexes. Pulsed-gradient spin-echo (PGSE) NMR was 
employed to investigate the self diffusion of gelatin in solutions of gelatin/ poly(styrene sulfonate) (NaPSS) 
and gelatin / poly (2-acrylamido-2-methylpropane sulfonate) (NaP AMS). Although the number of negative 
charges per chain segment is the same for each type of polyanion, they provide significantly different 
rheological behavior in gelatin solutions. The basis for this is not well known. 

One advantage of PGSE NMR is the ability to precisely control the time allowed for diffusion during 
the measurement. We varied this diffusion time (Ll) between 500 and 2000 ms and collected the gelatin signal 
attenuation (which is proportional to the self-diffusion of gelatin) for both solutions. 

Little to no difference is observed for the NaPSS data as a function of Ll. The NaP AMS data, however, 
bears a striking contrast. The attenuation behavior for gelatin in the gelatin/NaP AMS solution approaches 
that of free gelatin as Ll increases. This behavior is interpreted in the context of chemical exchange. The 
binding time for gelatin to NaP AMS is much shorter than that to NaPSS. A modell was established to describe 
the signal attenuation to include this exchange and the data fitted accordingly. This exchange phenomenon 
provides an additional link to the description of the rheology. 

It is important to note a few points. The T 1 and T 2 behavior of the gelatin in these solutions was 
investigated and found to be similar to that of solutions without polymer. Narrow molecular weight fractions 
of gelatin (called alpha gelatin) and polymers were used to eliminate complications due to polydispersity. 
Two to three decades of attenuation was collected for sufficient range in data. The polyanion concentration for 
these solutions is below the overlap concentration (c*). 

Sincerely, 

Brian Antalek 

l. For further information consult: (a) Callaghan, P.T. Principles of Nuclear Magnetic Resonance Microscopy; 
Clarendon Press: Oxford, 1991; pp 405-407. (b) Johnson, Jr., C.S. in Nuclear Magnetic Resonance Probes of 
Molecular Dynamics, Robert Tycho, ed.; Kluwer Academic Publishers: Boston, 1994; pp 476-478. 

EASTMAN KODAK COMPANY· 1669 LAKE AVE.· ROCHESTER, NEW YORK 14650 • 716 458-1000 



457-42 

WO --w 

0 

w 

1 

0.1 

0.01 

0.1 

w 0.01 

0.001 

0.1 % 400K NaP~1, 3% Alp~a Gelatin 
pH 5.6, 0.01 M NaOAc, 45°C 

I 022696b.spw 

A 

. . 
. LI. 

30-J 
oC<> 

. /.!-00 
'Z,()•o 

o 5 1 o 1:5 20 25 30 35 

J
*Ll (x10·11

) 

0.1% 400K NaPA 
1

s, 3% Alpha Gelatin 
pH 5.6, 0.0

1

1 M Nao.AJc, 45°C 

022696a.spw 

I 
0.0001 -l----~----i------,--:1---.------1 

0 2 4 6 8 10 

~2*.!l (x10-11) 

I 

I 

PGSE NMR gelatin signal attenuation plots for 
two aqueous solutions are represented. Data is 
obtained for three values of diffusion time (Li): 
500, 1000, and 2000 ms. The curves are calculated 
from a model incorporating chemical exchange of 
gelatin between two sites, bound to the polymer 
and free. The results of the fitting are given below 
in the table. These attenuation functions plotted 
in semilog format reveal two decay time constants. 
The fast time constant is interpreted as the gelatin 
which is free in solution. The slower component is 
that due to the gelatin bound to the much larger 
polyanion-gelatin complex. Clearly a difference 
in the behavior of the gelatin diffusion in both 
solutions is seen as a function of Li. 

Fittin results: 

model (A) ( B) 
p·arameter 

I 
gel/NaPSS gel/NaPAMS 

k(s-1) 

I 
<0.1 4.2 

R 0.55 1.4 

Dq (10-11 m2/s) j 0.14 0.3 

Dp (10-11 m2/ s) 1.4 5.0 

· Parameter descriptions: 
k = rate constant for gelatin exchanging.from 

· complex 
R = molar ratio of bound gelatin to free gelatin 
Dq = diffusion coefficient for bound gelatin 

(polymer-gelatin complex diffusion) 
Dp = diffusion coefficient for free gelatin 
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Kontes Medallion Series NMR Tubes 
Each and every tube in the NEW Medallion Series of precision 5 mm NMR tubes is 100% gauged to meet the most 
exacting standards. Offered in three grades - Gold, Silver and Bronze - these tubes are made of Type I Class A borosilicate 
glass and are ideal for sealing directly to vacuum manifolds, joints or valves. Each is supplied with a cap and a sandblasted 
marking spot for identification. 

Specify KONTES Medallion Series 5 mm tubes to achieve award winning results each and eve,y time! 

Kontes Wilmad 
Article# Number Length 

897240-3000 535-PP 7" 
897240-3008 535-PP8 8" 

897235-3000 528-PP 7" 
897235-3008 528-PP8 8" 

897220-3000 507-PP 7" 
897220-3008 507-PP8 8" 

O.D. Inches - 0.1955 (+0.0000/-0.0005) 

an ISO-9001 Registered Firm 

Approx. Wall Variation Camber Price 
Grade MHz Thickness T.I.R. T.I.R. Pkg./5 

Gold >400 0.01475 0.0005 0.00025 $70.25 
Gold >400 0.01475 0.0005 0.00035 77.25 

Silver 360 0.01475 0.0010 0.0005 50.50 
Silver 360 0.01475 0.0010 0.0006 55.10 

Bronze 150 0.01475 0.0020 0.0010 32.25 
Bronze 150 0.01475 0.0020 0.0011 35.75 

T.I.R. = Total Indicator Reading in Inches. I.D. Inches - 0.1655 (+0.0005/-0.0000) 

1022 Spruce Street, Vineland, NJ 08360-2841 

1-800-223-7150 • (609) 692-8500 • FAX (609) 692-3242 

E-mail: kimkon@acy.digex.net SP005M0496KO-6011 



Ol!Jr Pr~cise, 
Consistent Tolerances 
Give v(ou t~e Kind of 
Accuracy You Need. 

I I 

l 

I . I 
NMR 1UBES, 3 mm 

Article App1 x: 
Number Mhz l 
897840-0000 >4001 
897840-0008 
897840-0009 

I 
897835-0000 
897835-0Dp8 
897835-0009 

I 
897830-0000 
897830-0008 
897830-0DP9 
897825-0000 
897825-0008 
897825-0009 

I 
89782D-oopo 
897820-0008 
897820-0009 

I 
897805-0000 
897805-0008 
897805-0009 

I 

360 

270 

200 

150 

100 

Length 
Inches 

7 
8 
9 

7 
8 
9 

7 
8 
9 

7 
8 
9 
7 
8 
9 

7 
8 
9 

897800-0000 80 7 
897800-00p8 8 
897800-0009 9 

o.o. 1NcHks - 0.1186" (+0!00001-0.ooos) 
I I 

I.D. INCHlS - 0.0945" (+0.~005/-0.0000) 

Wall 
Thickness 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

0.01118 
0.01118 
0.01118 

t T.I.R. = OTAL INDICATCDR READING IN INCHES. 

I 
I 

SP0.350M996KO-6027 

... Great Service! 

KONTES NMR sample tubes are used extensively in 
high resolution NMR spectroscopy. These tubes are 
manufactured under rigid quality control , assuring 
the highest quality. 

Generally, the precision tubes are used with 60 to 
200 MHz NMR spectrometers. The ultra precision 
tubes, because of their low tolerances held in wall 
variation camber are especially suitable for use in 
instruments at higher field strength 
(200-500 MHz) . 

KONTES 3MM NMR tubes are manufactured from 
ASTM Type 1 Class A borosilicate glass. 

Each tube is supplied with a cap and a sandblasted 
marking spot for sample identification. 

Wall 
Variation 
T.I.R.t 
0.0005 
0.0005 
0.0005 

0.0010 
0.0010 
0.0010 

0.0015 
0.0015 
0.0015 

0.0020 
0.0020 
0.0020 

0.0020 
0.0020 
0.0020 

0.0025 
0.0025 
0.0025 

0.0030 
0.0030 
0.0030 

Camber 
T.I.R.t 
0.00025 
0.00035 
0.00045 

0.0005 
0.0006 
0.0007 

0.0010 
0.0011 
0.0012 

0.0005 
0.0006 
0.0007 

0.0010 
0.0011 
0.0012 

0.0020 
0.0020 
0.0020 

0.002 
0.002 
0.002 

1996 
Price 

Pkg.IS 
52.00 
58.00 
64.00 

45.00 
SO.OD 
56.00 

40.50 
45.00 
50.50 

40.50 
45.00 
50.50 

36.40 
40.50 
45.40 

34.50 
38.00 
43.00 

33.65 
37.50 
42.00 

To Order . .. contact your local 
authorized distributor or this office: 

KONTES 
1 022 Spruce Street 
Vineland, NJ 08360-2841 
1-800-223-7150, 609-692-8500 
FAX 609-692-3242 
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Policies and Practical Considerations 

(Slightly revised October 1996) 

The NMR Newsletter (formerly the TAMU NMR Newsletter, the IIT NMR Newsletter, and originally, the Mellon 
Institute NMR Newsletter), now in its thirty-ninth year of consecutive monthly publication, continues under the 
same general policies as in the past. All communication with the Newsletter should be sent to the address above. 

1. Policy: 
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The NMR Newsletter is a means for the rapid exchange of information among active workers in the field of 
NMR spectroscopy, as defined broadly, including imaging. As such, the Newsletter serves its purpose best if 
the participants impart whatever they feel will interest their colleagues, and inquire about whatever 
matters concern them. Technical contributions should always contain a significant amount of information 
that has not already been published or that will appear in the formal literature within a few weeks of the 
appearance in the Newsletter. 

Since the subscriber/ participant clearly is the best judge of what he or she considers interesting, our first 
statement of policy is "We print anything." (This is followed by the reservation, "that won't land us in jail or 
bankruptcy court.") Virtually no editorial functions are performed, although on rare occasions there is the 
need to classify a contribution as 'not for credit'. The Newsletter is not, and will not become, a journal. We 
merely reproduce and disseminate exactly what is submitted. 

2. Public Quotation and Referencing: 

Reference to The NMR Newsletter by its present or previous names in the scientific literature is never 
permissible. Public quotation of Newsletter contents in print or in a formal talk at a meeting, etc., is 
expressly forbidden, except as follows. In order to quote or use material from the Newsletter, it is necessary, 
in each individual case. to obtain the prior permission of the responsible author and then to refer to the 
material quoted as a "Private Communication". If your copy of the Newsletter is shared with other readers, it 
is your obligation as the actual recipient of the Newsletter to see that these other readers of your copy are 
acquainted with, and abide by, these statements of policy. 

3. Participation is the prime requisite for receiving the Newsletter: In order to receive the 
Newsletter, you must make at least occasional technical contributions to its contents. 

We feel that we have to be quite rigorous in this regard, and the following schedule is in effect: Seven 
months after your last technical contribution, you will receive a "Reminder" notice. If no technical 
contribution is then forthcoming, nine months after your previous contribution you will receive an 
"Ultimatum" notice, and then the next issue will be your last, absent a technical contribution. Subscription 
fees are not refunded in such cases. If you are dropped from the mailing list, you can be reinstated by 
submitting a contribution, and you will receive back issues (as available) and forthcoming issues at the 
rate of nine per contribution. 

Frequent contributions are encouraged, but no advance credit can be obtained for them. In cases of joint 
authorship, only one contributor may be credited. Meeting announcements, as well as "Position Available," 
"Equipment Wanted" (or "For Sale"), etc., notices are very welcome, but only on a not-for-credit basis, i.e., 

· such items do not substitute for a bona.fide technical contribution. 

4. Finances: The Newsletter is wholly self-supporting, and its funding depends on Advertising, 
Sponsorships, and individual Subscriptions. The Subscription fee for the October 1996 - September 1997 
year is US$190, with a 50% academic or personal subscription discount. Subscriptions are available for a 
minimum of the twelve monthly issues which end with a September issue. However, a subscription can be 
initiated at any time, with the price for more than twelve issues being prorated. 
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Corporations are also invited to join the list of Sponsors of the Newsletter. Sponsors' names appear in each 
month's Newsletter, and ~opies of the Newsletter are provided to all Sponsors. The continuation of the 
Newsletter depends significantly on the generosity of our Sponsors, most of whom have been loyal 
supporters of this publication for many years. We will provide further details to anyone interested. 

Another major, indeed mbst essenti~, source of funds for the Newsletter is Advertising. We earnestly 
encourage present and po!tl ential participants of the Newsletter to seek advertising from their companies. 
Our rates are very modest. Please inquire for details. 

5. Practical Considerations: 

a) All technical contributioh s to the Newsletter will be included in the next issue if received on or before the 
published deadline dates. I I . 
b} Please provide short titles of all topics of your contributions, to ensure accuracy in the Table of Contents. 

c) Contributions should bJ on 8.5 x {1" (21 x 27.5 cm) pages, printed on one side only. Contributions may 
not exceed three pages without prior approval. Each page must have margins of at least 0.5" (1.3cm) on all 
four edges. Black ink for typing, drawings, etc., is essential. All drawings, figures, etc., should be mounted 
in place on the 8. 5 x 11" P,ages. We are not equipped to handle pieces of paper larger than 8. 5 x 11" (21 x 
27.5 cm). I \ 
Please do not fold, clip, Oij staple yo~r pages. Protect the condition of your letters from the ravages of the 
mails by enclosing what you send in a cardboard or plastic folder, etc. 

Foreign subscribers are r l minded tbat regardless of the standard paper length you use, all material -
letterhead. text. figures. acidresses printed at the page bottom. everuthi.nq - must not exceed 10" (ca. 25.3 
cm) (tom top to bottom. L , 
When formatting your con "butions, !please consider the following: 

i) Try using a smaller !type font: 
1

The body of this page is printed in 10 point type, which I believe is 
adequate for most purposes. Even 11 or 12 point type is acceptable if the particular font is not too large. 
Those who are compute~d can also employ non-integral spacing of lines so that sub- and superscripts 
don't collide with lines beld>w and above. Type smaller than 8 point should not be used. 

ii) PLEASE avoid exceskive marJs. Instruct your secretaries to avoid normal correspondence esthetics or 
practices, however time-ho'nored or 'standard! This page has margins on both sides of 0.6" (ca. 1.55 cm), 
which is very adequate. Mlargins of the same size at the top and bottom are sufficient also, but don't worry 
if there is more space at tlie end of your document, for I can often use such spaces for notices, etc. 

Also, please avoid large Jounts of J nused sp~ce at the top of letters. Give thought to the sizes of figures, 
drawings, etc., and please !mount thej e so as to use the minimum space on the page. 

iii) 'Position Available', 'Equipment Wanted'. and Similar Notices. These are always welcome, but not for 
subscription credit. SucH notices will appear, however, only if received with these necessarily rigid 
constraints: a) Single spaded; b) both side margins 0.6 - 0.7" (1.5 - 1.7 cm.)- NOT WIDER; c) the minimum 
total height, please, but definitely no more than 4.5" (11.5 cm.). 

iv) AVOID DOUBLE SP ICING LIKE THE BLACK PLAGUE!!! This is extremely wasteful of space. 
I 
I 

6. Suggestions: They are always welcome. 

I B. L. Shapiro 
October 1996 

"Telephone: 415-493-5971. Please confine telephone calls to 8:00AM-10:00PM, Pacific Coast Time. 
~ax: 415-493-1348 (Do rtot use for technical contributions which are to appear in the Newsletter, · 
-- for Fax quality is ndt adequatd.) 

*E-mail: sh~piro@nmmeJsletter .corri 
*http://www.nmrnewslettbr.com ! 
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Address all Newsletter Deadline Dates 
correspondence to: 

Dr. B. L. Shapiro 
No. 458 (Nov.) 25 Oct. 1996 

The NMR Newsletter No. 459 (Dec.) 22 Nov. 1996 
966 Elsinore Court 

Palo Alto, CA 94303. No. 460 (Jan.) 20 Dec. 1996 

(415) 493-5971 * -Please call No. 461 (Feb.) 24 Jan. 1997 
only between 8:00 am and 

10:00 pm, Paci.fie Coast time. No. 462(March) 21 Feb. 1997 

* Fax: (415) 493-1348, at any hour. Do not use fax for technical contributions to the 
Newsletter, for the received fax quality is very inadequate. 

E-mail: shapiro@nmmewsletter.com 

http:/ /www.nmmewsletter.com 

Mailing Label Adornment: Is Your Dot Red ? 

If the mailing label on your envelope is adorned with a large red dot: this decoration 
means that you will not be mailed any more issues until a technical contribution has 

been received. 
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The ECLIPSE NMR 
Spectrometer from JEOL SA just 
increased your productivi~ . In less 

l than one half of the 40 mmutes 
usually required to complf te the 
COSY, you can be back in your 
laboratory with proton, cl rbon and 
the COSY data. With JE9 r.:s new 
low cost Matrix Gradientf, this 
Double Quantum Filtered COSY 

1'.1 I . ..s 1.3 

data was completed in less than 3 
minutes. The ECLIPSE now 
expands the usual routine beyond 
the normal one dimensional proton 
survey spectrum to include the 
power of two dimensional NMR. 

Now you can use the ECLIPSE 
NMR Advantage to your advantage. 
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(Mill ions) 

The Better Way! 

JEOL USA, Inc. 
11 Dearborn Road 

Peabody, MA 01960 
Tel: 508/535-5900 
FAX: 508/536-2205 

EMAIL: NMR@JEOL.COM 

I ~~.Q.\: I 
MS NMR ESR 
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