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Advances in NMR Applications, Symposium at Pebble Beach, CA, March 17, 1996; Contact: Nalorac's ENC
Coordinator, 841-A Arnold Drive, Martinez, CA 94553; (510) 229-3501; Fax: (510) 229-1651; e-mail:
sales@nalorac.com; See Newsletter 449, 38.

37th ENC erimental NMR Conference) "Farewell to Asilomar”, Asilomar Conference Center, Pacific Grove, CA,
March 17 - 22, 1996; Contact: ENC, 1201 Don Diego Avenue, Santa Fe, NM 87501; (505) 989-4573; Fax: (505)
989-1073. See Newsletter 448, 23.

Society of Magnetic Resonance, Fourth Scientific Meeting and Exhibition, New York, NY, April 27 - May 3, 1996;
Contact: SMR Office, 2118 Milvia St., Suite 201, Berkeley, CA 94704; (510) 841-1899; Fax: (541) 841-2340. E-mail:
info@smr.org . Future meetings: 1997, April 12-18, Vancouver, BC, Canada; 1998, April 18-24, Sydney, Australia;
1999, Philadelphia, PA; 2000, Denver, CO.
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{314) 537-6004; Fax: (314) 537-6806; e-mail: jrgarb@snc.monsanto.com; See Newsletter 445, 48.

42nd International Conference on Analytical Sciences, London, Ontario, Canada, August 10-13, 1996; Contact:
Martin Stillman, Chemistry Dept.,Univ. of Western Ontario, London, Ont., Canada N6A 5B7; (519) 661-3821; Fax
(519) 661-3022; e-mail 42info@uwo.ca

XVIIth International Conference on Magnetic Resonance in Biological Systems, Keystone, Colorado, August 18 - 23,
1996; Contact: ICMRBS, 1201 Don Diego Avenue, Santa Fe, NM 87501; (505) 989-4735; Fax: (505) 989-1073.
See Newsletter 448, 36

28th Congress Ampere on Magnetic Resonance & Related Phenomena, Canterbury, England, September 1-7, 1996;
Contact: The Secretary, 28th Congress Ampere on Magnetic Resonance, Physics Laboratory, The University of Kent
at Canterbury, Canterbury, Kent, CT2 7NR, England; +44-(0)1227-823767; Fax +44-(0)1227-827558; Email
ampere@ukc.ac.uk; url http://wwewnmr.ukc.ac.uk/nmr/index.html.

38th ENC (Experimental NMR Conference), Orlando, FL, March 23 - 27, 1997; Contact: ENC, 1201 Don Diego
Avenue, Santa Fe, NM 87501; (505) 989-4573; Fax: (505) 989-1073.
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The NMR Newsletter

966 Elsinore Court
Palo Alto, CA 94303

Dear Barry,

Because of the anisotropy in its magnetic susceptibility, Ay, benzene is partially aligned (order parameter) by B,
In consequence, the quadrupole splitting in CJH,D, for example, does not quite disappear from the high resolution
’H nmr spectrum (Ann. Repts. NMR Spectrosc. 19, 35 (1987)). Again, another traceless tensor interaction, the
dipolar, is not quite averaged to zero: for benzene itself small dipolar couplings, D, have been measured for ortho
protons (J. Magn. Resn. Series, A, 104, 238 (1993)) at 400 MHz. In principle, therefore, high resolution spectra of
benzene derivatives are affected by D (Magn. Reson. Chem. 24, 723 (1986)) and failure to include D in an analysis
causes an error of some millihertz in J, certainly in *J, even though we have found that, with an rms error of, say,
5 mHz, we can reproduce all the peaks in the 'H nmr spectrum at 300 MHz and 300K when ignoring D.

The figure gives an example where this level
of precision in analysis does demand the
inclusion of at least one D, that for the
magnetically equivalent CH, protons in
phenylallene (allene itself is D,). The
bottom is the experimental spectrum of the
CH, protons for a benzene solution at 300
MHz and 300K. The spectrum at the top
shows the best fit obtained in the absence of

D, using J values which give a very good fit
to the peaks of the methine and aromatic
protons. The middle has D(CH,) =
+0.0150(4) Hz; a negative value fails to
yield a fit.

Hz 14600

In the planar form, the internuclear vector of

the CH, protons is perpendicular to the

molecular- plane; in the ornthogonal

conformation it is parallel to the molecular

plane. Clearly, the sign and magnitude of D
1456.0

depends on Ay and on the potential
hindering the motion about the C;Hs-allenyl
linkage. Hey, a neat problem for a student
of physical chemistry, a somewhat sparse
species these days, it seems.

i

Spectrum by Scott Kroeker

Best wishes from
/£
Ted Schaefer
Jca
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Technische Universitat Miinchen

. Garching bei Miinchen
Garching, 12. January 1996
Dr. B. L. Shapiro Dr. Gerd Gemmecker
The NMR Newsletter Org. Chemie and Biochemie II, TU Miinchen
966 Elsinore Court Lichtenbergstrafie 4
Palo Alto, CA 94303 D-85747 Garching (Germany)
USA
(received 1/22/96) email: gg@joshua.org.chemie.tu-muenchen.de

Tel./Fax:  ++49 (89) 3209-3308/-3210

Dear Dr. Shapiro,

recently we celebrated the official opening of our new NMR building in Prof. Kessler's group,
housing two new spectrometers DMX600 and DMX750 (the latter one shared with several other
NMR groups in Germany). After a smooth installation, both machines are now fully operational.

The newest feature on both spectrometers (just installed a month ago) is the gradient shimming
procedure. It uses the shielded gradient coils inside our high-resolution probes (we have xyz-
triple gradient quadruple resonance probes for both machines) to get a 3D image of the
homogeneity in the sample volume. Bases on the field maps for all 27 shims (that have to be
acquired once in the same way) the program then calculates the corrections necessary to
compensate for the observed deviations from perfect homogeneity. The procedure can be run
iteratively, remaining deviations from homogeneity are displayed after each step.

To check out the algorithm's capabilities, I've run several iterations on a sample containing ca.
0.45 mL of a 1 mM aqueous solution of a 20 kDa protein. I started with a severely mis-shimmed
probe (all shims Z1-5, X, Y, XZ, YZ, XZ2, YZ2, X3, Y3 set to zero!, cf. first trace in Fig.1).
After one iteration (ca. 2 min.) the result bore some resemblance to an NMR spectrum, and after
the second one the water lineshape already looked pretty good (no humps, symmetric,
b1 = 30 Hz). However, the graphic display of the gradient shimming program (Fig.2) indicated
still considerable inhomogeneity, and two more iterations indeed led to a significant
improvement, which is only visible with sharper resonance lines, such as the EDTA peak shown
on the right of Fig.1. After four iterations it reaches a linewidth of ca. 2.5 Hz at half-height (the
water line staying at 30 Hz). This last improvement would have been very difficult to obtain by
manual shimming, since the intensity of the lock signal (D,0) increased only marginally between
the 2™ and the 4™ iteration.

Gradient shimming was especially useful for checking out various sample paramenters
(temperature, pH, ionic strength, detergents) to optimize protein lineshape, since it delivers an
excellent shim with high reproducibility, so that any effects of field homogeneity on the protein
linewidths in the different runs can be safely neglected. Starting from a standard shim file for the
probe (other than the worst-case scenario from Fig.1), two iterations (of ca. 2 min. duration each)
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proved sufficient to achieve an excellent shim even with difficult samples (e.g., small sample
volumes), which is much faster than manual shimming - at least with me!

Please credit this contribution to the account of Prof. F. Kéhler, TU Munich.

Yours sincerely é{) , AA
(Ruth)
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TLI THE LOVELACE INSTITUTES

Improving Human Health through Research and Technology

Bernard L. Shapiro, Editor January 5, 1996

The NMR Newsletter, (received 1/8/96)
966 Elsinore Court

Palo Alto, CA 94303

Efficacy of Blood Substitutes Determined by Yp.NMR Spectroscopy.
Dear Barry,

Artificial blood substitutes are being developed for their promise as non-infectious, universally accepted, low-
storage-cost alternatives to human blood. Previous attempts to replace blood have utilized perflucrocarbon emulsions
or stroma-free, cross-linked or encapsulated hemoglobin solutions (7). An alternative to these approaches is to
manufacture recombinant human hemoglobin (2-4). The efficacy of such a product with respect to oxygen transport
and delivery would need to be established in vive. We have utilized $P_NMR spectroscopy to determine the efficacy of
recombinant human hemoglobin (Somatogen Inc., Boulder, Colorado), as an oxygen carrier in vivo by monitoring the
high-energy phosphorus metabolism of the rat abdomen during and after complete replacement of the blood by a
solution of recombinant human hemoglobin.

Methods: Anesthetized cannulated rats were placed into the bore of a 1.9 Tesla horizontal magnet. Metabolite ¥p_
NMR signals were detected with a 30 mm diameter surface coil placed over the abdomen. Time-dependent spectral
data were collected in 5 min. blocks from control animals, animals whose blood was replaced with human serum
albumin (HSA), containing no oxygen carrier, and from animals whose blood was replaced by a solution of recombinant
human hemoglobin (rHb). Animal's hematocrits were reduced to less than 3% by isovolemic exchange transfusion.
The stability of the metabolite signals over the course of the experiments was determined from the ¥p signal integrals
after curve-fitting.

Results: The data obtained from control animals showed no significant changes in the metabolite levels during several
hours in the magnet. The results from hour-long, albumin-exchange experiments in 5 rats are summarized in Fig. 1,
where we have plotted a 15 min moving average of the concentration, normalized to its value before the exchange, of
high energy phosphates (HEP), the sum of PCr and B-ATP concentration, vs. the [Hb],;. , the hemoglobin concentration
in the red blood cells. A fit of the data to a Michaelis-Menten type equation, [HEP] = Vay [Hb]be /( [Hb] e + K ), gaVE
a value of K, of 0.87 g/d|, indicating that the [Hb],,. has to fall by more than a factor of 15 before a 50% drop in high-

energy phosphates can be seen. For [Hb];. > 10.0, the mean value of [HEP] was 97.5 (+2.2, n=10)%, while for 2.5 <

[Hb]pe < 3.5 the mean value of [HEP] was 78.5 (4.6, n=5)%, a value which is significantly smaller («=0.0025) than that
found at normal [Hb]. . At the end of the HSA exchange, for [Hb]. less than 1%, the animals were unstable and
eventually died. Prior to death a 4-fold increase in orthophosphate and a 50 % drop in phosphocreatine and ATP was
observed. The tissue pH dropped from 7.35 at the start of the experiment to 6.8 at the end.

In contrast to the albumin-exchange, exchange transfusion with recombinant human hemoglobin (5 g/di [Hb],
which is 1/3 the [Hb] of normal blood) resulted in no significant drop in high-energy phosphates no rise in low-energy
phosphates, and no change in tissue pH from 7.35 = 0.15 over a period of 5 hours (data not shown). The animals
given recombinant hemoglobin lived for 5-6 hours after the exchange.

Because there are sound physiological reasons to expect that free hemoglobin solutions might deliver oxygen
better than whole blood (1), and because we observed no compromise in [HEP] metabolism with & g/dl [Hb]
concentration rHb, we diluted the rHb to a concentration of only 3 g/dl [Hb], and repeated the exchange experiments.
Note that we found above that there was a greater than 20% drop in [HEP] at [Hb] = 3 g/dI during HSA exchange.

2425 Ridgecrest Drive SE » Albuquerque, New Mexico 87108-5127 » Phone 505-262-7155 » Fax 505-262-7043

Instituze for Basic and Applied Medical Research + Institute for Health and Population Research « Lovelace Biomedical and Envir tal Research Institute « Lovelace Scientific Resources, Inc.
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Fig. 2 shows the combined results from 6 rats for an exchange transfusion with a 3 g/dl solution of rHb. For
[Hble > 10.0, the mean value of [HEP] was 100.0 (+1.6, n=9)%, while for [Hb]4. < 1.0 the mean value of [HEP] was

91.0 (+3.8, n=6)%, which is significantly smaller than previous value (x=0.025). All the animals continued to live at [Hb]
< 1 g/dl for one-hour after the exchange was terminated, during which data was collected. At the end of this period the

animals were sacrificed. Thus at a total [Hb] of 3 g/di in the blood, the phosphorus metabolism is slightly affected but
the animal remained alive.

Conclusions: Our results appear to indicate that free, extra-celiular hemoglobin performs better at sustaining high
energy phophorus metabolism than the same hemoglobin content in blood within the erythrocytes. We base this

conclusion on our finding that [HEP] determined at a total [Hb] of 3 g/dl with rHb (91.0 (3.8, n=6)%) was found to be

significantly higher (¢=0.05) than that found at the same [Hb] with erythrocytes during HSA exchange (78.5 (+4.6,
n=5)%). Recombinant human hemoglobin, even at oniy 1/3 the normal concentration of 15 g/di sustains vital energy-
producing functions of tissues at levels which are indistinguishable from those found when whole blood is present. *'P-
NMR spectroscopy was found to be a useful method for studying the efficacy of blood substitutes in this setting.

References:

(1) Winslow, R.M., Vandegniff, K.D., and Intaglietta, M. Eds. “Blood Substitutes: Physiological Basis of Efficacy”
Birkhauser (Boston: 1995).

(2) S. J. Hoffman, D. L. Looker, J. M. Roerich, P. E. Cozart, S. L. Durfee, J. L. Tedesco and G. L. Stetler "Expression of
fully functional tetrameric human hemoglobin in Escherichia Coli" Proceedings of the National Academy of Sciences
(USA) 87(1990)8521-8525.

(3) D. L. Looker, D. Abbott-Brown, P. Cozart, S. Durfee, S. Hoffman, A. J. Mathews, J. Miller-Roerich, S. Shoemaker,
S. Trimble, G. Fermi, N. H. Komiyama, K. Nagai, and G. L. Stetler "A human recombinant haemoglobin designed for
use as a blood substitute” Nature 356(1992)258-260.

(4) T. Shen, N. T. Ho, V. Simplaceanu, M. Zou, B. N. Green, M. F. Tam and C. Ho "Production of unmaodified human
adult hemoglobin in Escherichia Coli." Proceedings of the National Academy of Sciences (USA) 90(1993)8108-8112.

Yours sincerely,

JM&O.M /Q\GM

Laurel O. Sillerud Arvind Caprihan
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Varian’s ‘H and *C{'H} Nano*nmr probes for combinatorial chemistry

Obtain the highest resolution for your
solid-phase synthetic products with Varian’s
Nano enmr probe, a truly unique probe
combining magic-angle spinning with
high-resolution probe technology.

The ultimate resolution for solid-phase
synthesis products such as produced in
combinatorial chemistry is dependent on
probe design and materials.

Only Varian’s I and “C{*H} Nano *nmr
probes deliver maximum spectral
resolution for these heterogeneous samples
by eliminating line-broadening caused by
magnetic susceptibility discontinuities
around and within the sample.

Don't settle for the lower resolution of a
CP/MAS probe. Profit from the additional
structural information provided with the higher
resolution of Varian’s Nano enmr probe—the
probe with the highest demonstrated resolution
for both 'H and *C samples.

Nanoenmr probes are compatible with both
GEMINT and UNITY NMR spectrometers.
For more information, contact the Varian
office nearest you.

Send for your Solid-Phase Synthesis 'H and
1C NMR Spectral Catalog, attention:

Bee Sehrt at Varian NMR Instruments
3120 Hansen Way M/S D-298

Palo Alto, CA 94304-1030
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January 3, 1996 (received 1/10/96)
Re: 3D NOESY NOESY at 750 MHz
Dear Barry,

We have been enjoying our recent move to Galveston and the new equipment (Varian 400, 600 and 750
Unity Plus spectrometers) and the opportunities it has afforded. Last winter most days were delightfully
balmy and warm. Far different from the cold in our recent past. Of course then summer came and then the
hurricanes...

We've been particularly interested in developing 3D NOESY NOESY in conjunction with our complete
relaxation matrix program MORASS for high resolution structural studies of biomolecular systems. While
heteronuclear 3D NMR spectroscopy has been used more often to make the sequential assignment and obtain
distance estimates, 3D homonuclear NOE-NOE methods have been found to contain more information for
quantitatively determining the structure once the assignments have been made.

While it is true that many good quality structures have been obtained from NMR, especially with the
development of heteronuclear 3D and 4D NMR, it is obvious that using more and tighter constraints will
achieve greater precision (and hopefully accuracy) in the refined structures. Indeed as shown in Figure 1,
the number of 3D volumes that can be integrated increases dramatically as the threshold level of cutoff of
peak volume decreases. At high field and larger sample volumes, thousands of 3D volumes are available for
refinement constraints.

One decided disadvantage of 3D NOESY NOESY is the problem of S/N for the 3D crosspeaks. The
intensity of the crosspeak is effectively the product of the intensity of two 2D crosspeaks and good spectrometer
sensitivity (or lots of sample!) is essential. We have found that our new 750 MHz spectrometer has been
especially helpful for these difficult 3D NOE NOE experiments. Our newest Varian 5 mm 'H probe has a
S/N of >1400:1 and this has provided us with excellent quality 3D NOE NOE spectra.

So far, most quantitative 3D NOE-NOE studies are based upon the two-spin approximation. However, as
we have recently demonstrated!, at realistic mixing times that allow reasonably accurate measurement of 3D
NOE NOE volumes, both the two-spin and the Taylor series expansion approximation methods can lead to
considerable systematic errors and complete relaxation methods are essential.

Both 2D and 3D NOE spectra are a function of the 2D relaxation matrix, which depends on the distances
between pairs of spins. 3D NOE-NOE spectra can be described by,

Ajjk = [exp(—Tm1R)}sjlexp(—TmaR)]: Mo (1)

where R is the relaxation rate matrix, 7,1 and 7o are the two mixing times and My is the equilibrium
magnetization. In terms of 2D and 3D volumes,

AR < AVAR (2)

where A%E is a single 3D volume and AS ) and Ag) are the 2D volumes during the two mixing times.

We have recently introduced a new algorithm that allows us to deconvolute the 3D volume matrix into a
hybrid-hybrid NOE volume matrix?. Basically an initial model structure and the measured r;; values are used
to calculate the rate matrix. We then simulate 2D NOESY and 3D NOE-NOE spectra. The experimental
and simulated 3D NOE-NOE data are scaled and then merged to create a hybrid 3D data set. The 3D hybrid
data are then deconvoluted into a 2D matrix, with elements

1D gﬁfcp .
<Ajy>=-— IJ* 3)
D=1 Sk

DOCKSIDE BUILDING 301 UNIVERSITY BOULEVARD GALVESTON, TEXAS 77555-1157  (409) 747-6800  FAX (409) 747-6850
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Figure 1. Number of integratable 3D volumes as a function of the percentage intensity relative to the largest
diagonal peak in a simulated 3D NOE-NOE spectrum for d(CGCGAATTCGCG), with 7, = 3.2 ns and.
Tmi = Tm2 = 100 ms. : '

where non-zero A%, values may be obtained from * = exp (experimental) or * = simul (simulated) 3D spectra.
Additional experimental or simulated 2D NOESY volumes can then be merged into the deconvoluted matrix
to give a complete 2D hybrid-hybrid volume matrix. Importantly 2D NOEs from 3D or 4D HMQC-NOESY
experiments can also be merged into the hybrid-hybrid volume matrix. The rate matrix can then be calculated
from the hybrid-hybrid volume matrix, using our MORASS (or other) relaxation matrix approach. The
resulting distances are taken from the cross-relaxation rates and then utilized in a distance geometry or
restrained molecular dynamics refinement of the structure. The entire process is repeated until a satisfactory
agreement between the calculated and observed 3D crosspeak volumes is obtained.

3D NOE-NOE spectra hold the promise of giving more accurate structures given the vastly increased
number of resolvable 3D NOE-NOE volumes. Approximation methods may not yield accurate distances for
the mixing times required to achieve adequate magnetization transfer and signal-to-noise’. Competing with
the hybrid-hybrid matrix method described here, are various direct gradient NOE refinement methods which
scale as n3 whereas the hybrid-hybrid matrix method is still basically an n? problem (diagonalization of the
nxn volume matrix). '

Sincerely yours, C® - D g
for B b G T A,

David G. Donne, Elliott K. Gozansky, Frank Q. Zhu, Shanmin Zhang, Bruce A. Luxon and
David G. Gorenstein

1. Donne, D.G., Gozansky, E.K., & Gorenstein, D.G., “Exact vs. Approximate Methods in the imulation
of 3D NOE-NOE Spectra,” J. Magn. Reson. Series B, 106, 156-163 (1995).

2. Zhang, Q., Chen, J., Gozansky, E.K., Zhu, F., Jackson, P.L., & Gorenstein, D.G., “A hybrid-hybrid
Matrix Method for 3D NOE-NOE data Analysis,” J. Magn. Reson. Series B, 106, 164-169 (1995).

p-s.: In celebration of the new Sealy Center for Structural Biology at UTMB, we will be holding a
structural biology symposium March 1-3, 1996 in Galveston. NMR, X-ray, computational and macromolecular
interactions talks and posters will be presented. Further information will be made available on the WEB
(http://www.nmr.utmb.edu/). Come on down and help us celebrate.
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December 22, 1995

(received 12/26/95)

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

RE: In Vivo Detection of Brain Propylene Glycol by Proton MR
Spectroscopy

Dear Dr. Shapiro:

We have been using brain proton MR spectroscopy (\H MRS) to assess in
vivo pathologic metabolism in children and infants.

Recently, we found four patients in our study group to have an unexpected
doublet signal at 1.1 ppm. Case 1 had encephalitis, seizures and lactic
acidosis. (Fig. a) Case 2 hand severe hypoxic encephalopathy, seizures and
liver/kidney failure. The decreased N-AcetylAspartate (NAA) in this patient
is likely due to neuronal loss. (Fig. b) Case 3 had mild encephalopathy after
recovery from bone marrow transplant. (Fig. ¢) Case 4 had mild birth asphyxia
and seizures. These cases were being treated with various drugs containing
propylene glycol (PG). The doublet at 1.1 ppm on the in vivo brain spectra
indicates the putative signal of the PG methyl protons. The in vitro sample
contained 5 mM of propylene glycol (PG) and 5 mM of lactate (Lac) as a
chemical shift reference at 1.3 ppm. (Fig. d) All spectra were done ona 1.5
Tesla clinical scanner using single voxel PRESS sequence.

Comparison of the in vivo brain and in vitro PG/Lac spectra revealed identical
coupling, phase modulation and chemical shift at 1.1 ppm. Moreover, the in
vivo brain spectra are consistent with reports of ex vivo '"H MRS of tissues
containing PG.(1,2) ’

PG is a solvent vehicle for many drugs. It’s usually considered non-toxic, but
there are reports that it can cause hyperosmolality, lactic acidosis, hemolysis
and renal failure.(3,4,5) We suggest that in vivo '"H MRS can be used to assess
brain PG and may be clinically useful in the investigation of its toxicity.

University of Nebraska Medical Center University of Nebraska at Omaha University of Nebraska at Kearney
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E-coupler Thermal Problems
Dear Barry,

We recently have had problems with the proton RF amplifier (A.K.A. the e-coupler) on our Bruker AMX-
400. The symptoms were that when running a 1-3-3-1 sequence with a recycle time of 0.25 sec, we
experienced a significant power drop. This was evident from the power meter on the console and a
lengthening of 90° pulse. The power drop would occur gradually over time. After helpful consultation
with Bruker and replacing the e-coupler twice we decided the problem was a thermal problem and installed
Bruker's fan upgrade on the e-coupler. This seemed to help a bit but did not cure the problem.

At that point we sent a message to AMMRL asking for suggestions. The responses indicated two common
problems with the e-coupler. One was a thermal problem and the other was that the capacitors on the
power supply would not fully recharge before the next pulse when run at high duty cycles. We checked
the droop on the 28 volt power supply and it was negligible. This was not too surprising since we run at
only a 0.1% duty cycle. To test the thermal aspect, we pulled the e-coupler out of the cabinet, hooked it
up with extension cables, and mounted 3 fans on it. This has taken care of the problem -- albeit barely.
Concerned about dust, we mounted standard AC filter material above the fans. This apparently cut the air
flow just enough for the problem to reappear. This is definitely a heat problem and we suspect the power
transistors are not adequately heat sunk.

Our solution for the time being is to leave the e-coupler out on the floor. This is not entirely satisfactory --
not only for aesthetic reasons -- but also because even in this configuration, it is just barely thermally
stable. Moreover, one of the extension cables is the wiring hamess with the in line break-out box. Thus,
the next time there's a problem, it is unavailable for diagnostics without a great deal of rearrangement.
Alternatives include 1) going to great lengths to properly heat sink the transistors, 2) replace the transistors
with others that have better thermal characteristics (i.e. mil-spec.), or 3) replace the e-coupler with another
RF amplifier. The first and third have been successfully done by other people. We may try one of these
eventually but 1) is time intensive and 3) will cost about $1500.00.

In conclusion, the problem was a thermal one as Bruker suggested. We suspect that the power transistors
on the e-coupler are not adequately heat sunk. The symptoms include a reading of less than 50 watts of
power on the panel meter even when full power is selected. We have had enough problems with this that
we thought others might benefit from our experience. Please credit this contribution to Gerd La Mar’s
account.

Sincerely,

Walton Jeffrey S. de Ropp
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SHORT TITLE: Rotational barrier to a ArOC(O)Ar group in hindered esters
Dear Dr. Shapiro:

Your note arrived recently regarding a need for a contribution from us to the NMR Newsletter. Our XL-400
was down for repairs for a fair amount of time during this year, and more people are now using this single
instrument which we currently have operational in the Department. Thus, our time on the spectrometer has
been reduced. However, we have been examining the energy barrier for rotation around the Ar-OC(O)Ar
bond in hindered esters of the type as shown below in the general formula. The equation utilized for the
calculation of the energy barrier was AG* = 4.58 T¢ [9.97 + log (T¢/Av)] (J. A. Pople, W. G. Schneider, and H.
J. Bernstein, "High Resolution Nuclear Magnetic Resonance”, McGraw-Hill Company, New York, 1959).

Rll
HsC, CHs s OYO AG* = 15.9-16.1 kcalmole
C o]

CHg

This system is especially easy to follow since the individual signals for the methyl protons in boldface are
clearly visible at 26 “C but merge suddenly between 26 °C and 27 "C. Thus, the AG” ranged from 15.7 and
16.1 kcal/mole. Alternatively, the signals for the methyi groups on the ring attached to the oxygen atom remain
unchanged at this temperature. Indeed, the environment around the ArC(O)O- group appears to of such a
nature that these methyl groups "ortho" to the Ar'-O bond remain nonequivalent up to 50 "C. However, these
methyl groups may influence the Ar'-O energy barrier considerably. We have not as yet examined spectra at
higher temperatures since we anticipate that chemical degradation may occur. The size of the ring holding the
boldface methyl groups, as well as the nature of X, may also influence the barrier and remains to be assessed.

We have treated the system above as a simple two-site exchange, but this may not be valid and may
give a AG* which could be low. Thus, a full NMR temperature anaiysis may be required. Work is continuing in
this area.

We trust that this will serve as our contribution to the NMR Newsletter. Best regards.

Sincerely yours,

PN S

K. Darrell Berlin
Regents Professor

The Compoaoign for
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VnmrX Plotter/Printer Definitions under Solaris 2.4
Dear Barry:

I have just finished installing Solaris 2.4 and VnmrX 5.1 as the operating environment for all of our UNIX-based
spectrometer systems and workstations. In the process, I came to realize that the standard Varian procedure for defining printer
and plotter devices is rather cumbersome, redundant, and rather unwieldly to manage and modify. This is especially true for
laser jet type devices, which may be defined with as many as 8 different aliases for the same device, what with different
resolutions, rotatations, and formats. Defining multiple names for the same device under SunOs was simply a matter of listing
the various names in the /etc/printcap table. This is no longer true under Solaris 2.x, which does not use printcap, but requires
that each device be explicitly defined, with its own spool and protocol.

My solution to this was to define a single, generic plotter entry for the device and then to modify the Varian-supplied
vnmrplot script to translate the names defined in the devicenames table to the generic plotter name. In this way, VnmrX has its
full.complement of logical device names, but Solaris only sees the one generic name. Specifically, I have defined under Solaris a
plotter named LaserJet4_plt that is physically connected to a LaserJet 4M printer. I have created a plotter.equiv file which
contains the line (all one long line):

LaserJet4 plt laserjet4 150 laserjet4_150R laserjet4 300 laserjet4 300R laserjetd 600
laserjet4 600R laserjetd PS laserjet4 PS R

The first entry is the Solaris plotter name, which may also be a logical name, and all of the remaining entries are logical
plotter names defined in the /vnmr/devicenames file. The /vnmr/bin/vnmrplot script is modified to include a line:

printer="grep $1 /vnmr/plotter.equiv | awk “{print $1}” °

All subsequent references to $1 are replaced with $printer, and additionally a test is made to verify that $printer is not
null. Ifitis, it is defined to be $1, supplying no translation of plotter names.

This same technique can also be applied to printer devices, making the same changes in vamrprint script and creating a
printer.equiv file. I have defined LaserJet4 prn as a printer device and aliased all of the plotter names to it so that any of the
valid names can be used for either plotting or printing, even though the different resolutions and orientations will not affect the
output.

Complete, modified copies of vnmrprint and vnmrplot (as plot_equiv.tar.Z), along with sample plotter.equiv and
printer.equiv files, have been submitted to the user library at Varian. Those versed in writing and modifying bourne shell scripts
can implement this technique immediately. Those loading the scripts from the userlib need only edit the plotter.equiv and
printer.equiv files to have a functioning system.

Administering a number of different plotter devices, especially networked devices on different machines, is
tremendously simplified by having an aliasing mechanism such as this. Even for plotters such as the HP7550, that may not have
multiple names, it is possible to map the logical name of HP7550 to one of several physical devices, as long as they are all
defined under Solaris. I can define output to go to a different plotter device when the normal device is down for repair or being
‘borrowed’ elsewhere.

Sincerely, N
/ %“
P

Steve Silber
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Title: Large Amplitude Molecular Motion in Solid 4-Carboxy- Benzo-24-Crown-8

The first hint of the title phenomenon was observed in the dipolar dephased 13C
CPMAS spectrum which showed considerable residual intensity in the CH2-O
region. Subsequently we prepared two selectively deuterated d4 derivatives,one of

whose structure is shown below. i> . 9 1y/Pr
| 3

Some of the 2H solid state spectra as a function of température are presented
below. There is a phase change (verified by DSC) near 273K.

A

293 361

200kHz"

305

Despite the lack of symmetry of these molecules, the spectra can be nicely
simulated using a simple 2 site model with 2-fold flips of the CD2 groups.
Unfortunately no X-ray crystal data are available as yet. If our model is correct,
however, it would suggest in the crystal that the molecule may possess a mirror
plane, perhaps that defined by the aromatic ring.
The motional type here is similar to that which we have previously reported for

solid 18-crown-6 and 12-crown-4 complexes 1.2.

1. C.I. Ratcliffe, J.A. Ripmeester, G. W. Buchanan and J K. Denike. J.Am. Chem.
Soc. 114, 3294 (1992).
2. C.I. Ratcliffe, G.W. Buchanan and J.K. Denike. J.LA.C.S. 117, 2900 (1995).

1‘0 K“_—a G.W. Buchanan, Professor of Chemistry

Department of Chemistry O Steacie Building O (613) 788-3841
Department FAX (613) 788-3749
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BIOLOGICAL (received 1/16/96)
_NMRCENTRE  IDr B .L.Shapiro,
DIRECTOR The NMR Newsletter,
Professor G C K ROBERTS 966 Elsmore Court’
eEs | Palo Alto,
FACSIMILE CA 94303
0116 252 3995
MANAGER Dear Dr. Shapiro,
0116 252 3055 8mm Triple Resonance Gradient Probehead
{Direct Line)
PR e Many proteins are unstable at concentrations greater than 0.5mM and temperatures above
TELEX about 100C, these temperature being chosen as a compromise between the linewidths and

347250 LEICUN G the stability limits of the protein. In order that these unstable proteins could be studied, we
explored the possibility increasing the sensitivity of the NMR spectrum of dilute samples;
one solution was to use an 8mM probehead. With about a three fold increase in volume,
one would expect the sensitivity increase in the order of nearly two. We tested the
probehead for water suppression, particularly by gradients, for sensitivity improvements
and other qualities such as ease of shimming. We used samples of protein at 0.5SmM
concentrations, up to 200mM NaCl, 50mM phosphate, and at 20-25°C.

While the probehead was relatively easy to shim, with lineshapes comparable to the Smm
probehead, the gain in sensitivity and the lengths of pulsewidths were disappointing.
Compared with the Smm triple resonance (1H, 13C, 15N) gradient probehead, the 90
degree proton pulsewidth was 15us at approximately 30 watts (compared with 6us at
approx. 16 watts for a Smm probehead); for the 15N pulsewidth, we obtained 53us at full
power (compared with 35us at approx. 180 watts for a Smm probehead). The power
levels were chosen to avoid putting excessive amount of power into the probehead. There
was also no apparent gain in sensitivity in the spectrum obtained using the 8mm probehead
when compared with the Smm one. Furthemore, there was an increase in the amount of
radiation damping in the spectrum obtained with gradient water suppression.

In summary we have yet to find convincing arguments for using an 8mm proton-detection
probehead in preference to a Smm one. As far as studying unstable large proteins are
concerned, other methods will have to be found to improve the spectral quality in order to
make these studies feasible.
Please credit this contribution to the subsription of Gordon Roberts.
Yours sincerely,

et
AL Y e

A Lu-Yun Lian.
5 4 ¥

THE QUEEN’s
ANNIVERSARY PRIZES

1994



o

SINTERS s

N-7034 Trondheim, NORWAY

Location:
Dr. B. L. Shapiro Olav Kyrresgt. 3
The NMR Newsletter Tz!,eggosrgei, 062
966 Elsinore Court Fax:
Palo Alto, CA {_417 73591005
elex:
USA 94303 55 620 sintf n

Enterprise No.: 948007029

Your ref.: Our ref.: Direct line: * Trondheim,

Title : (47) 7359 8763 1996-01-17

NMR in Norway_ (received 1/24/96)
Dear Barry,

For my first contribution to, yet another, subscription, a few words about the state of NMR in Norway
and SINTEF might be in order. While SINTEF is Scandinavia’s largest independent contract research
organization (with about 2000 employees) and now comprising about nine sections or research institutes,
we have significant interactions with both the industrial and academic communities, including having a
large number of students working on advanced degrees. The MR Centre itself is a subset of the SINTEF
UNIMED research institute and is involved with everything from whole body imaging services at the
Regional Hospital in Trondheim to sophisticated ultrasound and CT studies.

As part of a government decision (about two years ago) to specifically fund / upgrade virtually all NMR
equipment and facilities in the country (eventually involving the purchase and upgrading of more than a
dozen instruments), we have now found ourselves in possession of a serious number of new toys. At the
moment, these include: Bruker : DRX600, DRX500, DMX200 (solids, liquids, microimaging, diffusion -
equipped), and DBX100 imaging system; Resonance Instruments : 10-30 MHz imaging system (40 cm
bore superconducting magnet), and 2 MHz benchtop system;-and a Picker 1.5T whole body imaging
system to be delivered next month. In addition we currently have two Phillips whole body imaging systems
already in place, although one is about to be retired ( to a museum in Oslo I think).

The fow field instruments are used mainly for petrophysical related projects (in conjunction with the CT
and in situations where relaxation properties can, of course, be used to advantage in comparison to high
field instrumentation). The low and intermediate fields are also used for a diverse number of projects
including: imaging of food, salmon, cattle feed, clothing, shoes, time release drugs / pharmaceuticals,
plastics - and solid state NMR measurements of many of the same materials. Metabolism studies, cardiac,
stroke / drug, and epilepsy research projects combine both whole body imaging and high field
spectroscopic capabilities. The high field instrumentation is primarily used for protein and molecular
modeling studies. Now that things are starting to settle down we can begin to contribute regularly to the
scientific content of the Newsletter! (Although the weather here, even in winter, is surprisingly mild, at
least for a transplanted Canadian, there is only one 9 hole golf course within several hundred km of us...)

Sincerely,

Dt helson

THE FOUNDATION FOR SCIENTIFIC AND INDUSTRIAL RESEARCH AT THE NORWEGIAN INSTITUTE OF TECHNOLOGY
SINTEF UNIMED: Contract research in medicine and medical technology at SINTEF and the University Hospital, Trondheim.
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Additivity of long-range isotope effects in N-methylindole
Dear Professor Shapiro:

We are currently studying isotope effects on the carbon-13 shielding in indolesl. In this letter, we
describe the deuterium isotope effects on the 13C shielding PAI3C(2H) in N-methyl-dj, do and d3-
indoles (1-3).

The deuterium isotope effects measured from isotopomeric mixtures (ratio 2H/1H 4:1) in DMSO- -dg
solutions are collected in the Table. Negative sign denotes upfield deuterium induced 13C chemical shift.
All "A13C(2H) are given in ppb (10°9).

Within the limits of accuracy of the measurements, the values of the 1A and 3A to ©A deuterium isotope
effects are proportional to the number of replaced isotopes, and led to the following averages 1A =
-231.8,3A =-12.5 and 4A, 5A and 6A = -4.8 ppb per deuterium atom. An example of the measurement
is given in the Figure in which, for effects through one bond, the appearance of the CD3 carbon signal is
a 1:3:6:7:6:3:1 septet, shifted 52.5 Hz (at 75.5 MHz) upfield of the unlabeled carbon, which in turn
appears as a 1:3:3:1 quartet (J = 138.5 Hz), whereas, the CHDy and CH2D carbons are shifted upfield
34.9 and 17.5 Hz, and appear as a clear double quintet and as a triple triplet, respectively.

Table. Isotope effects on DA13C(2H) in 1-3.

1A 3A 4A S5A 6A
Me C2 C7a C3 C3a C7 C4 Co6 Cs
1 -231.8 -12.5 a -5.0 b - b -4.8 -4.7
2 -462.3 -25.2 a -9.8 b - b -10.3 -9.3
3 -695.4 -37.7 a -144 b - 48 -153 -13.9
a: broad
b: below the magnet resolution (0.2 Hz)

The measured carbon-deuterium coupling constants 1J13C(2H) = 21.3 Hz and 3J13C2(?H) = 0.51 Hz,
based on the equation J(XH) = (yy/yp) J(XD) with yy/yp = 6.5144, are in genera] agreement with the
literature data for benzene-dj<.
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Figure. The 75.5 MHz proton coupled 13 NMR signals of the N-methyl group in a mixture of isotopomeric
N-methylindoles.

(1).P. Joseph-Nathan, RE. del Rio and M.S. Morales-Rios, Heterocycles 27, 377 (1988);, M.S.
Morales-Rios, R.E. del Rio and P. Joseph-Nathan, Magn. Reson. Chem. 26, 552 (1988); M.S.
Morales-Rios and P. Joseph-Nathan, Magn. Reson. Chem. 29, 893 (1991).

(2) H. Giinther, H. Seel and M.E. Giinther, Org. Magn. Reson. 11, 97 (1978).

M A{// M Sincerely yours,

Martha S. Morales-Rios Pedro/Jogeph- an
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Early Days of NMR at Mobil in Dallas

Dear Barry,

In the early 1950's, farsighted individuals in Mobil Corporation had keen interests in applications of NMR
to industrial research. This interest started in the Field Research Laboratory (FRL) of Magnolia Petroleum
Company, a Mobil subsidiary in Dallas, Texas. Apparently, there were independent efforts in FRL to apply NMR
to petroleum exploration and to production problems. In production research, Mr. Sidney M. Foulks became
interested in NMR and promoted it strongly. The idea was to look inside a porous rock and measure the fluid
flow paths under dynamic conditions. Sidney M. Foulks and Dr. Sam R. Faris visited Varian in late 1951 or early
1952 to look at their NMR equipment and inquire about purchasing it. Varian was surprised at this interest
because they thought that only academic institutions would be interested in NMR, and they were trying to figure
out how to market their products to academia. Unexpectedly, here were industrial people who wanted to buy it,
with no marketing problem! Jim Shoolery was very helpful in demonstrating the equipment to them. As a result
of this visit, the Laboratory manager, Dr. Dayton Clewell, signed an order for Varian NMR equipment totaling
50 to 75 thousand dollars (a huge sum in those days, especially for new technology without proven applicability).
Mr. Foulks left for graduate school in late 1952, before the equipment arrived. He returned to Mobil in late 1955,
with his Ph.D., and went on to other research.

The first machine to arrive was a Varian continuous wave, broad line (low resolution) spectrometer. It
was the first commercial NMR machine. The magnet had 12-inch diameter pole faces and Serial No. 4, made
in San Carlos, CA. Dr. Ted Burdine, a physicist, used the machine to study fluid flow/displacement in porous
rocks. This was done by detecting proton NMR and displacing the fluid with D,0. Apparently, the results were
less than spectacular, because of the inhomogeneity of the magnet and of the difficulties in making quantitative
measurements with continuous wave spectrometers. Research with this machine was discontinued and Burdine
became excited about the prospect of using spin echoes to circumvent the magnetic field inhomogeneity. The
second machine from Varian was a pulse spin-echo machine (Serial No. 1, made in San Carlos, CA) with a Varian
6-inch electromagnet that operated at approximately 25 MHz. According to a Varian engineer in the early 1960's,
the pulse programmer was probably built by Irwin Hahn in his garage. It was the first commercial pulse NMR
machine made in the U.S., and also the /as7 that Varian built for many years. (Varian visited Herb Gutowsky in
the middle 1950's to seek his advice on marketing pulse machines, but evidently they did not foresee sufficient
demand to continue with pulse machines at that time. This was long before the development of Fourier Transform
NMR.) The third NMR machine from Varian was a 40 MHz high resolution, continuous wave spectrometer.
Parenthetically, Varian's first high resolution spectrometer (30 MHz) went to Nugent Chamberlain at Exxon in
Baytown, TX. The one that Mobil got was either the second or.third that Varian sold. The third, or second high
resolution spectrometer, probably went to Dr. C. A. Reilly at Shell Development Company in Emeryville, CA.

5801 Forest Park Rd. / Dallas, Texas 75235-9085 / (214)648-5886 Telefax (214)648-5881
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The other early NMR effort at FRL was in petroleum exploration research. In the late 1940's, Russell
Vanan had demonstrated proton free precession in the earth's magnetic field (2 kHz Larmor frequency) and
suggested the possibility of using it for well logging (NML). The idea was that, because oil is more viscous than
water, oil would have shorter NMR relaxation times than water. This difference would allow measurements of
the amounts of each in a rock formation and, also, the total porosity. (I do not know whether FRL people were
aware of his idea.) As I mention later in this history, in the early 1950's people at several different places in the
U.S. started to develop NMR well logging. The basic approach in well logging is to determine what physical
measurements that can be made in the laboratory can also be made in the bore hole of an oil well. Then, after
constructing the logging "tool” that makes the measurement, carry out research to determine how to extract useful
information from the measurement.

At FRL, soon after Erwin L. Hahn published his 1950 paper (1) on spin echoes, Robert A. Broding,
manager of the well logging group, read his article. Broding was interested in finding ways to get response from
the different chemical elements in rocks to differentiate between different rocks and NMR looked like a good way
to obtain response from hydrogen, using relaxation times in the analysis. He interested a young man with a
Master's degree, named John O. Ely, in this work. Ely built (about 1951 or early 1952) a "breadboard" pulse
NMR machine for making laboratory experiments to get proton NMR signals from liquids in rocks. This took
him only about six months. With this instrument he proved that he could observe, in the laboratory, such signals
from liquids in rocks at high magnetic fields and also measure the T, and T, of these protons. This was
demonstrated to Dr. Clewell, manager of the Laboratory. The work was not published, for proprietary reasons.
The results were encouraging and Ely and co-workers filed a patent application (2) on NMR well logging (January
19, 1952) and Mobil ordered from Varian the pulse NMR instrument mentioned above. It was delivered to Mobil
in 1952 or 1953, after Ely had gone to MIT graduate school to get a Ph.D. to better carry out this NMR research
(Ely died before getting his degree). John R. Zimmerman was hired by Mobil for the summer of 1953; he also
had the idea of using relaxation in NMR well logging.

After summer 1953, Zimmerman returned to the University of Colorado for about six months. During
this time, he considered an attractive offer from Schlumberger in Ridgefield, CT, but accepted an offer from
Mobil. He assumed leadership of all the NMR research at FRL when he returned in the first half of 1954. The
Varian high resolution instrument then arrived and one of his major efforts was to develop high resolution NMR
for analyzing petroleum and other liquids. (Among the liquors, a certain cheap cognac had the purest form of
ethanol.) Because the highest possible resolution was needed, Zimmerman worked on sample spinners and sample
tubes soon after the machine arrived. With W. F. Mueller, an excellent mechanical instrument maker at Mobil,
he designed several prototype spinners. They ran into materials problems because sample spinning requires a high
degree of dimensional uniformity for the glass sample tubes. Also, some batches of glass gave magnetic
susceptibility artifacts because of variations in glass purity. To solve these problems, he invited representatives
from a glass products company in Landisville, NJ to Dallas to discuss his needs. This visit was the start of
Wilmad in the NMR sample tube business. Spectral referencing was another problem, and Zimmerman worked
with Wilmad in developing the coaxial tube external referencing system (3), with the reference in the thin
cylindrical shell between the two tubes. (This was before the time that TMS was universally adopted as an
internal sample reference.) Initially, there was much concern that intermolecular interactions between the
dissolved reference and the sample might cause a shift in the Larmor frequency of an internal reference so as to
render it unreliable.

In research aimed at interpreting NMR well logs, around 1953-1954 Zimmerman found from high field
pulse NMR experiments that contact with a solid surface such as silica gel will greatly shorten the proton
relaxation times of water and that two-component relaxation curves can be observed (because of proprietary
considerations, Mobil delayed publication of this research (4) for several years). Zimmerman and Ely filed a well
logging patent application (5) on May 20, 1954. Apparently, as Mobil found out later, the California group
(mentioned later in this account) had also filed a patent application. The Mobil patent was granted on January
17, 1961. Litigation ensued and Mobil sold its nights to the California group for $100,000 and also agreed to help
the California group fight a suit filed by Texaco that it based on a "paper” patent application. It turned out that
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Mobil had filed two days before the California group. A later patent, filed by G. L. Hoehn, D. E. Woessner, and
J. R. Zimmerman of Mobil on March 1, 1960, described the use of a puise to refocus the protons and form a spin-
echo to overcome the inhomogeneity in the earth's field and the deadtime of the electronics. The patent (6) was
granted on August 23, 1966 and, apparently, was also bargained away to Chevron by Mobil's lawyers.

The effect of internal pore surfaces on relaxation was discovered at several other places at about the same
time as at Mobil. Up until that time, it was not generally recognized that contact with a solid surface decreases
the proton NMR relaxation times of water. Because the water relaxation times were spread over a wide range
of values, Varian's idea to distinguish water from oil would not work. In addition, some of the relaxation times
were so short that the NMR signals would be undetectable by earth's field NML, precluding even a measurement
of total porosity.

In that general time frame, Bloembergen, not realizing that a surface shortens the water relaxation times,
published a curve that he interpreted as showing long range forces of surfaces in liquids that affected molecular
diffusion (at that time, many thought that surfaces could exert forces in liquids that extend many hundreds of
angstroms). Schlumberger hired Bloembergen as a consultant because it had some general idea that NMR might
be used for well logging. However, the problem of the surface relaxation effects caused Schlumberger to postpone
the project.

Elsewhere, in the early 1950's Byron Jackson Tools, Inc. sponsored experiments by Varian on the
feasibility of using NMR in well logging. again encountering the surface effects on relaxation. Chevron began
an independent NML development even though the original objectives of measuring total rock porosity and
distinguishing between oil and water could not be achieved. The idea was to exploit the effects of the rock
surface on NMR relaxation. Because the surface effects cause the relaxation times to be sensitive to the local
surface-to-volume ratio, information related to pore size, permeability, producible fiuid, etc., would be avaiiable.
The term "free fluid" was adopted for the fluid that could be observed with the earth's field NML. Because the
low frequency, 2 kHz, caused the electronics to respond slowly after NMR excitation, the first 35 msec of the free
induction decay was lost. Then, Chevron, Byron Jackson, and Borg Warner (which had acquired Byron Jackson)
carried out cooperative tool development and made field tests in the late 1950's. D. O. Seevers did NMR research
at high fields on fluids in rocks, and R. J. S. Brown did research in the earth's field and developed the earth's field
NML. The Chevron work was aided by several consultants who spent extended periods at Chevron: H. C. Torrey,
Jean Uebersfeld (from France), and Jan Korringa. At Shell Oil, J. D. Robinson and others did early NMR work
on rocks and participated in early tests of the experimental NML tool described above.

The California logging tool had important early success in locating oil in California in wells where the
oil was extremely viscous and had a T, that was shorter than the 35 msec dead time of the tool. Consequently,
it did not give an NMR signal from the oil, but it gave a good signal from zones that would have given unwanted
water production. At zones where other logging tools showed significant rock porosity, the tool indicated the oil
formations by the absence of an NMR signal.

In 1958, I joined Zimmerman's group to carry out new research to understand the NMR relaxation
phenomena of liquids on surfaces to support the interpretation of NMR well logs in terms of quantities useful to
the log analyst. This was shortly after publication of the famous NMR exchange paper (7) by Zimmerman and
Bnttin in 1957 that quantitatively explained the two-component observations on silica gel in terms of exchange
between sites with different relaxation times. I continued the previous research on silica gel surfaces and prepared
to extend the research to clay surfaces because most of the pore surface area in sandstones is provided by
extremely high surface area clays such as montmorillonite, illite, and kaolinite.

The basic philosophy was to carry out fundamental research to understand NMR relaxation phenomena
in liquid water and hydrocarbons and in water at surfaces to best interpret the NMR signals from logging tools.
To do this, 1 needed to understand relaxation phenomena of water in electrolyte solutions, of nonspherical liquid
hydrocarbon molecules, and nonspherical molecules at silica and clay surfaces. This entailed much theoretical
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work on anisotropically reorienting molecules in the bulk liquid and in surface layers. Experimental data were
needed. To obtain data on clays, the performance of the spin echo equipment was upgraded. G. L. Hoehn did
early work on improving the response of the NMR receivers. Robert A. McKay extended the work on receivers
and also developed successful Q-switching NMR probes (8) to greatly decrease the deadtime. Also, I developed
the idea that spin echo measurements can be used to measure restricted diffusion and that such measurements
could be used to measure the average pore size in rocks; I filed a patent application on April 6, 1962 (9). During
all this time, I was looking for new commercial equipment so that we could minimize our efforts in equipment
development. In the early 1960's a new company (Bruker) sent us a brochure on their pulse NMR equipment.
In 1963 Bruker had a booth at the Pittsburgh Conference and I asked Dr. G. Laukien about details of pulse
response. Although he assured me that their equipment was the best available, it was clear that the equipment
we had at Mobil was superior for our research. We continued with our in-house development and gradually
replaced all of the original Varian components except the high voltage power supply for the pulse transmitter.
McKay then developed the first automated pulse programmer and data acquisition system (10). Previously, the
pulse intervals had to be set manually and the pulse NMR signals had to be collected by visually observing them
on an oscilloscope and manually recording them. Now, the pulsing procedure was automated and the signals were
automatically integrated and recorded on paper tape to be read by computer key punch operators (in those days,
data and computer programs were entered on punched cards).

At the same time, John Zimmerman continued to improve NMR methods of hydrocarbon analysis. To
this end, he wanted to obtain the highest magnetic field possible. He received information about a Swiss
comapny, Traub-Tueber, that had a new 90 MHz high resolution spectrometer. He obtained information from
them, but they would not sell their instrument in the U. S. (Traub-Tueber later became the high resolution
component of Bruker). Then, Varian proposed to upgrade the 40 MHz spectrometer to 100 MHz with new
electronics and new pole faces for the magnet. Mobil purchased this conversion for about $8,000. It was
delivered in 1964, but Varian supplied a whole new magnet because they had found that the magnet conversion
was too difficult. This was an early Varian HR-100 NMR spectrometer. Later, Varian introduced an NMR lock
and marketed the HA-100 spectrometer.

Also, we realized that the NMR relaxation times ofliquids in rocks at 2 kHz could be different from those
obtained from high field spin echo measurements and that measurements on rocks in the earth's field were needed
to calibrate them for well log interpretation. For this, in 1963-64 McKay constructed an earth's field machine for
measurements on fluids in 3.5 inch diameter rock samples. He made such measurements over the next few years.
In the meantime, the lackadaisical performance of the commercial NML tool and operators during field tests that
1 attended caused Mobil to gradually lose interest even though NMR was still deemed to be the potentially most
useful tool to detect permeable zones. Also, Mobil was de-emphasizing logging tool development.

Zimmerman left Mobil for a leave of absence in 1968 and 1 continued high field relaxation research in
preparation for an eventual successful commercial logging tool. During this period and in later years, I carried
out much research on NMR relaxation phenomena in solutions and aqueous heterogeneous media. My special
interest was on the effects of structure on relaxation in clays, biopolymers, and solutions. This led to occasional
collaboration with biomedical researchers. All of this research was to become very useful in my biomedical
research after leaving Mobil in 1992. Mobil discontinued well logging research in 1992, just when real spin-echo
NMR well logging at "high" fields (1 to 2 MHz) became commercially available.
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1 think that this personal historical account illustrates a different mind set than is current in America.
The early days of NMR were exciting and I am glad to have been practicing NMR in those days.

Sincerely,
N\ -
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§§ B8 TuE LOVELACE INSTITUTES

Improving Human Health through Research and Technology

4th International Conference on Magnetic Resonance Microscopy
“Heidelberg Conference in Albuguerque”
September 21-25, 1997
Preliminary Announcement

The 4th International Conference on Magnetic Resonance Microscopy will be held from
September 21 to September 25, 1997, in Albuquerque, New Mexico, USA. This is a
continuation of the series started in Heidelberg in 1991, with subsequent meetings in
Heidelberg, again, in 1993 and Wirzburg in 1995. The scientific program consists mainiy of
plenary lectures by experts in the field and submitted poster contributions. Attendance will be
limited to 300 and there will be no parailel sessions. In addition, there will be an educational
program to take place on the 20th and 21st summarizing the subjects to be covered in the
conference, namely, present techniques and applications of NMR/EPR microscopy and
imaging. This will be a greatly expanded session compared to the past sessions and will cover
the applications of spatially resolved magnetic resonance to the study of materials, polymers,
plants, biomedicine, etc. Industrial participants are especially welcome. Commercial vendors
of NMR/EPR-related equipment are invited to take part in an exhibition of their products.

This is a preliminary announcement. Please see the first announcement scheduled for
March, 1996 for further and final details. We plan to have a World Wide Web site with a
possibility of abstract submission by internet. Inquiries about commercial displays and possible
financial assistance may be directed to Eiichi Fukushima at the letterhead address.

2425 Ridgecrest Drive SE « Albuquerque, New Mexico 87108-5127 » Phone 505-262-7155 « Fax 505-262-7043

Institure for Basic and Applied Medical Research « Instituse for Health and Population Research « Lovelace Biomedical and Environmensal Research Instituze « Lovelace Scientific Resources, Inc.
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ADVANCES IN NMR APPLICATIONS

Featuring the Latest Developments
in Experimental Techniques

You Are Invited
To Attend a Special Symposium Prior to ENC
at the Inn at Spanish Bay
Pebble Beach, California

[ Sunday, March 17, 1:30 to 5:00 p.m. ]

The agenda includes a presentation of recent results by leading NMR

experimentalists concerning applications of pulsed field gradient
and classical NMR techniques with both large and small molecular systems.
The results obtained will be interest to all liquid state NMR Spectroscopists.

Request a detailed program
or RSVP by contacting Nalorac’s ENC Coordinator.

------------------ NALORAC ------------------

841-A Amold Drive, Martinez, CA 94553 - ® (510) 229-3501- Fax: (510) 229-1651
E-Mail: sales@nalorac.com
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Merck Frosst Canada Inc.
C.P 1005

Pointe-Claire — Dorval
{Québec) HIR 4P8
Teléphone: {514} 428-7920
Télécopieur: (514) 635-0693

(received 1/17/96)

Dr. Bernard L. Shapiro
The NMR Newsletter
966 Elsinore Court

Palo Alto, CA 94303 C:j) MERCK FROSST

= Centre de recherche thérapeutique

Magnetic Shielding
Dear Barry,

In the last NMR Newsletter (#447, p. 32), Kip Shaffer illustrated in a funny way the problems of having
NMR magnets in environments not suited for them. Two of the most commonly occuring problems with high
static magnetic field are 1) distortions of computer screens (loss of focus and altered colors) and 2) potential
disturbance of the field homogenity by moving metallic objects close to or within the 5 gauss line. The most
obvious solution for both problems is to keep any object, including the computer controlling the spectrometer
outside of the 5 gauss line but this is often impossible to do due to space constraints. One way to circumvent this
problem is to try shielding. I use the word try because there are no standard shielding receipes and trial and error
must be used.

As a post-doctoral fellow with Dr. Lewis E. Kay, I encountered the first type of problem. We had a fuzzy
monitor screen that could not be moved away from the 500 and 600 MHz magnets. Therefore, there was no
solution other than building a shield that would channel the field around the monitor as opposed to it going through
the yoke and thus altering the focus and screen colors.

The shield was simply a five faced cube (dimension of 2’ x 2’ x 2°) made of quarter inch thick plywood
covered with shielding material. Nu-metal was considered but rejected due to its very high price (about 500 CDN$)
so we used M6 material (available from Siemens-BCL magnetics, Burlington, ON, Canada, phone 905-335-2530).
The M6 material has a very high magnetic permeability, about 30 000X greater than air. Also, it possesses an
anisotropic structure, meaning that its ability to channel magnetic field is higher in one direction than the other. The
material must therefore be positioned on the box with the direction of high magnetic permeability parallel with the
magnetic field (see the double arrows on Figure 1). A 2 x 3 inch (5cm x 8cm) notch was made to allow the cables
to go to the computer. The dimensions were chosen to allow good ventilation but small fans can be installed if
overheating inside the box is a problem. Finally, the bottom of the shield is fixed with metal screws in order to
allow easy removal of the the shield for servicing purposes. The end result was perfect: an unperturbed computer
screen at low cost (>200 CDN$).

At the end of last October, I started as an NMR spectroscopist at Merck Frosst Canada Inc. and one of the
first projects I was involved in was another shielding problem. The research center housing the NMR facility was
expanding with the addition of a third floor. The floor plan was unfortunately designed such that a corridor would
be directly above a 300 MHz instrument . Before the construction of the new floor started, my supervisor and I
undertook the task of shielding the area above the magnet. The 5 gauss line extended about 12 in. (30 cm) above
the concrete floor over top of the instrument. ‘Again here, we used M6 as shielding material and installed 2 layers of
M6 separated by a layer of stainless steel (type 316, ~1/32” (~1mm) thick ) so as to cover an area of about 9° x 9’
(3m x 3 m). The idea of using two layers, according to the people at BCL-magnetics, is to pick-up whatever field
the first layer could not channel with the second layer. If insufficient shielding is obtained, additional layers can be
added where each layer is separated by a non-magnetic spacer (low magnetic permeability such as wood,
aluminium, stainless steel, etc...). It’s like putting a gutter under an overflowing gutter! The higher the “magnetic
flow” the more “gutters” are needed. Trial and error is the golden rule. Ideally, one would like to encase the
magnet in a barrel shaped room but this is not often possible! The type of separator depends on where the shield
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will be positioned. If it’s against a wall, wood is an inexpensive option, but if it’s on a floor, as is the case in our
situation, non-magnetic metal is more appropriate. Moreover, the shield above the 300 MHz spectrometer was to
be placed within a newly poured concrete floor. In this situation, aluminium is a bad choice because it would react
with the concrete causing the metal to oxidize which would lift and crack the newly poured concrete slab. For this
reason, we used stainless steel that has a very low magnetic permeability of about 1. Now that the shield above the
300 magnet is installed, the field above the shield is less than the 1 gauss detection limit of our measuring device.

M6 material —m8m88H— >

/

1/4”

plywood /

Figure 1: Exploded view of the monitor shield. The shield is made of an inner cube of plywood covered with M6
material. The dimensions for the five 1/4°” (6 mm) thick plywood parts: top is 2’ x 2° (60 cm x 60 cm); left and right
sides are 2’ x 1°-11 3/4” (60 cm x 59.4 cm); back is 1°-11 1/2” x 1°-11 3/4” (58.8 cm x 59.4 cm) and the bottom is
made of two sections of 2° x 2’ (60 cm x 60 cm) glued together for better support. The top, sides and back are glued
and screwed together with small blocks of wood (not shown) and then covered with M6. The M6 sheets (2° x 2’ (60
cm x 60 cm)) can be epoxied to the wood but I used “pop” rivets instead. To allow a good contact between M6 sheets
at the edges, 2” x 2’ (5 cm x 60 cm) strips were bent to a 90° angle and riveted. This is important in order to avoid any
gap between two adjacent sheets which would diminish the shielding efficiency. Finally, the bottom is covered with a
sheet of M6 and 3 90° angle strips. The TOP and BOTTOM are fixed together with metal screws as shown and can be
removed so as to allow servicing of the monitor.

Yours sincerely,
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Yve bin Laird A. Trimble
yves_aubin@merck.com laird_trimble@merck.com











