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OmegaPSG 
Heteronuclear Triple-Resonance 
Three-Dimensional NMR 

Heteronuclear triple-resonance NMR of a 
uniformly labelled serine protease (20K Dalton) 
is illustrated using the HNCA experiment [Kay, 
lkura, Tschudin & Bax JMR v89, 496(1990)]. 
Sample provided by Jonathan Davis, Biophysics 
Group, University of California, San Francisco. 
Pure phase data is illustrated for a dataset 
featuring 32 complex points in the Nitrogen 
evolution period, 64 complex points in the 
Carbon evolution period and 512 complex points 
in the Proton domain. Acquisition times were 
16ms, 19ms and 65ms, respectively. The C-13 
pulse widths were adjusted to 65 µ sec to 
achieve selectivity for both the carbonyl region 
(175ppm) and the alpha-carbon region (55ppm). 
Three transmitters were employed: 1H, 15N and 
13C. The carbon transmitter was set at 55ppm 
and carbonyl pulses were accomplished using 
phase ramp procedures. Data were collected in 
the Hypercomplex phase sensitive mode using an 
unmodified Omega PSG 500. TPPI 180-degree 
phase alternation in successive evolution dwell 
periods was employed to suppress axial 
resonances. 

Figure 3 HNCA pulse sequence. 

0, = 2X,2(-X); 02 = 0 1 + 90; 0 3 = X,-X; 0 4 = 4X.41-X) ; 
0. = 8X,8(-X); 0, = 0, + 0, + 0. + 0s; T = 1 /14JNH); 
T 1 = 2.75ms; djnc = _1_ 

9JNCa 

H H H 
I ---- , I I .,,.,.... .... ... 
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N- C C N C 
II II 

0 0 
Figure 1 

HNCA experiment correlates 15N and NH chemical shifts with the 
intraresidue Ca shift . It also provides sequential connectivity informa­
tion by yielding (weak) correlations between NH-15N pairs and the Ca 
shift of the preceding residue. 

12.0 

Figure 2 

10.0 
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13C, 15N uniformly enriched serine protease (20K Dalton) 1.7 mM 94% 
H,03s•c. 
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Figure4 
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15N, 13C filtered 1D spectrum of first block. 
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I ~SCHOOLOFNATURAL 
~ SCIENCES AND MATHEMATICS 

Department of Chemistry 

Dr. Barry Shapiro 
TAMU NMR Newsletter 
966 Elsinor Court 
Palo Alto, CA 94303 

Dear Barry: 

June 19, 1992 
(received 6/22/92) 

We recently published the synthesis and 1 H and 13C NMR of a series of aminoarsines, 
Me:AsR (for R, see table) [1]. Also, as part of our interest in Group ·13/15 chemistry, we 
have studied by multinuclear, VT NMR the reaction of (Me3Al)2 with Me:AsNMe2 [2]. In 
this system, an adduct is initially formed in solution, Me:AsNMe2 • AIMe3 , which slowly 
decomposes to [Me:AINMe2b and Me3As. Having on hand a variety of aminoarsines, we 
were therefore interested in studying their reactivity with (Me3Al)2 and other Group 13 
Lewis acids. In particular, the choice of R might lead to interesting results from a 
mechanistic point of view. In fact, the reactivity of (Me3Al)2 toward the aminoarsines was 
quite different and 9ependent on the R group, although in each case the final products 
were [Me:AIRb and Me3As [3]. For example, the time for the reaction to go to 
completion at RT in C6D6 solution depended markedly upon R: R = NMe2 , NEt2 , (1 
week); R = NPr"2, NBu"2 (2 weeks); R = NBui2 (1 month); R = NPri2 (3 months); R = 
NC5H10 (2 months); R = NC6H12 (4 months); R = NC4H8 (6 months). 
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Particular intriguing were the results obtained for the five-, six-, and seven-membered ring 
derivatives. This reminded us of the classic studies of H. C. Brown and others [4,5] 
where, for example, Me3B forms a stronger adduct with pyrrolidine than piperidine due 
to smaller steric effects upon complexation. The rationale is that the a-methylene groups 
in the five-membered ring are flexible and can move to avoid direct steric effects with the 
complexing group, whereas strong 1,3-diaxial interactions would result with the six­
membered heterocycle. Since 13C NMR chemical shifts are known to be sensitive to 
steric effects in these types of systems [6], we compared the Oc of the parent 
aminoarsines with those of the initially observed adduct Me:AsR· AIMe3 (See Table). In 
fact, the largest AOc values for the five-membered ring are C-2,5, while those for the six­
and seven-membered ring are C-3,5 and C-3,6, respectively as predicted by classical 
theory. Additionally, the normal alkane derivatives show large changes in 6c at C-2 
indicating their flexibility upon complexation, while the branched alkane derivatives only 

The University of Alabama at Birmingham 
219 Physical Sciences Building• 901 South 14th Street• UAB Station 

Binningham, Alabama 35294-1240 • (205) 934-4747 • FAX (205) 934-2543 
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show small variations. This is reflected in relatively weak adduct formation and chemical 
exchange for the Pri and Bui derivatives and their subsequent longer reaction times. 

Best regards. 

Charles L. Watkins 
Professor 

REFERENCES: 

~ 
Larry K. Krannich 
Professor and Chairman 

1. C. J. Thomas, L. K. Krannich, C. L. Watkins, Synth. React. lnorg. met.-Org. Chem., 
21, 427 (1991 ). 

2. L. K. Krannich, C. L. Watkins, D. K. Srivastava, Polyhedron, ~. 289 (1990). 
3. C. J. Thomas, L. K. Krannich, C. L. Watkins, Polyhedron, submitted. 
4. H. C. Brown, M. Gerstein, J. Am. Chem. Soc., 72, 2926 (1950). 
5. M. L. Newnam, Ed., Steric Effects in Organic Chemistry. Wiley, New York, 1956. 
6. A. Flores-Parra, et. al., Tetrahedron, 47, 6903 (1991). 

Table. Differences in 13C NMR chemical shifts -- c5(Me2AsR· AIMe3} - c5(Me2AsR) 

R Me2As C-1 C-2 C-3 C-4 C-5 C-6 C-7 

Me2N 0.50 -1.02 

Et2N -0.51 0.72 -4.06 

Pr"2N -0.58 0.58 -3.66 0.03 

P~2N -1.63 -0.40 0.71 -0.40 

Bu\N -0.48 0.95 -4.38 0.41 -0.38 

Bui N 2 -1.57 -0.34 -0.19 0.17 0.17 

NC4H8 2.07 2.12 0.44 0.44 2.12 

NC5H10 1.82 -0.99 -4.87 -1.90 -4.87 -0.99 

NCsH12 1.04 -0.21 -3.19 -1.33 -1.33 -3.19 -0.21 



Gemini® Spectrometers for 
Open Access Environments 

Simple, fast and reliable 
Gemini spectrometers are designed with 
push button ease for walk-up operation. 
Manual operation is simple with on-screen 
labels that indicate knob functions, and 
commands and parameters that remain 
constant in all modes of operation. 

Data can be automatically transferred 
to a Sun workstation which provides 
extremely fast, flexible off-line processing. 
New rapid plotting provides increased 
throughput. For extremely high through-

put laboratories, the Gemini can be 
combined with Varian's sample changer 
for fully automated data acquisition. 

The Gemini system, combined with 
Varian's new "S" series magnet, 
Auto •nmr probe (no probe tuning 
required), and computer controlled 
insert/eject, provides unsurpassed 
reliability. 

Varian Associates 3120 Hansen Way, Bldg. 4, Palo Alto, CA 94304-1030, U.S.A. Tel: 1-800-356-4437 • Varian 
International AG Kollerstrasse 38, CH-6303, Zug, Switzerland Tel: ( 42) 44 88 44 • Varian GmbH Nsfelderstrasse 6, 
D-6100 Darmstadt, Germany Tel: (0 61 51) 70 30 • Varian Instruments Ltd. 3rd Matsuda Bldg., 2-2-6 Ohkubo-Shinjuku, 
Tokyo, Japan Tel: (3) 3204-1211 varian@ 



Gemini® Spectrometers for 
Open Access Environments 

Ease-of-Use 
• Spectra are obtained with the push of a button during walk-up operation 

• On screen labels indicate the functions of the five control knobs during 
manual operation 

• Each command and parameter has a unique name that remains the same for 
every mode of operation 

• The Auto•nmr probe provides fully computer controlled acquisition of four 
different types of nuclei 

• No cabling changes are required when switching between direct and indirect 
detection experiments 

Throughput 
• The Gemini has new rapid plotting software for increased productivity 

• The ASM-100 sample changer provides fully automatic data acquisition and 
processing on multiple samples 

• Sun workstation packages offer extremely fast, flexible off-line processing 

Reliability 
• The new "S" series magnet is designed for superior reliability and performance 

• The four nucleus Auto•nmr probe has no moving parts during routine operation 

• A computer controlled insert/eject module is now available 

Cnll your sales representative. Australia (3) 543 8022. Austria (1) 69 55 450. Belgium (2) 721 4850. Brazil (11) 829 5444 . Canada (416) 
457 4130. Denmark (42) 84 6166. France (1) 69 86 3_8 38. Germany (6151) 70 30. Italy (2) 753 1651. Japan (3) 3204 1211. Korea (2) 561 
1626. Mexico (5) 533 5985. Netherlands (3403) 50909. Norway (9) 86 74 70. Spain (01) 430 0414. Sweden (8) 82 00 30. Switzerland (42) 
44 BB 44. UK (932) 24 37 41. US 800-356-4437. Other International (415) 424-5424. varian@ 
MAG-5924/412 



SE4RLE 

Searle Research and Development 
Division of G.D. Searle & Co. 
4901 Searle Parkway 
Skokie, lllint;JM50077 
Telephone ~982 7000 
Telex 282475 (Domestic) 

6871432 (International) 

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

Dear Dr . Shapiro, 

(received 6/26/92) 

Title: The softening of decoupler pulses on a VXR-400 

A radiofrequency transmitter with a large dynamic range is 
essential for NMR e xperiments which are used to produce weak 
irradiating fields for selective excitation, moderate power 
levels for broadband decoupling or spin-locking, and an intense 
RF field for x and x/2 pulses. For example, a B2 field of 10 Hz 
for selective perturbation and a non-selective x pulse may 
require 10 µwand 10 w, respectively, for proton experiments at 
high field strengths. Pulse sequences which require rapid and 
frequent switching between power levels should employ solid-state 
control circuits to preclude the slow switching speed (10-25 ms) 
and limited life expectancy of electromechanical relays. 

In our Varian VXR-400, the full range of B2 power from the 
decoupler transmitter ·is only available by using a combination of 
low (DLP) and high (DHP) decoupler levels. Since the VXR-400 uses 
electromechanical relays to change between the low and high power 
levels, it is unsuitable for experiments which require extensive 
use of the full range of B2 fields. The DHP mode satisfies the 
intermediate and high power requirements, but the decoupler power 
regulation scheme stops working at a power level of approximately 
1 mW (see Figure 1) which gives a B2 field of 100 Hz. 

We have modified the DHP transmitter circuit to incorporate a 
computer controlled 30 dB attenuator between the transmitter 
output and the probe. Figure 2 is a block diagram of the VXR-400 
transmitter section (the attenuator is shown in a dashed block) . 

. The modification (Figure 3) comprises solid-state control using 
PIN diodes to either pass the transmitter power directly to the 
probe or to route the power through a resistive network making up 
the 30 dB attenuator. The switching time between the normal and 
low (attenuated) power mode is 5 µs. This switching is 
controlled by one of the spare computer-control lines on the 
VXR-400 Interface Board and is controllable in pulse sequences 
(1). With this modification we now have control of a continuous 
range of B2 fields from 3 Hz to> 8 KHz. 

Siu:_, 
1~ ~w. Dykstra 

(1) E. Johnson and S. P_att, Magnetic Moments, Vol. 1, No. 4 
(1985), Varian Assoc., Palo Alto, CA. 

P.S. Please start our subscription with this contribution . 
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VXR-400 
Decoupler Output Vs. DHP Setting 
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AMERICAN 
MICROWAVE 
TECHNOLOGY 

INTRODUCING 

American Mic'YO'Wa'Ve 

Techrwlogy is adding 

aNEWibroadband 

amplifier product to 

the 3000 series NMR 

product family. 

The Model 3426 is 

specifically designed 

forlowJieldNMR 

applicatians and oper-

ates aver the 10-90 

MHz frequency range 

with lQ(J)O watts of 

peak pulse power. 
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Model 3425 

KEY FEATURES 
■ 10- 90 MHz frequency range for low field NMR/NMRI 

applications 

■ 1000 watt RF output power for solids applications 

■ Linearity ± 1.0 dB for shaped pulses 

■ Noise blanking within 20 dB of KTB in less than 2 µs for 
multipulse applications 

■ Low Pulse Droop, less than 5% to 20 ms for spin locking 
applications 

■ RF based protection, envelope detection for optimum perform­
ance envelope, user convenience and safety 

■ Dual Mode operation for pulse and CW type signals 

■ Digital forward and reflected RF peak power meter for tuning and 
monitoring 

3080 Enterprise Street ■ Brea, CA 92621 ■ (714) 993-0802 ■ Fax (714) 993-1619 

<AMERICAN 
MICROWAVE 
TECHNOLOGY 

3080 Enterprise Street, 

Brea, CA 92621 
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AMT 3000 SERIES 
PRODUCTS 

MODEL FREQUENCY POWER 

3137 200-S00MHz sow 
3135 200-S00MHz lS0W 
3134 200-S00MHz 300W 

3200 6-220MHz 1000W 
3205A 6-220MHz 300W 
3206 6-220MHz lS0W 

3425 10-90MHz 2000W 
3426 10-90MHz 1000W 
3417 20-200MHz 2500W 

ABOUT RF ENVELOPE 
DETECTION 

AMT NMRINMRI amplifiers use a 
dual mode, Pulse/CW, RF envelope 
detection system Jar optimum 
user.flexibility and safety. The 
pulse mode provides user adjust­
able p1,lse width cnul dut;y cycle 
limits. The CW mode lfrn-its aver­
age power allowing CW type 
signals at reduced power levels. 
AMT has added user selectable 
dual-range RF power limiting to 
provide protectionjar sensUfoe 
probe hardware. 

The RF envelope detection system 
samples the actual RF output sig­
nal providing protection inde­
pendent of the 1wise blanking 
control signal. This allows the 
amplifier to be continuously 
enabled jar optimum output 
power stability and blanked dur­
ing data acquisition. 

Please send me more information on ... 

□ AMT NMR amplifiers 
□ AMT NMRI amplifiers 
D AMT Laboratory Class A 

linear amplifiers 

Are you considering the pur­
chase of an RF power amplifier 
in the next 6 months? ___ _ 

What special NMR/NMRI 
requirements does your com-
pany have? _______ _ 

Model3205A 
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• 
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.. 

0 • • . . 
,, .. . 

NEW FEATURES FOR THE 
3000SERIESPRODUCTS 
■ Faster noise blanking, less than I µ,s 
■ User selectable Hi/Low RF output power limits 
■ Enhanced LED status indication 

<
AMERICAN 
MICROWAVE 
TECHNOLOGY 

3080 Enterprise Street ■ Brea, CA 92621 ■ (714) 993-0802 ■ Fax (714) 993-1619 

Name 

Title 

Company 

Address 
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Country 
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June 9, 1992 (received 6/29/92) 

Prof. Bernard L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Very High-Temperature Car9.9n-13 NMR 

Dear Prof. Shapiro: 

As we continue to investigate means of enhancing our knowledge of 
the chemistry of poly(p-phenylene sulfide/disulfide), PPS/OS, we 
find that very high-temperature solution-state carbon-13 NMR is 
very useful. PPS/OS is a high temperature thermoplastic made from 
the reaction of p-diiodobenzene (DI8) and sulfur. During this 
reaction, both sulfide and disulfide linkages are formed, thus our 
designation of PPS/DS.1 

lodo-terminated oligomers of PPS/OS would be envisioned from this 
reaction mix as the polymer builds up. In the attached figure is 

C4 

I 
140 

C3 

PPS s 

3 2 

C1 

1..~~~1/wi,.,,.J..~~.,,.L 
I I I I I 

130 120 110 100 90 

Chemical Shift, ppm 
EASTMAN CHEMICAL COMPANY• P. 0. BOX 431 • KINGSPORT, TENNESSEE 37662-5000 
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presented a spectrum of an iodo-terminated oligomer containing 
only sulfide linkages and 9 repeat units. This oligomer was prepared 
in the same manner as PPS/OS except that an excess of OIB was 
employed. For the carbon-13 NMR spectrum acquired at 230°C in a 
10-mm NMR tube, the oligomer was dissolved in N-cyclohexyl­
pyrrolidinone and used glyme-d5 held in a concentric 5-mm. NMR tube 
for field/frequency stabilization. From the spectrum, it is clear 
that detailed information about the nature of iodinated end groups 
can be obtained from a carbon-13 NMR spectrum of this material. 
Carbon resonances of the terminal phenyl group as well as the 
internal phenyl groups are clearly evident and assignable. Chemical 
shift assignments in ppm are as follows: 

Terminal Group 
C1 92.3 
C2 138.4 
C3 132.7 
C4 135.7 

lnternai Group 
Protonated C 1 31 . 8 
S-Substituted C 135.1 

It is clear from this spectrum that carbon-13 NMR spectroscopy at 
very high temperature in solution offers extremely exciting 

. possibilities for studying this polymer system. 

1 M. Rule, D. R. Fagerburg, J. J. Watkins, P. B. Lawrence; Makromol. 
Chem., Rapid Commun. 1991, jg, 221 

Sincerely yours, 

Douglas W. Lowman 
Principal Research Chemist 
(615) 229-4728 
Research Laboratories 
P. 0. Box 1972 

David R. Fagerburg 
Research Associate 
(615) 229-4727 



Structure Elucidation 

Offers identical presentation on Sun, Silicon Graphics, or VMS 

Reads 15C NMR peak tables directly 

Confirms calculated with measured spectrum 

Finds structurally related compounds by spectral matching 

Calculates spectra for compounds not in the database 

Sun Is a trad9mark of Sun Mlcrosysf9ms, Inc. VMS Is a trad9mark of Digital Equlpm9nf 
Corporation. SI/Icon Graphics Is a trad9mark of SI/Icon Graphics, Inc. 

Comparison of the calculated spectrum of a proposed structure 
with Its measured spectrum. The Intelligence of cs.eARCH Is 
demonstrated by favorable comparison for a structure not 
contained within the database of 52,000 spectra. 

Sadtler Main Office, 3316 Spring Garden Street, Philadelphia, Pennsylvania 19104. 
Division Telephone: (215) 382-7800. Telefax: (215) 662-0585. TWX: 710 670-1186. 
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July 1, 1992 
(received 7/7/92) 

Professor Bernard L. Shapiro 
966 Elsinore Court 
Palo Alto 
CA 94303 

Dear Professor Shapiro: 

TiiE CITY UNIVERSITY 
OFNEWYORK 

ST. GEORGE CAMPUS 
130 STUYVESANT PLACE 
STA TEN ISLAND, NEW YORK 10301 

Aggregation phenomena are often of central importance to the 
function of macromolecules, from industrial applications such as 
tertiary oil recovery to physiological events that include the 
biliary secretion of membrane lip1ds and the intestinal digestion 
of acylglycerols. Micellar aggregates are thought to play a role 
in these latter processes, both as sUbstrates ·for lipolytic enzymes 
and as vehicles for transport of digestive products to the 
absorptive mucosa of the small intestine. 

We have measured 13c NMR relaxation · times and NOEs in both 
C~COD and D20 for model digestive mixtures containing a bile salt 
(taurocholate, TC), a monoglyceride (1-monocapryloyl-rac-glycerol, 
MC), and a fatty acid (caprylic acid, CA) in proportions roughly 
matching those found physiologically in the aqueous contents of the 
upper small intestine during fat digestion. 

We first found contrasting 13c spin-lattice relaxation behavior 
for designated hydrophilic, interfacial and hydrophobic groups. 
Hydrophilic moieties (TC so/", CA coo·, MC CHOH, MC CHzOH) exist in 
a substantially aqueous environment, and their dynamic behavior may 
be complicated by interactions with a. fluctuating water structure. 
Interfacial groups (TC c26 , MC CH20R, CA Cz) are expected to exhibit 
common motional behavior that is dominated by the aggregate as a 
whole, with no additional internal chain reorientation. 
Hydrophobic moieties (alkyl chains, steroid skeleton) have a less 
polar environment, with motions influenced by the local segmental 
motions as well as by the overall reorientation of the aggregate. 

407-17 

Table 1 demonstrates that very similar values of NT1 and NOE are 
indeed found for the interfacial groups in aqueous TC/MC/CA 
mixtures. No such equal.i ty holds for the spin-relaxation 
parameters of this same set of carbons in a "nonaggregating" 
solvent such as co3coo. 

SUNNYSIDE CAMPUS 715 OCEAN TERRACE, STA TEN ISL.\ND, NEW YORK 10301 
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Table 1 Boundary-Carbon Relaxation Parameters in two Solvents 

CD3OD D2O 

NT1 , s NOE NT1 , s NOE 

Magnetic 
field 
(MHz) 50 100 50 100 50 100 50 100 

MC,CH2OH 3.0 3.0 2.5 3.0 0.90 1.32 2.0 2.4 
CA, (2) 6.0 5.8 2.7 3.0 0.92 1.32 2.0 2.4 
TC, 26 1.64 1.74 2.3 1.9 0.92 1.22 2.0 2.7 

Using these data, the two-step model1
•
2 may be used to obtain 

best-fit values for the dynamic parameters rf, r 5 and a local order 
parameter s2

• All values of NT\ and NOE calculated from the best­
fit dynamic parameters are in excellent agreement with the 
experimental spin-relaxation data. Both the rate of local motions 
and the angular excursion of the MC/CA chain segments are 
diminished upon formation of mixed micelles with . TC, suggesting 
highly organized packing of the alkyl chains. Preferential 
immobilization of the MC backbone is also consistent with an 
aggregate structure that has a belt of polar groups at its aqueous 
interface. 

1 H. Wennerstrom, B. Lindman, O. Soderman, T. Drakenberg and J. 
B. Rosenholm, J. Am. Chem. Soc., 101, 6860(1979). 

2 H. Walderhaug, 0. Soderman, P. Stilbs, J. Phys. Chem. 88, 
1655(1984). 

Sincerely 

oe}µ,rct ~J-·_,,.· 
Dehua Wane£} Ruth E Stark 
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3D NMR 

Gradient - DQF COSY 

CP-MAS 

'' 
You might think that because of 

its incredible flexibility, clean rf 
and exceptional sensitivity, the 
ARX™ would serve superbly as a 
high-resolution NMR research tool. 

And you'd be absolutely right. 
Even without having seen its triple 
resonance or 3-D capabilities, its 

· ultra-precise rf control (in 0.001 
Hz and 0.05° steps!) , gradient 
spectroscopy or standard inverse 
and pulse shaping features. 

You might think that with its ele­
gant design simplicity, liquids and 
solids sample changers, barcode 
automation, exceptional ease of 
operation, plus its high reliability 
and superior throughput, the ARX™ 
is a new pacesetter for ease-of-use 
and automated NMR applications. 

Right again. Especially when 
you consider its powerful UXNMR 
software, easy pulse program­
ming language and pulse shape 
generator, automated parameter 
optimization, and its new intuitive, 
yet powerful ~con/mouse/ ~ 
menu operation. iL ;~!} 

~tr-'~ . 
0 I lt 
:-- r I"' 

\XI 
Comprehensive Support for Innovative Systems BRUKER 

(_X--) 

'' • 
Are we saying the ARX™ was 

designed for exceptionally easy-to­
use, highly automated and highly 
flexible research NMR? Indeed 
we are, and we suggest quite 
simply that you challenge the 
ARX™ to a demonstration. 
You'll see why the answer is: 

" Run it on the ARX': . . it's for 
Automated Research Xcellence." 

Contact your local Bruker 
representative for more information 
or to arrange a demonstration. 

Bruker Instruments, Inc. 
Manning Park, Billerica, MA 01821 
In Europe: Bruker Analytische 
Messtechnik GmbH, Silberstreifen, 
0-7512 Rheinstetten 4, Germany 



ARX -Automated Research Excellence 

Performance Data 

Summary of Specifications for common probeheads 

ARX 

Probe head 

Resolution Test 

All 5 mm 1H 

5+10 mm 13C 

Lineshape Test 

All5mm1H 

All 5 (10) mm 13C 

Sensitivity Test 

5 mm 1 H Selective 

5 mm 1H Inverse Detection 

5 mm 1H Dual, ONP, VSP 

5/10 mm 13C QNP, Dual 

5/10 mm 13C ONP, Dual 

5/10 mm 13C VSP multinuc. 

5/10 mm 13C VSP multinuc. 

5/10 mm 1sN VSP multinuc. 

EB = ethylbenzene (for 13C with 1H-dec.); 
ASTM = 60% C6D6 in dioxane 
Form. = formamide (1H-dec. without NOE) 

300 

Sample 

ODCB/CsHs 0 .2 

10% CHCl3 6/12 

80% CsHs 3/7 (3/7) 

0.1% EB 175 

0 .1% EB 135 

0.1% EB 100 

ASTM 100/320 

10% EB 70/200 

ASTM 100/320 

10% EB 70/200 

90% Form. 10/35 

Console 

400 500 All 

0.2 0 .2 

SSBO/o 

7/15 7/15 <1 

3/7 (3/8) 4/8 (4/8) <0.5 (<1) 

250 450 <10 

190 350 <15 

140 200 <15 

160/450 180/600 < 15/<20 

100/300 150/400 

160/450 180/600 <15/<20 

100/260 150/320 

15/55 20/70 <25/<30 

Dimensions and weights are approximate; 
voltage + 10/ - 5% max. variation; 
other line freq . and voltage upon request 

lineshape: 1H = CHCb linewidth at ht. of 13C-satellites/at 206 this level 
13C = C6H6 linewidth at 0.55% / 0.11 level ('H-dec.) 

SSB = Spinning sidebands measured with 8 transients 
dimensions 

electronics cabinet w 130 x d 0.75 x h 1.20 m 
QNP: 5 or 10 mm 'H, 31P, 13C, 1sN 
VSP: 5 mm'SN - 13p; 10 mm 1osAg - 31p_ 

weight 450 kg 

power (dissipation) 220 V/50 Hz/16 A (ca. 4 kW) 

Australia: BRUKER (Australia) Ply. LTD., Alexandria, New South Wales, Tel. 02-5506422 
Belgium: BRUKER SPECTROSPIN S.A./N.V., Brussels, Tel. (02) 648 53 99 
Canada: BRUKER SPECTROSPIN (Canada) LTD., Milton, Ontario, Tel. (416) 876-4641 

- England: BRUKER SPECTROSPIN LTD., Coventry, Tel. (0203) 855200 
France: SADIS BRUKER SPECTROSPIN SA, Wissembourg, Tel. (088) 73 6800 
India: BRUKER INDIA SCIENTIFIC Pvt. LTD. , Andheri (West), Bombay, Tel. 22-62-62·232 
Italy: BRUKER SPECTROSPIN SRL, Milano, Tel. 02·70·636·370 
Japan: BRUKER JAPAN CO. LTD., lbaraki•ken, Tel. 0298·52·1234 
Netherlands: BRUKER SPECTROSPIN NV, Wormer, Tel. (75) 28 52 51 
Scandinavia: BRUKER SPECTROSPIN AB, Tiiby, Sweden. Tel. (00468) 758·03•35 
Spain: BRUKER ESPANOLA S.A., Madrid, Tel. 341-259·20·71 
Switzerland: SPECTROSPIN AG, Fiillanden, Tel. 1-82 59 111 
Germany: BRUKER ANALYTISCHE MESSTECHNIK GMBH, Rheinstetten, Tel. 0721-5161·0 
BRUKER ANALYTISCHE MESSTECHNIK GMBH, Karlsruhe, Tel. 0721-5967-0 
BRUKER-FRANZEN ANALYTIK GMBH, Bremen, Tel. 0421-2205·0 
BRUKER·SAXONIA ANALYTIK GMBH, Leipzig, Tel. 003741 -239-2453 
USA: BRUKER INSTRUMENTS, INC., Billerica, MA 01821, 508-667-9580, Fax: 508-667-3954 
Regional Offices in Chicago, IL, (708) 971-4300/Wilmington, DE, (302) 478-8110 
Houston, TX, (713) 292-2447/San Jose, CA, (408) 434-1190 



June 30, 1992 (received 7/10/92) 

Prof. B. L. Shapiro 
968 Elsinore Court 
Palo Alto, CA 94303 

Baseline Distortions due to Corrupted FIDs 

Dear Prof. Shapiro: 

Amoco Corporation 
Amoco Research Center 
P.O. Box 3011 
Naperville, IL 60566-7011 
708-420-5111 

It is generally well known that distorted baseline results in the 
Fourier transformed spectrum when initial few points of the FID get 
corrupted due to nonideal audio filter response or transmitter 
breakthrough. We have found this to be the limiting factor in the 
quantitative accuracy of NMR measurements. Software packages available on 
most modern spectrometer provide numerical schemes that attempt to fit the 
baseline as a polynomial of some specified order to correct the baseline. 
In order for us to understand what baseline correction entails, we needed 
an equation of the sort that expressed a quantitative relationship between 
distortion of any FID data point and intensity of any frequency domain 
data point. Not being able to find such an equation in any standard books 
on NMR (which mostly treat this subject qualitatively), we derived the 
following expression to relate deviation of the intensity of any frequency 
data point when some phenomena causes the time domain data to be 
corrupted: 

fl. I(F) 

where t.I(F) is the deviation from ideal intensity of a data point with 
frequency "F" in real part of the spectrum that contains "j" lines with Aj 
and Fj as their respective intensity and frequency. The total number of 
points transformed is "N" (including any zero filling) and "sw" is the 
spectral width. Frequency and "sw" are in units of Hz. L'.K represents the 
factor by which the Kth point of the FID is multiplied. In an ideal case 
all L'.K are equal to 1 and intensity deviation of any frequency point from 
ideal intensity is zero. Corrupting only the first point results in all 
frequency points shifted by the total intensity of all the lines times 
(1.-t.1 ), i.e., a de offset (note that actual intensity of a resonance line 
in frequency domain spectrum is N*A). Corruption of subsequent FID 
points will generate a frequency dependent intensity variation in the 
baseline resulting in "rolling baseline". The interesting fact to note is 
that such baseline roll depends on the relative frequency and intensity of 
all the lines in the spectrum. For a spectrum containing numerous lines 
with different frequencies and intensities, corruption of even the second 
point in the FID, i.e., all L'.K are equal to 1 except t.2 , can generate a 
very complicated baseline. 
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Prof. B. L. Shapiro 
June 30, 1992 
Page 2 

This is illustrated in the figure by the simulated spectra for a system 
containing only two lines with equal intensity but varying frequency. The 
spectra were calculated in the time domain and convoluted with a filter 
response function with all points equal to 1 except the second point which 
was set to zero, i.e., ~2-0, before FT. Note how the character of the 
baseline changes when the relative frequency of the two lines is varied. 

Hopefully, your readers will find the equation above useful when trying to 
understand spectral baseline distortions or when attempting to decipher 
what the "blackbox" baseline correction numerical routines on commercial 
spectrometers are doing. 

Best regards, 

_]l ___ fl __ 

__ jl_ Jl __ 
----------

0 200 400 600 800 1000 
Frequency(0-1024) 

Fig: Distorted baselines when the second point in the FID is zero for -a 
two line system with equal intensity but different relative frequency. 



Double Resonance DOR from Chemagnetics 

Double rotation has revolutionized the study of quadrupolar nuclei by providing 
structural information previously hidden by 2nd order quadrupolar broadening. 
When applied with proton decoupling, broadening from proton dipolar coupling is 
eliminated, and resolution is greatly improved. Cross polarization also enhances 
the signal from strongly coupled octahedral hydrated sites compared with weakly 
coupled tetrahedral sites. 

These spectra of AIPO- I I below illustrate these effects. The top spectrum shows 
single resonance DOR at 625 Hz spinning. The bottom trace shows significant 
improvement at 980 Hz; note especially the appearance of the octahedral peak at 
30 ppm. The middle trace shows 625 Hz DOR with proton decoupling; the peaks 
are narrower than at 980 Hz, especially the octahedral signal. 

The Double Resonance DOR probe from Chemagneticsr" is available today to help 
you achieve the best possible resolution of chemical shifts . Call now for our latest 
application note on this exciting new technique. 

FoH = 300 MHz 

Outer Speed = 625 Hz, no decoupling 

Outer Speed= 625 Hz, 1H decoupled 

Outer Speed = 980 Hz. no decoupling 

I I 
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Leading 
the Way in 
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The unique channel modularity design of the Chemagneticsr" CMX spectrometer gives you 
the NMR flexibility you need for solids. liquids and microimaging. The CMX offers the range 
of capabilities required for today's wide variety of experiments by supporting multiple 
channels. And the CMX design allows new channels to be added easily and affordably. All 
this adds up to a "no-compromise" approach to experimental capability. 

Chemagnetics utilizes the latest technology to put multi-channel flexibility in the hands of 
the spectroscopist. Dual 16 bit. I MHz digitizers offer maximum dynamic range over the 
widest bandwidths. And each RF channel in the CMX is equipped with its own pulse 
programmer, so experiments are never limited by pulse programmer capacity. 

The CMX is designed to start small and grow, providing the whole spectrum of NMR 
capabilities as they evolve, when you need them. Multi-channel capability with the CMX -
flexibility for tomorrow, available today from Chemagnetics. 

Solids 
•MAS 
•OOR 
• Wideline 
• CRAMPS 

Liquids 
• NOESY 
• TOCSY 
•COSY 
• Proton/Fluorine 

Two Channels 

Imaging Solids 
• Rotational Resonanoe 
•CP/MAS 
• HETCOR 

Liquids 
• HCCH-TOCSY 
• Reverse Detection 
• H.ETCOR 
• X-Decoupled 

Liquids+lmaglng 
■ IH, l9f, Gradient Field 

Spectroscopy 

Three Channels --~=====:=::::E::::::::== =========== Solids 
• REOOR 

Liquids Liquids+Imaging 

• Tuple Resonance • H/X Gradient Field 
■ IH, l3C, 15N, HMQC-TOCSY Spectroscopy 

Four Channels ===== =============== Liquids 
• Advanced 4-0h.annel 

5o1uoon State 

Liquids+Imaging 
• Mlilli-Cbromel ~odient 

field. Spec!rosoopy 

Chemagnetics 
Dedicated to Design Excellence 

CMX 
Multi~Channel 
Applications 

Corporate Headquarters 
Chemagnetks, Inc. 
2555 Midpoint Drive 
Fort Collins, Colorado 80525 
303-484--0428 
Hl00-4 OTSUKA 
Fax 303-484--0487 

Europe • U.K. 
Otsuka Ele;:troni,6 E1Jrope, l.td. 
Claro Court BuGlness Centre 
Claro Road 
Harrogate, HGI 4BA 
United Kingd.om 
Phone 0423 531 645 
Fax0423 531 647 

Europe • Franee 
Otsuka El~tronics Europe, SARL 
"Le Coperni!'.'' 
Park d'lnnovatJon 
67400 Stra.sbourg. lJl.klrdJ. Fr.an.._e 
Phone 088 66 82 00 
Fax 0.88 66 .82 04 

Japan 
Otsiika Elllctroni,s Co , t._t_<I. 
2F Hashlkan•LK auHding 
l~. ~uma{:ho 
Hachi.<Jji, Tokyo J92 
lapan 
Phon_e .042H44951 
fall 042'6-44-49,61 



Dr. B. L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, California 94303 
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Sandia National Laboratories 
A lbu querque , New Me xico 87185 

July 22, 1992 
(received 7/24/92) 

Intercalation of Molecular Species into the Interstitial Sites of Fullerene 

Dear Barry, 

As part of our program to prepare polymers using "bucky balls" as a building block, we had 
occasion to record the high resolution Be NMR spectra of solid Ct,o under MAS conditions. Fig. 1 

· shows the fully relaxed spectrum of C6o purified in our laboratory. In addition to the primary 
resonance at 143.7 ppm, there is a minor resonance at 144.4 ppm with 4.5 % of the total intensity. 
The spin-lattice relaxation time of the primary peak is 71±7 s while the spin-lattice relaxation time of 
the minor peak is 0.26±0.03 s. The intensity of the minor peak was shown to depend on sample 
history. Pure C6o purchased from Texas Fullerenes had a minor resonance with an intensity of 2.5 % 
of the total intensity while its minor peak intensity was reduced to 0.6 % after the sample was annealed 
for 1 hr at 225 C under dynamic vacuum. We conclude that the minor resonance is attributable to C6o 
molecules which are associated in some way with molecular oxygen. · 

Since molecular oxygen is paramagnetic, the chemical shift of the minor resonance is believed 
to be caused by the Fermi-contact interaction between the unpaired electron spin of the oxygen and the 
13C nuclear spin. To establish this relationship, we varied the temperature to determine if the shift 
obeyed Curie's law. Fig 2 shows the chemical shift of the minor resonance, referenced to that of the 
primary resonance, as a function of 1/T. The least-squares fit of the data yields an intercept of 0, 
within experimental error, and provides additional support that the shift is caused by the Fermi-contact 
interaction of oxygen with C60· 

Fig 3 shows the MAS 13C NMR spectrum of an annealed sample which has been exposed to 
1.0 kbar oxygen for 1 3/4 hr, removed from the pressure chamber and then placed in a MAS rotor. 
The spectrum was accumulated using a recovery of 1 s so the primary resonance at 143.7 ppm was not 
fully recovered and its equilibrium intensity is much larger than that represented by its resonance in 
Fig. 3. We see 6 secondary resonances of comparable intensities and no evidence of a seventh 
resonance. A maximum of 6 minor resonances were also recorded for samples which had been 
exposed to 1 kbar of oxygen for several days. Even in this instance, when the sixth minor resonance 
had the greatest intensity, there was no evidence of a seventh resonance. We conclude that a C6o 
molecule associates with a maximum of 6 oxygen molecules. The fact that the minor resonances are 
well defined suggests that the oxygen interacts equally with all of the carbons in a C6Q molecule. This 
would be expected if the C6o rotates rapidly so that all of the carbons sample the oxygen environment 
equally. Rapid rotation of the C60 molecule in the solid at room temperature has been reported [l]. 

These results are consistent with the oxygen molecule occupying the octahedral interstices iri 
the C6o crystal lattice. Each C6o molecule is surrounded by 6 equivalent octahedral sites. Previous 
work [2] as well as our own single crystal studies have shown that the lattice constant equals 
approximately 14.19 A. The van der Waals radius of a C60 molecule is then 5.01 A and the minimum 
octahedral site spacing is 4.12 A. The interatomic separation of oxygen, 1.2 A, together with a van 
der Waals radius of 1.4 A suggest that the molecule could tumble freely within the octahedral 
interstices. The limit of 6 minor resonances denotes that only one oxygen molecule occupies a site 
under the conditions employed in this study. 
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A full report of this work has been accepted for publication by the Journal of Materials 
Research. Please credit this contribution to the account of P. Cahill. 

Sincerely, 

~ ~nlc, James E. Schirber, 
Douglas A. Loy, Bruno Morosin and Gary A. Carlson 

REFERENCES 
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Fig. 1. High resolution 13C NMR spectrum 
recorded at 50.2 MHz using MAS. 
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Fig. 2. The chemical shift of the minor 
resonance obeys Curie's law. 
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Fig. 3. Spectrum of a sample which was exposed to 1.0 kbar oxygen for 1 3/4 hr. 



<=fr Doty Scientific, Inc. 
On May 7, 1992 Doty Scientific celebrated its 10th birthday! 

A Decade of Innovation (and 670 NMR Probesl 
u 

> 1982 7 mm MAS at 5 kHz > 1987 1000 G/cm Pulsed Field Gradient 

> 1982 Triple-Tuned MAS > 1987 . 7 mm MAS at 9 kHz 

> 1983 Single-Crystal Probes > 1988 650°CMAS 

~ 1984 5 mm MAS at 9 kHz > 1989 Precision Temperature Controller 

> 1984 Multinuclear Observe for Solids > 1990 Dynamic Angie Spinning 

~ 1985 19mmMAS > 1991 14 mm MAS at 7 kHz 

> 1987 CRAMPS Probes > 1992 3.5 mm MAS at 25 kHz 

> 1987 Actively Shielded Gradient Probes > 1992 300° C Pulsed Field Gradient Probe 

> 1987 5 mm MAS at 17 kHz > 1992 10 mm MAS at 10 kHz 

An innovative way to "fit it all in" on a triple-tuned probe. 

In the last IO years we have provided our customers with the first commercially ,,---------"II 
available probes for many challenging NMR experiments. During this time, we have 
also built a reputation for quality. Less recognized may be our competitive pricing. 
We have~ offered the best probes at prices well below the competition's -
usually 60% of their price. We enter our second decade as an American company 
with a continued commitment to provide the best probes, rf accessories, and control 
systems at the lowest prices with the fastest service. 

Our eleventh year will see record levels of innovation, as we deliver 
user-friendly DOR probes, automatic MAS sample changing, 800°C MAS, and other 
probes according to your needs. Thank you for your continued support. · 

Doty Scientific, Inc. 
700 Clemson Road 

Columbia, SC 29223 
USA 

Phone (803) 788-6497 
Fax (803) 736-5495 

.... 



Pricing for Doty Scientific NMR Probes 

Actively Shielded Gradient Probes 
Grad Coil Set Only 

X-Y-Z 
5 to 15 mm $16,000 
16 to 30 mm 19,000 

GES, PFG Probes 
z 

$19,000 
21,000 

MRI-M Probes 
X-Y-Z 

$28,000 
32,000 

Prices for Standard, Double-Tuned, Fixed-Frequency Probes below 8.4 T 
For multinuclear option, add $ 2000 
For single-tuned probes, subtract $ 2000 

High temperature PFG probes with VT range of -160 to+ 300°C ........ $28,000 

High Resolution Probes 
High-Resolution Probe ........................................... $ 11,000 
-l00°C to l40°C, 5 mm to 10 mm, 1H decouple, 2H lock, fixed observe frequency 

* For multinuclear option, add $ 2000 
* For single-tuned probes with lock, subtract $ 2000 
* For narrow bore with samples greater than 12 mm, add $ 1000 
* For wide bore with samples greater than 20 mm, add $ 1000 

High-Temperature High-Resolution Probe ........................... $ 18,000 
- l 70°C to 3 80°C, 5 mm to 10 mm, 1 H decouple, 2H lock, fixed observe frequency 

Solids Probes 
Wideline VT Single-Tuned High-Power Probe 

5-mm or 8-mm, includes ten sample containers 

Wideline VT Multinuclear Double-Tuned High-Power Probe 
5-mm or 8-mm, includes ten sample containers 

$ 7,400 

$11,400 

Standard CP/MAS Multinuclear 5-mm or 7-mm Probe ................. $16,500 
Probe and Accessories kit ...................................... $ 20,500 

High-Speed CP/MAS Multinuclear 5-mm or 7-mm Probe ............... $19,000 
Probe and Accessories kit ....................................... $25,300 

Single-Tuned VT Probe for 1H or 19F CRAMPS ....................... $ 11,500 
Probe and Accessories kit ...................................... $15,400 

High Te,nperature Probes -100° to+ 650°C 
-100° to +650°C Wideline Single-Tuned, Multinuclear Probe ........... $25,000 

-100° to +6S0°C CP/MAS Balanced-RF, Multinuclear Probe ............ $36,000 
-100° to +6S0°C CP/MAS Multi-X Probe, Accessories & Temp Controller .. $51,000 



Dr. B. L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, California 94303 

Abbott Laboratories 
D-47G, AP9 
Abbott Park, IL 60064 

(received 7/25/92) 

RE: MEASURING SMALL J-COUPLINGS FROM ECOSY-LIKE SPECTRA 

Dear Barry, 

407-29 

Recently, several NMR methods have been proposed for measuring 
. homonuclear and heteronuclear three-bond coupling constants in large systems 
from ECOSY-like experiments.1 In these experiments, small three-bond couplings 
are measured from the frequency difference between two cross-peaks in one 
dimension that are separated by a large one-bond coupling in another dimension. 
In practice, it is very difficult to reproducibly measure these coupling constants from 
the spectra. In our experience, a good method for measuring these J-values is by 
superimposing 1 D traces extracted from the spectra, shifting one spectrum relative 
to the other, and measuring the frequency shift required to obtain the peak overlap.2 
This method has the advantage of utilizing the peak lineshapes which should be the 

· same for each of the peaks. 
The approach is illustrated in Figure 1 for the measurement of the 3JHa,H~ 

coupling constants from a coupled 3D HCCH experiment for Phe15 of [U-
1 SN, 13C]FKBP when bound to the immunosuppressant, ascomycin.2 Figure 1 A 
depicts traces through the center of the two peaks from which the couplings are 
measured. In Figure 1 B, the lower trace has been shifted to superimpose the peaks 
on the right, and in Figure 1 C, the lower trace has been shifted to superimpose the 
peaks on the left. The shift required to overlap the peaks corresponds to the 
coupling constant. 

~A;J-
Ed Ole~t1k 

Sincerely, 

<J:~~~x'.) 5X~ 
Robert Xu Stephen Fesik 

1 Montelione, G.T., Winkler, M.E., Rauenbuehler, P., and Wagner, G., J. Magn. Reson., 
82, 198-204 (1989). . . 

2Xu, R.X., Olejniczak, E.T., and Fesik, S.W., FEBS Lett., 305, 137-143 (1992). 
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A 

B 

C 
... 

3.2 2.8 2.6 (ppm) 

Figure 1. Traces from a coupled 3D HCCH spectrum extracted at the center of the two 

1 H-coupled ca peaks of Phe15 for [U-15N,13C]FKBP when bound to the 
immunosuppressant, ascomycin.2 
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NMR-MRI HIGH PERFORMANCE DIRECT SYNTHESIZERS 

) 
FREQUENCY SYNTHESIZERS 

The accuracy, stability and low noise you need for any experiment. Most widely accepted 
line of high-reliability frequency synthesizers. Thousands in use worldwide. 

Pis 040 
Range: 0.1-40 MHz 
Resolution: 0.1Hz-100KHz (opt) 
Switching: 1-20µs 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: - ·75dBc 
Phase Noise: - 75dBc (0.5Hz-15KHz) . 

Freq. St 'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $5, 125.oo· 

Pis 120 · 
Range: 90-120 MHz 
Resolution: 0.1Hz-100KHz (opt) 
Switching: 1-20µs 

Output: + 3 to + 10dBm; 50ohm 
Spurious Outputs: - 75dBc 
Phase Noise: - 75dBc (0.5Hz-15KHz) 

Pis ISO 
Range: 0.1-160 MHz 
Resolution: 0.1 Hz-100KHz (opt) 
Switching: 1-20µs 

Output: + 3 to + 13dBm: 50ohm 
Spurious Outputs: - 75dBc 
Phase Noise: -63dBc (0.5Hz-15KHz) 

F>S 250 
Range: 1-250 MHz 
Resolution: 0.1 Hz-100KHz (opt) 
Switching: 1-20µs 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: - 70dBc 
Phase Noise: - 63dBc (0.5Hz-15KHz) 

Pis 310 
Range: 0.1-31•0 MHz 
Resolution: 1 Hz 
Switching: 1-20µs 
Phase Continuous: 1 Hz-1 00KHz steps 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: Type 1 

· - 70/65 (typ/spec) 
Phase Noise: - 68dBc (0.5Hz- 15KHz) 

Pis 500 
Range: 1-500 MHz 
Resolution: 0.1 Hz-100KHz (opt) 
Switching: 1- 20µs 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: - 70dBc 
Phase Noise: -63dBc (0.5Hz-15KHz) 

i==515 620 
Range: 1-620 MHz 
Resolution: 0.1Hz-100KHz (opt) 
Switching: 1-20µs 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: - 70dBc 
Phase Noise: - 63dBc (0.5Hz-15KHz) 

i==5l5 1000 
Output: + 3 to + 13dBm; 50ohm 

Type 2 
-65/60dBc 
-63dBc 

Range: 0.1-1000 MHz 
Resolution: 0.1Hz-100KHz (opt) 
Switching: 5-10µs 

Spurious Outputs: - 70dBc (0.1-500 MHz), 
- 65dBc (500-1000 MHz) 

Phase Noise: - 60dBc (0.5Hz- 15KHz) 

Pis xi□ 
Range: 10 MHz band, selected 

decade 0.1-100 MHz 
Resolution: 1 Hz 
Switching: 1-5µs 

Output: + 3 to + 13dBm; 50ohm 
Spurious Outputs: - 65/ - 60dBc (typ/spec) 
Phase Noise: - 70dBc (0.5Hz-15KHz) 

Phase Continuous: 2 MHz band, even or odd steps 

Programmable Attenuator 0-90dB (or 0-99dB with GPIB) 
n x 10 MHz output (20- 140 MHz) or any 10 MHz line 

• Prices are US only, and include manual & remote 
(BCD) control, 1 Hz resolution, OCXO std. 

Freq. St 'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $5, 125.oo· 

Freq. St'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $6.245.oo· 

Freq . St'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $7,155.oo· 

Freq. St 'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: Type 1 Type 2 

$6, 175.oo· $5,625.oo· 

Freq. St'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $8,385.00" 

Freq. St 'd: OCXO, TCXO, Ext. 
Interface: BCD oar. or GPIB 
Price: $9,255.oo· 

Freq . St'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $11 ,375.oo• 

Freq. St 'd: OCXO, TCXO, Ext. 
Interface: BCD par. or GPIB 
Price: $2,575.oo· 

PROGRAMMED TEST SOURCES, INC. 
P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460 Tel: 508-486-3008 FAX: 508-486-4495 



WE HAVE A NUMBER OF USED PTS 500 INSTRUMENTS WITH 
MANUAL CONTROL, 0.1 Hz RESOLUTION AND TCXO FREQUENCY 
STANDARD FOR SALE AT A PRICE OF $4,750.00 EACH. THEY COME 
WITH NEW CABINETS AND OUR FULL WARRANTIES: 2 YEARS 
UNCONDITIONAL AND 8 YEARS FLAT RATE FOR $350.00 
PER INCIDENT. 

LIMITED QUANTITIES, SUBJECT TO PRIOR SALE 

HURRY! 
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FREQUENCY SYNTHESIZERS 

PTS 500 FREQUENCY SYNTHESIZER 

• 1 MHz to 500 MHz 
• + 3 to + 13dBm output 
• choice of resolution 
• low phase noise 
• fast switching, 5-20 micro-sec. 
• fully programmable, BCD or IEEE 488 BUS 
• modular flexibility, remote-only versions 
• low power consumption, high reliability 

PROGRAMMED TEST SOURCES, INC. 
P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460 Tel: 508-486-3008 FAX: 508-486-4495 
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DEPARTMENT OF CHEMISTRY 

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

Dear Barry: 

7-'rom 7-'e[i~ to Mac 

~07-33 

HALL-ATWATER LABORATORIES 
MIDDLETOWN, CONNECTICUT 06459 

TEL: (203) 347-9411 

FAX: (203) 344-7960 

Tuesday, July 14, 1992 
(received 7/20/92) 

We have recently begun to use Felix to process NMR data. While we have found the 2.05 version to be 
quite useful the plots can not be readily annotated and the HPGL format gives rise to rather poor quality letters 
and labels. To convert the Felix output into Macintosh format we capture the HPGL output file(s); use a network 
to take the files to an IBM compatible; the HPGL files are converted into Adobe Illustrator (our personal 
favorite drawing program) format files by the program Corel Draw (Corel Draw and the other available PC 
converters can take. HPGL into PICT and other formats suitable for use in MacDraw and so on. There are no 
Macintosh HPGL interpreters that we are aware of.); and finally put the files on a Macintosh. This allows the 
spectra to be annotated by the usual Macintosh procedures. A comparison is given below, at the size of a typical 
Biochemistry figure, for data on a DNA duplex which contains a single thymine glycol whose Hl'-H2' and Hl'­
H2" connectivities are in the box. 
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Sincerely, 

,k_0vv ~4~~ 
Philip Bolton 
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Department of Pure and Applied Chemistry 
University of Strathclyde 

Glasgow G1 1XL Scotland UK 

Dr. Bernard L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court (received 7/17/92) 

11th July 1992 Palo Alto CA 94303 USA 

NMR Spectra of b-Toxin and Analogues Delimit Helical Structures 

Dear Barry, 
b-Toxin (1) is a 26-amino acid peptide from Staphylococcus aureus which can adopt an amphilphilic 

structure and form cation channels consisting of a hexameric cluster of helices. 

M A Q D I I S T I G D L V K W I I D T V N K F T K K 
1 5 10 15 20 25 

( 1) 

To investigate the effects of modifications to the structure on the propensity to form helices, b-toxin 

itself and six analogues were prepared by solid state synthesis. The analysis of the nOe results (NOESY, plus 
DFQ-COSY and TOCSY) was done initially using DGEOM [1]. Further refinement of initial structures was done 
using the molecular mechanics program PIFF [2]. The results for b-toxin itself confirm the helical structure 

found by Tappin [3] for the natural material; the length of the helix being somewhat solvent dependent. The 
extent of the helices in the analogues is shown in the table. 

Compound 

b-Toxin (a) 

b-Toxin (b) 

Ac-b-toxin (b) 

Glu 7 -b-toxin (a) 

Glu8-b-toxin (a) 

a-Helical Region* 

Thr8-Lys22 

Gln3-Lys26 

Met1-Lys22 

Thr8 or lle9-Lys22 or Phe23 

Glu8 or lle9-Lys22 or Phe23 

Comments 

Pro 14_b-toxin (a) Trp 15_Lys22 Bend preceding helical region 

des Lys 14 _b-toxin (b) Ser7-Lys22 

Glu8,Pro 14_b-toxin (b) No well-defined helix 

* (a) solvent=CD3OH; (b) solvent=CD3OH/H2O (2:1) 

[1] J. M. Blaney G. M. Crippen, A. Dearing, and J. S. Dixon. QCPE Bulletin, 1990, 10, 37. (Program 590). 
[2] PIFF was written by Dr. Armin Widmer of Sandoz AG. Basel, Switzerland. 
[3] M. J. Tappin, A. Pastore, R. S. Norton, J. H. Freer, and I. D. Campbell. Biochemistry, 1988, 27, 1643. 

Yours sincerely, 

Christine Bladen* Peter Bladen 

* Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh, EH9 :3J._'. 
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The future deniands the be 

OXFORD 

Whatever your NMR application, your 
NMR system depends on the highest 
quality components to achieve the best 

results. 

And at the heart of every NMR system is 
the magnet. More than anything else this 
vital component must be capable of 
reliably delivering the performance you 
seek, and Oxford Instruments' magnets 
are at the heart of the world's finest NMR 

spectrometers. 

Oxford Instruments is the foremost 
manufacturer of highly homogenous 
superconducting magnet systems. Since 
1968 we have been pushing back the 
frontiers of NMR technology with a range 
of magnets featuring ever-increasing field 

strengths. 

In fact, we produce more magnets for high 
resolution NMR applications than anyone 
else, which means we have the technology 
and expertise to meet your most exacting 
individual requirements . 

When you specify an Oxford Instruments 
magnet, the highest standards of quality 
and precision come as standard. 

This commitment to quality is just one of 
the reasons why Oxford Instruments 
should be your first choice for 
superconducting magnets. 

Oxford Instruments, Sd 
NMR Instruments 
Osney Mead, Oxford OX 
Telephone: (0865) 2695 
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Whatever your NMR requirement, Oxford 
Instruments can supply the magnet to 
match your needs. 

Oxford supplies a truly integrated 
horizontal magnet system; the magnet, 
gradient coils and power supplies are 
matched at the design stage to optimise 
sample access and NMR performance. 

Oxford Instruments horizontal bore 
magnet systems offer the following 
benefits: 
• A unique choice of proton resonance 

frequencies from 85 MHz to 300MHz. 

• Room temperature bores from 150mm 
to 450mm in diameter. 

• Field homogeneity over large sample 
volumes. 

and the following options: 
• A comprehensive range of separate and 

combined room temperature shim and 
active shielded gradient coil sets. 

• Active suppression of stray magnetic 
field for the whole magnet system for 
ease of siting. 

So, when specifying an Oxford Magnet, 
you can rest assured that the performance 
of your system will not be limited by the 
performance of your Oxford Magnet! 



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
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National Institutes of Health 
National Heart, Lung, and 
Blood Institute 
Bethesda, Maryland 20892 

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

Dear Barry: 

July 1, 1992 
(received 7/9/92) 

Title:Protein-Receptor Interations at 600 MHz 

As usual it takes your reminder notice to prompt us into submission 
(pun intended). We have recently taken delivery of our new AMX600 
and AMX360. Our AMX600 will be used primarily to study proteins in 
solution whereas the AMX360 will be used to study peptides and 
small proteins bound to membrane surfaces and large proteins. 
Following the example of Kurt Wuthrich, we have installed the 600 
magnet on a vibration table in a pit which is 5 feet deep. Indeed 
shimming is very easy. Furthermore, we see no effects of movement 
of metal objects in the corridor approximately 10 · feet from the 
magnet. 

We have started studies of some DNA binding proteins in the free 
and in the bound state. Some of these proteins represent fragments 
of the immunodominant region of the envelope glycoprotein gpl20 of 
HIV-1, the etiologic agent of AIDS. Until now we have found that 
the AMX is capable of performing any pulse sequence we have tried. 
The phase stability of the spectrometer is very good and tl 
signal/noise is approximately 800:1. Water suppression is 
spectacular and we use a software procedure developed by Ad Bax to 
subtract away low frequency oscillations from the FID. 

We are also initiating the study of peptide antigens 
monoclonal antibodies using specific site enrichment.. 
context anybody interested in a postdoctoral fellowship 
work on these or related projects should write to me and 
cv and the names of three references. 

Please credit this subscription to Bob Highet. 

Best regards, 

d~. Ferretti 

bound to 
In this 

at NIH to 
include a 

Laboratory of Biophysical 
Chemistry 

Bldg. 3, Room 418 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING 

THE CHEMICAL LABORATORIES 

Dr. Bernard Shapiro: 
TAMU NMR Newsletter 
966 Elsinore Ct. 
Palo Alto, CA 94303 

July 10 1992 
(received 7/17/92) 

Conformational Effects on 13c Shifts of Nucleotide Sugars 

Dear Barry: 

In our continuing studies of oligonucleotides with 
heteronuclear NMR we have been finding distinct deviations in 13c 
shifts of the sugar moieties of DNAs that adopt alternative 
structures compared to B DNA. This has been particularly pronounced 
in studies of so called G-tetrads which have planar associations of 
four G bases. Models of these systems from dimeric association of 
two oligomers, GGTTTTCGG, and GGTCGG, respectively have been 
examined. From 1H NMR data the sequential 1H assignments have been 
obtained in Dinshaw Patel's lab, and it has been established that 
the G bases in a tetrad plane alternate between syn and anti 
orientations relative to their respective sugars for these models. 
In B DNA only the anti orientation is present. The change in 
orientation of the base relative to the sugar is expected to effect 
the sugar conformation. Using the 1H assignments and 1 H detected 13c 
2D NMR methods, the carbon shifts of the sugar carbons in these 
tetrad systems have been examined. The Cl' carbons for the G 
residues in the syn orientation resonate at distinctly lower field, 
between 89.3 and 90.0 ppm from TMS, than do those associated with 
anti bases at 83.6 to 85.1 ppm. The trend extends to the C3' and 
C4' carbons as well with the syn C3' sites between 80.5 and 81.8 
ppm relative to the anti site values between 72.8 and 78.1 ppm and 
C4' syn sites 89.0 to 89.5 ppm relative to anti at 87.1 to 88.7 
ppm. The shifts cannot be due to any significant degree to ring 
current effects induced by reorientation of the bases since the 1Hs 
attac_hed to these carbons show no major comparable trends. The 
shifts for Cl' and C3' carbons with syn bases are distinctly lower 
than those reported for respective sites in several studie~ on B 
DNA. Although we have been unable to correlate these shifts to a 
specific sugar pucker as yet, clearly these shifts can be used as 
convenient markers for significant changes in the sugar 
conformation. 

Sincerely yours, 
' ---
~ . -C:-' ..----7 

.,) --< ~---------= David Live 

PASADENA, CALIFORNIA 91125 



Z·SPEC® 
The Probe for All Reasons 

The Z•SPEC® family of probes • • VERSATILITY 

Z•SPEC probe models are avail­
able for 3, 5, 10, and 16mm sample 
tubes. Additional sizes are avail-

was developed with over 70 years • 
of probe design experience. These • 
probes were designed for compat- : 
ibility with a broad range of spec-

• able on a custom basis. trometers. In addition, configura- • 
tion, sample versatility, support • • • • • • PERFORMANCE 
and performance makes a • • 
Z•SPEC probe the one to use 
for all reasons. 

• • • • 
• • • • • • • • • 

••• 

Z•SPEC probes employ 
proprietary materials 
resulting in significant 
performance advan­
tages in terms of line­
shape, signal/noise, 
resolution, 90°pulse 
width, and sample 
volume requirements. 

CUSTOMER SUPPORT 

COMPATIBILITY 

Z•SPEC probes are 
compatible with 
Bruker, Chemagnetics, 
General Electric, or 
Varian spectrometers 
operating at 1H 
frequencies of 200, 250, 
270,300,360,400,500, 
or600MHz. 

-i· :;-./ . 
The staff of the Z •SPEC 
probe group include 
applications specialists 
who are available to 

.,_. . ('. 

y .. 

CONFIGURATION ••••• 
Z•SPEC probes are available in a 
variety of configurations (see next 
page) including direct observe, four 
nuclei, indirect detection, triple reso­
nance, microsample, 1H switchable 
13C and 1H switchable broadband. 

install and support our products in 
your laboratory. 

For more information about 
Z•SPEC NMR probes, contact our 
marketing department. 

NALORAC 
837 Arnold Drive, Suite 600, Martinez, CA 94553 

Tel: (510) 229-3501 • FAX 510.229.1651 



Nalorac Z •SPEC® NMR Probes 

PROBE TYPE* PROTON FREQUENCY (MHz) 
200 250 270 300 360 400 500 600 

Four Nuclei 4N200 4N300 4N360 4N400 
1H, 19F, 31P, 13C Observe 

Indirect Detection ID200 ID250 ID270 ID300 ID360 ID400 IDS00 ID600 
1H Observe, 15N-31 P Decouple 

Triple Resonance Indirect IDT300 IDT360 IDT400 IDTS00 IDT600 
Detection: 1H, (13C, 15N) 

Microsample Indirect Detection MID300 MID360 MID400 MIDS00 MID600 

Broadband 15N-31P Observe BB200 BB250 BB270 BB300 BB360 BB400 BBS00 BB600 

Dual Broadband DB200 DB250 DB270 DB300 DB360 DB400 DBS00 DB600 
1H/15N - 31P Switchable 

Dual 1H/13C Switchable 0200 D250 0270 0300 0360 0400 0500 0600 

1H/19F Observe H-F200 H-F250 H-F270 H-F300 H-F360 H-F400 H-FS00 H-F600 
BB Decoupling of 1H or 19F 

1H/19F Observe HF200 HF250 HF270 HF300 HF360 HF400 HFS00 HF600 

Microsample 1H/19F Observe MHF200 MHF250 MHF270 MHF300 MHF360 MHF400 MHFS00 MHF600 

* Contact factory for optional nuclei or custom configurations. 

NAW RAC 837 Arnold Drive, Suite 600 • Martinez, CA 94553 • Telephone: (510) 229-3501 • FAX 510. 229.1651 



Almost Every NMR and MRI Test 
Depends On This Moveable Part 

. . . and Voltronics makes most of them. By working closely with this 
community of researchers and engineers for 26 years, we offer you a 
broad line of the latest non-magnetic precision trimmer capacitors. 

Features: 
• Truly non-magnetic. 

Distortion of magnetic field 
below one part per 600 
million. 

• Long life, non-rotating 
piston design. 

• O-ring seal. 
• Linear tuning with positive 

stops. 
• Tuning screw does not go in 

and out, allowing extended 
shaft option. 

• High Q to over 5 GHz on 
some parts. 

• Quartz, glass, sapphire, 
Teflon® and air dielectrics. 

Standard Line: 
Over 144 catalog parts including: 
• Max. capacitance from 
3.5 to 120 pF. 

• Peak RF voltage to 15KV. 
• Greatly expanded Teflon Line. 
• A .48" (12.2mm) x .23" {5.8mm) 
diameter 9pF Teflon trimmer 
with 1.5KV peak RF voltage. 

Custom Design 
• We'll be glad to modify a 
standard part or design a 
new one for you. 

Special Designs 
• Dual trimmers -
Differential and Split Stator. 

• Antennas and coils fused to 
quartz or glass tubes. 

• Non-magnetic slip clutch to 
protect capacitor stops. 

New Catalog 
• Our new catalog lists many 
non-magnetic and standard 
parts. It includes data on RF 
peak voltage ratings and high 
frequency Q measurements. 

For further information and our new catalog, call, fax, or write 
Voltronics or your local representative. 

VoltronicsM 
CORPORATION ~ 

100-10 FORD ROAD • DENVILLE, NEW JERSEY 07834 
PHONE: 201-586-8585 • FAX: 201-586-3404 

Teflon is a registered trademark of E.I. DuPont Co. 
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Equipment Needed. We need a V-4230B sample probe or other type that is compatible with a 
V-4210A variable frequency rf unit. Also needed is a probe to sense changes in the magnetic 
field between the magnet's pole pieces and send a signal to the flux stabilizer to stabilize the 
magnetic field. The magnet is a Varian electromagnet, model V-3800-1. If you have either one 
of these to spare, call Dr. D. W. Sheppard at (304)-473-8023 or write him at West Virginia 
Wesleyan College, Box 68, Buckhannon, W. Va. 26201. 

We are looking for a fluorine or proton 5mm probe for a Nicolet NT300 narrow bore 

system with an Oxford magnet. The system was purchased in 1980. It is not necessary 

that the probe be in working condition. Please contact Maria Palasis at the University of 

Cincinnati, Department of Chemical Engineering, 697 Rhodes Hall ML 171, Cincinnati, 

Ohio, 45221 (513) 556-2761. 
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NMR Spectroscopist in the Molecular Spectroscopy Laboratory, School of Chemical Sciences, University of 
Illinois-Urbana. Requirements for this position include a Ph.D. in chemistry or extensive equivalent 
experience with state-of-the-art NMR spectrometers; a thorough familiarity with modem FTNMR 
spectroscopy; and the ability to work independently and collaboratively in a stimulating research 
environment. Experience in devising or implementing new FTNMR experiments (e.g., new 2D NMR pulse 
sequences), a working knowledge of organic chemistry, as well as experience with General Electric (Nicolet) 
and Varian FTNMR instruments (General Electric GN500, Varian Unity 400) is desired. Duties will include 
the supervision of instrument operators and the instruction of graduate students and post-doctoral fellows in 
NMR techniques. 

The starting date is January 6, 1993, but other starting dates could be negotiated. This is a regular, full-time 
position. The starting salary is commensurate with experience. To ensure full consideration, submit resume 
and three letters of recommendation by November 4, 1992 to Dr. Vera V. Mainz, School of Chemical 
Sciences, Box 34 Noyes Laboratory, University of Illinois, 505 S. Mathews Avenue, Urbana, IL 61801 
(Tel: (217) 244-0564). The University of Illinois is an affirmative action/equal opportunity employer. 
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Postdoctoral Positions Available 
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Two postdoctoral positions are available at the MRS Unit, VA Medical Center and 
the University of California San Francisco for the development of clinical applications of 
in vivo MR spectroscopy and spectroscopic imaging. 

I. A scientific programmer is being sought for the development of spectral data 
analysis routines and image processing and display software. Applicants should have a 
strong background in mathematics, statistics, engineering or related field, with experience 
in scientific computer programming. Knowledge of UNIX and X-windows is desirable. 

II. A MR spectroscopist position is available to carry out clinical MR studies of 
Alzheimer's and other neurodegenerative diseases. Applicants should have a background 
in Chemistry, Biochemistry, Physics or related field, and preferably have some experience 
with MR imaging or in vivo MR spectroscopy; 

These positions will continue with ongoing research projects using spectroscopic 
imaging, while the development of independent research projects is also encouraged. 
Applicants should send resume and names of references to: 

Michael Weiner, M.D., 
MRS Unit, DV A Medical Center 
4150 Clement St, (11M) 
San Francisco, CA 94121. 

~MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

Research & Product Development 

Magnetic Resonance Imaging 

We have immediate openings in our Health Care Technology Division located at the Miami Valley 
Laboratories near Cincinnati, Ohio . 

.A Magnetic Resonance Imaging 

■ 

Our Magnetic Resonance Imaging/Spectroscopy facility conducts and interprets the results of 
biological experiments which provide mechanism-of-action information and facilitate model develop­
ment for preclinical drug discovery. The selected candidate will be responsible for in vivo and in vitro 
MR imaging, in vitro NMR spectroscopy and spectral analysis and interpretation. Familiarity with the 
concepts of nuclear magnetic resonance and the willingness to work with biological models are 
required. 

Research & Product Development Technicians at Procter & Gamble support our research scientists 
in basic and applied research associated with the development of our products. The facilities at our 
four Cincinnati Technical Centers are regarded as among the finest in the nation. Our compensation 
package includes excellent starting salary and benefits. 

Applicants may send a resume and cover letter to: THE PROCTER & GAMBLE COMPANY 
R&PD Technician Recruiting 
Dept. TN-231, 6090 Center Hill Avenue 
Box 120, Cincinnati, OH 45224-1792 

P&(i 
An Equal Opportunhy Errplayer 
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cp 
July 15, 1992 
(received 7/16/92) 

Prof. Bernard L. Shapiro 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Schering-Plough 
Research Institute 

60 Orange Street 
Bloomfield, New Jersey 07003-4 799 
Telephone (201) 429-4000 
Telex 138183 BLOOMFIELD 

In Vivo Microimaging Methods for Mouse Studies at 9.4 Tesla 

Dear Barry: 

We presently are developing in vivo imaging methods using mice in our 9.4T 89-mm vertical bore 
spectrometer, which is otherwise occupied with protein and peptide structural projects. Some of our microimaging 
work was reported recently at a local meeting (1). We previously have described imaging studies of pills (2,3) using 
this and other NMR systems kindly made available to us by GE NMR Instruments (Fremont, CA). In setting up in 
vivo experiments for mouse studies we wanted to run through various MRI methods to assess their applicability at 
high field using a 26-mm i.d. bird-cage imaging probe designed for our 9.4T instrument. In particular, because we 
expected to encounter lower contrast-to-noise ratios due to Tl and T2 leveling at high field, we were interested in 
applying the technique of magnetization transfer contrast (MTC) to regain some of the lost contrast (4). We report 
herein the results of a few of our experiments. 

Figures 1 and 2, obtained with a standard proton-density spin-echo imaging sequence, illustrate the spatial 
resolution attainable using our instrument Image 1 is a transverse slice of the lower abdomen of a healthy mouse. 
The bright spot at top right is a water-filled 1-mm capillary serving as a slice-location marker. Note how easily the 
marrow of the toe bones can be resolved. The smallest structures easily identified in the image are about 100 
microns across. Image 2 is an expanded sagittal view of a mouse kidney in which vascular components, cortex, and 
medulla are readily visualized. 

The MTC technique involves irradiation of soft-tissue protons which are in chemical and/or magnetization 
exchange. Our first in vivo implementation of this technique at 9.4T was on a healthy C57BL/6 mouse. Figure 3A 
is a normal 1 H NMR spectrum (i.e., from a simple one-pulse sequence, no gradients employed) showing clear 
resolution of the water and fat resonances. Figure 3B is the spectrum obtained with the same sequence except for the 
incorporation of low-power irradiation offset 10 kHz from the water resonance. The decrease in signal intensity of 
the water resonance with respect to the fat resonance corresponds to the transfer of magnetization from immobile 
protons (i.e., membrane-, protein-bound) to mobile water protons. The fat protons do not exchange magnetization 
with macromolecular-associated protons, hence the fat signal is unaltered by off-resonance saturation. 

The influence of magnetization transfer on image contrast varies for different physiological compartments 
according to the degree of lH-lH dipolar relaxation enhancement as well as the number of macromolecules 
contributing to the chemical exchange between pools of restricted and free protons. Thus, tissues which have higher 
overall exchange rates will show diminished signal intensity relative to those which have slower exchange rates. By 
using a spin-warp imaging sequence modified to include a very short period of off-resonance presaturation (5), we 
have demonstrated the effect of this exchange phenomenon on image contrast. Figure 4 is a gradient-recalled-echo 
(GRE) image which shows good resolution of the kidneys, spinal cord, and cecum, as well as other features of 
mouse anatomy. Figure 5 is an MTC GRE image scanned at the same transverse slice position. The effect of MTC 
is dramatically portrayed by the virtual disappearance of signal from water protons in magnetization exchange with 
macromolecular protons present in the cerebrospinal fluid and the kidneys. The extreme reduction in signal intensity 
observed for these regions reflects a predominance of short-T2 components in those tissues that are able to transfer 
the saturation. 



EXPLORE THE AL TERNA TE ROUTE ... ! 

QUALITY REFURBISHED 
NMRs 

BRUKER • JEOL • VARIAN 
PERMANENT MAGNETS. ELECTROMAGNETS. CRYOMAGNETS 

*********************************************************************** 
CURRENTLY IN STOCK: BRUKER NR-80, WM-360WB, 

AC-300 
VARIAN EM-360A, EM-360L, 

EM-390, FT-80A, XL-300, VXR-300 
JEOL FX-90Q 

FOR FURTHER DETAILS CALL: (708) 913-0777 

International Equipment Trading Ltd. 
960 Woodlands Parkway, Vernon Hills, IL 60061 

FAX: (708) 913-0785 



INVENTORY UPDATE 

X-RAY 

!l!l!~a ru~ ~luOfMMMA 
. spectrometer + 3100 generator 

Rigaku D/MAX-AV automated vertical 
diffractometer 

Siemens SAS 200 Fluorescence 
spectrometer + 805 generator 

Sloe, Bragg-Brentano Diffractometer 

GAS CHROMATOGRAPH$: 
Hewlett Packard 5830A, dual FID 
Hewlett Packard 5840A with 7671 A 
Hewlett Packard 5880A with FID 

ECD, NPD ' 
Hewlett Packard 3392A integrator 
Perkin Elmer Sigma 1 B, dual TCD 
Perkin Elmer Sigma 2000 with 

HS-100 auto-injector 
Perkin Elmer 39208, dual FID 
Tekmar ALS II Autosampler 
Tekmar LSC II Purge and Trap 
Tracor 540 with ECD, FID 
Varian 6000 FID, FPD capillary and 

packed column with model 8000 
autosampler 

H,P,L.C,: 
Beckman 345 
Dionex 2000i/sp ion chromatograph 
Hewlett Packard diode array 

detector 1040M + HP 9000 
(9843A), 20 Meg drive and printer 

Perkin Elmer LC-75 UV detector 
Perkin Elmer LC-85 UV detector 
Varian Varichrome UV detector 
Varian 5060 + UV-100 and Vista 401 
Waters 6000A pump 
Waters 440 detector 
Waters 441 detector 
Waters 71 OB wisp Autosampler 

MASS SPECTROMETERS: 
Finnigan 4021 
Finnigan 1020/1050 
Hewlett Packard 5987 with 5890 GC 

with RTE-6 operating system 

UV-VIS: 

~~uM~ j l6ml ~~M,,M:6 ~M~ 
Beckman DU-7 
Hitachi 100-80 
Perkin Elmer Lambda 38 
Varian 2290 

ATOMIC ABSORPTION: 
Instrumentation Labs 457 with D2 

and 440 AVA 
Jarrell Ash 951 with D2 
Jarrell Ash 655 Atomizer 
Jarrell Ash EDL Power Supply 
Jarrell Ash Smith-Hieftje Video 12E 

with 188 Furnace Atomizer and 
440 AVA 

Leeman Labs Plasma Spec. Ill 
simultaneous and sequential 

Perkin Elmer EDL Power Supply 
Perkin Elmer 403 
Perkin Elmer 373 with D2 
Perkin Elmer 560 with D2 
Perkin Elmer 703 with D2 . 
Perkin Elmer 2380 with printer 
Perkin Elmer 5000 with D2 
Perkin Elmer HGA-400 
Perkin.Elmer RGA-500 
Perkin Elmer HGA-2200 furnace 
Perkin Elmer AS-40 Autosampler 
Perkin Elmer AS-50 Autosampler 
Pe~in Elmer Data System 10 for AA 
Vanan 875 with graphite furnace 

and computer 

DISPERSIVE IR: 
Beckman Acculab 2 
Perkin Elmer 1330 Perkin Elmer 297 

.EI:J..R: 
Digilab FTS-158 +10 cm-1 option 
Nicolet 20SX Nicolet 20DX 

RESONANCE 
SPECTROMETERS: 

Bruker WM-360 NMR 
Bruker CXP-200 NMR 
JEOL FX-90O NMR 
Varian CFT-80 NMR 
Varian EM-360L NMR 

International Equipment Trading Ltd. 

960 Woodlands Parkway 
Vernon Hills, Ill inois 60061 

(708) 913-0777 
FAX: 913-0785 TELEX: 754500 IET UD 

1::rn],i'ifils~oe~s; 
Hitachi H-300 TEM 
ISi SS-60 SEM + Kevex 8000 111 EDS 
ISi 100 
JEOL 35C SEM 
Philips 400 STEM with EDS 

NUCLEAR INSTRUMENTS: 
Beckman 5000 scintillation counter 
Tracor Gamma Trac 1290 

THERMAL ANALYZERS: 
Dupont 1090 with 910 DSC 
BIOTECHNOLOGY 
Applied Biosystems (ABI) Protein 

Sequencer 4nA with 120A 
ABI Peptide synthesizer 430A 
ABI Analytical HPLC 150A 
ABI DNA synthesizer 3808-02 
ABI Separation system 130A 
ABI HPLC 151A 
Beckman J2-21 M Centrifuge 
FTS Systems freeze-dryer 

MISCELLANEOUS: 
A.O. model 820 microtome 
Aminco SPF-500 spectrofluorometer 
Best Power 3KVA UPS 
Bicron M92, M95, M86 surveyors 
Blue M deluxe floor oven with 

Touch-Matic controls 
Hiac Royco 4100 with 3200 sampler 

346 BCL sensor 
Jarrell Ash Deluxe Varisource 
L & N Microtrack 7995-12 
Technicon lnfraAlyzer 400 moisture 

analyzer 
Perkin Elmer LS-3 spectrofluorometer 
Perkin Elmer 240C CHN analyzer 
Reichert Zetopan phase contrast and 

fluorescence microscope 
Zeiss Photomicroscope Ill 
Zeiss ICM 405 microscope 

Above equipment carries a 
90-day warranty 
Avallablllty Is subject to 
prior sale. 
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We have carried out a number of other standard MRI experiments (e.g., FLASH, EPI, ISIS) in addition to 
those described here. In general, we find that high-field imaging gives high-quality results with excellent tissue 
discrimination. In fact, the predicted loss of contrast due to TI and T2 leveling is less severe than we had feared. 
Encouraged by these results, our immediate objective is to use our 26-mm i.d. RF coil to explore in vivo magnetic 
resonance spectroscopy and its applications to small animal models. 

Sincerely, , . 

,A.2;/-l,-YvTvz,( 

V . . . Lf>I 1rgm1a . uomo 

----. ( ;r:>tt.p.~ 
T. M. Chan C. Anderson Evans 

(1) VL luorno, TM Chan, and CA Evans. Microimaging methods and strategies for in vivo studies at 
. 9.4 Tesla. The Fourth Annual Poster Symposium of the North Jersey American Chemical Society Magnetic 

Resonance Topical Group, Princeton, NJ, May 1992. 
(2) RE Hurd, F Alvarez, and CA .Evans. High field (9.4T) short TE microimaging: Application to 

water absorption in tablets. The 31st Experimental NMR Conference, Asilomar, CA, April 1990. 
(3) M Ashraf, VL Iuorno, D Coffin-Beach, CA Evans, and LL Augsburger. A novel NMR imaging method 

for measuring the rate of penetration of the water front in hydrophilic polymer matrix 
capsule plugs and its role in drug release. Submitted to Pharmaceutical Research. 

(4) SD Wolff, J Eng, and RS Balaban. Magnetization transfer contrast: Method for improving 
contrast in gradient-recalled-echo images. Radiology 179: 133-137, 1991. 

(5) We modified the usa (universal spin-warp acquisition) imaging- sequence supplied with GE Omega 6.0.2 
software so that a cycle of short off-resonance saturation pulses (20 consecutive sine pulses each of 1-ms 
duration) was applied + 10 kHz from fl immediately prior to on-resonance image scanning. 
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Postdoctoral Research Associate Position Available 

The Departments of Biomedical Engineering (Worcester Polytechnic Institute) and Radiologj (University of Massachusetts 
Medical School) are seeking a postdoctoral research associate to participate in in vivo NMR spectroscopy and imaging 
studies. The candidate will have half-time responsibilities as the lead NMR scientist in a project evaluating the efficacy of 
pharmaceutical interventions in the treatment of stroke using diffusion-weighted imaging and multiple-quantum NMR 
spectroscopy. For the remaining portion of the appointment, the candidate will be free to participate in a variety of other 
ongoing projects in the laboratory. The individual will also help supervise graduate students. Qualifications for the position 
include a doctoral degree in a basic science and hands-on experience with in vivo NMR spectroscopy and imaging. Salary is 
commensurate with experience. 

The joint program in NMR spectroscopy and imaging is located in the Massachusetts Biotechnology Research Park, 
adjacent to the campus of the University of Massachusetts Medical School and a five minute drive from Worcester Polytechnic 
Institute. Equipment includes a 2.0T/45 cm GE CSl-11 imaging spectrometer, exclusively for research, and two, 1.ST GE Signa 
clinical instruments (one of which is equipped for clinical spectroscopy), available for both clinical and basic research. 

Worcester is located less than one hour from Boston. Ttie beaches of Cape Cod, the Rhode Island shore, and Maine are 
1.5 hours away, and the best skiing in the East is within 2 hours. Interested candidates should contact Prof. Chris Sotak, 
Department of Biomedical Engineering, Worceste~ P?lytechnic Institute, 100 Institute Rd., Worcester, MA 01609. 
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Gradient Techniques for 
Large Proteins 

Inverse detected 15N-1H NMR techniques In conjunction with 15N labelling have proved to be an 
invaluable tool for assigning the 1H resonances of proteins In solutions. However, the solvent 
saturation used in the phase cycled versions of these experiments often results in a decreased peak 
intensity due to exchange processes. Gradient selection of multiple quantum pathways eliminates 
the water signal and provides an attractive altemative to traditional phase cycled methods for the 
following reasons: 

♦ Superior Water Suppression - Single quantum peaks such as the water resonance are 
eliminated while correlations which occur at the frequency of the solvent resonance are 
routinely observed. The undesirable effects of traditional presaturation are also avoided. 

♦ Fewer Artifacts - Gradient selection conveniently avoids the t1 noise and cancellation 
artifacts commonly found in phase cycled experiments. 

♦ Greater Sensitivity- Since the suppression of undesired signals occurs prior to acquisition the 
receiver gain may be Increased. 
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A phase sensitive GE-HMQC spectrum of a 15N enriched protein of approximately 27 kDa (0.1 
mM in 90% H20). The data were collected on an Omega 500 system equipped with the 5-17 
Gradient Enhanced Spectroscopy accessory using a 5 mm Inverse probe. The S-17 GES 
accessory is a three-axis actively shielded gradient set. This spectrum demonstrates that 
gradient techniques can be successfully applied to relatively large proteins In dilute solution. 

GE NMR Instruments 
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PULSED GRADIENT PROBE 

Double Quantum Filtered COSY with NO presaturation and one scan per slice . 
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JEOL's gradient probe is tuned to observe 1 H with 15N to 31 P decoupling and is designed 
to be used for reverse detection experiments. The above data were collected on an ALPHA 500 
with the pulsed field gradient accessory. The sample is stachyose in 90% H20. By comparing 
the ID spectrum plotted at the top with the 2D data, one can see the magnitude of the water 
suppression afforded by the gradient probe. It is also worthwhile to note that each slice was 
obtained in one scan and that the double quantum filtering was accomplished with the gradients. 
This 512 by 512 matrix was obtained in approximately ten minutes. 

If you would like to get more information about JEOL's ALPHA, please contact us at one 
of our offices listed below. 

ALPHA FIRST IN PERFORMANCE, .FIRST IN TECHNOLOGY 

JEOL, USA 
11 Dearborn Rd. 

Peabody, MA 01960 
508/535-5900 

FAX 5081535-77 41 

JEOL, 
23 E. Brunswick Dr 
East Brunswick, NJ 

908/254-7026 
FAX 908/254-8850 

Soque/1te, Ltd. 
5151 Cavendish Blvd 

Suite 101 
Montreal, Quebec 
Canada H4W2W8 

514/482-6427 
FAX 514/482-1929 

JEOL, 
3500 West Bayshore Rd 

Palo Alto, CA 94303 
415/493-2600 

FAX 415/493-0581 

JEOL, DE MEXICO 
Insurgents Sur #953 

Col. Napoles 
03810 Mexico D. 

525/515-2616 
FAX5251515-3261 

JEOL, 
9801W. Higgins Rd Su~e 220 

Roseman~ IL 60018 
708/825-7184 

FAX 708/696-2559 
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