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WILMAD NMR CHART PAPER 
TO MATCH THE EXCELLENCE OF 
WILMAD NMR SAMPLE TUBES 

As tlile world's premier manufacturer 
of NMR sample tubes, we have always 
recognized the need for maximum accu­
racy in Ji)roducts to be used in the spectro­
scopic aftermarket. NMR chart paper is no 
exception. 

We have learned that the most positive 
approach to the task of ensuring top qual­
ity in the chart paper we offer is to exert a 
full measure of control over its manufac­
ture. Accordingly, we have "engineered" 
our new chart paper line here at our plant 
and have it printed to our own specifi­
cations. 

We selected the finest paper stock 
available .. . the grids were accurately 
scribed under the control of a computer ... 
the negatives were made to an exacting 
set of specifications ... ink color was 
chosen for maximum visibility ... and the 
printing and trimming are completed with 
maximum attention to accuracy. 

Next time you order NMR chart paper, 
be sure you specify Wilmad. If you would 
like to see a sample, a note will bring it to 
you by return mail. 

WILMAD GLASS COMPANY, INC. 

World Standard in Ultra Precision Glass 
Route 40 & Oak Road • Buena, N.J. 08310, U.S.A. 

(609) 697-3000 • TWX 510 - 687-8911 
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Probes 

• (LPCS) Light Pen Control System 
• Built-in Proton-HOMO/HETERO decoupler 
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Seytember 30, 1977 

313. 01 

Professor Bernard L. Shapiro 
Texas A&i1 University 
Department of Chemistry 
College Station, TX 77843 

UNITED STATES DEPARTMENT OF COMMERCE 
National Bureau of Standards 
Washington, D.C. 20234 

Are Line Position Standards Needed?, Tin-119 NHR 

Dear Barry: 

The response to my letter of December (TAHUNMR 219-41) has been nil. 
Neverthel-ess, I am sending you the results of the round-robin on a 
tentative line position standard run in the National Capital Area. 
Results are given at 30° c.; errors are rms errors from a least 
squares fit of data from four to seven labs; spectra were run at 
several fields from 14.1 to 63.4 kG. The most interesting point 
in the · whole exercise is not the actual numbers which are after all 
dependent on both temperature and concentration, but the precision. 
The first set of results included one proton and one carbon spectrum, 
from two different labs, which reported chemical shifts substantially in error. 
These were returned with the note that they· were discordant, and in each . 
case an error was found in the commercial FT system which had been used 
(from different manufacturers). The re-run spectra, after rectifying 
the errors, were then in excellent agreement. These instruments were 
run by experie:iced Ni·1R spectroscopists whose only error may have been 
that they belie ved a computer printout must be correct. There appears 
to be a warning here: even though modern FT NMR systems produce results 
of high precision, it is nevertheless a good idea to run some known 
mixture to be sure that the accuracy is acceptable. 

The accompanying chart is the Sn-119 spectrum of (CH3 ) 3SnSn(CH3 ) 3 
obtained by FT of 4096 transients acquired in 2 hours on our homemade 
multinuclear spectrometer at 22.372 HHz and 14.1 kG. The multiplet 
splitting is about 17 Hz. 

Do your blue and pink forms come under the Post Office' proscription 
on threatening letters? 

Yours very truly, 

Rolf B. Johannesen 
Inorganic Chemistry Section 

Dear Rolf: 

In answer to your last question, no. Please construe the pink and 
blue fprm letters as repeat notices of the conditions under which 
you may choose to continue your subscription. It is my view .that 
people in Washington are the Threateners, not the Threatenees . 

Not very seriously, 
;(3~ 

........ -------~ 

L 
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TABLE 
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Vol. Compound 
1

H Shift 13c Shift 

1.5cc TMS 0.0 (defined) 0.0 (defined) 

2.0cc CH
3

COOC(CH3 )
3 

1. 4050 ± .0023 28.066 ± .046 

CH
3

COOC (CH
3

) 
3 

1.8688 ± .0020 22.109 ± .034 

2.0c,c (co
3 

l 
2
co 29.604 ± .062 

1.5cc E_-dioxane 3.5651 ± .0021 67.016 ± .060 

3.0cc CH2cl
2 

5.2950 ± .0026 53.658 ± .015 

CH3COOS:_(CH
3

)
3 

79.462 ± .019 

- 8.5cc C Cl
4 

96.298 ± .030 

1.5cc benzene 7.2834 ± .0020 128.371 ± .067 

CH
3

S:_OOC(CH
3

)
3 

169.380 ± .037 

(CD3) 2.S:.O JCD =: 20.0 Hz 204. 358 ± .081 

J{ 
~ ! 

I~ 

-
' i 

~ 
! 
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THE lJNIVERSITY OF TEXAS AT AUSTIN 
AUSTIN, TEXAS 78712 

Department: of Chemistry 
I 

-I . 

I 
Profe$sor Barry Shapiro 
T AMl!T NMR NEWSLETTER 
College of Science 
Depa~tment of Chemistry 
Texa~ A & M University . 
College Station, Texas 77843 

I 

September 22, 1977 

Sugge'sted Title: Computer Generated Scale for NMR 

I 
I 
I 

Dear Barry, 
I 
I 

The c:hart paper supplied by all of the NMR spectrometer manufacturers is adequate ..-·, 
for p:roton spectra but very unsatisfactory for other nuclei. We have solved this ( _______ 
probl~m by using blank paper with a' scale that is plotted by the computer. This 
gives I us a scale that will expand and offset with th~ ,spectrum. An added extra is 
that the spectra are ready for publication without further art work. I . . 
This was done without a new program. We simply generated a scale with the debug­
ging program and stored it on disk as if it were a spectrum. We then call this scale 
and plot it with the same sweep width as the spectrum it is to go with. We have used 
this Same scale for C-13, P-31, F-19 and evert H-1 spectra. We originally designed 
our sbale for C-13 so that we inust ·multiply the sweep by an appropriate constant for 
the other nuclei. This scale may be used to produce small spectra like .the ones shown 

I . , 

by ca[ling a large sweep width. 

Best regards, 

Ben A. Shoulders 
Research Scientist 

P. S. Credit this to Professor Charles Wade's account of TAMU NMR. 
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HB/MJS 

Professor B.L. Shapiro, 
Department of Chemistry, 
Texas A and M University, 
College of Science, 
College Station, 
Texas 77843, 
U.S.A. 

University of Nottingham 

Department of Chemistry 

UNIVERSITY PARK NOTTINGHAM NG7 2RD 

TEL. NOTTINGHAM 56101 

26th September 1977 

Apparent loss of signal in 15N 
pulsed · Fourier trans·forrn ; phase 
anomalies due to rapid pulsing. 

Dear Professor Shapiro, 

It is rather quiet here and I wish I could report 
something more interesting than a freakish experiment in 
which we apparently lost an l5N signal in a p.F.t. 
experiment (cf. ref. 1). 

The sample was the sodium salt of penicillin G (which 
contains two amide nitrogen -atoms}, with nitrate as internal 
referencei dissolved in water and recorded in a coaxial tube, 
with the 9F lock provided by c6F. The F.I.D. was trans­
formed and automatically given a ~hase correction identical 
to that of the preceding experiment. To our suprise, there 
was no sign of the signal due to the nitrate nitrogen. 
However, we soon located the signal, which was entirely in 
the imaginary part of the spectrum (see Figure}. 

In our greed, we had reduced the pulse repetition time . 
to 0.25 s. and whilst this appeared to improve sensitivity, 
it had produced phase anomalies (ref. 2). Indeed, we were 
quite unable to phase the spectrum correctly and had to be 
content with a magnitude spectrum. 

Yours sincerely, 

1Jo-vU ~-
Dr. H. Booth. ______.-

1. G.E. Hawkes, W.M. Litchman and E.W. Randall, J. Mag. Res., 
1975, 19,255. 

2. R. Freeman and H.D.W. Hill, J. Mag. Res., 1971, !, 366. 

l,_ 
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PHASE ANOMALIES 

cf. Freeman and Hill, J. Magn. Res., 1971, i, 366 

<::) 
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15N 

s.w. 

10.1367 MHz 

5000 Hz 

Pulse wid~h 7 µs (13°) . 

Repetition time 0.25 s. 

Pulses 234,000 

Data points 2K 
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I 
Unlverslte de Nancy I 

I NANCY, le 29 September 1977 I 

LABORATOIRE 

DE c /H IM IE TH I: 0 RI QUE 
i 

Case offlcielle N• 140 - 54037 NANCY Cedex 
I 

Tel. 27.00.24 IPoste 2049 et 20511 Professor B.L~ SHAPIRO 

Texas A and M University 

College of Science 

I 
D.. CA:NET - J .-P .. HARCH.AL 

College Station Texas 77843 

U.S.A. 

Suggested title 
I 

2 : Indirect measurement of Jl5NlH. 

I 

Dear Professor Shapiro, 

, In previous communications (1), we showed that l5N 

chemical shift and 1Jl5NlH are easily extracted from proton 

spectra by combining double irradiation (at the 15N frequency) 

and difference spectroscopy. We wish to point out that 2Jl5NlH 

and sometimes 3Jl5NlH can be obtained as well though a careful 

analysis of off-resonance 1Ht15NJ spectra when observing the 

signals corresponding to the proton directly bonded to the 

nitrogen atom. This is exemplified by the included spectrum 

( (cH
3

)
3

ccoNHCH
3
) : lines down correspond to normal satellites 

and lines up to the relevant off-resonance spectrum. It is 

apparent that the multiplet structure (which arises from coupling 

between the NH proton and the CH
3 

attached to nitrogen) is 

different in the off-resonance spectrum. Calculations made on the 

basis of the double resonance hamiltonian coafirm that this effect 
2 · 15 is due to the Jl5NlH between N and the CH3 protons. This allows 

the determination in magnitude and sign of this coupling constant. 

Details will hopefu.11~ be published soon. 

Yours sincerely. 

~ 
J.-P. MARCHAL 

( 1) J .-P. Marchal and D. Canet, J. Am. Chem. Soc., ll, 6581 ( 1975) 

J.-P. Marchal and D. Canet, TAMU NMR Newsletter Nr 209, 24 (1976) 
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Position open: Research Associate at the M.S. or Ph.D. level to work on 

pulsed NMR and NQR work in the area of Solid State Physics and Electronics. 

Appointment will be approximately for 10 months or one year in the first in­

stance starting December 1. Salary will depend on experience. Contact: 
0 

230-8 

Professor P. K. Kadaba, Electrical Engineering Dept., University o,f Kentucky, 

Lexington, · KY 40506 or phone (606) 258-2966 or 257-1855. 
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APP~OACH THE SPEED AND SENSITIVITY OF 
PULSE FT-NMR ON YOUR CW SPECTROMETER 
USIN

1

G A NICOLET NMR-80 DATA SYSTEM 
FOR [RAPID SCAN COR1RELATION NMR SPECTROSCOPY 

I 
Rapid scan correlation NMR spectroscopy 

I 
offers these advantages over CW . 

h 
I. 

tee 1ques: 
1) Greater sensitivity per unit time, 
2) Greater sample throughput per unit 

time, and · 
3) The ability to follow fast reactions and 

produce meaningful data. 

Rapid scan correlation NMR spectroscopy 
I 

offers these advantages over pulsed 
techriiques: · 

1) !Power distribution over spectrum is 
exactly square and independent of 
sweep width . 

2) Large solvent resonances can be 
avoided by sweeping only a small 
part of the total spectrum. 

3) Resolution is increased because the 
_final spectrum occupies all of data 
memory. 

NMR CORRELATION SPECTRUM OF 

50 µ.g cx: -ionone in spherical microcell 
128 scans, 11 sec. per scan 
TOTAL TIME 23 min . . 
Signal/Noise (Peak to Peak) of (XY" ~ 
methyl peaks = 36: 1 · '¾H 'c.., 7 

.# CH3 
H 

110 

j 
This spectrum of 50 micrograms of oc-ionone was 

obtained by correlation NMR in 23 minutes. Normal 
CW averaging techniques would require over 4 hours. 

For more information on 
the Nicolet NMR-80 data 
system for rapid scan cor­
relation NMR spectros­
copy plea1le write or 
phone. 

IIiE NICOLET 
INSTRUMENT 
CORPORATION 

5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 

\ 
'-._,,. 

........, 

L 



University of Illinois at Urbana-Champaign
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Dr. B. L. Sha p i r o 
Department of Chemistry 

, School of Chemical Sciences 
Urbana, I I I i no i s 61 801 

Texas A & M University 
College Station , Texas 77843 

Dear Barry: 

October 6, 1977 

Flashing Lights, NMR and 02 Evolution 

The common denominator in the above title is in the _experiments we 
have been performing lately on chloroplast preparations in our attempts 
to unravel more of the my_stedes of photosynthesis. It is well .known that 
Mn is an essential ingredient fpr the 1 ight stimulated evolution of .02 by 
green plant chloroplasts. We have recently completed a frequency and tem­
perature study of T 1 and T2 water proton relaxation times in pea chloro­
plasts. Analysis of the data by means of the Solomon-Bloembergen-Morgan 
equations yields a set of relaxation parameters which .agree well with those 
obtained by other workers on Mn containing biological systems . Specifically, 
we have found that the relaxation rates are dominated by the chemical ex­
change rate ( 1/TM) and by the Mn electronic relaxation rate via the symmetry 

distortion rate {I/TV) of the paramagnetic complex . Values for the correla­

tion times and the parameter B {whi'ch is related to the zero field splitting 
among other things) are TV= {20±2)xlo- 12 sec, TM= (2.2±0.2)xl0- 8 sec and 

B = (0.90±_0.09)x10 19 {rad/sec) 2 • In addition, a sizeable "outer sphere" con­
tribution was needed to iatisfactorily fit the data. A plot of T 1 2 data vs . 

' frequency together with the fit (solid line through the points) and the 
"outer sphere" contribution are shown in Figure I. With the addition of oxi­
dan ts (e.g ., ferricyanide) or redu ctants (tetraphenylboron) to the chloro­
pla s t suspensions the relaxation data showed the same frequency dependence 
as above, however, it became clear that the relaxation rates were sensitive 
primarily to the Mn(II) content of the chloroplast membranes and that the 
higher Mn oxidation states were not being monitored. The above results, 
coupled with the demonstrable dependence of the relaxation rates . on the mea­
sured Mn concentrations in the chloroplasts, show that the water proton re­
laxation rates of chloropiasts are sensitive to the amount of Mn(II) present. 

Previous work in this laboratory ( I) has demonstrated the existence of 
an interesting ~ffect of light flashes on the 1/T2 relaxation rate of chloro­
plast suspensions. Specifically, a periodic variation in the I/T 2 relaxa­
tion rate with the number of light flashes is observed. A similar experiment 
in which the 02 yield is measured as a function of flash number is a well­
known technique for investigating the 02 evolution of chloroplast preparations. 
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From the T2 measurements described above it ·seenis clear that the oxidation 
state of the Mn in the chloroplast membranes is related to the chloroplasts' 
0~ evolution apparatus. · 

I 
I 

The 02 yield response pattern to 1 ight flashes has been successfully 
f ,it to a four-step model (2) in which an oxidizing equivalent is generated 
with each light flash. According to this model, when four equivalents are 
a~cumulated the water is oxidized to 02 and four electrons are transferred. 
Figure 2 shows a l/T2 response pattern in part (a) and an 02 yield pattern 
ih part (b) for the same chloroplast sample. The closed circles represent 
the experimental data and the open circles show the theoretical fits. In 
p1rt (b) the data were fit to the model mentioned above · and using the para­
meters obtained from that fit, a theoretical fit of the 1/T2 data was made • 
u~ing a suitably modified version of the 02 yield model. 

Our modification of the 02 yield model suggests that: 

I I I) the 02 evolution process is correlated with the oxidation state 
of Mn in the chloroplast membranes, and 

I 2) the transfer of electrons by water is not a concerted -process 
that occur.s once every four 1 ight flashes but instead occurs during inter-

1 . 

mediate flashes • . 

I More complete , descriptions of this work are being prepared for publ ica-

i 
'-._./ 

tion. Credit for ~his work should also be given to Tom Wydrzynski, Paul G. 
-sbhmidt and Govindjee. \_,, 

Sincerely, 

S. B. Marks 

I 
HSG: SBM:nw 

~ 
•J ✓ -..2-tJ.o 

I 
(1) T. Wydrzynski," _N. Zumbuly~dis," P. G. Schmidt, H. S. Gutowsky and 

1· Govindjee, P_roc. Nat. Acad . .Sci. U.S.A., 1196, ~(1_976). 

(k) B. kok, B. Forbush ahd M. McGloln, Photoche~. photobibl~, 457, 11 
_[· (1970). 

I 

·' 
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Figure 1: r,-, and r 2 -
1 vs. frequency data for pea chloroplasts at 2s 0c. 
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The relaxation rates have been corrected (corr) by subtracting 
off the'relaxation rate for an appropriate "Mn free 11 sample. 
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Figure 2· r 2 -
1 {a) and 02 yield {b) data for pea chloroplasts at 2s 0c and 

pH 6.7 obta i ned in response to a series of short {0.6 ~s) flashes 
of liqht spaced 4 seconds apart. 
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I Prof.Dr.H.Kessler 

ln~titut fur Organische Chemie 
der Johann Wolfgang Goethe-Universitcit 

I Frankfurt am Main 
Laboratorium Niederrad 

Professor B.L. Shapiro 

Department of Chemistry 

Texas A&M University 

College Station, Texas 77843 

D-6000 Frankfurt/Main 70 
Theodor-Stern-Kai 7 ' 
Chemie-Mehrzweckgebllude 
Telefan 6301- 6032/33 

September 30, 1977 

Title: Extension of the DNMR-3 Prbgram for the Calculation 

of the Ionization Barrier in Tritylchloride. 

Dear Professor Shapiro, 

Sorry for being so late. 

During our studies of ionizational barriers of ionogenic compounds 
. 1 ) ' 
in solution we came across the problem to calculate the AA'BB'C 

I 
\..___,, 

~ DD'EE'F exchange between the covalent and ionic form of trityl 

chloride in so2 . The DNMR-3 program in the common version2 ) is not 

able to handle this complex exchange. Besides _of. some smaller 

changes we therefore extended in the program the dimension of the L 
B-submatrix from 48 to 72 and the maximum number of lines from 136 

to 272. Because of the limited number of core words the program has 

been equipped with an overlay structure of 6 segments and occupies 

now 62 566 words (decimal) at the UNIVAC 1108. Finally, it works 

and requires about 6 minutes CPU time for a typical spectrum 

(Figure 1). 

The problems of many static parameters was solved using a 270 MHz-

1H-NMR-spectrum of tritylchloride at high temperatures (3o0 c) and 

trityl hexachloroantimonate which were fitted by the LAOCOON 3. 

The chemical shift values in the low temperature spectrum has to 

be refitted in the slow exchange region. 

The free enthalpie of activation foi the ionization results in 

6Gt04 = 10.15 kcal/mol which compares excellent to our results of 

the deuterated compound (6Gt09 = 10.12 kcal/mol) 1 ). 

1) M.Feigel and H.Kessler, Angew . Chem.Int.Ed. 1.§., 256 (1977); 

Chem.Ber., in press, and references cited. 

2) D.A.Kleler and G.Binsch, DNMR 3 Program 16_5, Quantum Chemistry 

Program Exchange, Indiana University 1969. 
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To our experience the computing of exchange broadened complex 
1 . 
H-NMR-spectra is not the limiting factor for complete line shape 

analysis but the drastic increasing amount of temperature depending 

variables (chemical shifts, coupling constants, T2
1 s) creates 

problems. 

Figure 1 

-20Hz 

ion cov. 

Sincerely 

(M. Feigel) 

. pion/Pcov= 0.631 

ki = 54,9 sec-1 

: 

Pjon/Pcov= 2.17 

k-~10sec-1 
I 

yours, 

1!~0-L1 
(H.Kessler) 

T•204K 

Ta186K 
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POLYMER SCIENCE & ENGINEERING 

MATERIALS RES~ARCH LABORATORY 
OFFICE Or THE DIRECTOR 

October 4, 1977 
I 

Profel sor B.L. Shapiro 
I' 

Department of Chemistry 
Texas [ A&M University 
College Station, TX 77843 

~()/()(),1 

I "Fluorine NMR Studies of a Modified Albumin" 

I 
Dear Barry: 

Room 701 
Graduate. Research Center 

( 413) 545-0433 

I 
I left Santa Barbara in August for a sabbatical and your "blue note" has just caught 

. I h up wit me. 

I 
We haf e been exploring the use of 2,6-dinitro-4-trifluoromethylbenzenesulfonate (I) 
as a reagent for tagging the amino groups of proteins. Under the 

CF3 :[ 

approbriate conditions I appears to react fairly selectively with two lysine residues 
of hufan albumin (1) and one of these residues has been tentatively identified as 
lys-L99 in the sequence (2). A sample of modified protein was prepared and worked up 
by a procedure involving extended dialysis against water. The Figure shows the fluo­
rine nmr spectrum of this protein at pH 3.9 in 0.15 M NaCl (Curve A). The band at 
about! 14 ppm appears at the chemical shift expected for a derivatized lysine but the 
signal at 12. 5 ppm has the same shift as t!xpected for a modifi.e<l tyrosine or, for that 
rnatte1r, has the same shift as I. The protein sample was dialyzed against 0.01 M 
p-to11uenesulfonate whereupon the spectrum in curve C was obtained. It thus appears 
that !albumin can bind I tightly at certain sites but that reaction of these sites is 
not p:ossible; the non-covalently bound I can be chased from the protein by molecules 
of similar structure such as p-toluenesulfonate. 

Sincerely yours, 

K.E. Katz 

--i--
i ~ 

J.T. Gerig 

(1) Gerig and Reinheimer, J. Am. Chem. Soc. 2]_, 168 (1975). 
(2) Gerig, Katz and Reinheimer, submitted to Biochim. Biophys. Acta. 

L 



B 

A 

16 14 12 10 
ppm 

-~ Caption for Figure.(A) Fmr spectrum of human albumin with 1.1 covalently attached 
2,6-dinitro-4-trifluoromethylphenyl residues, as judged by absorbance at 416 nm. 
(B) Fmr spectrum of same protein dissolved in 8 M urea. (C) Fmr spectrum of pro­
tein used for scan A after dialysis against 10 mM p-toluenesulfonate. (D) Fmr 
spectrum of protein used for _f_ in 8 M urea. Peak positions are given relative to 
internal trifluoroacetate. 

--v - ,u 
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October 6, 1977 

Professor Bernard L. Shapiro 
Department of Chemistry 
Texas A&M University 
College Station, Texas 77843 

Dear Barry: 

Standard Oil Company (Indiana) 
Amoco Research Center 
P.O. Box 400 
Naperville. Illinois 60540 
31 2-420-5111 

Practical Application o_f Rapid Scan Fourier Transform Spectroscopy 

We recently interfaced our Bruker HX-90 spectrometer with a NIC-80 
computer and an NIC-301 signal conditioner to do Rapid Scan Fourier 
Transform Spectroscopy (RSFT). The system has proven very useful in 
the analysis of polyolefins. We are particularly interested in 
quantitatively determining the degree and type of unsaturation present 
after polymerization. In the past, we used a rather tedious 1H CW 
technique to determine this. Since the relative amount of unsaturation 
is always extremely small, a single CW scan gave only marginal results. 
Occasionally, time consuming 1H CW signal averaging had to be used to 
increase the · sifnal to -·noise ratio. Attempts . _to .increase the signal to 
noise by using H FT techniques were unsuccessful due to dynamic range 
problems caused by the intensity of the aliphatic resonances. The RSFT 
technique allows us to increase the precision of the results thru signal 
averaging in about the same amount of time it took to accumulate a 
single scan. It also eliminates the dynamic range problem we ran into 
when attempting to use the 1H FT experiment since only the olefinic 
portion of the spectrum is excited. Figure la shows the full 1200 Hz 
spectrum of a typical polyolefin·. We have added an internal standard 
to the sample for use in. the quantitative analysis. The region of 
interest is marked by the two horizontal lines. Figure lb shows a 
300 Hz expansion of this area recorded in the normal single scan 1H CW 
mode. Note the noise and drift in the integral. Figure le shows the 
same area aft_er 100 scans using the RSFT technique. The flatter 
integral arid increased S/N make the analysis considerably easier. We 
feel this technique has many applications for this type of sample. 

In the process of -running these samples, we had the opportunity to use 
a few software packages. Because of its phase and integration routines, 
we chose the Bruker package for this analysis. It also seems to give 



Professor Bernard L. Shapiro 
October 6, 1977 

better lineshapes after processing than the .others. We have found the 
Nicolet software to be extremely useful when baseline corrections or 
add-subtract routines are needed. 

We hope this contribution will beat the dreaded pink notice. 

Sincerely, 

R. W. Dunlap 
Mail Station F-9 

/sls 

Figure la 

Figure lb 

Figure le 

G. J. Ray 
Mail Station F-9 

.. 
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Pi rofessor B. L. Shapiro 
qepartment of Chemistry 
T:exas A & M University 
qollege Station, Texas 

I· 
Dear Barry: 

77843 

l>El'AIITMENT OF C:IIEMISTIIY 

I.OS ANGELES, C:AI..IHll.lNIA 

Title: 1129si Spectra of Transition Metal Silanes 11 

90024 

We have observed what we believe to be the first 29si spectra of a 

l ilicon directly bonded to a transition metal. The previous attainment 

of these spectra was impeded by long T1 values, negative NOE factors and 

dhemical reactions with relaxation agents such as Cr(acac)3. Based largely 
I. 1 

on the success of Jakobsen and co-workers and our own success in the 

L 

dtudy of fluorosilanes2, we employed the selective population transfer 

Jechnique (SPT) in the acquisition of these spectra. L 

The molecule we first chose to study was (CH3)3SiMn(C0) 5, prepared from 

the reaction of (CH3)3SiC1 with the manganese carbonyl anion. The samples 
I were run in a 12mm tube with benzene-d6 serving as both lock and solvent. 

In a 29s; {1H} experiment involving a gated decoupling sequence to 

eliminate the negative NOE, the signal-to-noise ratio was ~2.5 : l after 
I 

1000 transients (15 hours). A dramatic improvement was obtained by using 

i he SPT method (T=.09 seconds, H2=75dB on a Varian XL-100 spectrometer). 

] he S/N ratio was improved by a factor of 2-3 arid the expected decet structure 

Jas clearly visible after 2000 transients. 



The resonance appeared at 10.8ppm downfield from external hexamethyl­

disiloxane. This is well within the range of 29si shifts found for other 

compounds of the type Me3SiX3 (i.e. Me3SiH, o=-23.17 and Me3SiF, o=+25.4 

from hexamethyldisiloxane). 

It is noteworthy that the chemical shift of the 29si in this complex 

is not drastically different from the other trimethylsilyl derivatives. It 

appears that the direct bonding of a metal does not effect 29si shifts like it 

effects 1H shifts. 

In a forthcoming publication, we will present the chemical shifts and 

where possible, T1 and coupling constant data for a series of metal-silane 

complexes including derivatives of Fe, Co, Ni, Mn, Mo and Pt. Theoretical 

considerations and comparisons with analogous 119sn spectra will be included. 

l. 

2. 
3. 

Kenneth L. Servis 

Sincerely yours, 

Stephen Li 
U.C.L.A. Deparment of Chemistry 

University of Southern California 
·Los Angeles, Cal 'fornia 90007 o~ LJl __ Q __ _ 
Dennis Joh 
U.C.L.A. 

S.A. Linde, 
K.G. Sharp, 
R.K. Harris 

Joh A, Gladsyz 
U,C L.A. 

H.J. Jakobsen and B.J. Kimber, J. Amer. Chem. Soc,, 
K.L. Servis and S. Li, manuscript in preparation 
and B.J, Kimber, J. Mag, Res., Jl, 174, (1975) 

97, 3219 (1974) 



KENT STATE 
UNIVERSITY 

· KENT . OHIO 44242 

Professor B. L. Shapiro 
Department of Chemistry 
.Texas A and M University 
Coll,ege Stat.ton, .TX 77843 

October 19, 1977 

CHEMISTRY 
(216) 672-2032 

·1 oear Barry·: 

We have a . tenure-track opening fo'r an analytical chemi·st 
at the Assistant Professor level. While we prefer some one 
interested in computer interfacing we will be happy to consider 
Vl.nd we ma~ well end up hiring} an individual with almost any 
ot,h.e.;r spec;ialty. We do require that the Ph.D. be in analytical 
ch_emistry·. 

\ We were very· fortunate to hire Mark Greenberg, who is 

I

p. resently our only ana~ytical ch~mist. Mark is a fir~t-rate 
man and a · pleasure to interact with. The department is com­
mitted to development of the analytical division • 

. - . 

Despite unfavorable publicity, . our situation is now better 
in most respects than at any time· in the last 10 years • . _. We 
now have a dean, a provost and a president whose priorities are 
lin tune with ours. The department contains more young, produc­
j.ti ve people than ever before; our biochemists have gotten two 
career development awards; and we have just taken delivery on 
the first Varian FT-80 Fourier-transform multinuclear nmr spec­
_trometer in these parts. Our affiliations with the Northeast 
Oh:lo Universities' Medical College (BS-MD program) and with 
the Liquid cr'ystal Institute give us some -~dvaritages. 

Of course we have a shortage of money, and our total size 
jWil],_JJ§~stagnant for some time, But we can set a good analyti-
1Cal 1~p in bus:tnes·s, and we will be grateful for any candi­
r ates you might di:rect our way, 

\ Best regards, 

JG/rmb 

~or;dqn 
Acting Chairman 

Kent State University Supports Equal Opportunity in Education and Employment 

L 
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DEPARTEMENT DE CHIMIE 
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V / Ref. 
N / Ref. 

TUNIS 

T~I. : 264.577 
264.577 : .__iij"4! 

TUNIS, LE ......... ············· .t.•·O· ··0CT.-... .. ,97-7 ........... .. - -- J .r1 y 

Cher Rrofesseur Shapiro, 

Pro"!:'esseur Bernard L. Shapiro 

Texas Aand M University 

College of Science 

College Stati an 

Texas 77 843. 

Naus avons synthetise une serie de monoethers d 1hexadienes - 1,5 

:n.tliEti.tues en position 3 <lu type ~ot\ avec R = Me, Et, Ac, Si (Me)3. 

~ . 

1 13 La structure de ces produits est .6tablie par RMN •H et c. Les 

spectres RMN 13c s cnt donnes dans le -tableau. 

Nous avons en outre, etudie la stereochimie de la transposition de 

Cope de ces canposes. 

Les produits de rearrancements c'est a dire les ethers d1enols obte­

nus conformemont au schema (1) sont caracterises par RMl'J 1tf et 13c. 

"-.O A 
{{o~ 

0 :)· > + · ~ ., 

~~: £ · z 
Lee r:pectres HMN 13c L~ ont dOl!lD'l<ia dana ->les.1.-tab1 en.ux. 

Les spectres ffi/'..N 13c ont ete enregistres a 15,8 °Ml{z sur des solutions 



dans G-:DC13 {TMS en reference interne) sur un spectrographe BRUKER WP 60 ii. 

impulsions. 
,,. _____ 

Les spectres sont normalement obtenus avec decoupl8.t,c,e des protons par \_,, 

une bande de bruit (DPB). 

Nous avons egalement enregistres certains spectres sans decouplage 

des protons (s.n) pour attriouer les differents signau.x a 1
1 aide des structures 

fines. 

Nous remercions bien vivement le Professeur Chuche qui nous a aimable­

ment assiste dans toutesles phases de ceiravail.(Fa.culte des Sciences d~ Reims). 

I -- I someres 
I 
I 
I 

I 

2 \ _ . ·-

3c1DCH 
I. 3 

4 h- 16 
. 5 \ . 

32 Z: · 
I 

M. L. BOUGUE:RRA. 

Deplacement chimique ·aes differents carbones des ether.s d'e~ol 

31 et :g_ ( Valeur en p.p.m par rapport au 'IES ) solvant C:Cl. 

147,77 102,36 27,50 35 ,2'/ 

. 146,5 6 106,24 23,50 34,06 

138,79 114,86 

138,4_2 114,50 

_,, 

.5 C 
7 

59,44 

55,79 

% de cha 

· 55% + 2 

45 % t. 2 

indiques sont la moyenne des pourccntagc~-; d
.,.t . ,,,,. ..... . e-errnmes a p .• 0 ::1r des carbones 



.6. c2 6 c3 6: c; •· 

82,69 40,~3 : 

139,27 So,86 40,25 

73,58 

73,46 

35,27 138 ,42 

'.i~5,10. 103,39 . . 23,56 138,85 

\~~}r{ ·~~:. 
.. , ..... •:·· 

·111,28 27 ,19 

23,25~. 

.. · 6 c
5 

· 

1311,72 

134,9 

133,63 

114 ,81 

114,44 

33,99 

6 c6 

i16,8 

116,63 

113,65 

64,6o 15,30 

67,51 

:':'.. i:tl2 ·-: 
.-·_;; .:,-:d) -~ 

% de Chaql.l< 

isarire._ ·! 

' ; 

411 ! 1 • i 
I ·. 



QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 

i 
I 

PRINCIPAL Sir James Menter FRS 
I 

REGISliRAR R. P. Tong OBE MA 

Professor B.L. Shapiro, 
D~partment of Chemistry, 
Tkxas A & M University, 

MILE END ROAD 

LONDON E1 4NS 

Tel. 01-980 4811 

Cbllege Station, · 
I . 13th October, 1977. 

Texas 77843, 
I u
1
.s.A. 
I 

I 

Dear Professor Shapiro, 

Gated Decoupling with the BNC-12 

, Some time ago we purchased a BNC-12 computer to use with our Bruker 
HFX-13 instrument. Unfortunately we did not have enough money to buy a full 
iAterface and so we were unable to perform decoupler gating under computer 
c6ntrol. It may be of interest to tell how we got around this problem very 
cieaply. We use the Bruker FTN.MR programme BOS-51218, and if we change the 

I contents of both locations 5561 and 5572 to 4104, then executing either 
I 

i~struction "BB" or "DO" through the teletype gives a 1.5 v pulse ( 400 nsec) 
a\ the "Pulse 211 connector of the computer frame. An edge-triggered flip-
flop circuit converts this pulse to a gating O or 5 v de level for operating 
a iring modulator on the input to the 1n decoupler. 

i 
[ Additionally, "on the cheap" we have bought a broad-band power amplifier, 

mixers, and built a board-band pre-amp, whi~hm.s allowed us to perform a 
sJ ccessful multinuclear conversion (after Traficante et al J. Magn. Resonance, 
1174, 22., 484) for ca. £500. We thank Ms. J. Elliot for stimulating this 
latter effort. 

Again, if any readers are interested, please contact us for details. 

I 

I 
I 
I 
I 

Pltiw;;e 
I 

Yours sincerely, 

I IL ') er ..f.:0~, fl.[dv-iJfi:s-~ ,.- ( ,, -· ·, • 

\ ; ----,. 

Dr. G.E. Hawke:, Mr. G.S. Coumbaridos 

credit t.hi:-: contribution to F:d. Hm1dnll' B 11ccou11t. 

_:,;, 





, HIGHER RESOLUTION SPECTROMETER SYSTEMS 
The most extensive range of Fourier transform and CW spectrometer 

systems with outstanding performance . .. from 14 to 83 kG. 

WP-60 
60 MHz for Protons 
2 - 10 mm Tubes 
Pre-tuned Probes 

WP-80 OS 
80 MHz for Protons 
2 - 10mm Tubes 
Pre-tuned Probes 

WH-900S 
90 MHz for Protons 
2 - 15 mm Tubes 
Pre-tuned Probes 

Inexpensive routine FT Spectrometers operating at 14 

and 18.8 kG respectively. Both have full multinuclear 

and experimental capability. They are distinguished in 
their price range by their u'nequalled resolution, sensitivi­

ty and ease of operation. 

Broadband Observation and Probes 

The industry standard for large iron magnet systems. It 

features a broadband multinuclear capability and ad­

vanced data system with multi-task capabilities. The 15-

inch magnet draws low power and insures the highest 

resolution and sensitivity. 

WP-200 
200 MHz for Protons 
2-15 mm Tubes 
Pre-tuned Probes 

Bruker's new routine superconducting spectrom­

eter - revoluti"6nary in performance and price. 

With approximately 25 I of helium usage per 

month, all barriers to the use of supercon tech­

nology have now been broken . The WP-200 ex­

hibits outstanding resolution and sensitivity and 
is fully multinuclear. The data system is the most 

advanced of its type using a 24 bit word length 

and foreground/background capability. 

THE WP-200-A NEW GENERATION 
IN NMR SPECTROSCOPY 

1 



WH-180 
180 MHz for Protons 
5-30 mm Tubes 
Broadband Multinuclear Observation 

WH-210 
270 MHz for Protons 
2-15 mm Tubes 
Pre-tuned Probes 

Broadband Multinuclear Observation 

WH-360 
360 MHz for Protons 

2-15 mm Tubes 
Pre-tuned Probes 

Broadband Multinuclear Observation 

WH-270/180 

These three spectrometers offer the highest possible 
performance available today. With optimum sensitivity 
through the use of large sample tubes (WH-180), or max­
imum field strength (WH-360), each one of these systems 

meets the most demanding research needs. The supercon­
ducting magnets used combine the optimum in bore size, 
resolution and low helium consumption. 

In addition, combination systems are available. For exam­
ple: In the WH -270/180 spectrometer, a 42 and 63 kG 
magnet is operated from a single console. 

CW OPTION Using microprocessor technology, 
any of the Bruker high resolution spectrometers can be 
obtained in a CW version, or this unit can be obtained as 
a standard accessory . Pre-programmed parameters are 
available for routine scans, etc., and through a calculator 
type keyboard, specific sweep widths and sweep times 
can be entered. The unit also incorporates a homonuclear 
decoupler and lndor system. 



CXP SERIES 
IGH POW R P LSE SPECT OMETE S Solid State FT 

High. Resolution Fli 
Double Resonance 

Magic Angle Spinning 
NOR 

• Frequency Range: 4 to 100 MHz 
I f lso available with Supercon magnet 
systems at 180 and 270 MHz 

e fuEW! Completely computer-controlled Digital Pulse 
~rogram Generator with a high time resolution (10 nsec). 
It is capable of generating all practical pulse sequences 
~nown to NM R spectroscopists today and provides the 
~ser with the opportunity to invent and experiment 
with his own programs. 
I 

• t ccessories: A comprehensive range for high power 
pulse experiments 

1. T1pcapability 
2. Variable temperature operation 
3. Double resonance in solids 
4. Complete Fourier transform systems 
5. Multi-pulse solid state experiments 
6. Magic angle spinning 

BRUKER E R SPECTROMETERS 
I 

ER - 420 

M NISPEC P-20 
A process analyzer for quality control in industry 

A routine research and teaching instrument 

E -420 
• EPR at Q-BAND 

X-BAND 
S-BAND 
UHF-BAND 

34.0-35.0 GHz 
9.2-10.0GHz 
3.0-4.0 GHz 
0 .2-0.8 GHz 

• ENDOR ACCESSORY UNIT 
High power with interchangeable probe heads 
Low power with low temperature systems 

• VARIABLE TEMPERATURE EPR/ENDOR 
3.6 to 573° K 
Liquid N2/He Insert Dewars 
Liquid He Cryostat Systems(metal, glass,quartz) 

• N.M . R. field measurement/marking with 
self-tracking auto-lock Gaussmeter 

• Computer interfaced for maximum versatility 
in data handling 

TT New breakthroughs in EP R instrumentation - a routine instrument with research performance 

• Automatic bridge balancing • 3 detection channels 

• Push-button tuning • 1st or 2nd derivative detection 

• ENDOR and TRIPLE attachment 

ER-10 EPR -MINISPEC with auto-tuned X-Band bridge, air cooled 4" electromagnet, 
auto-recycle power supply and variable temperature compatibility 

For mpre information, call or write: 

l 
BRUKER INSTRUMENTS, INC. BRUKER INSTRUMENTS, INC. BRUKER INSTRUMENTS INC. 
Manning Park 539 Beall Avenue 1801 Page Mill Road Suite' 212 
Billeric;a, Mass. 01821 Rockville, Ma ryland 20850 Palo Alto, California '94304 
Tel: 6r 272-9250 Tel : 301 762-4440 Tel : 415 493-3173 

BRUKER SPECTROSPIN LTD. 
2410 Dunwin Drive, Unit 4 
Mississauga, Ontario, Canada 
L5L 1J9 Tel: 416 625-2374 

L .. 



Professeur PIERRE LAS z LO 

Professor B.L. SHAPIRO 
Department of .Chemistry 
Texas A & M University 
College Station, TX 77843 

Institut de Chimie 
Universite de Liege 
Sart-Tilman par 4000 Liege 1, Belgique 

October 12, 1977 

I Gotta Right to Sing in Praise of Sodium NMR.. 

Dear Barry, 

230-30 

We were alerted by a recent article of N.S. Poonia, Inorg. Chim. Acta, 
23, 5 (1977), to the possible complexation of Na+ by ·o..:.phenanthroline - assuredly 
better lmown as a superior complexant of transition metal cations. 

These are the results obtained when o-phenanthroline displaces DMF 
solvent molecules £tom the 0.1 M sodium salicylate ion pair : 

tll\bMF 

While the initial state is characterized by o = -2.4 and ~v1/2 = 
175 Hz (cP)-1, the final state answers too=+ 3.35 and ~v

112 
= 310 Hz(cP)-1~ 



I 

: . . The do~ield shifts result ~ from the greater donicity of the 
coord~nat:ng a~oms m £_-phenanthroline, as compared to DMF. The increase in 
t~e l~new~dth_is c~nsistent with an increased asyrrnnetry of the local charge 
distr:bution in_go~ from an all-oxygen salvation sphere to a two oxygens+ 
1
two nitrogens situation. 
! 

\ . _The apparent equilibril.Ull constant K = 9,7 M-l is derived from the 
f hemical s~ft ob~erved_as a function of the C£~phenanthroline)/(salicylate) 
,concentration ratio, using the fonnalism of D. Live and S.I. Chan, J . .Am. Chem. 
p<;>c., 98, 3769 (19?6). The observed linewidths (fast exchange limit) are like­
r ise analyzed to yield K = 9,2 M-1, i.e. both sets of data agree nicely. 

1 
• Should you want to feel yet better, we reconunend the following 

recipe: cook fresh artichokes, remove the leaves, top each heart with a 
r oached egg, and coat the whole dish with sauce Gribiche; serve cold. 

I With wannest regards, 
i 

Cordially yours, 

Andr~ Coroolis 

· cont 1 d~ from 32 _p. • •• 
I ---1 

- Pierre Laszlo 

I 
(Ho:cH

2
0H) and the -methanol hemiacetal (C~OCH20H). On a_ddition of a 

sma:11 amount of the enriched formaldehyde solution to a 1~ lirii.e 
pro~~essed gelatin solution in DzO, the first new peak to be observed 
is \that of the lysine methylol l 71 ppm). Within about 3 hours, the 
arginine methylol peak appears at 65 ppm and slightly before this, a 
bro:ad peak appears at 59 ppm which we assign to an arginine-lysine 

cro'\sslink, + 
NH 2 

· 11 _ 
-NH-C- NH-CH2-NH-CH2- . 

\ - Even after two weeks, there is a large amount of unreacted 
po~yoxymethylene present. We believe that this is responsible for 
the1 11 afterhardening 11 phenomenon observed in this process. 

I 
Sincerely,, 

~~~() _ S,tephen K. Taylor · 2 
- ! 

/4/l;, ~ ~ .. J t.l.Ov~ 
Fredric Davidson Derick W. OVenall 

I 
(1) A full account of this work will appear in the Journal of 

Photographic Science and Engineering. 

(2)
1 

Photo Products Department, nu Pont Experimental _ Station. 
! 
I 
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Professor Bernard L. Shapiro 
Department of Chemistry 
Texas A and M University 
College Station, Texas 77843 

Dear Barry: 

October 19, 1977 

13c NMR Study of the Crosslinking of Gelatin by Formaldehyde 

Although the crosslinking of proteins by formaldehyde 

230-32 

is of importance in photography, tanning, biology and medicine, the 
basic reactions .are not fully understood. One initial reaction is 
the formation of methylol groups on lysine. Kinetic evidence sug­
gests that crosslinks form between the lysine methylol and a dif­
ferent unknown methylol. 

Recently, we have used 13c nmr to study the crosslinking 
of DO solutions of gelatin with 90% 13c enriched formaldehyde (1). 

The i3c resonances from formaldehyde derived addition compounds and 
crosslinks can be readily picked out from the background of gelatin 
carbon atom resonances. 

Peak assignments were facilitated by model compound studies 
and by studying the reactions between 13c enriched formaldehyde and 
D2o solutions of synthetic polylysine and polyarginine. 

13 · 13 The C nmr spectrum of a methanol stabilized C enriched 
formaldehyde solution shows that, in water, the major components 
present are polyoxymethylene in equilibrium with formaldehyde hydrate 

Cont'd. on p. 31 •. . 

BETTER THINGS FOR BETTER L IVINr. . . . T1-u~n11r..i., rl-'<'"Mrc:-rov 
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UNIVERSITY OF DENVER 
An Independent University 

University Park, Denver.Colorado 80208 

I 
Department of Chemistry I 303 · 753-2436 

October 11, 1977 

I Professor B. L. Shapiro 
I 

Department of Chemistry 
I• Texas A & M University 
I College Station, Texas 77843 
I 

I 
I Field Dependent AB Coupling Patterns 

Dear Barry, 

I i Recently we have become interested in the problem of calculating 
l~ne positions and intensities for AB spin systems when the magnetic 
f~eld strength is not constant. The need to account for the changes 

I . . 

in magnetic field strength across a spectrum is particularly severe 
I for two coupled electron spins observed in epr spectra, but may also 

bJcome significant in field swept nmr spectra taken at low field 
I strengths when coupling constants are large. 
I We have obtained the following expressions for the positions of 

tije four lines in an AB pattern at constant frequency,v , for two spins , o -I 
with g values g1 and g2 , and coupling constant, J, in sec • 

Hl = (gl!g2) [ h:o - ~ :J] -~ (gl!g2) r:(gl-g2t {3)2]1/2 
H2 = (gl~2) [ h:o + ~ f] - ~ (gl~AHJ(gl-g/ +~)2]1/2 
H3 = (gl~2) [h:o ~ :J] + ~ (gl!g2) [H;<gl-g/ +~J)2 ]1/2 

H4 = (gl!g2) [h~o + ~ f] + } (gl!g2) r:(gl-g2i2+~)2 ]1/2 

These equations differ from those given in the standard nmr texts in 
tliat the energy difference between the coupled spins is dependent on I - - -
the observing field strength and will be different for each transition. 

L 

L 



Professor Shapiro 
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The relative 

1. (gl 

2. (gl 

3. (g2 

4. (g2 

where the angle is 

cos 2 9 

intensities of the four transitions are given by: 

2 2 2 
9) cos 9 - g sin 9) /(gl cos 9+ g2 sin 2 

2 2 . 2 9) cos 9 + g2 sin 9) /(gl cos 9 + g2 sin 

2 2 sin2 9) cos 9 + gl sin 9) /(g2 cos 9+ gl 
2 2 2 

cos 9 - g sin 9) /(g2 cos 9 + gl sin 9) 
1 

defined by 

= Hi(gl-g2) 

1. gl g2 - . [ H. 2( _ ) 2 +(hJ)11/2 
e 

Thus 9 depends on the strength of the observing field. Aasa and Vanngard 
have shown that on converting_ from constant field to constant frequency 
calculations it is necessary to divide the intensities by g . . This is 
achieved above by dividing the usual intensity factors by . the weighted 
average of g

1 
and g

2 
for each transition. 

We have not found a treatment of field~dependent AB splitting in 
the literature. · If any reader knows of a treatment paralleling (or con­
tradicting!) the above, please tell us. 

Associate Professor 

~ 
Sandra S. Eaton 
Assistant Professor 
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(University of Colorado, Denver) 

1 
R. Aasa and T. Vanngard, ~ Mag. Res. 19, 308(1975). 

GRE:mel 
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( 
DEPARTMENT OF CHEMISTRY TUFTS UNIVERSITY 

I Dr. I~. L. Shapiro 
TAMUNMR Newsletter 
Col]ege of Science 
Texds A&M University 
Col] ege Station, Texas 77843 

MEDFORD, MASSACHUSETTS 02155 

October 11, 1977 

"Correlation is Possible on an HA-100" 

Dea7, Barry: 

I 
Your read_ers may be interested to know that we have dragged our 

HA-~00 kicking and screaming into the third generation of nmr experi­
men~s by performing correlation spectroscopy ,(currently proton only) 
on it. It simply requires in addition to a computer, the removal of 
the !sweep oscillator amplifier card (Jl324) from the lock box and the -~ 
conrlecting of an externally controlled audio frequency source to the \__,, 
jaci marked "sweep osc out" (Jl307) at the rear of the lock box. 

I In our case we happened to have a surplus HP-5103A frequency 
synthesizer with remote searching capabilities which we used to 
sweep the audio sideband range from 2500-3500 Hz. Clearly an audio 
vco !would do. In our first iteration this has been accomplished by 
using .the scope voltage output from the computer, our departmental 
PDP1ll, and using it to step through 4096 voltage increments which 
when properly attenuated and biased could be used to select, in theory, 
any /frequency range we desired. Spectra obtained of phenylethanol 
usi~g a single 300-second sweep and 10 30-second sweeps before and 
after correlation are attached. 

i 
t· The ·problems we still need to overcome are that the voltage 

out~ut after biasing and attenuation is not perfectly reproducatile 
and !that it is limited to 4096 points. We are currently building 
a digital interface which will allow us to manually "push" any of 
the !buttons on the synthesizer under computer control and thus allow 
larger numbers of points to be swept. If anyone has a manual for 
this synthesize~we would like to get a copy. HP has not been too 

I helpful. 

l At present we are using the method described by Gupta, Ferretti 
and Becker(l) for performing correlation, which leads to a reduction _- -. 
in he number of points by 2, but allows frequency domain phase correc-L 
tioh. Once we have optimized various parameters we may allow the user 
the joption of the method developed by Steve Patt which produces all 
reai points after the correlation and transform but which requires 

I 
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October 11, 1977 

r', phase correction in some pseudo-time domain, "flying blind." 
Needless to say we have written Fourier transforms which allow the 
maximum possible dynamic range by overflow detection as we have 
described elsewhere~(2) 

(1) R. K. Gupta, J. Ferretti, and E. D. Becker, J. Magn. Resonance 
13, 275-290 (1974). 

(2) J. W. Cooper, I.S. Mackay and G. B. Pawle, J. Magn. Resonance 
28, 000 (1977). 

JWC/nmc 

---- --· - ------- · 

Sincerely, . r 
James w. Cooper 
Assistant Professor 

, ..... --

10•-NC -

- -- - - -· -- ------ ------ - - -·- ·--·- ·-·-- --·- - - -- -------
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KETTERi NG - MEYER LABORATORY 

I 

\Professor B. L. Shapiro 
:Department of Chemistry 
Texas A and M University 
College Station, Texas 77843 

Southern Research Institute 

0 
. . 

2 0 0 0 ; NINTH. AVE N _ U E SOU T _H 

BIRMINGHAM,ALABAMA 352015 

TELEPHONE 20S-.32.3-6S92 

October 20, 1977 

Title: 13C Spectra of Some Retinoids 

I 
:near Barry: 
i 
J We have recently been working with some derivatives of retinoic 
acid and have found 13 C nm:r of tremendous value, both in proof of basic 
1structure and proof of isomeric purity. In connection with this, we have 
1
relied heavily on the report of some very useful work by Gerhard Englert 
(Helv. Chim. Acta, 58 (8), 2367-2390 (1975)). ~ 
I We now have data on four derivatives not included in his paper, 
!which I hope will be of use to others working with retinoids. It is 
,interesting that the chemical shift differences from a change of solvent 
are greater than those frorri a change of R. The nearly. invariant chemical 
shifts of the chain carbons is a great help in checking on isomerism. 

MT: sdb 

%~ 
Martha Thorpe 
Senior Chemist 

L 

:: 
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~12 

13C Chemical Shifts of Some Retinoids (ppm downfield from internal TMS) 

Carbon R R R R 

0 w 
-CH~g-0-CH-CH3 -C~-C-OH -CH3 -C~-C~-OH 

21 22 23 24 21 22 21 21 22 

CDC!s CDC13 CDClg CDClg DMSO-d6 

1 34.30 34.30 34. 35 34.28 33.86 
2 39.74 39.74 39.81 39.71 39.30 
3 19.29 19.29 19.36 19.29 18.82 
4 33.14 33. 14 33.19 33.14 32.63 

,~ . 5 129. 78':' 129. 86':' 129. 69';' 129. 64 ':' 128. 72';' 
6 137.84 137.79 137.94 137.82 137.38t 
7 128.28 128.43 128.21 128.31 127.14 
8 137.40 137.36 137.48 137.38 137.14 
9 138.79 139.13 138. 54 138.79 137. 38 

10 130. 00':' 130. 49,:, 129. 74 ,:, 129. 76':' 129. 11'~ 
11 129. 66';' 129. 66':' 129. 57':< 129. 91':' 130. 12':' 
12 135.58 13 5. 39 135. 78 135. 56 136.38t 
13 149.39 150.26 148.08 14,8. 76 145. 89 
14 120.76 120.23 121. 68 121. 32 123.19 
15 167.14 168.38 167.94 168.48 166.42 

16, 17 28.99 28.99 29.01 28.99 28.77 
18 21. 71 21. 74 21. 71 21. 71 21.44 
19 12.83 12.86 12.86 12.86 12. 52 
20 13.68 13.83 13.63 13.68 13.12 
21 41. 36 41.60 26.10 42.36 41. 58 
22 170.37 173.14 61. 98 60.11 
23 61. 38 
24 14. 14 

,:, Assignments may be interchanged. 
r , t Assignments may be interchanged. 
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19 October 1977 

Professor B. L. Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, Texas 77843 
U.S.A. 

Dear Professor Shapiro 

Department of Chemistry 
,.,..-"' 

University of Canterbury Christchurch 1 New Zealan °"-.__,. 

Hammett and Stilbenes - an Undergraduate 
13c N.M.R. Experiment 

As a departure from the usual type of letter, we offer the following as 
an interesting undergraduate experiment which involves synthetic and 
physical organic . chemistry as well as a useful introduction to assignment 
techniques in 13c n.m.r. spectroscopy. Each member cif a class of 18 3rd 
year chemistry _students selected a particular~- or ;e_-substituted trans­
stilbene for preparation. 

After spending a few hours discovering the different nomenclature systems 
in Chemical Abstracts and hence the appropriate properties of the materials 
being synthesised, each student prepared a substituted stilbene by means of 
the Wittig reaction using benzyl chloride and the appropriately-substituted 
benzaldehyde. Where the aldehyde was not available, a synthesis was found 
and performed. Each stilbene was then submitted, as a 0.04M solution in 
CDC13 , for analysis by 13c n.m.r. The resultant spectra were assigned by 
the students, making use of various assignment techniques such as 
additivity relationships, peak height differences due to symmetry and/or 
relaxation times, etc. _ Of particular interest were the shieldings for 
the S-carbons. These values for the ~-substituted stilbenes were plotted 
as a function of cr, with the latter values being derived from least­
squares fitting of 13c n.m.r1 data from other series of ~-substituted aryl 
compounds in coc1

3 
and cc1

4
• The line so constructed (corr. coeff. = 

0.9968) (Fig. 1) was used Eo read off cr values for the ;e_-substituents 
(the results demonstrate that for +R substituents cr values intermediate 
between cr and cr+ are obtained, while for -R substituents cr- gives better 
agreement with the data than a). 

In a few cases where the assignment of the S-carbon resonance could not L' 
be made unambiguously, the reverse approach was used. The shielding value 
which gave the more reasonable cr value was chosen, thus illustrating an 
alternative assignment technique. 



There are no prizes for working out why the results from only 14 
substituted stilbenes appear on the graph. 

Other series of 8-substituted styrenes could be used, thus permitting 
variation in the types of syntheses involved. 

Yours sincerely 

J. W. Blunt 

fJ/li_4~ 
D.A.R. ~:z~ 
(and 18 others) 

Reference: 
l D.A.R. Happer, S. M. McKerrow and A. L. Wilkinson, Aust. J. Chem., 

30, 1715 (1977). 

Fig. 1. 

0 

(J 

13c Shieldings for c-8 as a Function of a. 

,8 
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from Prof. G. Hagele 
Institut flir Anorganische 
und Strukturchemie -der 
Universitat DUsseldorf 

Dear Professor Shapiro! 

D-4000-DUss~ldorf; 17.10.77 
Universitatsstrasse 1 
G.F.R. 

I Here a quick reply to your red reminder. : 
Recently we looked into the chemistry of fluorinated cyclo­
butanes and cyclobutenes. Bromination of c4F5H led to a. 
20/80 % mixture of cis and trans c4F5HBr2 • We analyzed the 

I spectrum of c4F5H-[AB]2cx-spin-system at 14.1 and 21.1 kGauss. -
1 we found data given in table 1. 
Fortunately the specific resonances of cis and trans isomers 
c4F5HBr2 do not overlap too much. Results from ABCDEX-analysis 
are listed in table 2. Signs of couplingconstants were checked 
by systematic variations in iterative treatment. Double reso­
nance studies will follow. 

Yours sincerely ti.~~ 
Gerhard Hagele and Rainer Dittrich 

Table 1 

Shifts: SF 
A B 

49.21 44.47 

and SH 
C 

57.94 

(ppmJ 
X 

5.879 

Coupling constants (HzJ 
AA' ~' il ~' 

199.86 196.52 -12.52 27.89 

BC AC AX BX 
5.17 20.07 · -1.62 9.66 

rms: 0.097 

ex 
-7.00 



) 

i<' Br cis-1,2-Dibrom--A 

Br< ?>4- 2,3,3,4,4-penta-r. Y,: fluorcyclobutan ( I ) 
~ - HX Spinsystem: ABCDEX .:) 

~- 5E 5c ~ I) ~E ~x RHS 
A 

51.21 47.58 43.59 32.40 43.75 4.832 0.18 

2 -~,::; 2 A.I) "2 ,. r, 3-BD 3 -AB 3JCI) .,/ -:-.r.v 
~ ::·~ JFF c..-?F tJFF cJ FF FF 

+21L.49 +206.42 -11.39 -7.00 +5.34 +4.31 

::, - .::X 3-CX 4TI.lX 4JAX 3J~~ t., -:-:-...: cJFH UF5 FH .. .ti 

+~1.64 +10.05 +8.3C ~1.79 +16.70 

:;-DE 3 AE 4-:SE 4 CE c..•-- JFF c.J -;--""11:'1 3 FF it[ .r · ....... 

-t.32 -0.97 -5.77 +13.36 

r ~ b . . 1 . . r, F b Tl" S ,, .i.D ppm ezug lC.t". vb 6 ZWe l 

- ;_;i:a. RI•:S in Hz 

) ) 

F]) 
~ 

FE trans-1,2-Dibrom-

v 
~ 2,3,3,4,4-penta-\. 

I FB \ Br fl uorcy clo·bu tan (II) 

FA Hx Spinsystem: ABCDEX 

~ ! ~B ~c Sn ~E ~x RI1S 
.n 

52.00 47.57 42.39 37.49 32.93 4.7 ~3 0.046 

2 AC 2JBI) 3J.AB 3 Cil 3JAI) 3TBC 
JFF FF FF JFF FF tJ FF 

+210.43 +209.54 -10.31 -7.25 +5.12 +4 .60 

3J~~ 3JCX 
FH 

4JBX 
FH 

4JDX 
FH 3J~~ 

+9.94 +9.15 +7.61 -2.23 +10.99 

3JDE 3 BE 4JCE 43AE 
JFF FF FF FF 

-8.39 -6.17 -0.14 +8.70 

(Isomerengeffiisch zu 50Vol% in eel . , 
¼ 

gemessen bei 21.1 kGauss) N 
w 
0 
I 
~ 
N 
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Universitat Regensburg 
[ FACHBEREICH CHEMIE 
I 

I 
I 
frofessor Bernard L. Shapiro 
r· 
Bepartment of Chemistry 
I' 
~exas A and M University 
:, 
College Station, Texas 77843 
1· 
U.S.A. 
I 
I· 
Dear Professor Shapiro: 
I 

8400 REGENSBURG, 
UniversitlitsstraBe 31 - Postfach 
Telefon (0941} 9431 

October 19, 1977 

This letter is to initiate my subscription to TAMU Nl'1R Newsletter. 
I 
I IS THE INTERPRETATION OF H-1 N11R CHEMICAL 

SHIFTS OF BEN"ZYLIDENEANILINES RIGHT? 

I. . For benzy~idene81;1-ilines I substituted in the benzaldebyde 
ring the chemical shift of the CH= proton can be well correlated 
~ith the substituent reactivity constants 5. However, for deri­
vatives II such a correlation is on a low confidence level and 
moreover, the slope has suprisingly opposite sign. 
I 

--.. -.. .. ON ON X ~ 
c// >:< c,H 
'H 

I II 
I 
t Attempts were made to account for this peculiarity of II by 

:: 

t;he weakening of electronic interaction between substituent and 
CH= hydrogen due to the twist of the molecule (1) or by the de-
~rease in through-bond transmission effect and the inc·reased con- c. 

tribution of the through-space field effect (2). All tho.se ex­
planations involving only changes caused by electron distribution 
~eem to be problematic, since it can be infered from H-1 (3), 
~-13 (2), and also from F-19 (4) spectra of 4,4'-disubstituted 
benzylideneanilines that the transfer of a substituent effect 
from position L~ to 4' in II is the same or nearly the · same as in 
the opposite way from the 4' to the 4 position in I. 
i 
I: According to our finding, this anomalous effect is re?-lly 
~aused by the twist of the molecule, but our explanation (3) -~ 
differs substantially from the previous ones. L 
! ' 
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It is known, th8t the angle of twist in benzylideneaniline mo­
lecule is about 60. This is due to a compromise between conju­
gation of N-st electron and N-n electrons with the ~-system of 
molecule and the steric hindrance by proximal hydrogen atoms (i.e., 
CH= and 2-H in aniline ring). The change in electron density in­
troduced by a substituent can substantially affect this equilib­
rium value and hence vary the twist angle and the steric arrange­
ment of proximal hydrogens. E.g., electron-donating group incre­
ases electron density in the system and shifts NMR signals to 
higher field. Simultaneously, however, due to the increase of 
N-C(aryl) boBd order the angle of twist can decrease. For a value 
less than 50 the distance between azomethine Hand 2-H is shorter 
than the sum of van der Waals radii and the corresponding distort­
ion of electron clouds causes low-field shift. Moreover, the de­
shielding contribution of ring current is increased. Both these 
effects oppose the electron density effect in such a way that the 
change in chemical shift is nearly compensated. Similar conside­
ration applies also for electron-withdrawing groups which can in­
crease the twist angle and shift the CH= signal to higher field. 
A shift in the same direction was observed when the twist was in­
creased by substitution in 2 and 6 positions (6). 

In a series of para-disubstituted benzenes with one constant 
composite substituent (e.g., Ph-CH=N-) and another variable simple 

r". substituent, the chemical shifts of hydrogens in ortho and meta 
positions correlate (5) with substituent increments a., the slope 
of this correlation being near unity. That applies for 2' -H and 
3'-H in benzylideneanilines I and for 3-H but not for 2-H in II: 
the slope is near zero and the correlation is very poor. This find­
ing supports our conclusion about the important role of the twist 
angle on the chemical shifts of proximal hydrogens because the 
increase in twist diminishes the effect of van der Waals repulsion 
and also decreases the contribution of the diamagnetic anisotropy 
of the N=C bond. 

1 • 
') 
'-. 

3. 
.~ 

4. 
5. 
6. 

Comments are welcome. 
Sine erely yours , l~( _ 

flt«dWI'~ 
Miroslav Hol{k 

(on sabbatical leave from Lachema 
CS-621 33 Brno,Czechoslovakia, 
until February 1978) 

J. 8. Gandhu, D .Mago, and B. J. \lakefield, Tetrahedron Letters 1091 ( 1975) 
iLinamoto et al., Tetrahedron Letters 3617(1974), 3701(1975) 
l'l.Hol1k, J. Bel us a, and j. Bricha<!ek, Coll. Czech. Chem. Commun. , in press 
B.K.Dayal and H.\J.Taft, J.Am.Chem.Soc. 95, 5595 (1973) 
M.Holik, 0rg.l".Iagn.Hesonance 9,491 (1977; 
A.S •. Al-Tai,D.1'1.Hall,and A.H.Mears, J.C.3.Perkin II, 133 (1976) 



THE UNIVERSITY OF NEW BRUNSWICK 
FREDERICTDN, N,B, 

CANADA 

- --- PHY_e,ce or•:::::•TSINE TABLES INTERPOLATED, an~ ;~;20 MA;,,,.,T COOLANT CONTROL WANTED 
Dear Barry: 

I - _October 24, ,1977 . 
. I Fast Fourie·r transform minicomputer programs require val.ues of the sine 
fFction at arguments 2?rk/N, where N is the number of "real" data, points in the 
a;rray that is to be transformed, and k is an integer. Usually., N is a power 
o!t: 2, and the symmetry of the sine function then permits all required- values 
t ~ be derived froll'\ ,those in the first quadrant ~<N/4. There appear _to be 

1
re. e poss(ibi:)ilities to generate these N/4 sine values: 

storage in a look-up table, .. 
(ii) computation by means of a software subroutine, .· 

(iii) generation by means . of hardware. 
I 

o:ur FFT program utilizes method (ii) with _a 65 word subroutine w_hich approximates 
the sine function with a 7th order polynomial . (onix1~ terms required since even 
~owers vanish) with absolute rrns error _less than 2 , which is all that is 
required for our 16 bit computer. Method (i) cannot give greater accuracy but 
e~~joys a speed advantage since it takes less time -to look up a table stor~d in 
m~rnory than to go through the polynomial evaluation. As usual, the speed 
~dvantage is at the expense of greater storage requirements because the quarter 
I . - . -

_,,-- ... . s
1
ine table must be st,ored for the - largest data array that will b~ operated upon. 

9~ course, the appropriate address decoding routine and a sine table of just L 
the required length for a particular transform could be loaded separately from µ . . 

the FFT program, but this seems awkward • 
. I 

I 
- 1:-

1 We were thus interested to read of J. W. Cooper's observations (TAMU 226/20 
~d preprint) made by combining methods (i) and (ii). -Professor Cooper used a 
d6arse sine look-up .table with linear interpolation between tabulated values. 
His empirical results on a 20 bit computer transformi~g a N=l6K array show 
tlhat a table of 128 words is sufficient. Longer sine tables bring i°dentical 
results, but reduction of the table length by only a factor 2 from 128 to 64 
vfords leads to "complete garbage in which the spectrum could not even be observed", 
cind this is confirmed in Fig. 4 of Professor Cooper's preprint. We we~e 
dufficiently perplexed by this sudden change· in going from a 128 to a 64 point 
table to attempt the following analysis. 

I The error£ (x) of the linear interpolation of a function y(x) between 
tabulated values y(x) and y(x 

1
) is a 2nd order polynomial that vanishes at 

I n · ~ . x and at x 
1
- , 

n n+ 

I.: 

[1] 

Jhere y"(i) is the 2nd derivative at some x between x and x +l The method 
ban easily be extended to higher order interpolation, ~ee fornexarnple R.W. 
flarnrning, Numerical Methods for Scientists and Engineers, McGraw-Hill~ Ch. 8. ·----. 
±n using the interpolated sine for the digital Fourier transform of f(t), L 
What is computed is the discrete equivalent of 

F(w) =Jf(t)[sin(wt) -E(wt)]dt [2] 

.:, 



and similarly for the cosine transform. The error in the Fourier transform 
is then bounded by 

where 

E -s: E flf(t)I dt max 

h2 
e, max= 8 

' 

is obtained from eq. [1] with the interpolation interval 

h = X · n+l 
X = 1'C/(2M) 

n 

for M tabulated points. Some values from eq. [4] with1t~8 are 

M = 
e 

max 

512 
-20 

2, 

128 
-16 

2 

64 
-14 

2 

32 
-12 

2 

[3] 

[ 4] 

[5] 
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The integral . ftf(t)I dt is greater than .the tallest line in the spectrum but 
probably smaller than the sum of all liries. Strictly, eq. [2] is .used in each 
of the log N passes of the FFT algorithm. The total error bound [3] might 
thus be muftiplied with log Nor, if scaling occurs between all passes, with 

. . 2 . 
a factor 2. ,Actually, scaling need not occur between all passE!s, but either 
the first or the last logM passes do not require interpolation of the sine 
table, and we will take a2factor 2 .to allow for these effects~ (One may note 
that, since scaling redu~es the error from early passes, a FFT algorithm that 
requires interpolation in the early passes is preferable to one needing it 
for the late passes). So, for a q~f5ter sine table with 128 entries, we expect 
to see a spectrum error of order 2 . times the true spectrum, and for a 64 
point table the error should be 4 times greater. The former error may well 
be hidden in the round-,off error of the Fourier transform computations, the 
latter might just become visible for a transform of a 16K point array on a 20 
bit computer, as used by Professor Cooper. 

If this analysis is roughly correct, we do not understand the "complete 
garbage" obt'ained with a · 64 point sine table, nor the sudden break in the 
mcgnitude of the error in going from 12 8 to 64 points. We would be pleased to 
receive comments from interested readers. 

I wish to thank Professor W.R. Knight of our Mathmatics Department for 
helpful discus:3ioris, and Professor J.W. Cooper for a preprint of his paper. 

On another subject, we would like to purchase a used Varian V3520 magnet 
coolant control unit for a high impedance 12 inch electromagnet as used with 
HA-60 or HA-100 spectrometers, or equivalent. Would readers having such a 
unit for sale please establish contact with me (506)-453-4723). 
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F~equency Synthesizers 
fdr NMR ... 

Frequency Range 

GR 1061: de to 160 MHz 
GR 1062: 0.01 to 500 MHz 

fo,r reasons why GenRad's 1061 and 
10f2 models are ·most ·often selected 

1. !;lest P_rice/ 
Performance 
i 

GR has the best combination of phase noise, switch-
ing spee~ and price you'll find anywhere. Another 
plus - these important features: non-harmonic 

I 

spurs >80 dB down, optional resolution to 0.1 Hz, 
I 

A-M, F-M, and P-M capabilities, built-in search sweep, 
prograrrlmable (BCD parallel) frequency control, 
plug-in ~ odular construction, and a proven record 

of high r TBF. 

2. Low Phase Noise 
I 

1061: phase noise> 70 dB down (typically 75 dB) 
I 

1062: phase noise >60 dB down 
I 

I 

3. Fast Speed 
1061: switching speed <50 µs (within 50 Hz) 
1062: switching speed <50 µs (within 500 Hz) 

4. The GenRad 
Name 

Since 1915, GR has been known worldwide as the 
recognized leader in precise measurement and test 
equipment. Let this experience work for you in your 
NMR application with a field-proven GR synthesizer. 

GenRad 
300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 • ATLANTA 404 394-5380 • BOSTON 617 646-0550 • CHICAGO 312 992-0800 • DALLAS 214 234-3357 • DAYTON 513 294-1500 

LOS ANGELES 714 540-9830 • NEW YORK CN .Y.) 212 964-2722, (N .J.) 201 791-8990 • SAN FRANCISCO 408 985-0662 • WASHINGTON, OC 301 948-7071 • TORONTO 416 252-3395 • ZURICH (01) 55 24 20 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

PUBLIC HEAL TH SERVICE 

NATIONAL INSTITUTES OF HEALTH 

· Building 2, Room B2-08 

Dr. B. Shapiro 
Department of Chemistry 
Texas A&M University 

BETHESDA, MARYLAND 20014 

October 25, 1977 

College Station, Texas 77843 

Title: Tyrosine residues of RNase by 13c-NMR. 

Dear Barry: 

Soon after returning from a very peaceful and pleasant year at the 
Weizmann Institute in Israel my peace of mind was disturbed by the 
receipt · of your blue reminder. 

~..Jv---ru 

The number of accessible (normal) and buried tyrosine residues out of 
the six present in ribonuclease has been a subject of dispute for over 
15 years. By a variety of methods, including spectrophotometric 
titration, solvent perturbation, chemical modification and X-ray 
crystallography various numbers have been arrived at, usually indicating 
3 buried and 3 accessible residues. (For a review eee ref. 1). By 
carrying out NMR titrations of the six resolved 13c resonances of 
ribonuclease at 67.8 MHz (Fig. 1), we have been able to show that four 
resonances (peaks 1-4) titrate normally, one has a high pK (peak 5) 
and is partially buried, and one does not titrate at all up to pH 11 
(peak 6) and is consequently buried (Fig. 2). Further details will 
be published elsewhere (2). 

During my stay in Israel I carried out a study of 90% 13C-methyl 
methionine S-galactosidase (MW 460,000)(3) and wrote a review on 
"NMR studies of biologically relevant isotopes other than hydrogen 
{1H)" intended principally for biochemists, which will appear in 
Critical Revs. in Biochemistry. 

JSC:ell 

Sinc;erely, 

Jacks. Cohen 
Developmental Pharmacology Branch 
National Institute of Child 

Health and Human Development 

Refs: (1) F. M. Richards and H. W. Wyckoff in The Enzymes, (Boyer, 
P. D. ed). Vol. 4, p. 647-806, Academic Press, N. Y. 1971. 

(2) W. Egan, H. Shindo and J. s. Cohen, in preparation. 

(3) J. Yariv, J. s. Cohen, A. J. Kalb (Gilboat L. Jacobson 
and Y. Schechter, in preparation. 



230-49 
I 

l 1160. 159. 158. 15 7. 

6 (ppm) 

G) 

156. 155. 

Fig.1 13c NMR spectrum of tyrosine cs and arginine cs resonances of 
bovine rihonuclease A (ca. 20 mM in 0.lM NaCl, pH 2.25, 20°C). 
Spectral parameters were: 67.898MHz observation frequency, 
15151.5 Hz sweep width, 32,768 acquisitions, 16 K data points 
with 16K zero filling, 0.54 sec acquisition time, 1.5 sec delay 
time: quadrature phase detection was employed in the acquisition 
of the spectrum. The free induction decay signal was expo­
nentially multiplied to produce a 2.5 Hz additional line 
broadening. 
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~ titration curve of the tyrosine cs (-• - e -) and arginine 
C (-Y- Y -) 13c resonances of ribonuclease A. 
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Add new dimensions 
toFT-NMR 

spectroscopy ... 

... with Varian's newFT-80 
offering unparalleled access 

to over 40 nuclei 
It's the combination of experimental sophistication, 

exceptional flexibility, and operating convenience 
that makes the FT-80 a unique NMR spectrometer: 

Broadband tunable probe -
for variable-temperature observation of nuclei 

from 14N to 31P. 

Broadband frequency source -
delivers 5 to 80 MHz at the turn of a dial 

1H/13C switchable probe -
permits instant switchover. 

Plug-in probe inserts for optimizing 
receiver coil size to sample quantity. 

24K-word computer - allows acquisition 
of16K-word data table. 

13-Bit analog-to-digital converter -
offers extended dynamic range. 

Software packages for 2 -D spectra, 
relaxation experiments. 

For further information contact your 
local Varian representative or write to: 

Varian Instruments, 611 Hansen Way, 
Box D-070, Palo Alto , CA 94303. 
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more ••• Innovation in 
FT MMR Spectroscopy 

Low Cost- Routine13C System 
1ihe FX60 features: 
■ 13C/1H Dual Frequency 10, 5, 2mm V.T. Probes 
■ (LPCS) Light Pen Control System 
■ l:luilt-in Proton-HOMO/HETERO decoupler 
■ RF crystal filter detection system 
■ 12 bit AD/DA for increased dynamic range 
■ INTERNAL and EXTERNAL locking modes 
■ 8, 16 and 32K word data collection 
■ Built-in Read/Write Cassette System 
■ 19F, 31 P, 15N extensions are available 

I_ 
Comprehensive 60 and 100 MHz Systems 
The FX60Q & FX100 features: 
■ (DOD) DIGITAL Quadrature Detection System 
■ Multi-FrequencyTUNEABLE Probe observation 
■ Dual Frequency probes 
■ 4-channel DIGITAL phase shifters (DPS) 
• Comprehensive auto-stacking system 
■ Foreground/Background system 

, ■ Computer based pulse programmer with 

\ 

Multiple Pulse Sequence Generator 

EDL 
Analytical Instruments, Inc. 

235 Birchwood Ave., Cranford, NJ 07016 
201-272-8820 

\ 

■ CPU Expandable to 65K words (MOS) 
■ 2-channel 12 bit AD/DA 
• T,p/spin locking system 
• Disc storage systems 
■ Multi-Mode HOMO/HETERO decoupling capabilities * • Multi-Mode TRIPLE Resonance 
■ Programmable Variable Temperature Unit · 
• Simplex Y /Curvature gradient controller 

· * Multi-Mode TRIPLE Resonance 

13C: PROTON DECOUPLED 

13C: NON-DECOUPLED, 
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