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MMR CHART PAP~R 

WE STOCK ALL THE RECORDING CHARTS YOU NEED •• • 
• THE WORLD'S FINEST NMR SAMPLE TUBES • EQUIPMENT, 
GLASSWARE, AND SUPPLIES FOR SPECTROSCOPIC RESEARCH 
• EVERYTHING BUT THE SPECTROMETER • SEND FOR OUR 
NEW FREE 100-PAGE GIANT CATALOG 875. • IF YOU HAVE 
ANY QUESTIONS, PLEASE CALL. 

· 11 

Finesl grade NMR Chart Paper made to be used in every mo.de! spectrometer. All charts 
CHART PAPER have !been ~pdated to coincid_e with t~e newest !nstrument techniques . . . Fourier 

Transrormat10n, Hetero•Decouphng, and Time Averaging. 

NOTE: All charts packaged rO sheets to a box except roll charts or as otherwise noted. 

I 
1, 

PRICE PER BOX 
CATALOG 
NUMBER INSTRUMENT TYPE 1-10box• 11-24box• 25-49box• 50& over 

I 

VARIAN 
HA-100, HA-11>0A, a~d ol WCV-100 (S-100A) Cal. $35.00 $34.50 $34.00 $33.50 

WCV-60 (S-60C) A-60, A-60A and D Cal . 35.00 34.50 34.00 33.50 
WCV-60EL HA-60EL and IL I Cal. II 37.50 37.00 36.50 36.00 
WCV-XL (XL-100) XL-100 (Standard) Cal . 35.00 34.50 34.00 33.60 
WCV-XL-100FT XL-100 (Fourier) Cal. Ii 37.50 37.00 36.50 36.00 
WCV-220 (S-220) HR-220 1, Cal. 37.50 37.00 36.50 36.00 
WCV-56 (S-56AI A-56/60 II Cal . Ii 37.50 37.00 36.50 36.00 
WCV-360-K-10 EM-360 Cal. I, 28.00 27.50 27.00 26.50 
WCV-20 (CFT-20) CFT-20 Cal. 1, 30.00 29.50 29.00 28.50 
WCV-EM-300R (3E) EM-300 (6 rolls/box) Cal. 1, 14.40 13.80 13.80 13.80 
WCV-EM-300F (300X10) EM-300 (flatbed) Cal . II 28.00 27.50 27.00 26.50 
WCV-60T (S-60T) T -60 (two color) Cal. 20.00 19.50 19.00 18.50 
WCV-608 T -60 (one color) Cal . 17.50 17.00 16.50 16.00 
WCV-60U (S-60U) T -60 (multi-nuclei) Cal . 20.00 19.50 19.00 18.50 
WCV-60TS T -60 ( no grid, delta) Blank 16.00 15.50 15.00 14.50 
WCV-BL 11" X 26" Blank 16.00 15.50 I 15.00 14.50 
WCV-60T-BL 8-½" x11 " Blank 10.00 9.50 9.00 8.50 
WCV-CFT-20K-11 11"x16" Blank 13.00 12.50 12.00 11 .60 
WCV-360BL 11 " X 16" Blank 13.00 12.50 12.00 11.50 

JEOL 
WCJ.4HA C-60H , 4H-100, (9.00 ppr

1 
I Cal. 37.50 37.00 36.50 36.00 

WCJ-4HB C-60HL, MH-1c;>O, (9.0 PPfl Cal. 37.50 37.00 36.50 36.00 
WCJ-4HC MH-100, PS-100 (10.8 ppr;n) Cal. 37.50 37.00 36.50 36.00 
WCJ-4HD MH-100, PS-100 (9.0 ppm) Cal . 37.50 37.00 36.50 36.00 
WCJ-4HE PFT-100 (standard) Cal. 37.50 37.00 36.50 36.00 
WCJ-PFT-100 PFT-100 (Fourier) Cal. 37.50 37.00 36.50 36.00 
WCJ-FX-60(FX-2) FX-60 Cal. 37.50 37.00 36.50 36.00 
WCJ-FX-60-BL FX-60 (para only) Blank 19.00 18.50 18.00 17.50 

WCJ-PFT-100BL 11" x 17" (para only) Blank 19.00 18.50 18.00 17.50 

WCJ•BL 11" X 17" Blank 15.00 14.50 14.00 13.50 

BRUKER 
WCB-"UC" HX-90, HFX-10 Cal. 40.00 39.50 39.00 38.50 

WCB-BL 12-½" X 29" Blank 17.00 16.50 16.00 15.50 

WCB-WH-90 WH-90 Cal. 35.00 34.50 34.00 33.50 

WCB-BX-FT HX-270 Cal. 40.00 39.50 39.00 38.50 

PERKIN-ELMER 
WCPE-2018 R-20, R-20A Cal . 37.50 37.00 36.50 36.00 
WCPE-2021 (WCPE-60) R-20B I Cal. 37.50 37.00 36.50 36.00 
WCPE-462-1075 R-12, R-12A (6 rolls/box) Cal . 35.00 34.50 34.00 33.50 
WCPE-435-0065 R-24 (roll) (6 rolls/box) j Cal . 1, 35.00 34.50 34.00 33.50 
WCPE-435-7204 R-24A (rect.) (100sh./box) Cal . 7.00 6.50 6.00 5.50 
WCPE-441 -1580 R-22 (rect.) (100 sh./box) I Cal. II 8.00 7.50 7.00 6.50 

WCPE-R-32 R-32 (rolll (6 rolls/box) I Cal . 35.00 34.50 34.00 33.50 
WCPE-2018BL 11" X 22" Blank 15.00 14.50 14.00 13.50 

WCPE-2021BL 11" x 19" Blank 15.00 14.50 14.00 13.50 

WCPE-526-1102 R-26 (rect.) (100 sh./box) I Cal. 7.00 6.80 6.60 6.40 

WCPE-435-90208 L R-24A (rect.) (100 sh./boxl Blank 4.50 4.25 4.00 3.75 
WCPE-441-15B0BL R-22 (rect.l (100 sh./box) j Blank 4.50 4.25 4.00 3.75 

NMR SPECIALTIES I WCN-60/100 A-60, HA-100, A-56/60 Cal . 35.00 34.50 34.00 33.50 
I 

VVILM~D LASS COMPANY, INC. 
U.S. Route 40 & Oak Road I Buena, N.J. 08310, U.S.A. 1 (609) 697-3000 1 TWX 510-687-8911 
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BERKELEY,CAL~ORNIA 

June 8, 1976 

94720 

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

Dear Professor Shapiro: 

Fourier Transform Double-Quantum NMR 

We have shown recently1 ·that o~r new technique Fourie~ Transform 
Double-Quantum (FTDQ) NMR can be used to 'eliminate the broadening from 
electric quadrupole 1couplings (~ 100 KHz) . in ordered deuterium systems 
so that small effects, i.e., chemical shieldings (~ 100 Hz), can be 

· observe4. A.s an example · of· this technique we determined the carboxyl 
. deuteron shieldin·g anisotropy in' a single crystal of partially -deuterium · 
iabeled oxalic a•cid dihydrate. · · · · 

The extension · of high resolu_tion FTDQ spectroscopy · to powders would 
allow . direct determination . of sllielding anisotropies for deuterium • . · The 

. experiments are complicated _ by the f~c-t 1:;hat . the intensity of double
quantum coherence .observed is dependent tipon · the quadrupole splitting for 
a pa.rticular nucleus or 6r:tentation. · :However, application of an appropriate 
sequence of pulses2 allows one to .map out the double.:.quantum coherence for 

. · .. all orientations· simultaneously. After Fourier Trans:!;ormation this gives 
.· a powder pattern with a predictable lineshape. In such a spectrum all 
. quadrupole splitting has be_en completely removed. · As an example of this 

we measured the shielding anisotropy of deuterons for 10% benzene d-1 doped 
.into _ normal protonated benzene. From the powder pattern we derived an ·. 
anisotropy of b.cr -~ -6.5 ppm. This measurement ~as performed on our home.;. 
buiit spectrometer operating at 28 MHz for deuterium, with high power proton · 
decoupling . A complete description .of . this and other FTDQ _work will be coming 
out soon. 

Sincerely, 

;]_;,~ql~ 
Davi_d ·.-:wennner 

. ~ --.. 
- -==:._ ~ ¼ ¥\"- "" '( .12...,, GI. 

. Shimo~ Vega J 

L-

L, 

Pl~ase credit tb the account o·f l,'rofessor Alex Pines \_/ 

1. S. -Veg.a, ,.- T. W. Sha'ttuck, a~d .A; Pines, · Phy;s. Rev. Lett., in press; A. Pines, _. 
Materials an,d _Molecular Research Divisfon Annual Report . 1975; Lawrence Berkeley 
Laboratory No •. 4550 .. 

2 ~. S: yega;0 D. Wennn~r a.mi A. .Pines, to be publi.shed. 
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;~ SYNTEX RESEARCH 
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DIVISION OF SYNTEX (U.S.A.) INC. 
3401 HILLVIEW AVENUE . 
PALO AL TO, CALIFORNIA 94304 

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

Dear Barrr: 

June 1, · 1976 . 
AR/1187 

SUBJECT: C-F Coupling in 2-Fluoro-Naphthalenes _ 

Some time ago I had the .opportunity to ineasu~e the 13C nmr . spectra 
of the three 2-fluoro-napthalenes in the Table attached. From the 
results obtained -on II a~d III, I . felt the necessity of remeasuring 
L . The spet.trum obtai11ed supported the assignments of II. and . III~ 
but disagreed. . with the literature 1

'
2 ·available . at that time. ··. A 

. 19 7 4 paper 3 agreed with the others 1 
'

2 but riot my results. My results 
do, ·however~· agree with those of Ernst i.' 5 and . I believe · that consid
erable revision of the assignments of-2-:fluoro-:-naphthalene . derivatives 7- · 

and their anaiogs are necessary. Characteristic coupling patterns in 
fully coupled spectra provide a useful method for assigning peaks in 
the_ naphthalene series 6 and selective 13C-{H} double resonance should 
be used to remove any remaining ambiguties~ · 

Sincerely, 

~~-
Michael .L. Maddox, Ph.D. ·. 

214-2 
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M. ·L. Maddox Contribution Continued from P. 2: 

1 

2 

3 

.4 

5 

6 · 
.. 

7 

8 

--~F 

· · .. ~ . · 

I 

0 Jcf C 

110.98 20.3 

160.79 245.8 

116. 34 . · 24.4 

130.41 9.0 

128.00 1.2 

125.19 2.7 

.126.97 0.7 

127.39 5.6 

TABLE . Ia 

0 
C 

111. 21 

162.32 

117.38 

132.,00 

129.80 

-133~85 

124.79 

127.50 

F 

·. III 

J · 6 Jcf cf C 

. 
21.0 110.85 20.5 

250.4 160.87 .· 246.0 

25.5 116~76 25.3 

9.2 130,.18 9.2 

1.5 
,, 

128.29 - 1.2 

2.6 130.16 2.7 

0.7 128.49 0.6 

5.5 127.81 5.2· 

9 · .134.31 9.3 136.41 9.9 133.42 9 .2 . 

10 130. 61 · 0.7 129.31 0.9 130.53 1.2 

" 197.75 C=O 41.06 CH2 

2~.56- Me 177. 83 CO2 

a) · Sp.ectra measured on Bruker . WH-90 in C Cl3 using 6 KHz or 2 Iq:lz sweep width and 
16 K .data tables. Oc reported in ppm to high frequency from internal TMS 

· coupling copstants in Hz± 0.2 Hz. · · 

1F. J. Weigert and J. D • . Roberts, J. Am. Chem. Soc., 91, 4940 (1969), J. Am. Chem. Soc., 
93 2361 (1971) 

2 D. Doddrell, D. Jordan, and N; V. Riggs, J.C.S. Chem.Comm., (1972) 1158 

. 
3P. R. _Wells, D. P. Arnold, and D. Doddrell,J,C.S. Perkin II," (1974) 1745 

.. L. Ernst, z. Naturforsch, 30b,800 (1975) 

5L. Ernst, J. Magn. _Resonance, 20, 544 (1975) 
. ~ . . . . . . 

. 6L. Ernst, Chem~ · Ber., 108 2030 (1975), H. Gunther, H. Schmfrkler, and G. Jikeli, 
· J. -Magn. Resonance, . 11, 344 (1973) . · 

7F. D •. Doddrell; M. Barfield, w; Adcock, M. Aurangzeb; _and D~ Jordan, . J.C.S. Perkin II 
. (1976) 402 

L-
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_ Prof.Dr~H.Kessier 
• lnstituffur Organische Chemie 

_ der.Johdnn Wolfgang_ Goethe-Universitot 
· Frankfurt ani Main 

Laboratoriuni -Niederrad -·. ·. 

~rofessor I3. L.·-, _Shapiro .· · 

Department of qhemistry , 
· . Texas A &_ M University · 

- CQllege Sta_tion,- -Texas 77843' 

· o,;.. 6000 Frankfurt/Main 70 
· T,heodor-Stern~Kai ,7 . . . 

Chemie-Mehrzweckgebaude 
Telefon6301-6b32/33 , 

. Title: Rate Processes in an Alkoxyboran Complex 

Dea_r Professor Shapiro, . 

214-4 . 

We have -studied .the _dynamic behaviour_ of ·the alkoxyborancomplex J., 
with. ·the . aid . . of 

variable temperatare 
. NMR. The following 

processes A, B,.and 

C have been observed 
simultaneously. 

. B: ·. 

·- C: 

proton exchange 

. • -nitrogen ·_ inversloti • . . 
, f:> 

ligand exchange · ____ .;..;.~--,-------, ► 

, 1 : , , , , ', , ·, , , ' , , 
The Off-signal in the H-:NMR spectra :is -strongiy shifted upfield on 

ratsing the temperature and -is coalescing due to process A with 
the alinost non-shifted NH-signal at 4.9 ppm (see figure). 

. . . . . . . . . . . . . . . . . : . 

Start-ing :fro~low temperatures the veryc<?mplex spectrum of the 

methylene protons first coalesces to . a broadened ·-4 · fine spectrum 
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. (disappearance of .the ge~. methylene prot~n nonequivalence by 

nitrogen lnversion B) and finally at high temperature only two 

tripletts for the 0-methylene and N-methylene protons are observed 

(fast ligand exchange . c). The processes Band c can ~lso be followed 
13 . . 

. in the C-NMR spectrum • . B leads to coalescence of the two non-

equivalent sets of arofuatic.carbon si~~als1
)i The coalescence 

phenomena of · the sigrials between 50 an.d 63 . ppm are caused by' ligand 

exchange C. 

The data are listed in the table ·and rough estimation of the free 

enthalpy or activation is added. 

- 1) The broadening of. the · c
1
-signals at higher temperatures is due 

to th~ quadrupol relaxation and coupling of the boron nuclei. 

Table~ Kinetic Data for the Rate Proc~sses of l in co2cli 

Process Nucleus . exchanging . Tc [KJ a) 6v c [Hz J 6G f [kcal/mol] a) 
C . 

groups 

A 1H OH, NH • 290 ± 10 94 13.9 ± 0.5 

13c 
, · 

B C-2, C-2' 260 ± 5 56.6 12.6 ± 0.3 

C-3, C-3' 250 ± 10 16 12 . . 8 ± o.·s 
1 

H H-8, H-8i 

· H"'.'.'9, H-9' 265 ± 5 44 13.0 ± o. 3 

H-7, H-7' 260 ± 5 38 . 12.8 ± o. 3 

C 13c C-8, C-9 308 ± Sb) 85.5 14.8 ·± 0.3 

C-7, c-10 .313 ± Sb) 122 14. 8 ± 0.3 

1H H-8, H-9 . 292 ± 5 23.5 14.8 ± 0.3 

H-7, H.,-10 297 · ± 5 43 14.7 ± (). 3 

a) rough estimated values 

b) observed in c 2o 2c1 4 ·.·.· rti:,el~/:uci•~. 
(j. (k1c..v~ . . 

(H.Kessler) (G.Zimmermann) 

C 

L-
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THE UNIVERSITY OF BRITISH COLUMBIA 
207 5 WESBROOK PLACE 

· DEPARTMENT OF CHEMISTRY 

~-._ Prof. Bernard L. Shapiro 
Department of Chemistry · 

. Texas .A & M Univer.sity · 

· V ANCQUVER, B.C ., CANADA 
V6T IWS 

College Station, TX 77843 · U.S.A. 
Magnetic and Non-Magnetic Relaxation: A Co~parison 

. Dear Barry, 

9 June·, . 1976 

As you know, I have been collaborating with Prof. M. B. Comisarow here .at 
the University of B.C., in the development of Fourier transform ion cyclotron 
resonance (Ft-ICR) spectrciscopy.l Part of that development has been inspired 
(and occasionally nurtured) by analogies to prior FT-NMR theory, which is in 
turn based on long-known linear response theory. S.imi l arly, there have · . 
•rec·ently appeared a number of line-narrowing experiments in optical spectroscopy2 
which bear strong analogy to pulsed NMR 11 echo 11 techniques. 
In trying to gain further physical insight into any phenomenon, one can often 
progress more easily by analogy than by deduction. We have therefore been 
led to examine a number of correspondences between relaxation in NMR and . ICR 

· in work which will ?hortly .be published, some of which are listed on the (text 
page ;3 While the various processes listed iri the NMR (or ICR) column are 
certainly known to those in NMR (or ICR); the close parallels between NMR and 
ICR shown in th~ table should facilitate future cross-fertilization between 
theory and experiment in the two types of spectroscopy. 

Sincerely, 

Ql;j:rr~ 
Alan G. Marshall 
Associate Professor 

1. M. B. Comisarow and A. G. Marshall, 11 Theory of Fourier transform ion 
cyclotron resonance mass spectroscopy. I. Fundamental equations 
and low-pressure line shape, 11 J. Chem. Phys. 64, 110 (1976) . 

. · . .. - . . 

2. J. Schmidt, P.R. Berman, and R. G. Brewer, 11 Coherent Transient Study 
of Velocity-Changing Collisions, 11 Phys. Rev. Letters· l!., 1103 (1973). 

3. M; B. Comlsarow and A. G .. Marsha 11, 11 Theory of Fourier transform ion 
cyclotron resonance mass spectroscopy. II. Relaxation and spectral 

. line shape,11 to bepublished. 
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Comparison of NMR and ICR Resonance and .Relaxation 

Process 

Circular motion due 
to magnetic field: 

. . . 

· Source of coherent 
· radiation exdt.ation: 

. Cotipling between resonances 
. detected by "double" 

irrad1ation: 

n 

Exchange between 2 different 
resonant frequencies: 
Signal ·amplitude 

· proportional to: 
Sign~l saturation due to: 

Inhomogeneous 
line-broadening: . 
Homogeneous line-broadening 
Seculat relaxation: · 

Homogeneous line-broadening 
Non-secular relax~tion: · 

· Extreme narrowing limit: 

. Spinning the sample to 
r~duce spatial inhomo
geneity in H0 : 

Manif.es.ta t 1 on. •1 ri NMR 

precession of nuclear· 
magnetic moment · 

: . . . 

linear or circularly polarized 
r.f. magnetic field (from r.f. 
current in one or more coils) 
S~alar or chemital couplin~ 
between two or more nuclei 

Chemical exchange 

Difference in population between 
"two nuclear spin states 
depletion of spin state population 
difference due .to stim~lated (by. 
applied r~f.) transitions 

Spatial inhom9geneity in H
0 

or H l 

Manifestation 1n ICR 

orbiting 6f elec~rically · 
.. charged ion 

l.inear or circularly polarized 
r.f. electricfield (from r.f. 

· _voltage to one or more plates) 
kinetic (chemical reaction) 
coupling between 2 or more ions 

Charge exchange (ion-molecule 
reaction; charge~transfer) 
Number of ions of a giVen 

- charge-t·o-mass ratio 
depletion of number of excited 
ions of .a given (q/m)-ratio, 
due to ion removal on reaching 
the charged plates of the 
sample . container 
Spatial inhorriogeneity in H

0 
or E1 

Ti phenomena: spin siate tran~ftions Ion-molecule reactions: loss 
between states differing in energy of !CR signal . due to loss · 
by approximately the Larmor of ion identity · 
frequency, due to ·temporal magnetic 

·. field fluctuations near Larmor freq. 

T ph~nomena: tran~ition~ at . · 
f~etjuencies of about zero or about ' 
the Larmor frequency _, due to field · 
fluctuations at those frequencies 

T1 .= T2: Time-dependent ~ertµrba- : · 
t1ons fluctuate rapidly compared to 
the Larmor frequency--NMR Tine width 
determined wholly by T1 ("lifetimell) 
broadening · 

Sample is spun externally • 

Non.:.reactive or reactive ion
molecule~iollisions: loss of !CR 
signal due either to loss of 
coherence in orbital ion motion 
or to loss of ion identity 
All i6n-molecule colli~ions 
are reactive--ICR line width 

· determined wholly by reactive 
collision .rate 

Sample "spins itself" by 
inherent cyclotron orbital 
motion 
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-BP RESEARCH· CE.NT RE 
SUNBURY~ON-THAMES 

MIDD~ESEX 

ENGLAND 

7 June 1976 

COMMENTS.ON J • . SHOOLERY'S LETTER IN TAMU .NO 211 

-Professor Shapiro, 

I. was interested i:l.1 Jim Shoolery's letter entitled 11Carbon-13 NMR for 
· the Micro-Cheinist'.'• He rema::.~ks about the slow appreciation and 
utilisation ·of ca.rbon-13 NMR, as it is currently practised, by many 

·. chemists. However., I should like to comm1mt that the blame for this 
· situation does hot entirely lay with the chemist. · One of the main 

reaooris for this can be seen on the back page advertisement of · the 
TAMU newsletter containing Jim Shoolery's letter. Many chemists 
still associate carbon-13 NMR with an· entire room full of very expensive 
electronics which only a relatively few institutions or companies _ 
can afford. The point that ought to be now made is that _it does not 
require a room full .of electronics to produce high quality carbon-13 
NMR spectra. It does not require a 1511 (or 1811 ) magnet to produce . 
a highly uniform magnetic field of 2.3T over the kind of sample volume 
u·sed to obtain the spectra shown by Jim Shoolery. · In fact the magnet 
nee_d oniy be a fraction of the size (and cost) of the XLlOO magnet. 
_The developments that have :taken place in RF pulse amplifiers and in . 
lqw noise RF signal amplifiers over the last two decades or so now 
make the manufacture of these units not a particularly difficult or . 

. expensive 1:msiness. True one is left wi_th the mini-computer (soon 
micro-computer) to control and order the various instrument and data · 

_;collecting functions, but anyone who has looked behind the front 
panel of a typical modern mini-computer will know how much can· be 
packed into such a sinall space and at such modest cost. Thus the point 
I shoul_d like to make is that the stage is now set for the _ production · 
of literally a· 'table top' carbon-:-13 NMR spectrometer with a very 

- high performance. · Eiuch an instrument would be greatly welcom~d by 
.the majority of organic chemists and. could augment the existing range 
of simple 60 MHz cw instruments now in such wide use. As pioneer 
in so many new NMR ventures perhaps Varian ·could lead the way in such 
an exciting_ development. 

Yours sincerely, 

S.A. Knight 

. ...,_ 

\.· 

V 

L 



. varian/611 hansen way/palo alto/californta 94303/u.S,i!./415/493-:4000 . 

· June 29, · 1976 

P_rofessor 'B. L, Shapiro . 
Department orchem:istry 
Texas .A & M University . 
College Station, Texas 77843 

.:bear - Barry: 

Title: We Aim to Please 
. \ 

·. Thank you for . sharing the comments by -Dr. Knight regarding . the 
· possibility of using a· smaller (and presumably less expensive) 
spectrometer system than _the XL-lOO _to obtain 13c spectra from 
small samples similar to those in my letter "Carbon-13 NMR for 
the Micro-:Chemist" (TAMU 211). Anticipating this point, we had · 
gone aheaq. with the development of 1. 7 mm lH and 13c inicroprobes 
for the CFT-20 with very gratffying results. Many of your readers 
may have seeri some of these spectra at the last ENC meeting, but_. 
for those who did not I offer Figures - l and 2 which are the 1H 
spectrum of LO ,µg of Cortisone Acetate and the 13c spectrum of 
500 µg o:l; Ethyl Vanillin respectively, both obtained with an · 
overnight run. The prophecy is thus fulfilled, .at least fn _some 
degree, although -I must admit that · a very strong table is needed 
to support a CFT-20. (Available as an optional accessory .. ) 

~r1½ 
. James _ N. Shoole ry 

·. Applicaticms Chemist . 
NMR Applica.tions Laboratory 
.I;nstrument Division 

JNS:c 
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CHEMICAL-CENTER 
· PHYSICAL CHEMISTRY 2 

Innd, June i, 1976 

Professor Bernard L. Shapiro 

Departmimt ·of Chemistry 

Texas A &_M University 

· College Station, Texas 77843 

U~S.A . 

. ¾J NMR Bandshapes . for ·pi1ospholipid Vesicles .. 

. \ 

Dear Barry: 

_For lecithin lanellar liquid crystalline phases the shape of _ the 
. . 

proton resonance signal is detennined by static di.polar couplings, · 

. and is very broad ·with little structure. On sonicating lecithin-water · 

~stems vesicles.25 - 30 ·nrn in diameter are fonned,which give 

proton spectra with typical _high resolution features~ The way in 

· -which :the sonication leads to this -narrowing has been argued in 

. the literature for sane time. Th~ mechanisms · proposed are (i) rota

tional Bi=owirlan notion of the vesicles, . (ii) :rapidlater~ diffu""." 

sion and (iii) i:ror e structural . disorder in the fluid state . of the __ 

.lipids in ~sicle biiayers · than in lameilar systems. Recently. we 
. . . . 

. have . analyzed theoretically. the PMR ·bandshape of . ·vesicles ·using a 
. . . 

detailed density natrix description of the transverse .relaxation 
. . . . . 

. _· process~ The analysis is based on the ·following: . . 

. . . 

. i) :The vesicle rotation is. fast .enough to give an effective zero 

average -value-for .the dipolar couplings, · and these couplings give· 

only relaxation effects • 

. -_ THE LUND INSTITUTE OF TECHNOLOGY -
P.O.B:-7-40 

5-220 07 LUN_D 7 

SWEDEN . 

: GOODS 

.GETINGEVAGEN 60 

LUND C 

PHONE 

0 46-12 46 00 

-------- . - - ----- - - - · - - . .. ·- - -

CABLE · 

CHEMCENTER 

SWEDEN 
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2) The iroiecular nc:tion can be divided into .two _independent 

.parts, a fast local notion within the bilayer that .is assmned 

to be _the same in sonicated and lillsonicated systans and a slow 

. _rrotion due to vesicle rotation arid/or lateral diffusion in the . 

bilciyer. 

'J:'he total handshape is then a superposition. of I.orentzians with . 

different widths • I Figure (a)' shows an experimental . spectrum and 

(b) the corresponding simulated spectrum. · The _fit between the . 

. two spectra is . very gcxx1 ' even ,far out in the wings of the spec- .· 

.trim• This showst:.h.a.t is is not pos'sible to assign a single T 2 
to anyone of the peaks~ It also follows that the width at half 

.height tw
112 

is not at all sufficient to character_ize a signal . 

· and. should _be used with .care-when. analyzing spectral .changes. · 

. Sincerely. yours, 

·-i'~-~~ 
Sture Forsen 

-~ Ls~~ 
Jan Ulmius 

\\O:~ \J~~~ . 
Hakan Wennerstran 



. '' _(a) I :> I 

. I 

2 0 -2 ppm 

. (b) 

1 
Fig ·a:· A 100 Mhz H NMR spectrum of dimyristayl . lecithin vesicles with 

· a diameter of approximately 27 . nm . recorded at 30°:c. 

Fig · b: A simu+ated spectrom: The . small peaks at o = 2 .33 and 3. 64 ppm 

.· in. the exp:e~imerital spectrum have not been included in the 

simulation • . · 
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From: Dr~ · R.K. Harris and .Mr. R.H. Newman School of Chemical Sciences 
The ·uruver~ty of East Anglia . 
Norwich NR4-7TJ ~ Eflf&I.ANb. · 

. Telephone Norwic,h (0603) 56161 
Telegraphic Address UEANOR NORWICH 

-10th June 1976 

,, SILICON-29 N .M.R. · OF TRIMETHYLSILYLATED MINERALS 

· Dear Barry, 

. _ When silicate anions are leached from acid-soluble -minerals ·, the 
. : aiiicfc acids ·r~ar:'.an.ge ' too rapidl? for is~latioI; ~d ide:'-t~f~cati?n • . 
. .Lentz· ove.rca.me this problem by· trimethylsilylating the silicic acids . 

durin·g leaching. The trimethylsilyl .deri v:ati ves are stable, . and the · 
major . product retains the structure of the original silicate in the 
-mineral. Trimethylsilylation is a valuable technique .for ~alysis of 
poorly-crystallised specimens · that cannot be satisfactorily analysed by 
.X~re;y , diffraction; e.g • . it has been possi.bl~ to follow polymerisation · 
of silicates during curing_ of cemerit pastes ~ The volatile trilll'ethylsilyi. 

. deri vs.ti ves. are identified by g. l ~ c. , the residue being classified as 
· · "unidentified ·pplysilicates". 

We have· been investigating the possibility of using 29si to identify 
· . the ·. trimethjµsilyl der:i.vati ves. · Silico:h-29 . chemical shifts for the . . \_,, 

trimethylsilyl groups are not suf'ficiently dispersed to be useful, but_ 
· chemi.cal shifts for the silicate 29si's are spread over about · 5 p.p.m. 

We have run 29si ·spectra of. fo-qr of the smaller struct.ures. The solvent 
. was .benzene, and chemical shifts. (fqr the sil1cate 29si only) are given 
below -in p.p.m. , from TMS (positive shifts are to high frequency) 

5Me3si)4sio4 
. (Me

3
Si) 

6
si

2
o

7
. 

. . . . . 

'(Me
3
si) 8si

3
o

10 

{(Me3si) 2S_i.oJ4 

(monomer) 

(dimer) 

· (linear trimer) . 

(cyclic tetra.mer) . 

( 
( 

-:104.1 

-106.'5 

-109.2 
-106.8 

. "".107,8 

(central) · 
(ends) 

. . . . . 

· .. The monomer and dimer were obtained -f~om I~C.I~ Ltd. (Organics Division) 
· 'anc1 the Paint Research Association -, arid we are grateful ·for the . help of · 
: thes_e organisations •. .. ~e · linear ~rimer · and cyclic tetra.mer were prepared , . . 
by tri¢ethylsilylationl of the appropriate minerals (natrolite and laumontite, 

· respectively) • - . . 

The trends of ·the 29si ·shifts are. q~alitatively similar -to trends · 
observed for . silicate . anions in aqueous solutioris3; e.g. increasing .· 
cond~n:sa.tion results••in low fre·quency shifts by steps of about 2.6 p~p.m. 
(monome~ '+ end units .+ chain units) compared with -steps of .about 7 p.p.m. 
for ag,uf;ious .·silicates~ · Cyclisation results in a high frequency ·shift 



of 1. 4 p.p.m. (lin~ar chain -+ cyclic tetramer) compared ·with a 
shif't of about 2 p.p.m. for aqueous silicates. 

We are now :working on the possibility of identifying structural 
units in the benzene-soluble non-volatile polymers. 

We hope this. letter keeps ·us on the TAMCr N ~ M. R~ mailing li_st • . 

With best wishes, 

Profes·sor B.L.Shapiro, 
· Department of Chemisti-y, 
Texas A&M University, 
College of Science, 
College Station, 
Texas 77843. 
V.S:A. 

RKH/RHN/DB · 

References 

Yours sincerely, 

{?~- --,~ 
R.K; Harris 
R.H. Newman 

1. C. W. Lentz, Inorg. Chem. ]., 574 (1964). · 

.. 2. C.W. Lentz, Ind.Chim.Belge 32,487 (1967). 
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· 3. Von · G~ · Engelhardt, D_. Zeigan, ·H~ Jancke~ D. Hoebbel and w. Wieker, 
Z. anorg.allg. Chem. 418·. 17 (1975) . . 
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• Before you .order · 

a 'Fourier transform accessory 
' ' 

for yoµr nmr spedrometer 

you should consult . 

·Transform T echnol~gy Inc: : 

The name is new 

but the· personnel have . · 

many years . experience 

· in the spectroscopy field. 

· Write or -call collect 

to discuss your requirements . . · 

[j-ij-~ 
TRANSFORM TECHNOLOGY INC. 
UIO llot ■ lload, hkl·AIIO, C1Ulom l1 14~ 
l'l'loM411fHl-2071 • 
(1naHl!l&Ni olHl ..ol.i lnlll1IITIMI Corpoulfon) . I 

Re111ei1tber 
I• ad'> LdS · .• 

We ran-_ this ad in mid-1972 wh~n six of us Consider some of our "firsts" in -commercial 
formed ·Transform Technology Incorporated equipment: · 

with the help of Nicolet Instrument Corpora- FIRST to employ a single sideband crystal filter . 
tion. Now, less than four years later we have 

for improved signal-to:..noise ratio, 
over three dozen . employees and are now a 
Nicolet operating division, known as Nicolet FIRST to •. provide phase shifted rf pulses for. 
Technology · Corporation. high resolution T 2 studies, 

What.has happened since our first ad? Well, we FIRST to use Quadrature Phase Detection, · 
don't mind tooting our horn by pointing out that · FIRST to provide plots · of relaxation recovery . 
NTC has become established as a leader in the curves with data points, a:nd · 
development of fT NMR -equipmerit. We have 

_ developed, produced .and installed score~ of. FT · FIRST to develop a complete software package 
accessories for use o~ instruments such as the . which includes provision for :five methods of 
XL-100, HR-220, T-60, R-12 and R-32. Infact, measuring Tl values and three methods for T2 

- values. -
foi.- over a year we have been.the leader in U.S. 
sales of FT data systems. Now we're working on 
becoming the leader·in overseas sales .as well. 

You can be sure that we are actively working on 
· new "firsts." For example,_ we'll be demonStrat
. ing a complete Fourier Transform Mass Spectro

Why the success story? -We feel it's because meter very soon. To repeat the closing statement 
we're responsive to customers' needs. Being a 

from our originalad-write or call collect to dis
relatively · small group of dedicated souls we can - . cuss your requirements. Maybe we can Work 

· move quickly in the development of equipment together to ~dd another ((:first." 
· which utilizes the latest tech~iques. 

NICOLET . 
• TECHNOLOGY 

CORPORATION 
145 East Dana Street -
Mountain View , California 94041 
Phone: 415/969-2076 
(formerly·Transform Technology Inc.) · 

::., 



OAL..IFORNIA .INSTITUTE OF 

· .. . p1v1s,·0N OF CHEMIST.RY ~NO C~EMICAL ENGINEERING 

GATEs A~D CRELLIN. 
0

LABO_RATOR1ts or cHE;M1sTRY 

Professor B. L. Shapiro 
Department of Chemistry 

P.-..SADENA, CALIFORNIA.9112!5 

· June 8, 1976 . 

-·. Texas A and M University 
College station, Texas 77.843 
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TEtCHNO~OQY . . · 
' ' • I 

JOHN 0. ROBERTS 

INSTITUTE PRO_FESSOR OF CHE:MISTRY 

' . . . . . . . . . . . . 

Gadelinium Salts for Reduction of Long 15N. Relaxation Times in_ Polar Solvents 

· - Dear Barry, 

We have been· taking nat~al~abundance 15;N spectra of several ·nucleosides, 
using dimethyl sulfoxide (DMSO) as solvent. A major problem in this study 
has been the very long time {up to nine hours) required to obtain spec_tra of 
even O ~ 7 - .1. 0 M . solutions. For thls reason, · we have tried seve;ral different · 
metals and metal complexes in the hope of reducing th_e observed 7i:'s of these 

. and other, similar compounds. Because we wished a ·reagent soluble in both 
/', .DMSO_and water, theclassical relaxatio~ reagE:nts such as C~(AcAc)~ were ·. 

· not suitable~ The _pest results were -obtamed with the rather implausible ·. 
combination ~of Gd(NO3) 3 with an equal molar amount of inositol. The inositol 
was essential because of the prohibitive line broadening which resulted with 
Gd(NO3 ) 3 alone. As an example of the use of this relaxation reagent, we ran 
0. 7 M solutions of adenosine in DMSO-with and without the .relaxing reagent . 

. . Without the relaxation reagent, the $/N was 2. 2; using a 90° pulse, 10-second 
·· . delay, and proton decoupling d~ing a£quisition only~* The sample with the . 

· reagent (4 x 10-5 M, or 6 x 10-4 mole ratio of Gd(NO )3 to adenosine) gave a 
· · S/N of 5~ 4 with the .s~me instrumental parameters. ·· 1:'lie improvement in S/N 

corresponded-to a six-fold saving in time. The spectra obtained with and with
out the relaxing reagent had the same line shapes and_ chemical shifts. Similar 
results have been obtained with formamide ·in both DMSO .and in water as solvents . 

. Other ligands besides inositol may give still b~tter ·results; but, at least, the · 
Gd(NO3 ) 3 -inositol combination is very useful for DMSO and water. 

· With all good wishe·s, 

Very _t7uly yours, _1 . . 
,/L;tf~~,, ·11. ,/)..~,.__,..~(!~, 

. William H. Bearden 
·. ,/fL;:t~~ /1. -~vg;.__ 
Gl_enn R. Sullivan 

1oA. . 
John I>. Roberts 

· *aated decoupling was used, because the small negative NOE produced by full 
· · decoupling resulted in a reduction in the signal intensity. . · _ 
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IJDEPENDENCE MALL. WEST . PHILADELPHIA, PA. 19105, U.S,A. TELEPHONE 12151 592°3000 
:ABLE ADDRESS: FIOHMHAAS TELEX-845-247 . . . . . . · 

IEPLY TD: · 

~ESEAACH LABOFIATOAIES 
3PAING HOUSE,. PA. 19477 

2.1.~1. Ml s-020:0 . · 
121!1)· CH 12•0400· ' 

. · Dr. Ba~ry Shapiro . 
: Depa'l'.tni.ent of Chemis,t 'ry 
Texas A &·. M University 

. College Station, Texas 

Dear Dr.- Shapiro~ 

~une "B, 1976 . 

77843 

R.DHM· 
IHAAS 
ca~'PANV 

i _would like to pass along some ·information which irl~ht be useful to tho.se 
of your readers using capillary ' inserts ·W;l.th their NMR spectrometers. In my 
particul~r case, the one millimeter insert used with the Varian xr.~100, .the normal 
commercially av~ilable capillary tubes which are supplied are coa:guiation capillary 
tubes sealed at one erid which are 75 mm long and vary from 0.5-0.9 mm I.D. These 

· · tubes are riot of precision quality to begin with ,' and their length has 'proved to 
be a ·seyere Ai::aw~ack. The 75 mm ·length is just .long enoi,.gh that the tube may be 
seale·d by melting the ' en~ shut rather ·than py the more de~irable "pull-seal" method, 
and we have had occasional problems wit_h imperfect seals resulting in ultimate . . 
evaporation of the · samplefromthe. capillary tube. I have located a commerical 
source which will -produce · precisionopen;..,ended capillary tubes of Lo mm O.D . . and 
0.8 mm t.D. at a: length of 100 mm. The tubes are inade of SF . glass and ·are custom 

· . • order items available at a cost of about $3 per hundred from Drummond Scientific 
Company, 500 Parkway, Bl'.'.OOmall, Pa. - 19008; phone (215) 353;....0200 • .. 

These tubes· may be ."pull-:-sealed"· at both .ends to produce excellent seals 
· relative to the end melting technique. Perhaps the most useful application 1 have 
found for these tubes is tn preparing samples of microgram quantities of materials 

· in hygi:oscopic solvents such as DMSO, -where th_e introduction of what wou.ld normally 
be considered n~gligible amounts of water . ca:n cause p.roblems. · . The sample is made 
by prepar:i;ng five microliters of solution under . dry nitrogen in a glove bag~ · trans
ferring the .solution into a ·ane millimeter tube .by capillary action, plugging . the 
erids, of the tube with corks', a~d removing the sample from the glove bag ·and "pull...; 
sealing" · both en_ds. · this . procedure . prevents · introduction of water into the sample 
from either the atmosphere-or the -sealing flame, and we _haveachieved good results 
in min:i,mizing the water content of ou::r samples. · · I ·hope tllis information will be . 
of use and would be happy to discuss the details further if · anyone wants to . . . .- . . 

Very truly yours, 

·;a;,JJ,1;/~ 
-David G. Westmoreland 

DGW:pt 

.,· . . . 

L 
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.· HOUSTON, .TEXAS 77004. · 

Department !If Cheml~try 
-- 713/-749-2612 - -

-Professor Bernard i.. Shapiro - -
Department of Chemistry 
Texas A&M University 
College Station, Texas 7784.3 

It works, .it must be a Fluke 

Dear Barry: _ 

We have recently begun a series of heteronucleardecoupling experiments 
·on our _new XL-100 using an unusual corifigura~ion. We use ·a -Fluke 6160 
- synthesizer for our decoupling frequency and an ENI :320L linear amplifier 
. to . provide the power for broad band decoupling. We have_ used standard 

matching networks on the v:...4415 probe. · Proton noise decqupled 13c spectra 
are as good as expected. . The modulation is provided by :NTG's adaptation . 

-- of one of their decoupler network:s. 

We have .been so anxious to obs~rve lH d~coupled from 3lp- that we per-, 
·formed the following experiment: The Fluke synthesizer output was amplified , 
by the .ENI . to _about ·5 Wand applied to the decoupling c~ils by . the standard 
match-box. The frequency of the synthesizer was set to the 3lp. frequency 
(ca. 40.45 MHz), and. the whole thing worked • . In addition we found no birdies 
orother problems in th~ 1H ~pectrum. The ·total time 'to set · tip the experiment 
was about teri _minutes~ · · 

_ We are now . building match-boxes for other frequencies to see if the 
·spectral purity of the Fluke synthesizer •will permit other easy de~ouplings. 
-Details _ on request. -

With best -regards .• _ 

MRW:_dar - -

Sincerely yours, 

/1;t 
M. R~ Willcott' 
Professor of Chemistry 

- EQUAL OPPORTUNITY EMPLOYER 

~14-20 



June 11, 1976 

. . . . . . 

INDIANA UNIVERSI -TY 
·Departinent of · Chemistry 

' CHEMISTRY BUILDING 

BLOO,MINGTON, INDIANA 47+0 .1 . 

. ·Pr6tessor Bernard L. Shapiro 
·- .: .. ... t,epartmE:!nt of · Chemistry 

Texas A & M Uni.versity 
· college Station,·· Texas 77843 

Dear Barry: 

TEL, NO, 8 I 2-

. Titration B~havior _of Individual Tyrosine Residues of 
Myog·lobins - from · Sperm Whale, Horse and Red Kangaroo • . 

My co-worker Dr. David .J. Wilbur has . studied · the 
titration behavior of individual tyrosine. residues_ of . 
myoglobins by observing the pH dependence of the chemical 
shifts of cC and cY Or these residues in natural 
abundance isc Fourier transform NMR spectra . (at 15 .18 MHz, 
in · 20-riun sample tubes, at 37°) of cya·noferrimyoglobins 

. from spe;rm whale, horse, ·and red kangaroo (Figure 1) ~ · 
.These three species were chos·en, because the myoglobin· 
from sperm whale contains three tyrosine residues· (at 
positions 103, 146, and-151), the protein from horse 
has tyrosines only at positio~s 103 and 146; - and the : 
kangaroo myoglobin has a single tyrosine at position .. · 

· 146 -in the sequence~ . 
' ' 

A comparison of the pH dependence of the spectra of 
the three proteins (Figures 2"-4) ·yielded specific 
assignments for , the resonances of Tyr~151 (sperm whale) 
and Tyr...;103 (sperm whale and horse). · Selective .· 
pro.ton...:decoupling yielded specifi_c assignments ·for cC 
of Tyr.,..146 Of the cyanoferrimyog-lQbins from horse and 
kangaroo, but not the corresponding assignment for sperm · 

.. whale·. The pH dependence of the chemical shifts indicated 
that· only Tyr-151 a_nd .Tyr-103 are titra:table tyrosine · · 
residues. The titration behavior of cC and . CY of Tyr--'151 
of sperm whale cyanoferrimyoglobinyielded a single·pK · 
val\le of 10 .• _6. The pH dependence · of the chemical shift 
of each of the resonances of Tyr-:-103 of the cyanoferrimyoglobins 
from horse -and.sperm whale could not be fitted with the use · 
of a single- pK value, but was · ccmsistent with two pK values 
(about 9.8 and 11.6). Furthermore, the resonances of cC •-
and CY· of Tyr-:-103 ·broadened at high pH. 

. . . . 

The tit-ration behavior Of. the tyrosines of sperm 
whale carbon monoxide myoglobin and horse ferrimyoglobin 
was also examined. A c.·omparison .of all the experimental : 

.· results indicated that . 'i'yr-151 is exposed to solvent, 
Tyr-146 · is not exposed,and Tyr-103 eJChibits intermediate 

----L 
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behavior • . :ThEfs,e · .. resu'1ts for '_mybglob:i.'ns 'tn. sb_lution are · 
consistent with . exp¢.c_tations based ,_ on the_ crystal structure. , 

. .. . . '.: , . - .· 

A .prep~int . \ s . ayai_lable upon request • . 

Bes~ ' .. 
. : . ; .. 

Adam A:l.lerhand •- . _ .. 
- Professor _of C~einis_t.ry: 

.. . , 

. ·FIGURE ·CAPTIONS' 

Fig • . 1. Region of ·~rom~tic carbons and C' pf arginine 
residues . in .convolution...:difference natural abundance 13c 
-Fourier . transform: Nl-1R_ i;pectra . of .. cyanoferrimyoglobins in 
H,20 (O:.l MKCt) at _pH 10_.5 :(complete aromatic region) and 
,PH 7-9 (155-165 ppm only_), recorded at 15.18 MHz, under · 

. conditions of noise modulated off-resonance proton decoupling 
. . _ [see Oldfie+d, Norton, ar1d Allerhand, J. Biol. _ Chem~ . ( 1975J 

· 250, 6368.;.6380 and · 6381 ,:;;64b2J. (A) - 10 mM sperm whale 
· cyanoferrirnyoglobiri at 360, _ after 32,768 accumulations 

· with a recycle time · of. 0.555 s (pH 10.5) or 1.055s (pH 7.9) •. 
__ (B) · ·. Horse · cyanoferrimyoglobin at 38°, after 32,768 . · 
· accumulations with a recycle time of 1.045 s (at both pH 
ya~ues). Protein concientration ·was 12 mM ·atpH 10.5 and ·_ 
7 mM ,at pH 7-. 9. ( C} . About 1.2 mM red kangaroo 

-·· cyanoferrimyoglobin at . 36° ~· after 65~ 536 accumulations 
·wit:ha. . recycle time ·of1~o45· sat pH- 10.5, and after 
. 32,768 accumulations with. a recycle tiine of 0.555 s at 

pH 7.9-~ -· . . . . . 
·; :; :'.' ·, . . ' . .... · . · · .. 

Fig~ - 2 -~ Effec·t of pH on . the chemica 1 shifts of some 
·nonprotonated aromatic car];)ons and cC of arginine residues 
of ·sperin whale 9ya~oferrimyoglobin at •36°. Observed . 
·nonprotonated . aromatic carbon resonances which are not shown 
{105-115 ppm and 130-145. ppm) .. h;ave chemical . shifts whi_ch 
are prac,tically pH indep~nder1t -. above pH 8. Peak numbers 
are those of Fig'. ' 1A. · Open c.ircles, close.a circles, 

. ·_ triangles .and · squares , in~icate , peaks that arise from 1, 2, 
3, and _4 carpons, re_spective];y • . Ftgure J,A . gives typica;J. 
sample ··and spectral cqnditions. The so~id lines are 
pest~fit· theore-J:ica1 ·titration curves; . with one pK for 
Tyr..:..151 and two pl< values ·for Tyr-:-103. -Dashed lines_ are 

.· best;,-fit single pK _titration .curves for Tyr-:-103- Below _ 
-· pl! 10. 5; the dashed curves for· c.C of , Tyr-103 coincides with · 

· - the solid curve . for ·cC _-of Tyr~151. 

- 214-22 
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A 

·Fig. 3. Effect· of pH on the · ch_emical . shifts -of some , 
nonprotonated, aro.matic , carbons and.CC of ar.ginine residues -

· o_f horse : cya:noferrirnyoglobin at · 38° -~ . Peak numbers and 
typical sample and -spectral con~itions _are given in Fig. 
lB. · The behavior -of omitted resonances ·. and the meaning of 
symbols an,d curves ar.e 9iven in the caption of Fig. 2 ~ 

. · Fig. 4 • . · E:ffect of pH on the che~icai shifts of some 
. nonprotcmated aromatic ca:i-:-bons and cC· of arginine residues · 
. -of red kangaroo cyanoferrimyoglobin .· at 36°. . Peak numbers 

. and typical sample and spectral _col).ditions are .given in 
. - Fig. le. The behavior of omitted resonances arid . the 

rnean_ing of symbols are _ given in - the caption of Fi·g. 2. 
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UNI-VE_RSiTY OF .AA·RHUS 

DEPARTMENT OF ORGANICCH'.EMISTRY 
HANS J0RGEN JAKOBSEN 

8000 Arhus C, Denmark 
Telep/Jone (06) 1_2 46 33 · 

June . 11, · 1976 
HJ.1/ATL 

Pro:fessor Bernard ·L. Shapiro 
. Department o,f' Chemistry 
Te_xas A & M University 

·_ COLLEGE .STATION, Texas 77843 
U:SA 

lndirect . Observation o·f' Bldch-Sie ert Shif'ts or Where are 
the Protons in l 3C-{l H} M1,1l tiple Resonance Experiments; · 

. 3rd EENC · 

D.e ar Barry, 

In connection with our work on . det~rmi~ation o:f rela
tive · signs of' 13 C-X coupling constants . using v _arious . selec
tive 13 C-{ 1 i:I} ·do.uble resonance methods ( 1) we - camer across _ . 
some examples· which required> selective_irradiation at two or 
inore positions in . the . 1 H spectrum iri order to remove simul- . 
tanec>11sly the multiplet structure caused by one-bond · (1 Jc..:H) 
a _rtd long-range 13 c.;..1 H couplings in . the observed 13 C spectrum·. 
These experiments are complicated by the f'act that - the power . 
of' .the cohere_nt .rf' f'ie-ld needed to . collapse a one"'."bond 13 C-1 H 
splitting completeit (rising on-~esonanc~ condttions} causes 
extraordinarili large Bldch~Siegert shif'ts • f'or other pr6ton, · 
in .the lH spectrum. An indirect obs.ervation of' these Bloch.;. 
Siegert shif'ts is illus:trate_d in the ~ 3 C"'."{1 H,1 H} · tr:i,ple reso~ 
riance experiment on toluene in Fig. 1b. The 13C""'.{1H} double 
resonance spectrum of' the aromatic carbon . atoms ob:tained ·with 
strong !!a . irradiation ( V!:!a /2,r :::: 486 Hz) at _the : exact . decou,;. :_ . _·. 
pl:ing f'requency :for the ortho (H2) and para (H4) protons (vH2 = 
484.5 Hz, ZIHJ . = 4~3.4 Hz and ZIH4. = 484.8 1-Jz relative to the . 
methyl protons, ZICH , in the lH spectrum at 100.1 MHz) i.s . · 
shown _in _Fig. 1a • . Un.der these conditions the C1 _and c2 · carbon 
sigrials display residual .qriartet spiittings of' ap~r6ximately 
J-5 Hz (2a), whereas much smaller quartet splittings may . be 
observ~d :for the C4 carbon~ CJ shows mainly a · residual one-

. bond . spl.i ttihg, 1 J~j!H'3. These . obs _ervations are . in agreement . · 

. -with the-- .magni tudes de1:;'ermined· f'or the long-range 13 C-1 H cou- . 
plings between the · ring carbo~s · and methyl -protons · in toluene 

. ( 2b) • . In order to -remove the res.idual quartet . splittings ·f'rom 
_the . spec.trum obse_rved in F:i_g. ·_ ,1 a a _second c·o_herent · rf' .f'ield ~ · 
of' weaker ampU:tude · ( y~ /2rr = 58 Hz) was applied . to · the methyl 
proton resonance. However, f'rom . the: i,3 . decoupling f'reque:µcy it • 
was empirically obser.ved that the-se protons experienced a Bloch
Siegert shif't .of' 195 Hz to · lower f'requericy d_ue to the strong . 
!!,2 · f'ield ·. _The experiment was . perf'ormed usi.ng var;LOUS · !!a decdu.;.. . 
pl,ing amplitudes .artd ' the resu1ts in. ·Table 1-_ show that eyen mo:
cierate : decoupling . a:mpli tudes in . coh_erent 13q-:{ 1 H} of'f';_resonance 

. decoupling experiments may easily shif't the_ prot'ort . resonances 
complet~ly outside tlie frequency range of' _the ' -norma.l _tH s _pec
trum~ 
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- The . Bloch-Siegert shi:ftsobserved in the ' experiments de.;. 
scribed al;>o_ve (vA ,- "a ·:f: ._ O) may ~e accounte.d for (Table __ 1) us-
ing , the formula· · , .. · . . · . , · , . . , · 

. B,-S,ehift = (v~ .; Va) [VCb)/cv/l ~ v. , •• ,· ~ ,l ... · .•. 
which includ,es the sign of. the f'req~ency shift. The high-fre
q~ency Bloch-Si~gert shift of a meth~l pr~ton re~ortance line 
of weaker inten$ity is not ·, consi.dered here •. · A full acc~unt on 
t ·hese resU:l t .s,: some experimental appli'cations, and experimen"." · .. 

: tal • details has been submitted .:for ·publication. · · 

. ( 1) S ~ Ac3. .~inde and H.J. Jakobsen, . J .Ame·r ~ Chem~ Soc • .2..§., . 1041 
.·. ( 1976) and references the_rein. . · · .· ·. · · 

:(2} a) S.S0rensen, M·.Ha~seri, and H.J .Jakobsen, J .Magn.Reso.;.. 
nance 12, ·.340 · (1973). b) M.Hansen and H.J.Jakobsen, J.Magn. 
Resonance 20, 520· (1975). 

-, - . . 

Table • 1 ~ ·.Experimentally . Observed and Calculated Bloch-Siegert 
Shi:fts of' . the . Me~hyl Prot·ons in Tolue.ne :from the Experiments 
Described in the Text. 

yH2/2Tr 
(Hz) 

· Ex_p. 1 486 ± 12 

.Exp. 2 930 ± 15 

· Exp. 3 1330 ± 20 

C:2 

.,. 

© 
3 

: 
' 

a 
C3 

t:1 I 50 Hz , . 

b 

Cale~ Exp. · 
B.-S. Shift B~-S. ·Shift 

. (Hz) 

200 ± 

. . 559 ± 

922 ± 

C4 . 

(Hz) · 

9 195 . ± 3 

13 562 ± J 

19 939 ± 3 

Figure J. · 

a) 13C"".'{1H} double 
.resonance spectrum 
6f' the aromitic c-r-

. b ons in toluene with. 
coherent irradiation 

·. of' H2 · and H4, yH.
2 

/ 2Tr = 
4~6 Hz (Exp. 1). · 

b) Same . as in 1a but 
with coherent i 'rradi-
c3.tion, y~ /21r = 58 Hz, 
of' the B.~s~ shifted 
strong methyl proton 
re~onan~e line (see 
te.xt). _ 

► 
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The 3x:d EENC (European Experimen_ta1 NMR 
C'onference) will be held in El~inore, Denmark 

'April 27-29, 1977. 

El~iriore' . ·the c:i ty of' Shakespeare Is Hamlet, 
is l _ocated on the cosi; 25 : mile·s from Copenhagen. -. . . . . . , 

Based on the experi.ence f'roili the previo.us . . 
conf'erences an incomplete _list of' tentative sub
jects wouid be: 

Magnet . de~elopm~nts; ·_ 

T
1
, ancf T

2
- meS:s~rements; · . p . . . . 

El:imin~tion of' dipole br~adening in 
soli.c:is and liquid crystals; · 

- NMR. detect:ion of' quadrupole _ transi.ti.ons; · · 

- - · Spatial. res.olution of' NMR signals; 

Devel.opme~t of . pulse' .techniques f'or· 
weak signals !'3-nd. less commi:m- nuclei; 

- .On-line and _:of':f-1:irie . data handling-; _-· 
. . . . . 

_1'Unexpectecl resiilts and unexpla;inable -· . 
_ phenomena 11 •· 

. . . 

. Al_l correspondence coricerning the c .on:ference 
. should --be addresse.d to . 

Dr. Kj e id $ ch~µmburg • · . . 
3rd · EENC - _ 
University of' Copenhag~n 
The _H. C. lih:·sted Ins~i tute 
Kemisk Laboratorium .5 · 
tJniv~rsitets,parken 5 
DK-2100 K0BENHAVN 0 
De:iunark · 

Sincerely -yours, -_ 



The Bruker WH-270 FT Spectrometer 

A complete line of supercon spectrometers to satisfy any research or analytical need 

WH-180 Our wide bore supercon. The most unique FT spectrometer available. 
A superconducting magnet with bore size of 3.5" allowing sample tube 
sizes up to 30 mm! Its incredible sensitivity allows routine measure
ments of 15 N in natural abundance. 

WH-270 The optimum spectrometer for routine measurements at 63 kG with 
advanced and versatile features for sophisticated research problems. 

HX-270 The "industry standard" supercon spectrometer at 63 kG. Operational 
in CW, FT and correlation mode. Unmatched resolution and sensitivity. 

WH-360 
HX .. 360 

These represent the 84.5 kG counterparts in the 270 series. As such, 
they are the most powerful NM R spectrometers available today. 

Superconducting 
magnets and 

Bruker superconducting magnets are available in field 
strengths from 42.3 to 84.6 kG with a wide line of 
accessories. They are backed by the technology of 
our well-known supercon spectrometer systems. 

• accessones 

Call or Write for Details or a Demonstration 

BRUKER NSTRUMENTS, NC. 
Manning Park 
Billerica, Mass. 01821 
Phol)e 617-272-7527 

539 Beall Avenue 1548 Page Mill Road 
Rockville, Maryland 20850 Palo Alto, Calif. 94304 
Phone 301-762-4440 Phone 415-493-31 73 

5200 Dixie Road, Ste. 116 
Mississauga, Ontario, Canada L4W1 E4 
Phone 416-625-2375 
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CENT.FIAL· RE~E"RCH · 
PFIZER INC. . EASTERN PO{NT ROAD. GROTON, CONNECTICUT · 06340 · . 
. · · - ... . ·· ·. 

203
: 445 . 5611 -· . . June· lO, 1976· 

··· - ·-
Dr. Bernard L. Shapiro · 
Dep·ar~ment of Chemistry 

. Texas A&M. University 
· ·college Station, TX 77843 

SUBJECT: Whatever turns you on • 

. Dear . Barry: • 

When. one encounters a variety of _chemical structure problems simultaneously, 
it becomes attractive to consider .. sys1=,enis for- ·coping with. the more routine 
aspects of interpretation on a ·more organized . basis, which ,involves some . 

.. thought about the str~tegy by which one derives a chemical strU:.cture· from 
· NMR evidence alone •. · This is not only remarkably consistent from problem · 
to problem (differing mainly in the shortcuts provided by evidence from 
other sou-i:ces), but lends itself to a natural heirarchy of experiments 

. that in.crease iri :-dff f:j.culty as they becqme more speci~ic in purpose. We 
are presently restricting otir standard formats to molecules containing 
only carbon, hydrogen, oxygen, and nitrogen atoms for which the empirical 
formula is known. These are conveniently .divided into peripheral (surface) 
and framework types, based ori the number_ of atoms to which they .are· attached 
by arbitrary bond multiplicities. This division is natural for . NMR spectra-

. scopy, since PMR and CMR (excepting isocyanides) each .dea:l exclusively with . 
· atoms of a single type. One begins by ·attempting to define the set of basic 
structure units, consisting of .each framework atom plus its .attached peri
pherals, using such observables as the che~ical shift ranges of the frame- · 
work atoui, the number of protons on the unit, and dynamic and isotopic 
exchange .characteristics. This may or may not require . the direct observation 
of addi-tional nuclei, depending on the: number of . types encountered • . The . · . . 

· structure units are topographically classified into terminals (T), linlts •. (L), 
branches (B) .and intersections (I), which are related by the rule . 

_ T = B + 2. (I + 1 - R) 

from which the m..unber of rings, R~ in the structure can be determined • . 
. . . . . . . . . 

.. · Our. standard format for summarizing the ~ssential data ·and listing the . 
basic structure t.inits is illustrated in Figure l; using a simple molecule 
with :mpiric~l formula C 1H3 02. In .this instance there , are no nitrogen . 
atoms _or peripheral (car~ony2) oxygen, the _latter fact _being ·apparent: from 

. the ._C:MR _shifts; . one hydroxyl unit is evident from its exchangeabie proton, 
and one ct.her unit. is assignable · by elimination~ The structure is ·therefore 
deduced to contain three rings and four· double .bonds, aii .between carbd~. 

. . : . . . 

A general solution _ to the structure p~obiem now consists of defining- all 
biriary ,sequences of basic structure -units. _ . The second stage of a problem 
therefore ,involves th~ systematic linking of basic structure µnits into 

. extended _ ,sequences. Spin coupling information is most naturally suited 
to this purpose, and can }?.e augmented by chemicaL shift corr¢lations of 
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. , . . I . . . . . ., . , . . 
·. all obser~al,le nuclei in a .. unit · wi.~h model system's.. . As ari example, our · : 
'previ~s .·~tructure ca1i,'be ·. systematically , sh()Wn .to · nav·e· the ~tended .. : · · . 
. structure units tabu1ilt'eci in ·standard form in Figure 2> · Units A, C, . and .· 

• . I .• • • . • . . • · • • . . . • . • .. . • 

·n were _ in t~s .~staJ:!,ce _est'ab~ished 011 the ,_basis of .str.aightforward p·ar~~ . 
. · me.ter. correlations; . and . unit . B .1;,y ·homonuclear proton de~oupl.ing. . The 
. details are I avaiiable for tlie' asking. . . . . . . ' .. ·. . . ·.. . 

. . J· . . . . 

... _ The · final · st~ge c,f a . problem occurs if: and when· ·the _set _of. extended 
-~structure units .·becomes sina.11 enough to permit the .delineation -of a · .. 
manageable set of .alternative . structures> arid- its . accompl.ishnent depena·s~ 
on: op.e's a1>1lity to · devise a ~ritical series of experiments to different~~te 

. -among them • . : Relaxation times, Overhause:r effects, and shift-reagent stu(iies 
· ; are . examples of experiments bes_t suite4 to_ this level of :attack. · · --_ . r --_-. ·_ - . - . .. -. - -· -__ - . -_ -. ---.. . . . -. 

In our present ' example, only two structural arrangemeI>.ts of · the extended · 
. units are possible~ .anci. otie ' can .show that II with m _=; l;,<tP. = 0 is . correct . 
. on the basis . of CMR-relaxatio_ri rates .related to· the -length of . the ·alkyl chain: · 

- We .thereby arrive· at structure III, with its trans ring juncture also eviclent 
. . . . . ,, . . . . . 

from · PMR coupling d~ta • 

. ! _ 

. .. · 
. I 
. I·. 

J 
Whilet:none ~f this i~ rea'ily n:ew~ we find .it usef.ul, and · at the . least . 

·. · . . I . · . . . . . ' . . . . . . .. . . 

. propose_ th.a~ our old. preoccupation wit~ ethyl_ alcohol _ be . replaced with ail. . 
example more suited ·to the ·times. I wonder if the hospitality suites :will 

. I ·' . . . 
go alo~gJ __ . 

• I 

: I 

I . Sincerely yours, . · 

,c;i~ 

, , 1-- . 

I 
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NMR SUMMARY AND BAS1C ST~UCTURE UNITS 

COMPOUND fYla.r .'j JQ.,Ne 

CMR TA1,LY ATTAC_HEDH TOTAl · 

t;lti~ ·:.;ANGE · rvrt 
. . 

. # ' CH I-
·O . I 2 J BAND 

PMI.UALLY 

NANI,[ ·l!l ! l ·TOTAI. 

/·:t IOS-J6S . (.=t. ~ s :J 0 0 - · 3 I 

'l Si);.lcc c-o i I _(:) ·O 0 0 ~.r 
s.o-,.~, l"I 1/ 

l,Y-1.3 t> (. ' 

• ,._,,1 lb-<oJ dkr . 1 ,,. 1 o 2- . , . 1 1,. 1"" 1 .. -,., • ~ •• 

TOTALS 21 I t.. 5 r, '/ I z t I )27130 

.c H · 6 
F.ORMULA 2/ . 31> 2. D·+ R= T"__ D = 1 R.,.· '3. 

UNIT TYPE # C H 0 N UNIT TYPE # C H 0 N 

-C,}/ T I O · I. I - 0 

-C1 · 'I 'f lZ. --0 -

-Cl/_- L 6 I. /2. o · - , . 

. :.z, 

_=CH- 3 j ~ - 0 -
.. 

I 
8 z -c11-· z. z 0 -

>==. § 5 . () 0 - . . 

. -
·, 

' () 
- c.- I J I 0 -

I 

-2./ 30 I ·-
-o- L I 6 0 I -

ATOMTOTA!..S 21 ao :i.. 

! ~~~~T L ·B I 

UNIT TOTALS 23 5 10· =r I 

) 

,? <~• 

r.- ·-·-:: ·" · · ... •~·-•• 
'··" L 

••• - • -• • • • -•-:: •w •- •• • ,', .. ,• -:- - ~ 

_STRU,CTURE UNITS . 

_toMrouN1, · Pl(j.d,_l • "Ta111e . · · I 

. rpRMULA . C .u !./le Oi, 
: ., :. -¥--

BASIC UNITS_ .EXTENDED UNITS . · 

U~IT TYPE # C H ., 0 N B C 0 

:...off T I 
.. 
0 I I - I C> 0 0 

.-CHJ I r '{ 1 1 ,t. · 0 - ... 2. I I 0 

.-.Cl-/. L 
.z. 

. (, t,, /2, . 0 - 0 I . I ( ' 

~CH= ..:. 3 3 · 3< () - 2- I I Io Io 

-6- I . . (') 0 I - I 101.010 

.. 
6 2.: 2. 2 () - II o I 2 Io Io 

- CH 
• 

~~11:1:1:1:1 )= .5 

I I ' 
,. 

- c~ I I 

TOTALS 23 I .:u .Jo 2. ll . "· 2. I 
,,,__, .. :,. 

KEY: <<A) 

Ml . 0( 
H. O A .· 

' ✓~ . J 

C f-1 .- C f-1....- ( R ) · 
3 .l. . 

( C: ) 

(8 ~ (. ~-:- ( II) 

(A) (6) (D) 

\ 
_j 

K '-l 
fl 

ilttSIC. 

G. 

t 
i 

3 

N _. 
-Po 
I 
w 
N 
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. Prefo Bo Lo SH.A.PIRO 
Depto et ·Chemistry . · . . 
Texas Ao and M. Univ~rsity 
Cellege er Science · 

· Cell-e.ge StatiGn, Texas 77843 
UoSoAo 

I .Cher Professe·ur Shapire, · 

I i Merci de . vetre lettre de :rct"p:pel du 3 JU:in •. 
. . . . I 

. Une meth9de d 'analyse quantitative de melange d 'hydrocarbures ~rema.tiques 
incnecycli:ques utilisant la resenance magnetique nuclJaire du -carbgne-13t 
(R~M~~13 :c) est froposAe. Cette methede permet de d6t~rmine~ ;• peurcen age 
en moles 1cles cc,nstituants du m,l_a.age par mesure de 1 'intensite des sign ux 

· .RMN 4es carb&nes arematiquea seulement; ainsi le pourcentage d1un cemp~se 
A, rdu melj,nge d •arematiques men,nucleaires est d~nnJ par la rel:atien : 

x/y ~ 100 _ 6 • X 

100/6 . . y 

eu, n .repr~sente l' intensite relatiTe l'un- des carbon·es du cycle du cea, ese 
A par rapport auxraiesde teua les carbenes c:,cliques (x etant denne eh 

· peurcentage)" et y represente le no:iabre de carbenes aromatiq.ues identiqubs de · .__ 
la moleclhe A. · · • . · · · · I 

L'applic~tidn de cette techniq~e a: parmis la determination des peurcentages 
. en · moies 1 des constitu_ants de melanges d'arematiques, issus des fractienb 
·(50 . -~ 1_80°C) _de 4 bruts de petr•le tunisiens, monocycliquea : preuv~ 
obtenu_e par chromatograph,ie. de. ,partage en phase va!)eur (C.P.P.V.} et pat cou
plage C.P.P •• V .-spectremet~~e de m.asseo .Dans ce: ~ut, nous avons . enregistfe les '-
spt!tctres R.?,i;.l'l.13c des differents echanti11ens al'aid.e d'un apparei1 Bruker 
lIX90 (22,63-?-llrz) equipe dtun aceeaseire peur tralisfcrmee de F•U:rier en ~dop-

. tarit ·1a technique du deceupl~ge avec an:nulatien de l' e_ffet Overhauser npcle- .-~ 
aire et en cheisissant un temps "trigger" de 300-. s ( temps d I at.ten te en tre 2 L 
interferogI'ammes} tel 'qu'il seit egal au ineins a, 5 :!'ois le tempa de rel 1 xa.;; : . 
. tion le plus · eleve • ·• 
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Ainsi nous avons pu . mettre · ea ~Tiden'ce sans ·ambi~lte appreximatiTeoit ' 
ment lea }/4 dee conatitua.nts des . di-tterenta melanges •. Ce trait'ail neue .· a revele quel.e pseudecum~n• ~t le ill•xyl6.ne reprtisentent-les peurcenta~ · 

· gee _lea plu,s eleves dans le melange 1 1 alers q~e ·dans l' echant:111••··. II· 
.le m-xylene cerustitue le 1/5 du tetal• De mime, cette teQhnique a ■entre . 
l'impertancequantitative du telullne etdu in.;,,xylene daris .le melange .III 
et a revele _que le quart de l.' echant_illen·. IV est · cotistiinie de te:t,u,ae • . 

· La m~thode 1 . m:l.se au point dana oe travail, est· a notre avia s~•oeptible 
d'ltre etendue a l'etude d'autreis melanges de cemposes arenia.tiquea ·auba• 
titues par n'imperte quels ·substituanta 1 ce qui_permettrait par exeillple, 
d .1 analyser et qualitatj.vement et qua.ntl.tativemelit des rilelang~• d'iee■~
re.a. 

_Nous ten•n• A-signaler que ce .travail ·a ete ·r~alis6 
grace a l'aimable ccncou.'rs de . M • . le Prefo 'J • 'J • Deipueoh (Na'ncy) .. 
l 'assistance· .de M. P. Rubinio 

. I 

Croyez cher Me Shapir.o · a ntts sentiments c•r.~iauxe 

. Titre I Et11de · .par RMN du Carllene-13 des fractionr, ar~matiques _deis c·eup_es 
. . legeres d~s b~uts de petrele tunisiens. 

Mohamed KERKENI 
Assistant 

~~-
. . . 

Meha,med Larbi 
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Pro!'e~sor- B_.11, •.. Shapiro ·, 
Text,t.s A and· ·M· University, · .-_ 
Department of Chelliis~ry, 
College or Science, 

·Colle~e Station, 
Texas 77843, 
·u.s.A. ' 1 · 

·· Dear Barry, 
.· .· . A cautionar:y .tale~ · or when did· you · last . che'ck · your CDC15 ? . 

. . ~AMUNMR ;eaders may be intere·s"ted in a little problem which 
f _ooled us for · some. tiln~ recently. We1 ·were investigatd.ng the . _·. 
complex formed in cnc1, solution between .benzyl alcohol and . ·._ . 
ClCHt Cllt Cfft NHMei Cl ·· (I), in. which :we propose that the · inte;action 

. ts clue to . . a) . the attraction of t~e benzene ring with the N part 
. .. . . ·.arid ~-b} a :hydrogen bond between. the OH and the .Cl ·part ·of the -· · · 

.· : .. ion~pa.ir • . ' . . . . .. . . ' . 

· ,To test this ,hypothesis, ·we made the tetraph~nyl borate salt · 
.· of (I). ·. Howeveri on dissolving ,. this in ODC13 ., we failed to get 
. reproducible spectra; .eventually,· we · obtained _ the dilution curve 

shown ~hich at fi ·rst _we thought was ·due to dissociation_ o.f the 
ion-pair • . However, . the shape of_ the curve is ·incorr_ect _for a . 

· dissociation curve, and the correct answer was quite_ reveal_ing. 

._ 
6
. -2.B 

N-Me 

. . 

. -:': . ' .. 

2-~4L··:_· ...,;_;_~ __ .:____ _____ .::::::::~===~~.:____:_ 
0 ~01 .02 . . .03 · . ~04'· 

\. 
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. . . 

-The curve shown is a titration curve ·in which we are titrating 
· __ .:.'!i_~e DCl in the ODC13 against the solute,· following the equation 

shown. 

··R 8Hl1e2 · __ BPl\ . + HCl ~ . · R filnie2 0.1 + ·B~ .. + C6H6---

. The infinite dilution shift :1s .. that ·of . the hydrochloride but as 
the acid in the chlorofqrm is used up the shift changes to that of 
the .· tetraphe·nyl b!Ji'ate. · 

. . Addition of HCl to the co,Iicentrated solution :produced the o0 

•diln'._ shifts, .thus confirming this hypothesiso 

.. This effect . was seen despite c.onsiderable attempts to remove 
·ail · acid by passing the CDC13 through alumina and storage_· over · 
molecular sieves and silver foil. The problem wa:s that the · tetra
phen.yl. borate w~s. -not very soluble in CDC13 , a,p.q. to achieve the · _ . 

· required · solution. the mixture was usually warmeda:nd shaken; precisely 
tl:le right · conditions • for . :the formation of' HCl! . - · 

· With best wishes, 
Yours . sincerely., 

·• (Ir 
.Dr. R.J. · Abraham. 

. 1 - . . . . 
· R.J •. Abraham, K. ·Lew~as ~nd W .A. Thomas, manu.s cript in preparationo 
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Llllnblrge 
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FlldllMlc:tl Chemie 3580 M•ra/Ulln. Lahnberp · 
. . . . . . 

·- : ___ '. Professor B~L. Shapiro 

L . 

Department of Chemi s·try 
· Texas A & M University . 

-College Station, Texas 77843 

.J 

-· . The Absence of -~ong Range · 13ci3c Coupling Co~stants . in 

Homoadamantan~ Derivatives. · 

Dear Dr~ Shapiro, · 

··. we .have re,cehtly measured :the long range 1?c13c coupling constants in 

2-sub'stituted adama~tanes ! labelled at the· a-carbon atom. (J.CS. Chem. 

Conm., in press).The confo;mational and substituent dependence of 2Jcc . 

and 3JCC in these compounds caused us tp investigate a ~im:ilar system 

with slightly . differe~t bond angles. However,we were not able to detect · 

·._- any t~ree· bond coupling constants · in a seties of homoad~mantanes i label- · 

led,. at ·carbon ~tom ~- Two bond coup) i.ng constants coui d only ·be d;tected 

-in~ -~~ f and ~ between carbon atoms 1 and 3 where carbon ato~ 2 has sp
2
-

hybri di zati oir. 

13c .. · .. .- * Bo at% 

. . ·. · . 

~g:R;~R2=R3=R3=H · 

g: R3=R3=R2=H?_2=0H· · 

i:R2,R2= =fi,R3=R3=H 
. . - . 

~:R2,R2= ·=0,~3,R3= =N2 

-~:R2 ,R2 ,R3,R3=. =0 

At. present, we have -no satisfactory explanation for the ·different behaviou.r 

. of adamantanes -1 and homoadaniantanes ~; To obtain more· experimental results • . 

we .a·re currently. trying to synthesize s~me labelled rioradaniantane systems. 

__ __,_,-._ incerely yours • 

· Stefan Berger 

Klaui P~ter Z~llet~· : · .. · . . · 
(Institut· fUr Organische Chemie 
der Universitit.TUbingen) · 



··•. the University of Ala/Jama in .Birmingham I uN1vERs1rv sTAT10N1s1RM1NGHAM. ALAs~MA ~s294 · ·. 

1/ie Medical Cenler . 1. SCHOOL OF ,MEDICINE , COMPREHENSIVE .CANCER CENTER 

JqHN R .. DURANT, M.D., DIRECTOR 

June 22, · 1976 

Professor B.L. _Shapiro 
Department of Chemistry 

·TexasA&M University 
. College Station, Texas · 77843 U.S.A. 

· sLIGHTLY .OFF-:-COURSE FROM THE 'TOPIC OF. CANCER' 

Dear Barry: 

(205) 934-5017 

NMR studies in ·our group here at the Cancer Center include . investigations 
of tumor scanning agents, carcinogens, and cancer drugs • . It is perhaps 
also interesting to look at something structurally more simple and hopefully, . 
non-carcinogenic _.;..-the ammonium ion~ . 

Employing a Bruker HX790 modi~ied t~ accomo_date a.wide _band+ Traficante 
insert, we have recently obtai_ned . N E;pectra of lifH4 ~nd ND4 in the 
lyotropic mesophase composed of decylammortium chloride, ammonium chloride 
artd H20. or D20. (1). ·The ~nsuing spectra show partially resolved coupling 
between nitrogen and . protons (sum of the scalar and the dipole-dipole· · 

· coupling · 1J+<Dzz> I ) as.well as very small 14N quadrupole splittings 
(AvN) • . The ND4 samples were also used to study the . deuterium quadrupole 

. splittings of the same ion · (under condition of identical probe temperature 
and .alinost identical history of sample orientation in the .magnetic 
field) • . From the ratio of the 14N and the 2H spiittings, the disto~tion · 
mode_l for tetrahedral . species . of Bailey · et al. (2) yields a 14N . quadrupole 
coupling ·. constant of 3.1 MHz (assuming e2qQ/h ::::: 175 KHz· and n = 0 .for . 

· deuterium). Tbis seems to be a reasonable value, and in gerieral sup
. ports the simple distortion model. . This :J;.s in contrast to a recent 
. report (3) in which the same model. apparently yielded results which · 

214-38 
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P~ofessor B.L. Shapiro 
June 22, . 1976 

COMPREHENSIVE CANCER CENTER 

differ by one · to two orders of magnitude .from those obtained experi
·mentally. A more detailed deE;cription of this study is being ·commu
nicated to J. Amer. Chem. ~oc. . 

' ' 

Please credit this contribution to Dr. R~bert Lenkinski's subscription. 

Sincerely yours, 
. I 

Dou~las M. Chen, Ph.D. 

Ph.D. 

·. REFEREN'CE. 

1. • ' L.W. Reeves, A. Tracey, J. Amer. Chein. Soc., 95 3799 (1973). 
2.· D. Bailey et a:1. ~ J. Mag~ Res., 18 344 (1975)-. 
3 / P. · 'Diehl, pre·sented at the · 17th Experimental NMR. Conference, 

Pittsburgh, .April (1976). · · · 

DMC: JDG: swg- . 

·. Enclosure 
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TITLE: HOMOALLYLIC COUPLING CONSTANTS AND DIHYDROAROMATitS 

CARBQN.;PROTON COUPLING CONSTANTS . 

· Dr. B . L Sh a pi ro · · 
Department of Chemistry 
Texas A&M University · 
College Station,. Texas 

. . . . 

D~ar Barry: 

. June _20, 1976 

· 77843 Norith Texas 
State 

Utjiversity 

Denton, Texas . 
78203 

_ S~me. :of '. your ;readers have ~een concerned w~ th the uti l ~ zat_i on of · · Department 
homoallyl1c .coupling constants ,n the conformational analys1s : of · . I of. 
l,4~_cyclohexadienes. There .has been some •disagreement . (too expansive .to Chlem•strv 
reference here} whether homoallylic coupling '. constants reflect the extent -
of puc~erin~ in dihydro~romatic compounds. A further compli~a~ion ~~ the possibi ity _ 
of -rap1d1y interconvert1ng -conformers (~,-boat:; boat}; giving rise to averagetlJ 
nmr parameters. · · . . · . . . _ -· -

_·: The fact that ~arbon:proton .. coupling -coti_st~nts can -be r.elat"ed · to P:oton-protp~ 
coupling constants in a wide variety of _systems (slope= 0.62_, correlation coeffic[ 1ent = 
0.98, in 2-.,_ 3,-, 4- ·, and 5-bmnded olefinic, aromatic, acetylenic, and aliphatic 
systems for 13C'-·l abe led carboxyl i c acids; Organic Magnetic Resonance, in press) _ 

• suggested to us that carbori-proton ~oupling constants could be used in the confor 
· ma:tional analysis of di~ydroarorii~;tic_compounds. '.-Accordingly, ,we have .s,ynthesized l- · _· 
- the appropriate 13C'."'labeled, · deu-terium labeled ·compounds to get . the parameters. li ted· 

-- below for i~4-dihydrobenzoic acid (1), 1,4.;.dihydro-l-naphthoic ac-id (2L _and . 
9~10-dihydro-9-anthroic acid (3). _Several interesting observations can be made · · 
froni this data. · · · · - · · . __ .. , .. . 

: _ . , _ Fi rs t, , for flat 1,_ the, CH coup 1 i ng _ cons tan ts ·seem to corre 1 ate with the HH · 
- ·coupling -constants: · The 'ratio of J(CH-cis)/J(CH-trans} is the same as the ratio 

J(HH-c4s}/J(HH-trans} --1.23 ± 0.01. · Further·,· the ratio of J(CH-cis}/J(HH'."'cis) 
and of I(CH-tr.ans)/~(HH'."'trans} is the .same as ·noted above -- CL62 ± 0.0T. 

. . . _-. · Second, ;if 2 . were _rapidly i nterconv~rti ng between two _ boat . conformations, the. 
· . . two ratios: ~(CH-;cis)/J(CH-tran~} and :~(H~'."'~is.}/~JHH-trans} ~ould ~e the same -- I 

. but they are ::n.ot. Cl early.; 2 1 s not a rapidly 1 nterconv~rt1 ng pa, r of conformers · 
· _ (we also tri~~; ~o '.'freeze out" conformer~'. at low temper.at.ure but were unsuccessful! ). 

. Third, there_ is. a monotonic tre-nd irf J(CH-cis}/J(CH:-trans} and in · - _ · . 
Q_(HH-cis}/~_(H~:.~rans) through the series _· l-1 (in~,rease an,d decrease, respectively~. 
~e believe tti~~ these two ratios can fai 1~l~ ~ccu_rately reflect t~e extent of puckiring 
1n these, and ·1n ·other, compounds. Suff1c1ent space does not exist here to allow 

· -this comparison' -\1:/·ith _literature . cases. : .. 

_ _ Fourih ',' ~e have done SCF-IND0-FPT cal~ulations on 1,4-cycl~hexadiene itself t 
' various .sonformatio~s' ~nd the rat10~ of Q_( c~ s) /J (trans) obtained from the~e . I . 
. calcu,lat1.o_n~ mc3:t~h up \'l.lth th~ ;emp1r1cal v_alue·~ T~; for flat cyclohexad1ene thr , 
calculated value _ of 1.29 compa.res with 1::he emp1r1~values of .1..22 (HH} and 1.24 

. -, ( ~H} .) •.. . : _-: .·. ·_ . . : ... ,. -- . - . - . . ; \ ' . . . .· . ·• _: . . . . . . - . . . . 

Fifth, these studies point out the , tlear need to distinguish between the ratlos 
_ J(eq-:eq}/~(ax.:.eq~ .and ~(ax-a~)(~(a.x-eq}}wh.en ~applying the _J(cis)/J(trans) _ratio · 
_t _o the con:f~rmat,onal anal.ys1s of __ cyclohex~d1enes. The_ da;ta shown below 1.llustra e 
what to expect ;for Q_(.eq-eq)/~(-ax.:.eq) ratjos (viz.,_ J(HH-,cfs)/~(HH-trans)) and for 

• ' ..f . l I, • ' . • , ' . 

l. 

'-= 



~ 
I 

214.-42 . 

J(ax,-ax)/J(ax-eq) ratios (vi~ . ; J_(CH-cis)/~(CH-tr'ans)). , We fee1 that 11 ahomafies 11 . 

in the llterature can b~ explained once this distinction is recognized. 

· Sixth, and sufficient s.pace does not exist here . to tab.ulate this data, the 
· calculated values in 1,4-cyclohexadiene show clearly that the expected values in 
· this_ system are not just 11doubled 11 values of the . mono-path 2'-bi.ltene~ Instead, 
several changes can be noted. For example, the. dia.xial. cis coupling does not 
s·irnply increase throughout ·all possible conformers from -·a flat system to.a hi _ghly 

. puckered one (where the axial nuclei are parallel 'to the atomic .E.. orbitals); instead, 
about· half-way through these two extremes, the diaxial coupling starts to drift as · 
.the system continues to pucker further. Thus, cl aims to the "maximum degree of 
puckering" based on the "largest observed homoallylic coupling constant" can be 
mfsleading. 

· The main conclusion_we have drawn from all this is that individual homoallylic 
· ·coupling constants may be misleading in 'the conformational • analysis of di hydro . 
aromatics, but cis/trans ratios are more reliable. - We further ·feel that ax,-ax/ax-eq 
ratios are more reliable than eq-eq/ax-eq r·atios. · · 

* Q2H 
H H 

1 

Compound-
. . . . ' 5 
. _ ClS- ~H 

1 9 .. 19 · 

2 -3.84 

3 <0.5 

2 3 

.. 5 . ci s- 5 J · · 
. 5 

trans- ~H . . · .· ~H . trans- ~H 

7.56 

4 .. 36 

0.9 

5.75 

. 5 .. 44 ·. 

3.2 

· erely, 
I 

s~arshall 
rofessor of Chemistry 

. 4. 65 

· 2.86 

0.7 
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The LJniversity ·of Western · o ·ntari.o,. Londqn, Can~da 

; Faculty of. Scianca · 
· Department of Chemistry 

. . . 

. Dr. B.L: Shapiro, . 
Departmerit of Chemistry, 
Texc!,s A & M University, 
Co·llege Station, Texas . 

· U. S. A. . . 

Dear Barry: . 

., 

· .June. 22, ·197.6 • . 

77843, 

Antiperiplana~ deshieldirig ~ffects in 13C spetjt~a · . . . 

· can mislead the unwary . 
. I 

. The receipt of your pin_k note has prompted me to bring my 11 subscription·11 up-to
1 
date 

~:~dlr~ ~pe that th~ fo 1 '. ow i n~ find i ng wi '. 1 be . of i n teres t to some of the ~ AMU new 1 ~r r 
· In. collaboratrnn ·w.ith Bill Ayer_ (University of Alberta) I .have been involved ip the 

stereochemical assignment for a fungal metabolite~ cybullol, isolated from one of the .. 
birds' nest. furygi, Cyathus bull eri. This m~teri al was !"ai rly rea~ily shown t? be a I di
methyl decal indi ol and; at the. outset of my involvement ,n the proJect, the prime problem 
was its stereoc~emistry~ Since eight of ~he n~ne· possib1e 10-methy1-trans-decalols ~ as 
well as a few cis-decalols, had been examined in an earlier study, it seemed to be 

. straightforward prYiject, sim.ply the distinction- between A and.[ below: . · · 

HO . A 
. . . 

\.. 

Since 10-methyldecalin itself has a methyl signal at 15.7. ppm and the effects f the 
equatorial seconqary hydroxyl · and methyl were not expected to be· -large, perhaps l ppm each. ~
One need only estimate the effect of the tertiary- hydroxyl group to arrive at apre~iction 
for the methyl carbon -:shieldi-ng for A and it ~as originally thought that this effect-would 
be small and possibly slightly shield.ing. Thus~ cc for-the angular inethylwas esti+ated to ·· 
b_e <18 ppm~ For B, on the basis- of available models,_it was estimated tt:iat the ~ffycts of 
the _s_econdary ~ydroxyl and methyl · groups would approx~mately, cancel a~d ~he ·tertiar.y hydroxyl 
group would shield the _C-10 methyl by ca. -6 ppm·. Th1s led. to a prediction of ~22 ppm. Cy-:-._, 
bullol exhibited methy~ signals at ]5.Y-and 21:l ppm a~d the lat~er_was shown.to ~e [t~e · 
angular methyl absorption by selecti-v.e decoupling. This result indicated a c1s rm§ Junc
tion but degradation of cybullol + geosmin .(i.e .• reduction of the secondary hydroxyl to · 

. -C~z-), whose s_.tructure :had been~established by synthesis as a _ trans-de~alin derivat1ve, ~-.-... 
.. pointed to the trans stereochemis.try for cybullol. Subsequently a number of · model ~ompoun'trs 

was_ prepared and examined t? look at the effect of th~ 5a. hydroxyl group, in _more de}ail for 
trans-fus.ed 10-methyl-decalins and related systems. - From these results it is apparent that 
the antiperipla_r:iar arra~gement of lhe hydroxyl and methyl groups at the ring juricti©n leads 
to pronounced deShieldiiig onhemethylcarbon.Several exan\ples are listed in the l 
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.. accompanying Table. This effect has also been. found for " other subs:tituents i'n steroids 
- and some examples are included in the j_able. · Apparently.the degree of substitution of 
. the carbons bearing the substituents has ·. a marked effect _on · the direction of the anti-

, · periplanar y shift siri_ce it has been known for sonie time that in less .highly substituted 
.· - -systems th~ antiperfplanar hydroxyl, for example,.shields they carbon by a .few ppm, . At 

the present time, there se.ems ta be ·no simple . interpretation of these observations but it 
· is an interesting challenge .for. theoretic,a·ns. For stereochem.ical assignments from 13 C · 
spectra, ti'owever, it reemphasizes the need for- caution :and '½he use of good·. model ·compounds 

·. before leaping to conclusions drawn from data for new systems. . · · · 
. - . ' ' · . ,• . ' 

Substitution · 

nil : 
-5-0H 

4a-Me-5.:.0H 

2a-OH . 
. 2ci 5- {OH) . · . . , 2 . 

3-0xo . 
3-oxo-4a-Me-5-0H 

3.:..oxo-5-0H 

Cholestanes 

. . 
. . 

Cholestan-3-ones 

J.B. Stothers. · 

Angular methyl shie)dings in some 10..:methyl-decalins 
trans~ cisa 

l-~O '/10 ' OC":'.lO M 
· C · C 

15. 7 
20.4 +4. 7 
20.3 +4.6 

16.6 
21.0 ·+4.4 

14. 9 
20.8 +5.9 

C-19 shieldings in· some ~teroids 

Substitution l-19 
. C 

nil 12 .. 2 · 
5a-OH · 16 ~ l 
5a-N 3 18. 2 
5a-NH2 · 17 .6 

. nil -11. 5 
5a-Me · 14.2 
5a-OH 15.8 
5a-F 15.9 
5a;;.CN 19.5 

28.2.Q_ 
22.4c _:..5.8 
22.3- -5.9 

- 21.5 -6 . 7 

t.o 

+3.9 · 
+6.0 
+5~4 · · 

+2.7 
+4 . .3 
+4.4 
+8.0 . 

a Ring junction stereocheniistry. 

b 

C 

d 

D.K~ Dalling,D._M. Grant and E.G. Paul. JACS, 95, 3718 . (1973). · 
This compound was ·kindly _provided by Prof. J.A~ Marsha_ll. 
H. Eggert, C .L Van Antwerp, N·. S. Bhacca and C. Djerass i, JOC, 41, 7l ( 1976). _ 

Ref. 

d 
e 
e 

· f 
f 
f 
f 

e Q. Khu_ong...;Huu, _G. Lukacs, A. Pancrazi and R. -_Goutarel , Te·t. Letters, . 3579 ( 1972) . .. 

f These compounds were kindly supplied by Prof. J .. Levis.alles. · 
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··Monsanto 
Monsanto· Company 
800 N. Lindbergh Boulevard 
St, Louis, Missouri 63166 
Phone: (314) 6_94..:1000 

June 22; 1976 

Professor B. L. Shapiro 
Chexr).istry Department .· 
Texas A&M University 
College Station, · Tx· 77843 

MAGIC-ANGLE C-13 NMR ANALYSIS OF COAL 

:Dear Barry; 

In collaboration ·with Vic Bartuska and Gary Maciel (MHPL, 
Colorado State University at .Fort Collins), we have estab-

· lished the _practicality of performing cross-polarization · 
C-13 nmr experiments on coal powders, with · 3-kHz mechanical 
spinning at the magic angle • . · Typical spectra of a lignite 
and an anthracite -are shown in the figure. Magic-angl,e 
spinning removes from the determination of the relative . 
concentrations of . aromatic and aliphatic carbons, any 
ambiguity in the·spectra arising .from the overlap of 
chemical shift anisotropies. · · · 

. . . 

These exper,i.rilent:s were perfor~ed .using hollow rotors, 
specifications for which have appeared earlier . (JCP, 61, 
2351 (1974)). T.he sample volume available in thes~ rotors 
is about one-fourth of the effective sample _volume that 
is realized by filling a 10...;mm thin-wali nmr tube to a 
heigl:lt equal to.that of the C-13 coil, and -is about . 
one-half that of the total Volume of the rotor. Naturally, 
when .we perform magic:--angle spinning experiments-on solids 
which are not powde.rs, but can be machined, we prefer to 
use a solid· rotor and take ·. advantage of the gai_n in 

. sen~itivity. . 
. . . . 

· ~ -1_· _/lc. i~_-eiy, 
~c;-µ . la. · 
Jacob . Schaefer E. o. Stejskal 

rl . 

L -
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UNIVERSITY, OF: ; VIRGINIA
DEP~R.TMJ;;NT 'OF CHEMISTRY 

ClIARLOTTESVILLE, VIRGINIA 22901 . 

June 29, 1976 

. -:professor Bernarq L. Shapiro 
Chemistry Department 
Texas .A and M University 
College Station, Texas 77843 

Dear Barry: 

Ion Pairing with 'IMS and '!MAC Salts 

In the May 1976 :issue of the 'rAMU NMR Newsletter, .. 212 ~48, 
. W. A. · Thomas. illustrates some ·unusual shifts found ,for ™S 
· salts compared to t-BuOH, acetone, or dioxari.e internal 
· references with a s~ries of aryl ethailolamine hydrochlorides 
in aqueous solutions. · · 

. . . . . . . . ·_ 

.. Of the reference comp·ound~ · ~mployed, . only the 'IMS salts 
are .negatively charged .and may hence undergo ion pairing with 
the positively charged aryl ethanola.min_e hydrochlorides. 
Similar ion pairing _of ne·gatively 'charged 'IMS .salts with 

· catio11s probably occurs more frequently than recognized. · .The 
ion pairing becomes . especially evident when a properlyposi..; . 
tioned aryl group provides - the anisotropy to produce an evident 
chemical shift in the internal 'IMS . reference. · -. · · 

. Another ion pairing exaltlple was reported by H. Donato, 
Jr • . and R. B. Martin in J. Am~ Che1I1. Soc., 94, 4129 (1972) 

-where the ·positively · charged internal reference (CHs) 4 N+ . 
( '!MAC) interacted with the trinegatively charged complexes · 

· of tris -2, 6-dipicolina te and several lanth.anides: ·· No shifts · 
were observed with bis nitrilotriacetate complexes, also with 
three negative chargef:i ·on the complex~ attesting again to . 
the importance of an aryl group to produce an evident_ shift • 

. Other examples of ion pairing -with charged interrial: 
reference compounds must. exist. ·in the literature. . Analysis. 

· of .the chemical shifts provides an- opportunity to determine 
equilibrium constants for ion pair ~fonnat:ion in such systems • . 

. . ·r 

RBM/dhw 
\ 

Sincerely yours, 

/R,. .. -~. . 
V d ~ 
R. Bruce Martin . 
Professor of Chemistry .. · \. ' 

l 
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<. -~ ' 
A.N•Lv,-1,aQH·• ·M·.i ·saT_&_c:HN~-~ . .. :·· __ ::·. 

. . Kern..: und Elektron~nreeonanz ~-El.i<troril_stihe:M .. , .. ~~ 

SPECTROSPIN AG, CH~8117 ZORICH-FALLANDEN 
lndustriestrasse 28, Talefon (0~) 82648 66, Telex 64860 

Unser Zeic:hen :· . 

. . . . . . . 

· Reference: Improvement of the sig~al to noise ;atio on·a 
270 MHz Spectrometer. . . 
Iteport.ed by H. D~· Kipnich, R. Esche., . W . _ Maurer 
-in -.lournaiof Magnetic Resona.I1ce ?2., 161:,. 164 (1976) · 

Pear Barry, 

This paper cr_eated quiete some . confusion and l would like . to comment 
· .·. on a few points: 

1) We used some yeal'.'s ago the 3N200 Du~-Gate Feta~ input stage . 
because or'its excellent overall performance and the measured . 
noise figure .of the complete Amplifier turned to be abouf 3. 5 dB. 

. . . 

2) Since for the past two years we have been using a very low noise 
silicon transistor with a noise figure of typ ._ · . ldB and the mea
sured NF of the complete amplifier (including irlput match and ·· 

. second stage) is less than 2d.B. This gave a signal to noise im- . 
proveme:r:it of about 20 % which corresponds to the NF-diff~rence 
of' about 2dB. · · · · · · 

3) . We trie_d to replace all old version amplifiersin the field _and 
if anyone still own 's an old one or a defective one we would like 

· him to call the nearest Bruker Office and. not to wr.ite a new paper • . 

. With best regards · 

· SPECTROSPIN-AG 
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Discrete Frequency Artifacts in FT NMR Spectra of High- Dynamic Range Samples · 

'. There :are in:.:C·the ·:'. 1i:feratitre excellent discussions of random .noise introd,uced , . 
. '.into ,FT"NMR spectra , by digitization ·of eith~r _the incoming free :i.ndu~tiori· dec·ay . 
pr truncation of the data af:- intermediate stages of the fourier transformation . 
process (see J.W. · Coopei- : in "Topics in- 13c _NMR Spectroscopy, VoL 2,.11 G • . Le.vy ed . ) . . 
We wish· to poi nt out that for high dynamic range samples, dilute H20 sampies of 
pro.t~ins for example, there are also discrete frequency atti_facts. These dis-
crete frequency artifacts _can be illustrated by .simply· tr·arisforming a mathematic;,. 
ally .generated decaying sirte wave .and observing the resulting spectrum at high 
amplification . . _ The artifacts are indicated with arrow13 in figure la . . 

· ·_The artifacts originate from imperfect representation of · the FID by the . 
. digitization process. The frequencies at whicll .they occur for a slowly decaying 
signal can be predicted by a simple qualit~tive analysis. If there are an inte
gral number of data points per ~ycie of the incoming signal it is clear that the 
only errors in representation. will be such . that they .recur .with a frequency which 

·: . •is an integral multiple . of the FID frequep.cy, i.e~ ' ·. artifacts will appear at . 
higher harmonics. If there are a non i:ntegral number of points per cycle of the 

· FIO one _will have additional errors which will recycle after a sufficient time 
to .have accumulated ·deviations from a_perfect period which is _an integral multipl · 
of t~e dwell time; Artifacts can then appear . at Nb.F · where llF. is the deviation of 

. . the true FID frequency from the . spectrum's nearest integral frequency and· will 
look like modulation sidebands. · · · · 
_ The qualitative analysis of the artifacts suggests a simple means. for their• 
elimination, that is, adjusting the transmitt°er frequency so .the· most intense 

. peak in the spectrum, the water resonance for example, is exactly in the center • . 
With 4 data points per cycle for single phase detection ha.rmonics will appear onl 
at the edges of the spectrum and 6F for sidebands -will be . zero. The elimination 
of artifacts _is il,lustratec:l ·in figure lb. 

· J. H. · Prestegard;; W. • Krol and P. · Demou 
Southern New England High Field NMR Facility 
Yale University, Deparaµent of Ch~mistry 
New Haven, .Connecticut 06520 · 

a 

b 

'° 

L -
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STAN_.FORD UNIVERSITY . . .· . . 

• STANFORD, CALIFORNIA 94035 214-50 

. . 
. STANFORD MAG?mrlC RBSO?-iANCB LABORATORY ( 415) 497-4062 

· ( 415) 497-6153 

br·~- Bernard L. Shapiro . 
Department of Che.mis~ry 
Texas A_&M University 
College of Science 

July 2, 1~76 

Coliege Station, Texas 77843 

Dear Dr • . Shapiro: 
. . . . - . . 

The Stanford Magnetic Resona~ce Laboratory wishes to annourtce: 

The Second Annual 

STANFORD bONFERENCE ON MOLECULAR STRUCTURAL 
. . . METHODS . IN BIOLOGICAL RESEARCH 

. October 3 thru ·6, 19.76 

At Stanford University 

·. The Conference will be devoted to -recent advances in the solution of biological struc
. tural problems by spectroscopic and ~ry-stallogr~phic techniques,· with a special 
emphasis 6n problems of protein and membrane· structure and fun_ction. 

Y. Arata (Tokyo) 
. R. L . . Baldwin (Stanford)· 
, E. Blout (Hqrvard) 
M. Bloom (British Columbia) 
F. W. Dahlquist (Oregon) -
W. Hubbell (Berkeley) 
0. Jardefaky · (Stanford) · 
M. · P . . Klein· (Berk~ley) · 

A .Partial List of Speakers 
Includes: 

. . 

J. Markley (Purdue) 
H. M. McConnell (Stanford) 
D. Patel · (Bell Labs) 
M. Raftery (Cal Tech) 

. A. Redfield (Brandeis) 
E; Reich (Rockefeller) 
R. G. Shulman (Bell Labs) 
J. S. Waugh (MIT) - . 

The Confereilce is sponsored by theBiotechnology Resources .Branch of the National 
.,; Institutes of Health. Participation in the conference is Hmited to 120. A registration -

fee of $30 is required which covers luncheons on October 4, 5 and .6 and a banquet 
diriner in the evening of October 6 • . For further information and registration forms, 

,,,----., - contact me at the letterhead address (Phone: 415/ 497-6270). 

Sincerely; 

Alice Walker 
. Conference Coordinator 
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:Hunter College 
' • I ' , ' ' i • I ' • t 

I • •I , 

. OF THE CITY UNIV~RSITY OF NEW YORK I 695 PARK AVENUE, NEW YORK, N.'(. 1002~ I DEPARTMENT OF CHEMISTRY 

(212) 360,2351 

frofessor B .• L . . Shapiro 
Department of Chemi.st:ry 

· Texas UM. U~versity 
College Station, Texas 77843 

25 .:tune 1976 

I 
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I 

I 

Dear Barry: . 1 I 
. . • . • . . 1. . ·. i 

· · • · . • i • • . l · 

Yrur pink slips are only s1lightly mare an:in:ms than \ those expected bYj sane 
.of our people during. the. recent ·closing (lockout?) · }:lere. The latter event 
is a partial .explanation for our tardiness in riain~ining rur · subscripticn · 

-obligation, and with this contribution ·we request reinstaten:ent. f · 
. . . . . -

.. Inthe course of rur l3c stud~s. of sane alkaloid~ ~Org~ ~- Rescn. i,4 
198 (1976)) ~ . roted changes m the resonance pos1.t1.cns ocarbon IlllC~el. 
in the vicinity of. amide ftmctions en addition of cne equivalent of tri...; 

.. fluoroacetic . acid (TFA). Sin!e there appeared to ~ no systena.tic stµdy . 
··. of this effect to determine its diagnostic value, ~ decided to e.xamfpe . 
sane s:imple amides wder .. these conditions. ·We bave i included··for c~i

. son the changes in 1 -'N rescnance positions . · The results · for sooe repre-

. sentative types of amides are given in the attache<li figure. · . . ; 
. . . . . . . . . -. ; . . . \ 

. . . . . . . I I • 

As i~ generally ~. the c~bonyl resonance ~aves I d~ield, r~lec,t~. 
partial prot;:ona.t1.on or extensive ·hydrogen bonding. : Ccnsistent Wl..th ~1.s 
change is the substantial downfield shift of the nitrogen resonapce r:psi
t~cn. In the acyclic _cc:mp~s N-alkyl carbons alsb I0011e davnfield~ :those 

· ~ to the carbonyl d1Bplaying larger changes than those trans. This. con
' trasts with. the upfield shifts experienced by the oc .carbons of anines . on 
. protcna.tion. · Alkyl groups attached to the carbonyl i ccnsistently inCN~ up- · 

:l:ield. . · The same trends ··do not hold .in the · 1actans, I and at the ·. DlCire11i we 
.are playing with conformationa.l·influences. as av.Ur~ hypothesis. lrn 
. all . cases the cha~es · in the resonance positions appear to · 1eve1 off ·!at 

about £cur equivalents of TFA . . ·.· . . . . . . · -(. . . .. ·. . ·. l . 
. M:Jre detailed results anf discussion ·will be . suhnit~ed for publicatiqn 
. shortly. ,· : · · . · . · . · .. . . · ' . .. · · · ! ·· · .· · · ·· . . · i · 

· lfjt_~~ s:a1'-y0Jrs[, ·. • 
p .R . . Sriniva~, . . . ·. Ro . ff. Lichtb:- -l 

· · Associate Pro:l;essar ! 
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Figure·. Chanical shift changes of amides in ttifluoroacetic acid .. · Values 
are in ppn relative to the resCJJa11Ce positions in · the. absence . of acid. J?os
itive values denote ·shifts to lOYE" applied field. Carbon spectra were nm 
in COCl containing the amides in ca. · 2M concentration, · with TMS as internal •. 
refer~e and with successive addition of cne, tw::>, and three equivalents of 

· trifluorcacetic acid. Nitrogen spectra were determined on ca. 4M solutions 
of t1;e amidE:s in Ci>Cl3, ·: wit:1:1 sub8E:quent addition of cne 1gw..val~ of TFA. 
Cheni.cal shiftg were aetermi.ned·with respect to external -'NH4c1 m ~ 11::1-. 
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DEPARTMENT OF HEALTH,_ EDUCATl:ON; AND· i°WELFAR~ . 
i ' 

PUBLIC HEAL. TH SERVICE 
NATIONAL. INSTITUTES OF HEAL. TH 

Profo Bernard Lo Shapiro 
Department of Chemistry 
Texas A & M University 
College Station; TX 77840 

Dear Professor Bhaplro : . 

BETHESDA, MARYLAND 20014 

Jun(a 28-, I 1976 

I 
I . 

. . . I . - . .· 

Recently, we have prepared • 1sN-labeled meso-tl traphenyl_porphyr:iin 
free base as part _of a· series ·of ~ ·studies of -lS~~labeled m~tallo.J . 
porphyrinso ·. We have found that variation of temperature has an 

· intriguing effect on the ·_ imino proton spectrum of _the lSN-labeled _ 
· coiii.pound (Figure 1) o At 

1 
..;49o, the resonance of N-H _proton CS -2.82) 

appears as a doublet with peak seperation of 97 Hz ; attributing to a 
• typi'cal one pond · lSN,..H coupling •in pyrrole, suggesting that the · 
residence time of the 'imi.no _proton on a given 15N ~tom is rela,tivelYi 
long in comparison to· tll,e runr time scale. As the temperature is 
raised, -the spectrum changes andfinally shows a quintet with a 
obs~rve~ coupling cons':a~t of 24o2 Hz,. re~ulting from an intramol~cll;lar 
rapLd exchange of the llllLno protons among f .our lSN \ atoms. The quLntet 
arises from the · random spin cirienta~ioris of four l?N and the observ~d · 
average coupling constant of _24.2 Hz (""'97 Hz/4) arises from the 1 
fact that. a. jumping proton spends · only ¼ of its time spin coupled j 

.to a given lSN. ·we think that the result ·is a good example of four ; 
site exchange process -which may be used as a homework problem in thJ 
first year ~ course. . !· ! 

Sincerely yours, 
I · 
I 

I 

.,,.,..,,,,._,.·,_ r//;t ~-VO -~~ 
Herman :J~h, Mitsue Satq · . -~ -v;~~t~ 1 - . 

. Isac Morishima .\ · - . . I 
.; ! 

.1 I 
; . 

I . . 
. SUBJECT: Example of iritramc>lecular four · site exchange _--

i. 
I -
, · 
I 

. I 
· 1 i 

Please give cred·it to HJY. 

•. I 

... ; I . 
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"'- McGILL UNIVERSITY . June 2.9, 1976 

l 
· Professor B. L. Shapiro; 
· Department of Che~istry, · 

Texas A.& M University, 

l 
i 
i · 1 

' . 

. I 

I 

! 
i 
!, 

Dear· o·r ~ Shapiro: I 
' I 

. . li : 
· Natural Abundance · C SPT . Experiment ·ori a Basic WH-90 i · 

. . We m~de sign d~terminations .~f s·~me ltwo~bond 13c-H cohpling. 
constants usi_ng the "selective popuiation transfe'I'. (SPT) II technique~) ·. · --
with our Bruker WH-90 equipped with a B-SV _broad band proton decoup~er. 

. •. . I 

. The decoupler frequency was read to ; 1 H_z using . a Heath-Kit . 
frequency counter (model 113.:.1103). One minormoq.iflcation to the decoupler 

. . . . . ' . . I 
was that the one-turn potentiometer {500 n) .to vary the · power was r~placed . 
by a ten-turn pot so that .low-·power lev~ls. coul~ be reproduced precisely. 

. . • • • • , • • I . 

The accompanying figure shows a typicai .. set of 'spr13cl spectra 
obtained~ using a 1,2:S,6-di-:-Q.-isopropylide11e-~-g~ucose-3rd in CDCl ~ ('vl M). 
The procedure was as follows: . · . · , . ·. : 

. . I 
I . . . 

1. . .The. H.:..2 res on.ant frequency was determin~d by observing the . 
maximum collapse of ;the · 13c-2 .•signal with the low~st possible decoupler power 
co. 2 W on nieter). i 

. . . i . 
2. · From the proton N.MR spectrum and this frequency, all four · 

H-2 tr'ansition frequencies were located. I 
3. Each of these l;ines was . irradia~ed, in turn, with! much weake 

power (no meter .deflection) for a shc,rt period (0.2 sec.) .just prio;r· to every 
13cpuise, 500 signa;i.s were accumul~ted for eac~ ~pectrum. I 

In this example the sig~ was seen t b be positive (+ s;.6 Hz). 
. . . I 

Using the same technique, the signs 1of other ·two..:.bond coupiing 
constants have also been determined .: I 

I. 
I 

. i 
. ! 

2
JC(l)'-H(2) (in S-£,-glucopyranose) 5.7 Hz 

2
~~(2)-H(3) (in methyl a-g-glucopyra~oside) - - 4. ~ .Hz!. 

I . . . 

7hese· and related stereochemical aspects of two-bond coupling 
constants will .·be discussed elsewhere2, ~). ; 

·. ! 
I 

References : · 1 
. i 

1. . e.g. S. Sorensen, R.H . . Hansed and H~J. Jakobs~n, ·J. Magn . . 
243, · (1974) .· 

2. J .A. Schwa~cz, N. Cyr and· A;s. Perlin, Can. J l Chem., 53, 
3. N, Cyr; G. K . . Hamer and A~S; Perl.in, to be pub~h;hed. -
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1 13 ·. i 15 . 
Hand . C nmr spectra.of nitrobenzene- · N 

Dear Barry.: I 

I 
I · 

i' 
I 
! · 

I 
1 · - I 

of the H and1 Recently _Kelvin Chum and I completed an analysis 
1 i 

and simulated H . 
13 . . . 15 I 

C nmr spectra of nitrobenzene~ N. The observed 

spectra are shown in Figures A and B respectively ~ 

between observed and caiculated 
1

H i:ransid.ons wa~ 

- - - I . 
The RMS deviation 

transitions wei:-e assigned. 

0.015 Hz; 119 I 
i 

The ·spectra shown in ·Figures c· and D a11e 
. I 

.observed and simulated double resonance spectra which help confirm l 

. . . i . I 15 . . I I 

the relative signs of the · N,H coupling constants. The observed I 
15 15 13 . i 

N,H and . N, C coupling con·stants are given below and compared with · 

those observed for a~iline-15N. 

· 15 . - 15 
(1-3) nitrobenzene- · N aniline- N 

I -
3J(l5N,H) 

4J(15N,H) 

5 J(15N,H) . 

1 J{l51't ,13 C) 

2J(l5N, 13C) 

3J(15N,13C) 

4 J(l5N~ 13C) . 

-1.921 

-,0.837 

-0.303 

-14.6 ± 

±1.7 ± 

±2.5 ± 

· ±0. 7 ± 

± 0.005 

± 0.005 

± 0.008 

0.1 Hz 

0.1 Hz 

0.1 Hz 

0.1 Hz 

Hz :...1.94 Hz I 

Hz -0.48 Hz 

Hz 0.0 -. Hz 

-11 ~41 Hz 
., 

-2~68 i Hz I 

I . .-1. 29 Hz 

· 0.27 Hz 

The observed coupling constants (Fermi contact c~ntribution) have been 
• •• I • l . . 

compared with those calculated using FPT and semi-empirical MO theory at 
- · · - -· i · 15 13 · I 

the INDO · level of .approximation. IND_O predicts 1J ( N, · C) in nit1obenzene 

· and aniline to .. be -29.8 Hz and -16.3 Hz respecti~ely. _ _ J . 

I am presently writing a review for "Annual !Reports on NMR Spiactroscopy" on 
13 ·· . · · · I 
. C~X nuclear spin-spin coupling constants where !Xis ·a first row ~lement. 

. I 
I would appreciate any preprints of papers on -this topic. Thank_ you. 

l ; . 
. References 

I 

1) R. E. Wasylishen. Can_. J. Chem. 54, 833 (1976). _ . _ / _ 
2) M. Hansen _and H. J. Jakobsen. Acta Chem. Scand. 26, 2151 _(1972·) • 

. 3) R. E • . Wasylishen, _J. B. Rowbothan, L. Ernst, and T. Schaefer. jean. 
J •. Chem. 50; 2575 (1975). ! 

Yours sincerely ·, 
?=?-Hl . 

n;....,=1 T.l .... ~"T1.; eohon 

;-.-
\ 

~ 
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Dear Barry: Select · - A - Spin ! · . 

The word is out - the periodic .table has s·p·ihs;1 an'd they are accessible 
to m6st multinuclej spectrometers. In our searchl·for things bright·and beauti
fu~ we have.often needed a nucl~ar table arrangedi according to freguency. - · . 
Us, ng a ser, es · of controlled sc, ssor ·pulses, Kathy has transformed i the Lee- and -
Anderson table7 int? this ne~ dimension •. _fear prpmpted u~ to restr ict oursel vres 

· to the ,non .. rad1oact1ve nuclei. Frequencies for 23.5 Kg field shou1d act as an · 
appropriate page filler • . ·. -· -- · I . · - i · · _ · 
. ·. 1. R. K •. Harris, Chem. Soc~. Revs., 5, 1 (1976} • . 2. E. D. Becker, 11 High 
Resolution NMR 11

, Academic Press~ New York, 1972, Appendix A. ! · 
- . . . . . I · I 

. ~ . ~ours si~cere
1
1y~ µ ·~ ·;:. 

H 3 
H . _ l 
F 19 · 

··_ He .. 3 
Tl 205 
Tl 203 
p '. 31. 
Li 7 
Sri 119 
Sn 117 
Rb 87 

. Sn 115 -
B 11 
Te 125 
Ga 71 
Pr .141 
Cu . 65 _-
Xe 129 · 
Br 81 
Cu 63 
Na 23 . 

· V 51 
Te 123 
Al 27 
C ·13 
Br · 79 
Eu -151 
Mn . 55 
Nb .93 .. 

· · Sc 45 · 
Ga - 69 · 
Sb ·l 21 
CO · 59 
Tbl59 

·Re 185 
Cd 113 
In 113 
Pt 195 

. 106~663 
1_00. 000 
. 94.077 

76. 177 
57.708 
57 .150 
40.481 
38.862 
37.272 

. 35.626 
32. 720 
32.699 
32.084 

. 31.591 
30.496 . 
29.359 

. 28 .. 394 
27;661 
27.006 
26.506 
26.452 
26.282 
26.212 

- 26.057 
25. 144 
25.054 

· 24.800 
. 24. 664 
24.443 
24.293 
24.004 ·. 
23.931 · 
23.614 
22.689 . 

. 22. 514 
22 .184 
21~867 
21.498 · 

.K~tef · · Jo~n Grutzner ·· · 
I 

Cd 111 21.204·. 1 
· Mo 95 6. 515 

Pb·207 20.922 Zn 67 ~~255 
Ho 165 - 20~505 . Mg 25 6.119 
I 127 20.-007 - Cr 53 5.~52 
Si 29 . 19.865 -_ - Ti 49 5.638 
Se 77 - 19.067 Ti 47 5.637 
Hg 199 17. 827 Nd. 143 5. 437 · 
Yb 171 · 17.613 Se 79 S.214 

- As · 75· 17 .127 Ru 101 4.932 
H - 2 · . 15:351 Y- 89 4.899 
Li . 6 14.716 - Yb 173 4.852 
La 139 14 .126 . Dy .163 4. 697 .-
Be .. · 9 14.'053 Gd . 157 4.697 
0 17 · 13.557 . K 39 4 •. 666 
Cs 133 13.117 Ag. 109 4.652 
Sb 123 12. 959 Pd l 05 - 4. 580 . 
Ta 181 11. 969 Sr 87 4. 334 

-. Lu 17 5 11. 415 - W · 183 4 ~ 161 
Ba 137 11.113 Sm 147, - 4.134 
Eu 153 - 10. 952 · Ag 107 · 4. 04 7 
B 10 10.746 Kr . 83 3.847 
N 15 1_0~133 _-Gd 155 3.758 -
V 50 - 9.970 Ge - 73 3~488 
Ba. 135 . 9.934 Ru ·99 3. 382 
Cl . 35 9.798 . Nd 145 . . J,335 . 
Rb 85 .· _ 9.655. Dy 161 3. 288 

• Zr 91 9.330 Sm 149 3.288 
Ni - 61 · . 8.936 · Fe 57 - 3.231 · 
Tin 169 8.268 Rh 103 3'.148' 
Xe 131 · 8. 200 Hr 177 3; 053 

.· . Cl 37 8. 155. • Er 167 2. 889 
Ne 21 7.894 K 41. 2.561 
Os 189 7.759 · Os 187 2.303 
S 33 7.670 - . -Hf 179 1~879 
N . 14 7. 224 Ir ·193 - l .. 871 
ca · 43 6.728 . Ir 191 ·. 1.719 
Mo 97 6.652 Au 197 1.713 -· 
Hq 2·01 6. 560 --, . 

:. 



214-60 

. Magnetic moinent µ. Electric quadrupole 
t",-...__: Isotope NMR frequency (mult!p1es of the ,moment Q 

(MHz for .a 'Natural abundance ~elatlve sensltlvltf nuclear magneton (multiples of barns 
:z Element · ·;,(' . Spin/ · . IQ-kd fleld) ' (¾) at constant fleld th/4rrMc) . . (I o-24 cm2)) 

79 . ·Au 197 f 0.72918,8 100 2.5] X ]Q"'.1 0.143489 0.59 . 
·1 •. 77 'Ir· 19.1 ·. l · 0.7318 37.3 2.53 X 10-'. 0.14il0 l.S . 
' 77 · Jr 193 .J. 0.7968 62.7 3.27 X J0-5 0.1568 1.5 ' · 2 

72 Hr 179 t 0.80 13.75 2.16 X 10-4 -0.47 3 
. ---::-:. - ·--76 :Os 187 ¼ 0.98059 .1.64 1.22 X 10-:5 0.06432 - ,~ ·K 41 t 1.0905 6.88 8.40 X 10-s 0.21459 -.--

68 · Er. 167 t L23 22.94 5.0, X 1()-4 -0.565 2.83 
72 . Hf 177 ½ 1.3 18.50 6.38 x J0-4 0.61 ' ----3 

. ·~ ·Rh 103 ¼ ·. 1.3401 100 3.11 x 10-1 -0.08790 . 
26 ·.·Fe 51 ·¼ 1.3758 2.19 3.37 x.10-5 0.09024 

. 62 Sm i49 t 1.40 13:83 7.47 X 10-4 -0.643 .. _ 6.0 x ·10~ 
66 Dy 161 

. J. 
1.,4 18;88 4.]7 X 10-4 -0.46 IA ·1·. 2 

60 · · Nd 145 t i.42 - 8.30 . 7.86 X 10-4 c--0:654°·-- . - . . .:.o.rr~·--
44 ·Ru 99 t · . 1.44 12;72 i .95 X 104 -0.284 . .. _, -
li, ·o~ 73 . t 1.4852 · · 7.76 1.40 X 10-> -0.87679 ,.:0,2 

• I 64 ·Gd 155 t 1.6 14.73 · 2.79 X 10-4 :..o.J2 .1.6 
36 ·Kr 83 t . 1.638 Tl'.55: 1.88 x.10-1 ,...::0.9671 .Q.JS fl -~g 107 ¼ 1.7229 51.82 6,62 X 10"'.1 --0:11301 
62 Sni '147 t 1.76 

,., .... __ ·-
14.97 J.48 X JQ-J -0.807 -0;208 

74 . :w iijj ¼ 1.771.6 14.40 7.20 X JQ-S 0.116205 
)8 ·Sr -87 t 1.8452 7.02 2:69 X JQ- > -1.0893 .. 0.2 

"" ·Pd . 105 ½ 1.95 . 22.23 Ti2 x 10-3 -0.639 47 ·Ag i09 ½· 1:9807 48.18 .. t-:iii"' X 1 Q-4 .:..0.1299'2"· - --19 ·K 39 ½ ·t.9868 . · . .. ---··•·· 93.10 5.08 X lQ-4 0.39097 0.11 

r\ 64 . ·pd 157 t 2.0 15.68 5.44 X 10-• -0.40 2 
66 Dy 163 t i.o 24.97' . J.]2 X 10->, 0.64 1.6 
70 Yb 173 ½ 2.0659 16.13 J.33 X JQ-l -0.67755 . 2.8 .. 
)'I ·v 89 ¼ 2.0859 100 i jjg X 10-4 .::0:-13682 
44 Ru io1 t 2.1 17.07 J.41 X IQ-J . -0.69 
34 Se 79 J 2.22 2.98 .x io-1 -1,02 0:9 
~ ·· Nd 143 t 2;315 12.17 3.38 X 10-3 -1.063 -0.48 
22 . ·Ti. 47 t 2.4000 7.28 2.09 X 10-3 . -0.78710 
22 •Ti .· 49 t 2.4005 5.51 · 3.76 x. 10-3 -1.1022 
24 ·er 53 ¾ 2.4065 9.55 . 9.03 X 10-4 . -0.47354 
12 ·Mg 25 t 2.6054 .10.13 2.67 X 10-3 · -0.85449 

30 ·Zn .67 t -2.663 4.11 i8s x 10-3 0.8733 0.15 42 ·Mo 95 t 2.774 15.72 3.23 x JO.CJ . ..::0:9091 0.12 
80 · .Hg 201 ½ !]099 13.22 . 1.44 -x 10-1 · ~O.silij o;so- · 
42 ·Mo 97 ½ 2.832 9.46 3.4h io-, -0.9289 ··· . i:f . 
:.'O ·ca . 43 f . 2.8646 0.145 6.40 X lQ-l . -1.3153 f ' 14 -·-· . _,, . - . 

~ -. ·N I 3'.0756 99.63 LOI x 10-3 0.40347 7.1 X J0-2 
16 ·s 33 i t 3.2654 0.76 2.26 X lQ-3 · 0.64257 -6.4 X !()•·J 

76 ·Os 189 t 3.3034 16.1 2,34 X 10-J 0.65004 0.8 
10 Ne 21 1. . 3.3611 · 0.257 2,5() X JO-l -0.66i40 2 · "i 17 ·ti. 37 t 3.472 2.71 X i0-3 

... . --- - -- .. 
-6.il x.10-• 24.47 .0.6833 

54 .·Xe 131 J. '3.4911 21.1s· 2.16 X jQ-l 0.68697 . ..:0.12 · •2 . 

69 ·Tm 169 ½ 3.52 100 S.66 x J0-4 -0.231. .,-

•Ni ½ .. 3.8047 1.19 3.57 X lQ-l -0.74868 28 61 
40 . •zr 91 .t 3.97249 . 11.23 9.48 X JQ-3 . -l.30284 2 

n •Rb 85 t f1108 72.15 I.OS X 10-2 1.3482 0.27 
<c· I 7 ·cl . 35 t 4.1717 75.53 4.70 ~ 10-3 . 0.82091 -7.89 X io-J 

56 ·Ba 135 ½ 4.2296 6.59 4.90. X 10".'3 . 0.83229 .0.25 
:?3 ·v . so 6 4.2450 0.24 5.55 X 10-:-2 3.3413 
7 ·N 15 ½ 4.3142 : 0.37 1.04 x 1_0"'3 -0.28298 

('. s ·.B JO 3 4.5754 .19.58 J.99 X l{)-2 1.8007 7.4 X 10.:_2 

63 · ;Eu· 153 .! 4.6627 52.18 . J.53 X 10.:.2 1.5292 2.9 . 2 . 

56 ·Ba 137 t 4 .. 7315 11.32 . . 6.86. X 10-3 o.91-fo1 . .. · 0.2 
71 ·Lu J.75 t 4.86 97.41 · 3.)2 X J0-2 . 2.23 5.68 
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z 

7J 
~I 
ss 
I 

.. ··- --• 
·. 57 

Isotope 

Element · 

- ·Ta 
· ·Sb 

·cs 
'.Q 

·Be 
·La 

3 •Li 
I ·H 

33 ·As 
. :7§: ·xb · 
-80 ·Hg 

A . 

181 
123 

.· 133 

17 

9 
139 

6 . 
. 2 

75 
171 

199 

NMR frcq·ucnc'y• · , . 

Spin/ 

1 ··- •-•4• . . .. 
t 
t 

. (MHz for a· . Natural abundance_ Rclntlvc sensitivity 
l 0-ko field) . . . (%) . . at constant field 

S.096 
Bt76 . 

S.S8469 -· 
S.772 

· 5_.9834 

6.0144 

6:2653 
6.S3566 . 

7.2919 
7.499() 

7.S9012 

99.988 
42.7S 

100 
3,7 X I0-l 

. . 100 

99.911 

7.42 

I . 

.3,60 X 10-2 - --rs, ~ 10...:2 · · 

·'·••-···-- 1 . . 
. . 4;74· X }0-2 

2.91 X 10-2 
• I 

1.39-x 10-2 · .. --·-· 
5.92 )( 10-2 

• • I - • ' 

8.50 X lQ-'-l . 

1.5 x io-2 · · -- 9.6s ~ 10,.3 

100 
14.31 . .. 
16.84 

2.51 X 10-2 

. SA6 x 10-3 

~--~ - 77 

. - i ' 
-½ _8.118 · 7.58 . 

· 4.70 
100 
100. : 

S.67 x 10-3 

6.93 X io::j 
'" •Si 

. 53 ;I 
f,7 • Ho 

Ii~ . -'Ph 
48 '.Cd 
78 >" ~ ·, 

29 

127 
165 
207 

Ill 
195 · · 

--;¼-------'- --8:4578 
• t · · ··- s3183 -

f t73 
¼ 8.90771 ---t · 9.028 

½ 9.153 . 

. 22.6 

12.1, 

7.84 X }0-l · . 

9.34 X JQ-2 

I 0,181 
9.i6 x 10-J 
9;,54 ·x "io-> ·-------33.8 9.94 X }0-l 

4.28 I 0.345 · 49 ·Jn 

. ◄8· __ " _ _'Cd 
113 
113 ;• 

- .· ·y-- . 9:3099 

-r----::,-,44r- . ·--~~-- --t2.26--- - -·- ·- l.09x. 10::-2• 

75 ·Re- "185 -. ½ · 9.5855 
65 · Tb 159 . _____ J.:. 9.66 

10.0S4 27 . ·co 59 ½ · 
51 ·Sb 
.j1 _Ga 
21 ·Sc 

- -- 41 · ·Nb 

25 · Mn 
63 -;Eu · 
35 ·Br . 

6 ·c 

23 

II 
29 

·-·At 
·Te -~ . 

·v 
·Na 
·cu 

35 ·Br -

54 ·xe 

121 
69 . 

45 
93 

ss 
. . 151 

79 

13 
.· 27 
123 

St 
23 

. 63 
81 . 

_ 29 ·cu 65 
·s9 . •·-·Pr -- . . HL 

31 . cia 11 

__ ~::! . ~Tc ~-L 
S 'B 11 

½ 10.189 
f ' 10.22 

10.343 r 
f"-~--
! 
i 
½ 

IO.SOI 
·10.s59 
10.667 

¼ · 10.7054 
··r--11-.09-4--'--_ --.-
t 11.16 

J . t IL19 
11.262 

·-r .- -· · 11.~~---

t lU98 
j il.777 ·-----

½ 12.089 
. _ ·--1. ·.,- . _-- iis -- : · ··- -···- ·· 

f . · 12.984 

l 
l 

1f45 
13.660 

37.07 . , 0'.133 

100 
Icio · 
57.25 

' 60.4 

100 
100 

100 
47.82 
50.Sii; 

1.108 

100 
0.87 

99.76 . 
100 

69.09 
49:46; 
26.44 

30.91 · 

1:.6 . .. · .. 

. 6.99 

s'.ij-:10.::2 

;0.277 
,0.160 . 

6.91 X 10-2 . 

'0.301 . 
:o.482 

.ro,11s 
0.178 · 

1.86- )( 10-2 
. , . 

1.59 X lQ-2 

-,0.lilD 
J.8 x. w~2 

:0.382 . 
9.25 x w-2 

9.85 x. 10-:t 
2.12 X IO-l 

'o:i1_4 
.. , ..... · -- : --· . 

i0.293 · 
io.142 

3.1;~ X jo-2 

. Masrieiic mon;ent ,-i 
(multiples of the 
nuclear magneton 

,eh/4,,,Mr) 

·2.340 
2.~334• 

2.S6422 
. -1.8930 

-1.1774 . 
2.76i5 . · 

0.82192 
. 0.857387 

1.4349 
0.4918,8 

0.4978.59 
0_.532S 

::..0.55477 

2.7937 
4.01 
0,S84284 

-- --·- ·· 
. -0.6l9~i 

. -- 3.143-7 

l._90 

4.6163 

3.3415 
"fiil 
4.7492 

_ 6.14jS 
. 3.444 

- 3.4630 

2.0990 
0.7021!}9 

. 3.6385 · 
· -0.7319 

5.139 
2.2161 

2.2206 

·- -:-0. 77247 · 
·2.3789 

4.09 

2.5549 . 

-0.8824 

2:6880 
::Sn ____ -1-15 t 13.922 . 

· 80.42 .· 

0.35 3·,50 x 10:-2• . . 

~o 
3 · 

· Rb 87 _ ½ t:3:931 
. ·.Sn 117 f -.- 1.5.168 
· ·Sn 119 °f . 15.869 

'Li . 7 ·½ . J6.S46 

···----___ 7.6_1 

8;58 
92.58 

. --·- 100- . 

.. 0.175 
···- -----------,,----

4.52 X I0:-2 

. S.18 X 10-2 

· ·0.293 - · 

2.7414 . 

-ci.9949() 
. · -1.0409 

3.2560 
1.1305 - --- . 

Electric q1ddrupolc 
. I 

·. · momc11t Q 
(multipluR 11r hnrnR 

· 00-24 cm2l) 

3 

--0.7 
-3 X 1()..:.3 .. 

-2.6 X 10-2 

. 5.i X J0-2 

0.21 

__ _ 6.9 xl10-• _ 
2.73 X 0-3 

0.3 

.:.0.69 
2,8

1 

1.14 

2.8 · · 
I . q 

_:;1·. 
0'.178 

. -0.22 
: =--o--:il . 
-~ 

1.1~ 
. I 
0.33 -1·-
0.:!i~. 

______ j 
--4" 10- 1 

0.14-oli s 
-0.16 

. I 

0.2~ ·---::-r ·· 
. -0.1$ . 

~5.9~ -~~-2 

_0.1~2 · 

- I - . 
3._55 x 110-2 

"'i -
-3 X 0-2 

I~ 
81 

·r ~ - · . _t · 17.235 6.63 X l0-2 

0.187 
0.192 

··--·-

!ii 

· 2 

_ 9 
1 
1 . 

· Tl. 203 t 2◄.332 ~ · ·-.----- ·--· -- . 
· ·Tl · 205 · . .. t ·. 24.570 · 

·----- ·---
·He 3 ½ _ 32.433 
·.F . . 19 .· . ½ 40.0541 
. -- ··---. 
' H 42_.5759 

I IC\: clcc1ron with t 

45.4129 

2.80246x 104 
... ·4"U't, ... , .... 

-29.50 ----- ·--· ruo ·· 
· ·· -· ·· ·-•-·· 

. l.J X lQ"'.'4 
. [ -- -- ?' . .. 

. 0.442 · 
100 0.833 _·. 

99.985 
j . - .•• · .. .. . 

11.00 · 
l .··• .. 
il.21 

. I . . 

2.~.x 108 

1.5960 . 
. 1.6lft;" 

. ~2:i21.i" 
, 2.62721' 

2'.79268 

2.9787'-r- · 
. . .. 
-1836.09 . 

;...· 

L 
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New 18-mm Probe for the XL=fOO 
13CSpectra 
10 Times Fa ter 
Now Varian XL-100 users can run natural abundance 13C spectra at millimolar concentrations. 
Varian's new V-4418 Variable-Temperature Probe accommodates 18-millimeter sample tubes and 
boosts sensitivity to over three times that of the standard 12-mm probe. Compare the two spectra 
of 10 mM sucrose-clearly this new probe could extend the application of 13C NMR to entirely 
new areas of chemical research. 

The V-4418 is Varian's latest offering to the scientist who needs 13C spectra of samples of limited 
solubility or limited molarity; or who studies certain equilibria and requires low concentration; or who 
works with relaxation properties that are best studied at low concentration. The V-4418 lets him use 
samples less concentrated by a factor of 3, or reduces the time required for an experiment 
by a factor of 10-with results second to none. 

Not only is the absolute sensitivity of the V-4418 Probe outstanding, it also offers excellent 
sensitivity per milliliter of solution, an important asset if you study scarce or expensive (most often 
both) macromolecules. The Probe develops its full sensitivity potential with 6 milliliters, a volume 
only three times that required with the standard 12-mm probe! 

And that's not all. When the V-4418 Probe is 
used together with the recently introduced 
single-sideband filter, overall sensitivity 
of the XL-100 increases by a factor of 5. 
Or, in terms of time savings, these com
bined capabilities reduce a formerly 24-
hour experiment to a routine 1-hour run. 
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Compare these two broadband proton-decoupled carbon spectra of 10 mM sucrose in 0 20, 
one using an 18~mm sample, the other the standard 12-mm sample! Data were accumulated 

tor 4096 transients, with a one-second acquisition time and a 90° pulse. 

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

Sample tube 
shown actual s ize. 

Varian Instruments, 611 Hansen Way, 
Box D-070, Palo Alto, CA 94303. varian -~----------' 
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