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Table 1. D and J of Me,SnCl, in ZLI 1167 (0.5 M, 34.1 °C)
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Medium r r El 0 Solute Concentration $§ S s @
1 2 1 2 i XX vy zz
ZLI 1167 2.109b 1.120 123.0 108.42 MeSnCl3 0.08 M 0.0837
Gas? 2,109 1.112 110.1 '108.0 MeZSnCI2 0.5 M 0.0747 -0.1456 0.0709
b
8 prom ref. 2. b Assumed. Me3SnCl 0.13 M -0.0488

85 =5 in MeSnCl3 and Me

22 ¢3v SnCl.

3

b in Nematic Phase IV.
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Table 1. Activation volumes for conformational isomerization of cyclohexane

Solutilon Temperature PMAX AV+a Avgﬁg AVE&C‘L
G () (en/mol ) (en’/mol ) (en’/nol )

40% CYH, 30% TMS PR 3V 2000 1.9 + 0.5 — -

15% CD2C12, 15% ¢ DllCDB

5% CYH, C6D119D3 225 4700 -0.5 + 0.2 -1.3 0.2
218 4400 -0.5 + 0.2 ~-1.0 0.5
213 4000 -0.6 + 0.2 -1.0 0.5

5% CYH, CS2 225 4700 -1.8 + 0.3 -3.1 -1.6
218 4400 -1.9 + 0.3 ~3.4 -1.9
213 3500 - -2.1+ 0.3 -3.2 -1.7

5% CYH, Acett)ne—d6 225 3250 ~3.0 + 0.5 ~4,8 -3.3
218 2350 -2.9 + 0.5 -4.0 -2.5
213 1600 -3.3 + 0.5 ~4.9 -3.4

-aLinear least squares~fit of data which assumes the volume of activation to be independent of pressure.
cObta:{ned fror[r.\ the initial ilopes of the data in Fig. 4.
04 = o = -
avep y = avsto - avlons avlgr = <1.5 cnd/mol |

Solution composition in percent by volume. H. D. Ludemann et al.

ENE02 (D4 en, BB 53 K3 FvwR3h3, 20 -90Fo
BEAN () CHRRTEZ, '
ln#(P)= Ao AP + A PP+ A3 PP &)
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The Current Status of High Resolution NMR in Solids

John S. Waugh

Massachusetts Institute of Technology
Cambridge,Massachusetts 02139

Numerous techniques developed during the past decade have opened
a large number of new applications- for NMR in solids, all resulting
from coherent averaging procedures for enhancing both resolution and
sensitivity. One set of applications stems from the possibility of
measuring accurately the anisotropic parts of the various nuclear
spin interactions. Another set of techniques, involving cross-
polarization and magic angle spinning, creates a very useful routine
spectroscopy comparable in breadth of application to conventional
high resolution technique in liquids. Recent experiments will be
described including (a) partial determination of nucleic acid struc-
ture using oriented samples, (b) studies of the anisotropy of the
electron-coupled spin spin interaction and (c) a family of procedures
for studying rather slow molecular motion in solids.
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Table 1. Comparison of 13C chemical shifts of (174)-0-D-glucans in solid state with those in
aqueous solution (pH 7)(ppm from TMS;+ 0.5 ppm for solid samples)i**

Linear glucans Cyclic glucans
AmyTose{DP 100) Amylose(DP 25) Maltotriose Cyclohexa- CycTohepta- CycToocta-
amylose amylose amylose
solid soln. solid. - soln. solid. .solnm. solid .soln. solid soln. solid soln.
C-1 102.6 100.3 99.5 100.3 102.9 99.8 101.5 102.5 102.8 102.5 101.2 102.4
104.2 103.2
C-4 82.4 77.9 82.9++ 77.9 82.8 77.0 81.2 81.9 82.0 81.8 82.2 81.2
~78 * 85.2
C-3 74.2 74.2 73.4 ’ 74.0 73.8 73.6
c-2 73.2 72.4 72,1 72.4 73.7 72.9 72.5 72.7 72.5 72.7 72.9  73.0
C-5 72.0 72,0 71.8 72.4 72.5 72.5
C-6 62.4 61.4 61.8 61.4 59.5 60.5 60.5 61.2 58.8 61.0 58.6 61.0
62.1 63.4 60.4 62‘3
65.2 : :

T Assignment of peaks based on  refs. 11 and 13. T+ Peak-intensity decreased to~50%.
* Displaced peak at the shoulder of C-2,3,5 signal. ** The s]]ght difference of the ]‘3(: chemical
shifts observed in aqueous solution with those from ref. 11 is due t6 the magetic susceptibility

effect in the iron magnet system.
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Table 2

conformation-dependent l3C chemical shifts of some polysaccharides (fpm )

Linkage Conformation Difference of chemigal shifts at the
{solid state) glucosidic linkages*
- C-1 c-3 c-4
Amylose (1-4)-a~D- V-form 2.3 4.5
glucan
Curdlan (1-3)-B-D- 7/1 helix 1.0 4.2
glucan
R, a~form
1-4)-8-D- 2. 4,1
critin é-acétgmido— (extended) ’
2—-deoxy-
glucan

with frespect to those observed in solution states.
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1 3 Shielding Anisotropies ot3¢ in Poly(ethylene terephthalete)

Towa State Univ. Tokushima Univ. & Kodak P.D.Murphy, T.TAKI, B.C.Gerstein,P.M.
Henrichs and D.J.Massa

1:2,3 {4 characterize NMR spectra of nuclei in

The use of shielding anisotropies
molecules can be a sensitive tool for probing detalls of molecular structure.
Unfortunately, nature is usually not this kind for most molecules that contain
magnetically inequivalent NMR species. Overlapping shielding anisotropieé can destroy
the obvious resolution of NMR spectra that contain many shielding tensors. Little
useful information is available from such an NMR spectrum. Magic-angle-spinning (MAS)l’z
can remove the anisotropies, yielding a relatively fhigh-resolution NMR spectrum in
which the locations and relative ateaa of the resoluved absorptions are obtained. In
such an experiment the anisotropic shielding components are lost.

Three methods have been proposed for high-resolution NMR in solids without the loss
of tensor information:(1) synchronized-pulse techniques,5(2)slow—speed magic angle

spinning(SSMAS),6 8and (3)off-magic angle spinning(OMAS).6 Taylor et al? in a recent
treatment of OMAS, have shown that it can be 'a simple and direct means for determing
anisotropic values of overlapping shielding tensors in favorable cases,i.e., those
for which one can judiciously choose a rotational angle such that nonoverlapping, but
scaled, tensors are generated for the species of interest.

Their calculations have shown tﬁat in the rapid-rotation limit,i.e.,

Wi > U)o‘ 3y "6:'/

wherecOr is the rotational frequency,vao isthe Larmor frequency,(}} is one of the
three tensor components chosen such that) G} - Elfis maximum, and ?F is the isotropic
value of the three tensor components, the observed tensor components,Gj/, are scaled
with respect to their isotropic values by a constant C which depends on the orienta-
tion of the rotational axis with respect to the static magnetic field. The actual
tensor components,qg can be calculated from the OMAS scaled components, Q?C by the
following relation: ‘

T= (S =-T)/¢c +F | C=3caP-1)/3
whereé)is the angle between the rotational axis and the static magnetic field.

The present work was primarily undertaken to investigate the use of OMAS to study
anisotropic shielding of carbon in poly(ethylene terephthalete)(PET). The structural
formula of the PET repeating unit is shown in Fig.l.

OMAS is used to generate tensor information for offset from the magic angle. The
valueof the tensor components, thus determined, are refined by nonlinear least-square
analysis of the static powder spectrum. The results of the two methods are compared

and some of the possible limitations of this technique are discussed. Finally, the



observed shielding tensors in PET, compared with previciously reported shiélding
tensors of similar kinds, are interpreted and discussed.
Experimental section

The samplerof PET was a commercial sample which had been melt polymerized to an in-
" herent viscosity of 0.63 g/dL. Differential scanning calorimetry indicated that it
was 58% crystalline. The weight-average molecular weight was greater.than 40,000,
pbased on the inherent viscosity.

The resonances of 13C and 1H occur at 14.09 and 56.02 MHz, respectively, in our
laboratory field of 1.31 T. The design of the cross-polarization (CP) spectrometer

and the MAS probe have been described in detail elsewhere.lo’11

A phase-alternated
CP pulse sequence, which minimizes some base line and rf ringdown artifacts, was used.

For static powder pattern measurements, 0.7 g of sample and rf fields of HlI:10 and

HlS=4O G were used. For MAS and OMAS experiments, 0.3 g of sample and rf fields of
HlI:B and HlS=32 G were used.
In all experiments, a CP contact time tCP of 1lmsec, a slow clock period of 3 sec,

and 10,000 coherent signal averages were used. The receiver band width was 10 kHz,
and the spectrometer offset was 2 kHzabove the isotropic line of the carboxylic
carbons. The magic angle was carefully adjusted for minimum line width on a sample
of carcium formate. Rotor speeds Wwere measured at 2.6 kHz. Chemical shifts were
measured with respect to an external reference of tetramethylsilane. Negative shifts
are downfield from the reference and indicate decreased shiélding.

Results and Discussions

The chemical shift tensor is a second-rank tensor which requires six quantities for
complete characterization% Normally,these tensors are diagonalized by a transformation
to the principal axis frame, and one reprots the three principal values 11° 22° 33
in this diagonalized frame and the three angles which specifyvthe orientation of the
chemical shift principal axes with respect to the molecular or crystallographic frame
of reference. The three principal components of the diagonalized shielding tensor
are directly measurable from powder-pattern NMR spectra, provided the problem of over-
lapping powder patterns can be appropriately handled.

The static powder spectrum and MAS spectrum of PET are shown in Fig.l, and appropri-
ate NMR spectral information is tabulated in Table 1. The MAS spectrum clearly show

the exsistence of four different 13

C species (1abelled A*D). The locations
of thé NMR shifts and relative areas are consistent with the assignment of species A
(-164 ppm) to carboxylcarbons and species D(-62 ppm) to methylene carbons. Both
species B and C have shifts indicative of aromatic carbons, and we tentatively assign
the downfield species B(-134 ppm) to the substituteed aromatic carbons and the upfield

species C(-131 ppm) to remaining aromatic carbons.

From the static powder spectrum, one can clearly see the methylene tensor. The
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Table L. 136 NMR Spectral Parameters for PET

a b b b |- ¢ c %area |~ %area
C - |shielding |0/ |92/ P g A0 lstatic |OMAS |MAS

Type |symmetry [+3ppm [£3ppm E3ppm |3 ppm [#5ppm £3% |+2ppm |£3 %

A AS -250 -122 - -165 -128 i9 -164 2i
-134

B,C NS -226 -153 -15 -131 175 59 131 57

D AS - 28 - 80 - - 63 52 22 - 62 22

a AS = axially symmetric; NS = nonaxially symmetric.
b Tensor components determined by least-squares analysis; shifts in ppm, w.r.t., TMS.

c These generalized parameters are calculated.

carboxyl and aromatic tensors strongly overlab. To separate the methylene and carboxyl
tensors for measurment of their components, OMAS experiments were performed at angle
9 =51.3 with respect to the static field. The NMR spectra at this orientation is

shown in Fig. 1, and appropriate spectral information is tabulated in Table II.

In summary, OMAS appears to be a rapid and accurate method for the measurements of
carboxyl and methylene tensors in a system such as PET. AS was pointed out earlier

6

by Stejskal et al.” OMAS is not particularly useful for measuring very similar tensors

that are separated by small isotropic differences, such as aromatic tensors. For such



measurements,other techniques, such as the SSMAS used by Waugh et alg’?alre probably .
more useful. The observed axially symmetric shielding of the carboxylic tensors of

PET at room temperature appears to result from molecular motion.

Table II. OMAS 13C NMR Spectral Parameters for PET

13 a b,c c c d calculated ©
8 C shielding | o bso’ s FWBF |%areallAo
+ 0.1 type | symmetry | *3ppm |Z5ppm |£0.2 | xlppm |*3% |10 ppm

A AS -163 -11 1.0 | 3 20 -127
51.3 B,C NS -129 15 0.8 9 64 174
D AS - 61 5 1.0 4 16 58

a-€

‘ Same as for Table I.
Full width-at half maximum of Gaussian broadening function.

® C=(3cos’e-1)/2

—_ ! . = /
Ac,g = AcrAS/C 3o bogg = AcNS/C
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1 4 Hydrogen in HY

1.92° Studie by high-resolution solid-state NMR

Iowa State Univ. & Tokushima Univ. R.E.Taylor, T.TAKI, B.C.Gerstein

1. Introduction

Analysis of the rigid-lattice second moment of the proton magnetic resonance
is a useful method for obtaining structural information in metal hydrogen systems.
In a metal-hydrogen system where both species of nuclei are spin 1/2, e.g.,YHl.gz,
the Hamiltonian for the protoné may be written as

H =-vhH T R f + 25" (1)

The first term represents the Zeeman energy of the spin system. )fygepresents the
homonuclear dipolar interactions while}ﬁf;epresents the heteronuclear dipolar
interactions. If the heteronuclaer term is large due to a large value of or the
‘metal atoms being closer to the protons than are other protons, then the total
value of the second moments might not be sensitive to changes in models for proton
site occupancy. For this reason, the separation of homonuciear and hetefonuclear
broadening in solid state NMR spectra has been of recent interest.

The location of hydrogen in yttrium dihydride has been studiedz’Bthrough analysis
of second moments. These studies have ignored contribution to the second moment
associated with inhomogeneous broadening,e.g.,shielding anisotropy and heferonuclear

to invesli-

3~ ~n 3 e ~ rers AR heamemitalaom St S (T S
ipclar., nis ¥ e use of homonuclcar decoupling experiments
Y D e

gate the magnitudes of inhomogeneous. broadening associated with shielding anisotropy

and heteronuclear dipolar interactions. 1In addition, the combined experiment4’5

using
multiple-pulse homonuclear decoupling and magic angle spihning has been used to
measure the proton Knight shift.
2. Experimental

The characterization fo the yttrium metal as well as the method of preparation

for YH1 have been previously reported by Anderson et al? The pulk sample were

92

ground to 80 mesh powder for the NMR measurements.

The 1H NMR absorption spectra were obtained using a mulpiple-pulse spectrometer

® e O

except for the incorpolation of a microprocessor based pulse programer?and the probe
for combinrd homonuclear decoupling and magic angle spinning have also been reported.
The MREV-8 pulse sequencegwas used for the homonuclear decoupling experiments.
3.Results and discussion

Free induction decay were obtained at temperatures of 298 and 86 K. The full
widths at half-height(2§f) of the Fourier transforms were 34.2 and 41.5 kHz, respect-
ively. A previous wide-line 1H NMR studylo has shown that the onset of motional
narrowing occurs around room temperature. Satisfactory fits of the spectra were

obtained using the Harper-Barnes line shape%lwhich has the analytical form

Jex> = A exp (- bIX["),


takai
鉛筆


where X=V - vb. Scince a determination of n readily given the second moment,this
allows a judgement of goodness of fit,by passing tﬁe usual difficulty of establish-
ing the proper baseline for tﬁe measurement of second moments. At room temperature,
th? exponent n was 2.1. However, at 86k,wel} within the rigid lattice regime, the
pest fit was given by n=2.8(Fig.1) Increases in n, leading to a more rectangular
shape than a Gaussian, at lower temperatures have been observed in other metallic
hydrides%2 The second moment obtained from the fit of the Harper-Banes line shape to
the Fourier transform of the 86K was 11.17(*0.56)G2 This may be compared to the
value of 10.68(+0.26)G2(Ref.2) measured by direct numerical integration of cw
derivative recordingz’sobtained in the range 160-200K.

Under conditions of homonuclear decoupling,linear interactions of irradiated
spin system(e.g;,Knight shift and chemical shielding,heteronuclear coupling) are
scaled by a factor which depends upon the pulse sequence used? Correcting for
Scaling,the homonuclear decoupling experiments using the MREV-8sequence with a cycle
time tc(=1213:27.stec gave symmetric line shapes with 2 §f~2.9kHz at both room
temperature and 86 K. Fitting the data at 86k with the Harper-Banes line shape(Fig.2)
gave a second moment of O.16G? which is smaller than the standard deviation in second
moment reported by Anderson et al?’3 The combined homonuclear decoupling (MREV-8 tc
=36usec) and magic angle spinning (w£~2.9kHz) experiments at room temperature gave
a proton Knight shift of XH=—5.9(11.5)ppm( 9=4+5.9ppm) Wwith respect toH,o. The line-
width was 24f~525Hz. A phase-altered MREV-8 sequencela(Px—My),which removes and
inhomogeneous magnetic broadening,geve a linewidth of 2$f”;415 Hz at 86K.

The measurment of the second moment under the homonuclear dipolar decoupling
experiments allows the determination of the contribution from the shielding aniso-
trpy,heteronuclear dipolar broadening, and other intefactions such as scalar spin-

spin coupling. For YH the correction to experimental second moment from other

1.92°
mechanism of line broadening is within the observed standard deviation. At 56MHz,

the ratio of the second moment under the homonuclear decoupling experiment to the )

Fig.1l. Derivative 1H absorption spectrum Fig.2 Derivative lH absorption spectrum

for YHl 92 at 86K is given by the crosses. under a multiple-pulse experiment for YH1 g2
The solid line represents a fit of the at 86K is given by crosses. The solid
Harper-Banes line shape. line represents a Harper-Banes line shape.



second moment obtained from the Fourier transform of the freeinduction decay (FID)

is MZ(MREV—S)/Mz(FID)=1.5%. When the second moments are measured at lower fields,
the correction may even be smaller if there is any field dependence.

Anderson et a%’s have reported the distribution of hydrogen atoms on-the octa-
hedral and terahedral interstitial sites of the fcc CaF2structure of YH2. If the
protons reside at the centers of the tetrahedral and octhedral sites which have cubic
symmetry, there should be no shielding ansiotropy. The homonuclear decoupling
experiment gives a symmetric line shape of 2§f=2.9kHz. The phase-altered sequence
which suppresses homonuclear dipolar interactions as well as interéctions proportion-
al to Iz’ such as heteronucleardipolar broadening, significantly narrows the line to
0.4kHz. The inability of the multiple-pulse sequences to completely narrow the line
can be understood in terms of the correlation time obtained from the change in line-
width at the onset of thermal 1line narrowing. Anderson10 has found a correlation
time of 10usec at room temperture. This correlation time is of the same order of
magnitude as the multiple-pulse cycle times presently achievable and limits the
ability of the multiple-pulse sequence to narrow.

The measurements of the Knight shift in metal-hydrogen systems contributes to
the understanding og the electronic structure. By homonucléar decoupling and magic
angle spinning, a Knight shift of _5'9(t1.6) ppm was obtained(Fig.3). No corrections
for bu}k susceptibility were made.(Ytitrium meuall4at,292K has a magnetic susceptibi--
1ity of +2.15x10-6 cgs.) Using the TleT=285.7secK value from Anderson et al? the
Korringa relation%5 which applies only to S contact hyperfine interaction and to
effectively free-electron metals, can be tested. This relation is,in a generalized
form

K Toe T = (h/emks ) (Xe/t:)' §,
where f is an enhancement factor which corrects for electron-electron correlation
effects. The intrisic Knight shift relati&e to bare protons is given by
KH: KH(obs) - 25.6 (in ppm)
where the molecular shielding constant of proton in waterlsis taken to be 25.6 ppm.

Using the intrinsic Knight shift for YH1 92and the T eT value reported by Anderson

1

Fig.3. 1H absorption spectrum under a combined homonuclear decoupling and magic angle

spinning experiment for YH gzat room temperature.

1.



et al?a value of f=1.07 was obtained. This value indicates a suitable description
by the free-electron model of the electronic structure in the vicinity of the inter-
stitial hydrogen atoms;

Multiple-pulse techniques have been used to separate homonuclear and heteronucl-

ear dipolar contribution to the second moment of YH (Table I). These measurements

1.92
have shown that Anderson et al?’3 were Justified in their assumption of a negligible

ng—lﬂ dipolar interactions. 'The measure-

contribution to the 14 second moment from
ments of the 1H Knight shift indicates the electronic structure in the vicinity of
the interstitial hydrogen atoms can be suitably described by a free-electron- model.

Table I. 1H second moments of YH FT-Fourier Transform; CW-continuous wave.

i.92°
Second moment (Gz) Experiment Temperature (K)
11.17 (10.56) FT NMR : 86
10.68 (i0.26) CW NMR 160-200 From Réfs.Z&S
0.16 Multiple-pulse FT NMR 86

One difficulty in most proton Knight shift measurments for metal-hydrogen systems
is the effect of relatively large bulk magnefic susceptibility. The use of poweder
specimens prevents a correction of demagnetizing fields due to bulk susceptibility

89Y metal has

from being applied. However, the small magnetic susceptibility of
allowed the measurement of relatively accurate proton Knight shift in a randomly

oriented powder sample of YH by using combined mulitle-pulse techniques AND

1.92

magic angle spinning.
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Remarks on Broadband Spin Decoupling in NMR

J. S. Waugh
Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
and
M. Ohuchi, K. Higuchi, K. Goto, H. C. Charles

JEOL Ltd.

Abstract

The theoretical analysis of heteronuclear spin decoupling
is relatively straightforward if certain idealizations are made;
it can be carried out either by average Hamiltonian theory or
by exact numerical calculations. Such ideal calculations give
useful insights into decoupling schemes which are currently
used and suggest improved ones. Comparison of the results with
experiment makes clear the role which experimental nonideali-

ties play and how some of them may be circumvented.
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Abstract

An inert gas pressureized internally heated, high pressure and high temperature

carbon-13 nmr probe for experiments in the temperature range 20 to 550°C and the
nressure range 1 to 250 bar is described. The probe was applied to the study of
the thermal degradation process of polymers(PVC and polyesters).

373°C, 130BaRr

310°C, 1308ar

Fig.6 C-13 spectra of polyesters
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SPECTRAL ANALYSIS OF 13C AND 15N POLYPEPTIDE SPECTRA
USING INEPT AND CORRELATED.2D MMR METHODS

George A. Gray

NMR Applications Laboratory
Varian Associates, D-298
611 Hansen Way, Palo Alto, CA 94303

Recently developed spin excitation methods such as INEPT! coupled
with new higher sensitivity probes have significantly increased the power
of the NMR method in the study of polypeptides for weak nuclei such as
13¢C and 15N. Whereas in the past large amounts of material and/or
Tabeling were necessary to obtain sufficient sensitivity, it is now
practical to consider 15N analysis of 0.1 molar solutions using volumes
on the order of 2 cc.

13C and 15N spectra of 0.2 molar CBZ-gly-pro-leu-ala-proline in
dmso-dg -have been obtained at 50 and 20 MHz respectively. The prolines
are demonstrated to have stable cis/trans isomerism in dmso-dg through
the observation of separate resonances both in the 15N and 13C spectra.
Proline resonances were identified by comparing the NOE-enhanced and
INEPT spectra.

The polypeptide was also examined using both homo and heteronuclear
correlated 2D NMR with quadrature detection in both frequency dimensions,
allowing more detailed interpretation of the proton spectrum in the former,
and establishment of C-H bonds in the Tatter.

1G.A. Morris and R. Freeman, J. of Amer. Chem. Society, 101, 760 (1979)
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b -
Tmﬂ‘v T ea (:L'?Qt;;j 2-MeIm-cN~  18.1 17.8 12.4 11.5  15.1 6.5  this work
oH. 2-EtIm-CN~  18.5 18.2 12.6 11.2 15.1 7.3 this work
[ TCH—CH, _
H/‘i"N\ H 2-iPrIm-CN 19.1 18.8 12.9 10.7 15.3 8.4 this work
H & : - ’ s
RNV P ll-peptide-CN  26.0 18.0 15.3 7.6  16.7  18.4  this work2
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e |
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Mb CN 26.9 18.2 13.2 < o
Ty\«.\, lov £ kfbm
a. In 0.1 M Tris buffer at pb 7.4 and 21°C.
b. Imidazole chelated protohemin monocyanides. Mixtures of four

diastereomeric isomers which exhibit eight heme methyl peaks

in the NMR spectra. .
The peak is obscured by the globin resonanc
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RECENT DEVELOPMENTS IN TWO-DIMENSIONAL NMR SPECTROSCOPY.

TECHNIQUES AND APPLICATIONS.

R.R. Ernst

Laboratorium fiix Physikalische Chemie
Eidgendssische Technische Hochschule

8092 Ziirich, Switzerland

A survey is presented over some recent developments
in two-dimensional NMR spectroscopy. Two-dimensional ex-
change studies of small molecules will be discussed. The
potential of 2D spectroscopy for the elucidation of the
structure of biological macromolecules will be demonstrated.
Techniques for the extension to three dimensions using the
accordion concept are mentioned.' It is shown that 2D
spectroscopy is of practical use for the study of spin dif-

fusion in solids.
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ABSTRACT

FUJIWARA SYMPOSIUM

NMR Studies of Macromolecular Dynamics

Oleg Jardetzky

Stanford Magnetic Resonance Laboratory
Stanford University
Stanford California

Measurement of NMR relaxation parameters, ring rotation rates
from chemical shift averaging and proton-deuterium exchange reveal
a variety of internal motions in proteins. Recent advances in the

theoretical interpretation of these findings will be discussed.
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Fig, 2. Semilogarithmic plot of nonequilibrium magnetization of protons
of SSI from experiments such as in Fig. 1. The intensity is measured

at the peak of the aromatic resonance, § = 7.07. 1, without f2 irradiation.
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Table-1. Relaxation Time of 136 Nuclei in SSI at 50 MHz and 25 MHz ¢

Met-1-13¢ Phe-1-13¢ Arg-z-13¢
Ty (sec) T5(sec) T T; Ty TE
2.3 (1.0) 0,061 (0.14) |3.4 0.080 (0.12) |1.8 0.071 (0.10)
2,5 (1.1) 0.075 (0.17) | 2.6 0.064 (0,15) | 1.5 0.085 (0,12)
3,1 (1.,1) 0.085 (0.17) |2.4 0.067 (0.12) |1.7
1.6

a). /{S&L}p@'lﬂ(j -7 r E)Nﬁt:%‘f/u e () #1 3 @b Mtz 12 & (] b{LE-.
Figure-3. Partially Relaxed Spectra of Met-1-13¢ gt 50 MHz
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HPH-01-002, AT 10000 HHZ
noL % 1IN CELE

1
LERBIFe T AATAT TS
DT> T 53 7"’}‘7"/*‘ 370 \E_z»-f;?.’;}
Ih 3o, it dufaft B TLE T A

wdy &3
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HNMRAR) FLIRE > 25 Ao R3T (5) ABRTF— 7

N-ZoRB o2 B (25 L1 3>, RESE 5, Bidia, H-0%,
Yo AL, ZOPH, ZRAerpt) O R M AT i, of i,
zERT, KE ik, BR- 7, BARL

LOC»  BES . BERe SBeRER: 27 Lo RAUCRIEF, (3 1=
' PIRE S AR, v+ 5 -2~ Lk (30007 — 9)EANItR, 20
EomAmegu K87~ 7N -2 (0BLEAT ) . HNMRZBE R THh T Th A
90 ERE > RF a0 ZMHERBL >0 7@ . FBBEOFRTH A5, Akm
T KEDBABEDE, 774 Lo REE LvRRIZ> v TRETS .

ZR(e8FE  DBo&E4BER 1 AT . @M Ao 7- 7t 0BT 3
nmnu.¢$%$é£q6:teLa—s@ﬂ%L?%:&ﬂ}%fhs,%&

Disk File

Standard
Data File @

Fig. 1. Process.

WX, B LTI - FuwiE¥ oA (70, Jie 3-
T4 >T) R vRBEU LI %2 o J{EXE L 9 NN,
O79a. 74 2HIBEXLNERARY Lie@iL, T
“EARE[ S T, Ao — Ll 2-r% - 0
P23 hreanNaBi7VomBEtaandsed v
Hr. OER0BLELNEDBoBLEZF2, LI
o T, SHINMRO RPFURE L vt T2 K B R
ENBALE, 2503, a- KL~ ol@AAeT 22
KGRI RPHIR, AHENAZR7 FLod - ko hE
R2wTFzr o7 Lz, @I-F% >7° 2Hiz70. 7
LI TTy — PRGNS N — 7 124, . M 2E
BET -9 (H8h) AT EFTHY . L&
L2 R FRo4 354 cp@E3 ¢, @4z, J1E
Xo092542 .01, I, Tatizme fHck 35 4.2
HBEIMR. T-5 > 79— L2z > Lo
MHRYILT—eHI - FRAANLT — 81, 1<,

DF-rR>4 F- 70322 - Yo WKL LT
BN - F e N KHEAKEY ToMT 12 £ 37— K
A X—2oMTERA LR, TABR ., F I Z12£3,¢24

T (1 ay besg3seoty BE) ov=g@ERE LI

MT@&Ko COBERBRTH- 2. I~ FINTE 35
#Ho5—785. N— FRETH 21 5400 KTHY. L
ART FLE ) FH] 7228 THo 2, ®2 22 — 9 20

Study on a File Search System for Proton NMR Spectra (V). A New Data Base and its Application
(Mitsubishi Rayon, Idemitsu Kosan, National Institute of Hygienic Sciences, Daiich Seiyaku,

Chisso Petrochemical, Toyota Central Research & Development Laboratories, Mitsubishi Petrochemical)
°Y. Katagiri, O. Tsumura, K. Kanohta, Y. Yotsui, T. Okusa, K. Nagasawa, T. Sakai

—161—



AN T-95BRBEZFE L1322 (HR) >R5F a3pTRALE. RA LTI
SQIBM3 7 0 — /58T . 0B Tu 75 LEAPL/IEBTIERLE. 205 k8
DBIERISHT> TUE 77 4 Lo EHBATNEEFR NS > F w3, @370 )
7 OMERCEBHRGHNEELE, F- 7 0 bHESA 23 o0, BbbS
NRNIRGLEBGHBTF - I NBFRELEN, B9RF2 o, 75212 8 N E
LSHET 32 v T3,

3EE 7y fiLas — 9t ERLEDBE—-AOMTEREIRT VD, %
OHREFIIZeRT. AFEMT. 79k 2w ook b0 (AMITET LT
BITEAHLTIHB. T70,7, L3 BERFATHEALERLT W 3 #7558
THY), TR I TH-> 1. Bl—o 71L— 7°b L L TR 1 —7 0 =
7rivtEEo fo k2t BV S TSMB 2 7T B0 ERTHD. 0. 0 F
FUuBEn S Bx 30 Z07dy ) 0BETHB. L, Ua-F Lo T
LETO., 7 0@Er SEI LT 3. L% 27 HEITARNHE 2160 £ 2 TH
BN, FNE (005 LTERERLEELEEERLT v 3,

1 8 1618 42 48 ' 67
DATA
VPR I A A I A A S |
N Number of Each Element Other Eljp. Residual
TTEM Register Serial No. | O . Group
No. TI{CIHIN|O|SIF|CLIBr| T |P |Si|M
E
68 80 87 106 i 448
DATA
TYPE A I I A I I :
Code Name Chem. | {Chem. %
TTEM shift | [Shift
A p
" . No. of Proton No. of Block .
Signal Code :NC(1) ' Te@ ... s NC(20)

Fig. 2. Format of the standard data file (MT). IBM standard label ,EBCDIC, 1600 bpi,9 track.
‘ ’ 448 Bytes/Spectrum.

4a-rFgys]  I- FedfloRela, TTEEARLEAY) ThHz Ytk
HANY iRy = > BTIBEIERCEART I RH IR, 3510 L2 00 40E]
EIERL. M09 b £Fub> 0 THHAT 3, ‘
(L) 277 ga KATAIR, Ro=#H o S AL HERALE., QBMdp (H )
WEo 277 ibo RABHETHS (Fl A 4 350-470), iLE:7 Fiho
Tkt Lo Ml EMES (47 255 TAR) E3eNT 3 .
@245 (I_1 ) HuBMESEEhu wFATSY) . REIHARKT
2 (2Hz IXE o Doublet &0, 14E0ABK 3 R >Rt 7 — 2 F o BT =0 2 3,
SNG=20 KK RETO7 50 bT RG> B et 413, 4 3spe
%ALZ:@\Qtl;ﬁaﬁo . OFZ710ALINEZ 97T 9 — 28R 2 7 L 1w
P1€) =~ 2R TIZIEIERCBATICY, @B o967 - > (B Q)
» Y, AFFICT — S EHWE G109 — > o0 S HBEICRYT I HTH 3,
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b a RHEHIE FLg.3 17 o

H CH3

Hy H, Do—%—c:-—COOD (2)Sa-F@. RBILELTIRLC 4

a7 i, B L BAR YRS SHT. 4o F i8I
5 —13m W3Hz WAT, 0>E- 20181 (&
b-c z

x—bo | BETEARAN FiLT N
—RARFA2EYVHS5 m»ml:;)@%) o ox

(Hb) D 1 3.55 3.76
0.15ppm AR P - 79 3,

, i 7 H) D 1 3.85 4.06

il | (3) 277 LonBard gt
i A o0ngHon m%ﬂé‘frm%ﬁtlﬂm@ﬂ
TH23, ON> €280 P- (1o 2°

Fig. 3. Example of the coding for a discreté RN
signal. Sadtler No. 23260M. >E5R (0.5Hz{1Bo K33 ) 1. RE|

ELTHANL Y b b (IR e @0, m— 128 0 X & > A1 & 2 nY 1 &
19 1:3p3, QurriLozoze-bBh( —EHAvZEHL0 Lot o T
N >7)@, RElE LT 3. DREHAZHOBEAINTTIR S T,
(4) w84 -F (DT Q,aN)oR¥ ORBE L T2w— 774189 >8]
LEAMENIER G 7'0-FTh, Y, AL o BN T V3277 LIk,
Aa-FHRET3. @BHED,Q,AaNT —Fld. vwh®HA mXnZC2 Fo @k
5. AB, AABB , AMK, ABX 2P R4 7 TIBELCEM L. Fidli: ABX
RAC o I- FILAIER T, ,
() (FEP) ey 2909 — 213, RoJ ot 9—22a - Fse
Lo J- E(LHIEFi. 51§ BRI (8. FA3.50.00 — > 12 Deublite TH
o, ApBTix. RETIMuL, T, =KRa Sa-Fe L, BhAY) ™G n
FNBRwo, BRBo b MBI LHTHEN, 2 27Uhen Tty -2 EIEAL
o F P @ Nehy P27 LT w325 FILEL>ANI L ILS 56
BREI N3, |

5. il LPBLE TN T VAN D D oA Ow TEHBCAR Y FiLE
BIEL. RESEFEVv 2022 IBEERH 2o 4o BR o0 -8 Tabl | 257,
21 coumamm ( GHG) (F+F —No. 1040TM) ERELEATSHD o BN
SASNE L), RESFERMRETZ S b, U EMEF R (MR

C p
isnllS: o @ © Sadtler No.29544M
1
L ]SL © m (S @® o
Hy Q0 1 2.83 3.30 DN B oo
© 0 3.01 3.16 2 20D
Q 1 3.22 3.48 v oD
|J"| 0 3.30 3.40 Sadtler No.14193M
» 0 1 4.93 5.16
”“ I I 0 5.00 5.10 S H 1 3.00 3.22
L 1 I 1 |
6.0 1 4.0 1141 2.0 7 |
L) — 40 I 2.0
65} ——(1) -
1) @
Fig. 4. Example of the coding for ABX pattern. Fig. 5. Example of 31p ly coupling.
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Table 1. Input data and results of search tests for coumarin.

(a) Input data b :
D 1 6.30 - 6.40 v <
H 6.40 b a
A 4 7.05 - 7.64 b S
H 7.21 b
b 1 7.64-7.75
(b)Results
Sadtler No.l0407M was selected with the score 80.
Search Conditions
Ran 4 ryarl TIVALZ | TIVAL3 | FC | Present Element|absent Element | it COUnts
1 1 50 5 * c H - 532 ( 8 )
2 1 50 5 * c,4,0 - 289 (5)
3 1 50 5 * c ,H,0 N ,S 9% (2)
4 1 80 5 * c = - 10 ( 8)
5 1 80 5 * c,H,0 N ,S 6 (5)
6 1 80 5 * c,H,0 N ,s ,F ,CL,Br 3(2)

() : Ranking of 10407M in hit counts.

THLENTIR, So0d) R 4REZ AT 2 ld. 257 LBfo B0 BEE A
NLGwEREHGFATHAN, 0BRREBRTUEF B ELCBRELRNED
Ko 2 kb, 5%, 75 f WREA0 84 > b @, F-7FTHs. AR
T -BEaxs bkomrns T, X7 - 7 ( 9ALYE Rk, TACSH )
RSB LTWI v )

NE, AP BoRECHR, TE. P v T — i FIERG 5 xITAEEA o Lo
9., MHEMRATANBIERL TwE, ZL THBU S0 T Ge, AG 13Tk
fu;"‘ #Hb ANz IBD DB ERMT A kexT33, 20, ABREATF
ADBRARITI=3 T ot ATH DY, :

KoK L) H#l, 044 onF5AFHREL, P20/ (1979)
2) BES. Btk 42 HKEGATMREL, P 2oy (/780)
3) Bl, Anal . chim. Acta , Lnm press .
4) B\, AFTILEAR X 3054, 10, #A (1981)
5) B, * 4 @i gimAs, 108 iﬁﬁﬂw)

C£1) SRR THA, 3 Fis 46 2 oML )5 HNMR T - 7
NEAXF AR b0 1345 (2o LEL, KEECERGE - 7 E 032N
WG ABXRE>RFo e HlT 23 - FavB5efu3., 112, LT
T I = 222w Z P enB > FiEe Th g 3T w30 T
STTGo R ABHTH 3, ' ‘
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47 EYE 1= KBTI ENCRFEE - '3¢- NMR
( BLaozet) O =& XAT. 7% =5

<A> Wntact BEBRFRADNMRZm Mo —HE (T, B gl

BCo: E &7 KSARITE) SCHERABUCT 3 3BIEE SC VMR E M) TEET
9 3BRE/TAS B ALK HSBRBABARIZIIFCHNL—T — L LT SRS
Bl Calvin-Benson BEBNZEBEIT U'#H. < AR RARTLF T3, =+
EEA SCTEBAPNMBYUT UL . Schaefer L] XaBIz3C0: §$ 2. T %8
3N . BRaERSTH S AR OIS\ 2TEER HHr) T 2 FEGB) LT 3B

3FFANL"Y 2. PERA Intact 72 P A
FoBIN . o B IR G TR A BSBRAER oo '
NTRLESZITEERELTUS ) Rt - Gus
thtact BBEHFPRLI=TITES IT. TXDT o i Tl

F329tBU 7N I~ RABHRRER N LLES o
ZIZCEE A (. UL . TGRE T T0
BCERMB L7 COEMEMISZ . T LEEXD &
OR3P 3/ B o7BEEN o "CRREH HAE
BERS 37 45, ﬁﬁmﬂﬁgl\/MRﬁl’fE’)ﬁT%tL B TT S M 80 ppm
ZoHic., THTEPL, GHEOKEIBE ( 3- L '
Phosphoglycerats 5t ert 133 ) EAT 3 [hll, (oiiR mpectrm of
:Fé_f@t Cv_"?ﬂ d)ﬁg ( ,, >D"$. ?X/\z,s__p.;@v‘,, NA:3600, S:Sucrose, G:Glucose.
THRERHE A ) EAT I@HARR/INY -~ HEFWEZIIEEROH—S LI~
(RER)Y GREmELTETD) . Cel@BEL THSTEOIZEMUA, 3Co, 14
L43. Py ) ILEBSR ey R T 20N~ (R TE 20008 ) K17 (ntact S ET 1%
E TR 2o ABBIFHI2E000 bux, F=>/\'— R NZBEBE/IE . 287 . 78
%l1Ta 2 b~ L7 o PCO: T, L7 BT AL SHERIE BaCOs (=, Fo>
W—RT! NIBBEEWZ I CITF )REXI U A o S2Us L) Fa2r'— [0y CO;
BMEEIII70ppm a7~ . BHIZER ( /.S, /0. 305 PCO S &75
5)vd. 30 atom%e . SBRARER( 20. 60, 120F:8)> " 3COTHEEFTS ) 713
90 alom %o »3CO: €M . BCO B ETIR2AEIF. RS REZE TR
FEl. . F, Tv/ /L. kW EFT37~ « 18FEBE ) A0 BEEB T ( £
) TCIRHEFE~/S3) . 1Y 27N  FBHARER S AL T o T S
BREES~F3 DR EATH. BBETT - RIRBIRSICURE (7 1 ARES BT T
RIS IRE T 372 7 Bo@ss BT o ~ RIRIFRS - 0h 7 3TARRRE S 158
o SERLAYZ7NITIT LockFAK 0% D208702 . pHE 200585 (¢

13C—I\IMR Studies on Photosynthetic Assimilation of 13C02-by Higher Plant Leaves.

(Natl. Inst. for Environmental Studies) F. Mitsumori, 0. Ito
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NMRENZEATA > 7= o BIF2BRIT4C. = 7 FBEIT neat X /—/LFL"S Y
FAEEEL (TRIE. INTRUTITMS D27 MBS Oppm 73 3F >0
CoONBPRE=VF N O - JRBELRE PO pPLILTETLAE R P74
€= PIBEIT. T X/ /b~ ¥ IBECET ), EoBmmEeTEA
N-BE (7. TR BIBFHTIT /IO 770k VAR F I, 771 2 7 EAT /AT
KRB FERD : _ Gw

3co. (30 a‘tom%) S
30D AMS L A ST
no>ELrosrieEe
TR TR SC-AMR ZTA°
TRALER2ITTFT . B
S$E11F 70 Fix bk 2
~ 7 SR LI, T . E LA

Y A BB, RrEEE st o

- (b)

TERENE (< Bl T o L.J(_LUM l X
3T ALY, Fie, 180 180 ) 120 100 80 80 20 20 ppm
‘BCOZ#iﬁI:J’l:’ i Fig.2 13C-NMR spectra of extracts of corn leaves fed
S o R o R L o e viarate, "o (2, 20d with natural
=t Eo'¢ e s, e o T

1) S 7B RN S K E quntrower end comn lesessr o O R spectra of

g
L 7HBX+13c SH L sucrose, glucose, fructose,

~SET—-7 g)q%%,g‘{;r; alanine, serine, glycine, aspartate, glutamate,

= ,, malate, pyruvate, glycerate, fumarate, citrate, succinate.
T E 3B . BEw ’ ’ ’ ! ’

authentic sample
t oit® > 7 Hgatth 1 VI VIR T
.,
L

CENAA . SofE

Sunflowsr Suatiower

Pask jnteantir
5 8
Lﬂ
. ]

. EEE
FEF
§8f
AL

B ELZTTESR .
3FAB, ST@HAP S/ T w
Bz, b ARERE FE
LE, SHh3aBRZFTH

& ‘0’] Asp3
7= 1= > 1 TR0, ;_:
ST »BRTICE g

Cz> e bSEDa: ST OE
T (7=, =TT, s w T w S =
Time ' mia) min. Time 1 mias min.
) <>"5‘0>5F:—'y‘«1§’§é Al ‘
S g .3 Time course changes in Fig.4 Time course changes in
T 9o ig’ 72/|"5.’F peak intensity of Asp and Glu peak intensity of malate in

. in sunflower and corn leaves sunflower and corn leaves
—/@ = @gqﬁ.ﬁﬁi fed with 13C0, (30 atoms). fed with 13C02(30 atom%).

BpofeRE@3.4/2T 7. 2 3omBT/3. P> tuc:Brrtic. b3
E0 32 TRPCRBE SRR ANBOIH I IO IS €ERTYTE. T hEE"

Malic COAN -1

Pask lat
1
Paak tatsaslty

Malic COOM -4
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R IABRIH LT, B8 CESRTS - e —
LE. SoBRIT, ShiamES || I R
A S =T £S5 1= Cetdmmpoanse B ,‘PE‘?'Cah'":'Cf’T
(CoB@EB) I F O TET7VIZBIZREL . / N 5
T3 EEFEe o3I A C S "Eii.cw.e OAHAWE 5 C°iup"“§
BIER»EEFIAZITTIT., P X/ICFE . [ Ma '_g'"_—u_it’_“f’_‘ ,:
. ') > 088 C-4mI-TEE» ) =3 [l — :
IR, MR B BE I T and = L =/
Mesophyil  Cel! Bundle Sheath Cell

SEEEEBTINA G, TR FTCE
f51<HR!) = AR 7=3C D" Calvin —Benson
FERIHR) = I, T SOTRBBMD S mixing B Th. BREABEIEC
AEBPHENR L . Z#BEL phosPho€nolpyruvale (PEP )iz ¢ CuBIRIS
LI EHRVDIZITIRMAEEZ LM EHRRE TN, PIRICSTEER. U

IEEDC-SL AT = FY BCABBRIPIEESN. 35 FTUIES LT o7

F ) RBEBI PC0> S BEBREFTAS 7. [F6 1= 1204B10 PCO MEETTRS 7=
Eeo V& FSTOI 2P/ BBEDORNRLET T . FAFLSTOD:
PROCSE LB BRFio C~ 73BAFHEZACER 7TV FS5TEOIZET
VT, PRIVSFE LBESC-41D 0 5 BESC SCTRIB I+ " IBEIBEALBVICER
HLA3. BT B30l PCOBETTIT . I ARIIABTES . AR
B0 2BRIT> 1 T RIEEATREIY —  NERH I ML 34, BT T

Fig.5 C4 pathway (NADP-ME type).

v HRLEPIFS>IT, By iz,
Ser3 T EABT BBy - 1T, XFRE
i (a) DER®HEZP1Z. (X, T C-2
C-3a%q4 KN FRABREM L
Ser1 Ser2 T 3=, C-3oMA KN KXt

Glyl pidisly

™ Gly2 Eo- 7 1= Ry L TIERTEMT735 T 0 3 .)
] h“m \ e ‘ l m I7A@e3. RS TOIRFTI

Ty I IITE L BCHER B30 3

v
Aspé M . } : Aspartic Acid Biesi=. &
100 "
Alal S TOUTNAR
(b) 80 A BC H B
Alad s o oo e X
Ala2 Z “yp s
Z w0 3. U
Aspl Asg pop3 woll Calg T )=
s 8
——] g s s B "
WL & o P S
i ] 1 1 1 ¢ " ° 30 60 R 120 %’%2:%03 o
180 60 40 20 ppm Time sec .
: . 7358 653
ig.6 13C NMR spectra of amino acids Flg].(7.Ttme c_:zurs?: gf Sy 5
Fig. - peak intensity of Asp I, S -
fractions of (a)sunflower and (b)corn in corn leaves fed with Q'CE’Z 1z
leaves fed with 13C02(90 atom%) for 13C02 (90 atoms). T 3
120 sec. NA:50000, W:reference. i °
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P .y ST AR TR TR
S AWEEFEZ LT 3. FTADBZ, o'y snowss °
249352t 2 HAENTIEIT /53 CO»Ex A/ .

AT 32bi2E ) kopmEaEIRI. CeTBmI o/smu;xyt

g

Peak Intensity
8

T T, T HHORIR OZBIEY C3AEHIT e, 11X .
eIkt L N Ef sty Y - VI /°

i— Gly 2
- / Y
—toENN. 2aEFNLERRILAEHTHEI EFHRZ g =

I &EFTIFI. AL o TODZIzEHTE Time sec

7h) 2 2z BCBREIR) = TRy TR

S oi&58.( Glycolate pathway ) (230 T, ,

T L L) FAREFHI V) SRR YRR | o™ o 2

SIP3 I EAEESR T IO, FHTEODDT I 5 . %&rl +ly 1

Glycolate pathuway £ »BFAHE= > T,

\

Peak Intensity

NERAAIANFEIH LTI, R o s 3
_ = Ser 2
I EFEmEtic, Ty g, 7 TR {
(B0 =nE8RTHI )iz, LAt ° % e e
Time sec

/0% 3T PCOIBET 1. TBHLS 131 37302
2’_7.5\'%"--4") S?’l 3. ( @ 3 ) - 7/LEIQTC/’\ @zg Fig.8 Time course changes

in peak intensity of Ser

D-BTEH) . 7Ny AERIRECEE . TCA S0 LRI
@E&”}O(""TF?"/L’?/L@’; 'C%E (T3> t 7)\; 13C02(90 atom%).

o LT BEAHL . T CARBRIY. DX T PHCT 7R E « (VBN AILE T
HILFEZLH3Z,

{FESS O 3C02 €L ( ARIBDEANREAFE PC-NVMR = &) BB i
X3 EEA LB 5 T o gz FEEISF ) AT, CaTLRE P! IHEE= KB T
3, Son 5213, #CE FL—T— Y (T IFZuzte, BREn DRETRIEE
MBLGT . REEBINIBRIIR) A L BE TFIT . B TASI\FFE
D) LA NERERLPIR T ARTHEIEEZ LI . ‘ :
CHTER > NMRSHEI B 2> 1) TH X787 8 =P 77 EFTERIRETER
L39. T2 . BHAEEEE R A EmetEe (B5 5 S ) (A HER
LFT. & LT, FERoisiB e AS BERE AL 13 U A KL BRI (. B
B)ITELTEEEELTI T -
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48 NMR & BRAREA 0 B (T)
— ZBEXPLAY- BD X0 pH & Eobhh) —

VaFRB, pHRE ARRE, B3 A
(BIRBEBI - £4BPRE, BB LBEINE)

BREPAF-Bo2IR L

BRKRBIAZ 3N OIS MiFPa §-)DD0> VRPN, RBIUAE L HREY
KRR D SRR B E Chumoral immomty) ¥, BAF DN 3K v RIIK BRI S
LYY, 3pBR2 DB, R, I I, 2D BE) LRA TS WREBRE
Ccellelar tmmoniFy) €0 252 947"V dhd. BREBEIRLIS L F2 50
4B RAREN 0 BERFLLY-30, Q RBERIL, ORRWRLZE
KRXBIINS: Q2D BEBRFZ A2 "DHYE " 3 B8Y) uh o "Bad’
Th2t, IRHWIRILEFIBRY o< Ho2FWypunde, BBRIF
RIDZ2P-V VNI 6 BRI >I< IRODRAPRB RO I 4 2
X

BR¥ PLAY - XK ( Delayeo Hypersensmvr—}y) R haBRaBRR, BHBRRE,
B 3<a B RRABOFIBINIBENRRED BRI H) ITH I OH
Ramznd, (C0OARRNeo R BRAB K0 210, RN BEK
(75 BRTO7VLKOES IBRDR" yHRBRYO2 52502 0 RR
V5, %A AP2RG KON FAREY 3< MBLAL PAHFLALATIAL
NN D, DRORIEZER B0 HEAMEIBRIGIBDS, XA
Led2BBITLLY-RIIRE2D0 RADWHARR 2080 (R5-BAP)
om0, H) K &S BRArAd 3N k.

BURPLWF-BORIRNH I pH ko0 2

BEXTLLY-BOXLoBEAW R BROR 0 ZB Vo3¢, BRIFKHR
BIKAED DS BABMDROBATF2 3R, ¥o A% K bk & 3 Wo proteases
BAEIBIDKKYY, BREAWopH K BIRBZE B I A I k.

BEBHW A PHK >N 213, Opde (1906%) 13 R IRE B33 BEnER
PR3y " Ik Schade (19233) R ¥ X TR BB 2Kk 25> ZERAHW o pH > BA
2HO2e WUk, Merkin (12399 13 BFORIRIE K I ) BRI} RAPH T )2
0, Z2Wo BB pH L WRBLroBMKAR A HS 2 2T RIK. -3, 8%
(9sSH) R PSR BB T BRBOIABKIIXR O, XEDPWINRPUIII 35D,
FIRABEBYBAYO. SLBRYBW IS >Nz BRBAMRE 22 833K 0k ”

Applications of NMR to Immunology —- PH and Relaxation Time of Delayed Hyper-
sensitivity Skin Site —

Masaki Yamasaki, Takashi Ishimatsu, Yoshimasa Morino, and Takeshi Kambara

Department of Pathophysiology and Department of Biochemistry, Medical School
Kumamoto University.
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00, trto PEORRZ ¢ ANBRIBDIS T E I RII> >y, DR AR
FE25 0L BTHRYIN, =3, WM amt FBNS T3 mfact system”
pH 2 WE 233 hhH & ‘mJﬁi&ﬁ?imi%ﬁf&leB@me3é§&t
02 WAL he,
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Table I. The Test Sample for the Mixture of Polycyclic

Aromatic Compounds.

2 17.0 13.0 14.5

@"L r: P“. [,E'%/% p(fé‘ n [;/—; =13 2,3-Dimethylnaphthalene 2 15.6 14.5 13.8
). 13 - Fluorene 3 13.7 13.6 14.3
/ﬁé}b !//":ﬂé Z rﬁ " r: ° C A/M R ‘) /Qy bibenzofuran 3 22.3 22.3 22.6
i/} Vardewn XL.~r00 Z"fff; 5 J=, Phenanthrene 3 7.1 7.4 8.8
w v~ ° Fluoranthene 4 10.6 12.7 10.6

A N7 }' Tg? 5/20 /7/2 ) LR Pyrene 4 13.7  16.5 15.4

($Pord $< = PEL HIU
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Table III. The Comparison of che c Shift, the 'l.' Value, and
the NOE between the Mixture and ita Canponent Pure Compounds.

,n

~
~

13 shife(ppm) T, (s) OB

Table 1. The *3

C NMR Parameters for the Polycyeclic
aromatic Compounds

from the lower~field side.

B soiRgkvnf < 405

Hod 3o BELIEE e HT

Compounds 5! nw  woe 1 snife(ppm
‘Waphtha)ene ~ 1 83 1.6 133.45
L2 1.9 2.4 127.84
3 9.7 2.8 125.75
2,3-Dimethylnaphthalene 149 2.0 135.32
2 56 2.0 132.45
4,3, 6 3 7.0 2.9 127.36
5‘ CHy . 6.8 2.8 126.86
~CHg 5 52 2.8 124.92
6 6.0 2.9 20.01
Fluorene 1 48 2.5 143.123
2 6 1.8 141.67
€ ' 4 3 4.7 3.0 126.62
4 5.7 2.6 124.92
@2@3 FR 2.5 118.78
s 3 6 2.4 2.6 36.80
pibenzofuran T n 1.7 156.19
2 3.9 3.0 127.03

0 1 [

2 3 70 1.7 124.21
NS, 4 s 3.0 122.60
s 5 6.3 2.7 120.55
6 6.1 3.0 111.59
Phenanthrene 1 48 1.9 131.99
A 2 57 1.9 130.25
@ 3 3 5.2 2.7 128.48
@ 5 4 52 2.5 126.84
R4 5 4. 2.7 126.46
6 5.4 2.7 122.59
eyrene 17 1.2 1304
2 5.6 3.0 127.25
3 5.3 2.9 125.70
1 5.6 2.9 124.81
5 11 1.2 124.58
Fluoranthene 1 63 2.0 139.34
2 63 1.9 136.82
3 T 1.6 132.28
4 53 1.7 129.87
s 2.5 3.0 127.76
€ 3.2 .0 127.36
7 3.1 3.0 . 126.46
8 3.7 2.7 121.40
9 1.6 3.0 119.88

2 e are 4 ing to the 13¢ Chemical shifts

,)\;;KE(y;;]'péf’)m@S 72°h F
/m,,,ﬁ‘L'L ué/?f-z‘li/ceoﬁ‘
%ﬁ;F%Ku#j

= &72%
i‘f@ll

3, :.Mri YA AR AR
Tu 3 L;/SL};LZ F i, WKL 9 3%
Ery #ERg Powur iz,
i 2 FIb, T, 16, NOESE » 5
H T AP wits 199 MR o
BhALT L LTEMLTEN L

nWw23,

Sa.  yyyture Pure Diff. Mixture Pure Mixture Pure Compound
1 156.14 156.19 -0.05 58 7L 1.s 1.7  Dibenzofuran
2 143.11 143.14 ~0.03 43 48 1.6 2.5  Fluorene
3 141.65 141.67 -0.02 58 65 1.6 1.8  Fluorene
4 133.41 139.34 0.07 FYRR +1 1.6 2.0  Fluoraathene
5 136.89 136.82 0.07 43 63 1.7 1.9  Pluoranthene-
[ 135.29 135.32 -0.03 43 49 2.0 2.0  2,3-Dimethylnaphthalene .
7 133.45 133.45 0.00 58 63 1.6 1.6  Naphthalene
8 132.41 132.45 -0.04 52 s6 1.7 2.6  2,3-Dimethyinaphthalene
132.28 -0.28 74 1.6  Fluoranthene
? 132.00 {131.99 6.01 @ {43 2 1.9 rPhenanthrene
1 131.07 131.04 ©.03 o T4 1.7 1.7  Pyreme .
12 130.26 130.25 0.0 51 57 1.9 1.9  phenanthrene
12 129.33 129.87 0.06 2 53 1.5 1.7  Fluoranthene
13 128,45 128.48 =0.03 5.3 5.2 2.2 2.7  phenantbrene
1 127.qp §127-84 -0.03 0.4 {12 2.7 {2.‘ Naphthalene
127.76  0.0% 3.5 3.0 Fluoranthene
15 127.39 {127.36 0.03 4.7 4.7 2.9 {2.9 Fluoranthene
127.36  6.03 6.0 .0 -7 43.0  2.3-pimethylnaphthalene
16 127.26 127.25 0.01 5.5 5.6 3.0 Pyrene
17 126.99 127.03 -0.04 4.1 3.9 2.9 3.0  Dibenzofuran
128.86 -0.05 6.8 2.8 2,3-Dimethylnaphthalene
18 126.81 {ue.u ~0.03 6.0 {5.2 2.8 {2.5 Phenanthrene
19 126.59 126.62 -0.03 4.7 4.7 3.0  Fluorene
20 126.49 126.46 0.03 1.5 4.5 3.0 {2.7 Phenanthrene
21 126.42 126.46 -0.04 4.9 3.1 3.0  Fluoranthene
125.78 ~=0.05 8.7 2.8 Haphthalene
22 125.70 {125.70 0.00 7.9 5.3 2.9 iz.s Pyrene
23 124,80 { 12¢-92 -0.0¢ s.0 57 {2.5 Fluorene
124,92 -0.04 5.2 2.8 42.8  2,3-Dimethylnaphthalene
2 124.83 124.81 0.02 5.4 5.6 2.9 Pyreme
25 124.61 124.58 0.03 - 101 - 1.3 Pyrene
26 124.16 124.21 =-0.0S - 70 - 1.7  Dibenzofuran
. 122,55 {12260 -0.05 s.2 {5.4 10 {2.7 Phenanthrene
122.59 ~0.04 5.1 3.0 Dibenzofuran
28 121.42 121.46  0.02 3.7 2.9 2.7  Fluorene
29 120.51 120.55 -0.04 4 6.3 2.8 2.7  Dibenzofuran
10 119.89 119,88  0.0L 4.6 3.6 26 {3.0 Fluoranthene
31 119.77 119.79 -0.02 5.5 2.5  Pluorene
3z 111.54 111.59 -0.05 6.1 3.0 3.0  Dibenzofuran
33 36.76  36.80 ~0.04 2.4 .3 2.6  Fluorene
3 19.95  20.01 ~0.06 6.0 3.0 2.9  2,3-Dimethylnaphthalene
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2) Unassigned intensities for the 1C NMR spectrum is 7.0%.
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N—TX 6, X= S

cis (c2) trans (t) (cl) cis

Distribution of Isomers in 4 - 7

7 8 8a .
m\' m . compd % of stab isomer method ref
. : N/3\X N \ 95% . dipole moment

1 1

5 67% H-1 nmr 2

trans 6 80% dipole moment 1

6 73-79% C-13 nmr 3

2, X = CH2 3 7 64 H-T nmr 2

5 X=20 1) Katritzky and Crabb, J.C.S.Perkin II
7, X =5 418(1976).

)

) Crabb. Org.Magn.Reson., 13, 63(1980).

) Takeuchi and Crabb, J.C.S. per‘km I,
51(1975).
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(1) 4-7 oitE %, aeE Gflrr gt t<Biki=d 113 3C NMR K Y ¥4I/
C-13 and N-15 Nmr Spectra of Bicyclic Compounds with Bridgehead Nitrogen Atoms

Yoshito Takeuchi(Department of Chemistry, College of General Education,
The University of Tokyo, Komaba, Meguro-ku, Tokvo), and
Trevor A Crabb(Department of Chemistry, Portsmouth Polytechnic, Portsmouth, Engalnd)
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C-13 Chemical Shifts* and Thermodynamic Properties of 4 - 7

4 6 . 5 7
stab unst stab unst - stab unst stab unst
C-1 87.1 86.7 . 56.2 60.3 C-1 71.5 62.6 37.3 32.7
68.0 68.0 28.5 30.3 3 85.9 88.4 58.0 63.6
4 32.9 23.6 35.6 24.3 5 47.8 47.2 53.6 46.9
4a 61.5 52.0 63.2 57.4 6 25.2 25.9 25.9 25.9
5 33.2 30.8 34.0 32.1 7 24.5 19.2 24.8 19.2
6 25.4 19.9 25.2 21.8 8 26.9 23.0. 31.6 26.1
7 26.0 ° 26.9 26.6 26.6 8a 62.2 57.7 65.6 64.6
8 49.8 45.0 56.7 45.3
Tc -55°C -58°C -91°C -45°C
AGE 1.25kcal/mol 0.23kcal/mo1 0.45kcal/mol 0.23kca1/mo]
AGz ] 11.52kcal/mol 10.60kcal/mol 8.75kcal/mol 10.59kcal/mol

*1n ppm relative to TMS

E N
(2) JoStE IO AE NI -9—% BC 21739 PNMRTHESH 3,
(3) 4-7 oBBd LN EETHTNNMR 27 MUERIZL, Sy LG L

ORELHEN 3.
2N RiL ol BEbEE THE-dg [cSo C1: 1) 2% (20-28 %4 ) v L, X
MR NnTHERE WRLRB LA1E BAo2FHLI 2K 2V 7 KLO
BRIZGTEOL FX-90 QtMutc, BREIHBIESIHR, PC NMR 9556,
IND LB LK, 7= TR LK v RA LS, 1558362 ~35 T 0.5~ (K
ot B TH 3. BARArADNMR 312 &7 TATH 1=

BN NMR aBE 1k, AN kith 2.5K, -9 % 4K, IVILX G 30°, 135

6 7
VARIABLE T_EMPERATURE C-13 NMR SPECTRA OF 1. B2 f N
o S =N
= s
& TNTTTT0 3\ )

in CSy :THF-dg «(1:1)

trans(80%) cis 2070}

30°C

-51C

k 1
“9¢ M



takai
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HEI 3~ TS T ASKEABREE LR L Lre. hHENIE Y 2 b1k, ShEpREE
YU ZR 2 NHL N0 5 KBt o isNH?t =~ 7%20.68 ppm £ 5[&@7,;_
= TEHCT), Lichter 5 OE3EEHEA L Th L1z,

BCuwgy 7k %1r4~7®%%w(@ﬁmt)tz%ﬂﬁ(@ﬁw%)@&
TR FERMoBAKE, $oeRE dhTuaddic, GANLE LT,
OBhTH AT, SHTRTEY)LENZ L " BE T hte

1tk gs 2@atEarb, R=EF 20300 2QBFT<Cl #TPH
32vd, HRA(F7LAIE) LRERT 9IS 7 FE L SRR .
Frhb, 2@, 69Cl, 57 aC3i Q#rhourdki®ryde
G, Lk L tREV DR Ut TS R THa, 1oL, BHLEIY
FaBlIhTn, 2hde T, zzz@2c1m£t$mm ZHMCF > 7 |-
EoE<WHIND,

E13 -7 0RBBHROBANENS X - 99—, BTitbt T L, dokAB
18.3, 5% B30RBLEIREVAICL L 0 TH D, TE RT3 &
Six, BERNTORS %> $4B3 0 REBEH (aGT ot T ) 17 ~ Thcal/imol
(LIAFY Y >rae )i d), BREOER gink s BHu. Ltsr 2L

B 2T U BB REGERCH D OIEEHG 5T D,

SoBE 2 a7 BB L<E L grBr2<, 0 EH

w2t BE2T 3, '

N-15 Nmr Chemical Shifts of 4 - 7

compd ambi temp low temp(major, minor)

i 60.5 56.15 -80°C
5 56.4 66.9, 46.2
6 65.5 67.7, 67.1
7 68.0 70.8, 68.3

N-15 Nmr Spectra of 5 — _ 66.9

ONfEEY o b BmTd, EemiioR oI ERe LT 0 AR 7T,
BETF B L0 Tk —(LBETs 2", s T 2FEMED LD, 6 L7k
CTERY (trans &) e FHRIY(CAB) £ aftE Y T FEA 406N 06,25
ppmTHd 2 Lk FTREE Lz, B, 5 o T BB 1 BEE A
52 ThEd 20mpnlzt &Ll B2 40 F RERARST S 7 F1E, b LY
LA BN Ee BB T e o f

W2 4 ENY YU Td, trans Reeo® 0N %37 Rk (Tppn 12

Fizelgbinztas, LrL, 50782k GEamd b0k 3.
—AZEINIF 27 it @ikiiEbemoi- 91 £459THh 3, &
pid, SLY ) BB EEB I e o B LN e 0 L o BifA
RS R TR TH D,

ME DNMR3I@EMEFT t B K ABESTBIBEWMS 2,
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57 Co(acac); Al (acac), o ?Co M 0520 = iy F
l;)’L737/77}-L§4) \ ,
2K EE o .;L BN Sﬁ-‘?]l N X aFiG, L 23

1 B
b7 FRAE tnttddy v FVr—BRER T 1 A 0BG B« 160 &0 ]
R E2 = R NS L L R e T L AT Y o
>9 = K7} 7,\;?’;3; bz VD, c@}ﬂ‘?,,o; B89rx =2 &) 17 Lln ‘2/,2\132274
2t pir 3 POBHLB (M) HiFa 5 >4 » FefEHE O Ab €T gt
Rl C I R R S
5WE3s a7y CHEE i 13 A rdEi, 1*—?57;?%5?55.’5#?“
NEe R e . colacac), =l (acar), G5 < m?ﬁ?i?&ﬁ’73f)

2, 2%

trs(acac) g5Fe | 13 C/a(a.cau,)y /},e(a.ctcc)] (ﬁ&m) L LU Colrt-
acac)y, ColtBuccacdy | Colphenyl- ‘“"“)x, Col - “”7‘”"7/941%7/~Mu )
CARE) s Ao, BRGIT 0osrm, Hffn, cni, coy (Co 81%)
R (M), v 7 FRE (L) 7 L), anc,%m)] C lmta, B
NA, Sm, Bu) TR = JBRR (L ]/[So]cmuz ~of s T,
%%H/\UT/ CET- 29(7 b -F R v
ey y 1) ha, FHE 10 ormie free aduct

La
( Co), 20.727MHz CAL) ACZa,/'s:'{Tm f?’m«e/ \JLmLh

oo§ s ) nambey of trams'ewds , §o0 ~[ e,

Pr
pulse width , 1o ps5 (Co), 3ofas( AL, }\ _/l
Gz S

3. g Nd
-1 Co(acac), : Jk , ”/\L

Colacac)y =L ( f== ), Cerely) EXR o

2reg b Ay 105, TRl R J\ J\

Hahd 1 540 9 S CUMR fme scale 1

E
bb’\_L) ]KV'-EA &»%7,/@7{ E???,-t\ ']Ql“ﬁl h /\L v
ﬁj’i;}«g fV’.&QW’WE?;TZC T matse ‘ ‘ . ‘ - :
peok N7 l"fé‘ ;;Uf‘i Co (@tac) ~ Lo~ ’ e e e U n

59
. Z, Y — Fig. 1. The Co NMR of free Co(acac)
¢ d//pa«,)] ek (ol < 1 l‘tT‘T, L‘l—(f'”"(); and its adducts with Ln(fod) in CHCE
3 % 5.
BoEd alhpmd, G E T orsy L7 EE TSP
NAP 4y FERE 7 hCAFS) BT

The Separation of a Contact Term from Lanthanoid-induced 9o and 27m1 Shifts
for Co (acac)s and Al (atcac)3

(Ibaraki Univ.) M. Hirayama, Y. Kawamata, and K. Kitami.
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3 el 0 o o B Bt 3 o IR sTRrE &) K2 EAAEL
100, FII P ERcE3 AT o BT o HIBE T EYL FOBIERF £ o
BYGH o Bt k3BT o S4B« b ToruEebrita chbpi,
t i ol g B e T, W0 aE 67 57 PR than(
1. = 21‘—#‘1’/1}7 3,

Co (reac);—Eulfvd ), a5 7-9 B (u—co @D g T ) o HEBYEF KV = ¥

4 F LT

1 ! ..3) Table 1. Lanthanoid—induced 5900 shifts of the Ln(fod)_ - and
a4 . R Ln(dpm)a—adducts of Co(acac)s .and its separation into ¢ and pcsa)
¥z F o —calculated — -
( e . GCob) Avc). AFSd) Géoe)pcs cs total
i~
pes) La(fod), 281 202 281 )
My Pr(fod), . 394 (376) 126 305 89 62,8 27.7 90.5
a |V j
?‘TTI’H'BE L= Nd(fod)g 396 (375) 76 317 79  24.0  41.8 65.8
for L%’Jﬂ L Sm(fod),  3u4 50 3yl "3 3.6 . -0.6 3.0
’ Eu(fod), 257 (247) 50 353 -96 -22.8 -99.6 -122.4
1~ %% La(dpm) 337 680 332 0
Con 3
,_5’2 Pr(dpm), 416 (383) 1450 . 350 66  34.2 31.9 66.1
Y/
B LA Nd(dpm) 417 (381) 400 359 58 .13.1 u8,1 61.2
1"1?(3{ el Sm(dpm)g 378 (317) 875 376 2 2.2 -0.7 1.5
$0(A) £ % Euldpm)g 252 600 385 -133 -12.4 -114.6 -127.0

{qz{ﬂ}(@—) "a) In ppm. Downfield shifts are given as negative. The accuracy
of all the observed shifts is+ 1 ppm. b) Relative to free Co-

% Lo = & (acac),. Values in parentheses are of the small peaks. c¢) The
_ line widths of adduct peaks in Hz, d) §, (La) + o-N, where a is
,/ 2#717 rs 12.0 ppm for ‘Ln(fod), and 8.9 ppm for Lngapm)s, and N is the
number of 4f electrons. e) GCo - AFS.
o e fREL
T

Sep /S5y =A + G D/(S)

ER . TP e £ AFS TR LY hta <l Li=cesrpes 57,
D, (Sgymim ik /B/MM;“) 3ro qawm;‘) W BBEHIE s v T, v < aTf
kBB TR ke s h Lo RESTF S T heT Sl
vs. D/<3> 7k Eov B3y PR amg £ 34 ARS Lot
Seolto) 3 B 1 t B ey nu . - T6 U1R5EARE 3 ¢ B k1
pllacac), -7 89 b athh (3-2) e zYy o BHres 37 = 07 Apsn
(a2 CEy 1 ¢ i:’éj? T el 1, 47 $fEF 283 AFS ~o w17y« B (w)
e B P TS 2
' ARS = Seplla) + o A

« 33T (dnafB3 7 &Zn) '), Bt cfpor 3lfe a2 b1,
B pg o2 ra T k) RARRL ChY, (3T h 9Bt AE T B2 S
es ¢ opes PABL T C Tale 1) |

e ) EHG 152 2 v @ Doanay oF CFTAERIL T 2o g A
KRBT UK F G o L ERRRFHTF ) 45 T e G 20T AT (o= 733
Vel v 3« AXY) ~17¢ s T = b3 200 ~ foocu’ ([ Lays— tadfod);
in CC@)G,) (00~ (fo oul (729> - Calfrt); i 094377)3;72&??@’14&' 2., Co-
(ocac)y- tnCotpue); 3 < Com LEZ& PR v R CufiE T T A A e
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vtsa, ANE hizevs i ln—o—C 4 xe\/ﬁ,i?_nimxey/ﬂﬁﬁ}%!:
PR el LTl macn poak afSFABRIFEb b 10 3 T T T 74 b 1T madn
pesk eate s P rry et ruze e 3 7509 o BBtk er 1400
7 a\z‘%b b3, 2 BRP AT 7 b2 f 8 free complex £yt Tv = e
x £ 53t Hog e t BRS T 1k 2o T,

UR, FesngelsrapynBlse g, =790, Je=r, p-fHEE
Tron a5 BB B G o 0 o (ETE G prs oBIG e < p B s
30, 2 S AREETI . chT T et Ak T 1 anFEy
Co—o© Be{itth nt£/talve ~a IREWE Lm0 2 RETH B3,

KY: A& 3531

27
V4 ég ' N Table 2. Lanthanoid-induced Al shifts of Al(acac)
A 2 :
v :}ﬁ rp R and its separation into.cs and pcs -5

7 ?" 7 ‘i a 4 a 1 ) b) — theoretical—
GAl Av 6141 cs pes  total
[ 7 NI I

_ La(fod) -2 *1 165 0
32 >4T Pr(fod)y 70.2+1 229 72,2%£2 16,0 55.0 71.0
Nd(fod)y 44,51 178 46.,5%2 24,2 21,0 45,2
A fa"{’ﬁ%’q (e CGA sm(fod) 2 £1 218 4 £2  -0.3 3.5 3.2
Eu(fod) -81.7+1 191 -79.,7%2 -57.7 =-20.0 ~77.7

~Yh) =f3 1 7F

P 5 a) Ig.,ppm. Highfield shifts are denoted as positive.
1 %/m_i' % !Eiﬁ'lzti The B7Al NMR spectra were measured on a Varian CFT-20
SN with a broad band accessory at 20.727 Mz; for 8065 Hz
Ti » 2 T'L, spectral width, 807 data points were available, taking

the aquisition time as 0.05 s. b) Line widths of peaks
of adducts.

P'r Nd Eu Sm. free adduct
20% \ 7 7
®
00

Pr

of -+ ' /\ /\W

) e \]\ Sm
60t },\ 4WJL_.M~

L A — + = adduct
-4 Y] 4 8 12

P ‘ S\ J\
Fig. 2. The ratios of (S to (S > plotted vs. o
D/(SZ> Ln(fod) - and Ln(dpm) -adducts are

Ey

n w"n ppe
Fig. 3. The 27Al NMR of free Al(acac)
denoted by fllle‘i and open SYmbOlSa respec- and its adducts with Ln(fod), in
benzene at 25 C. Pm==20.5.

3

tively.
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3-2 Al (acac);

Cpca)s— n Cfaatdy (A 2) Foa W -wmp s AL EER BRI frec
°"""’/‘/” c7 99 e Be Bl znn. (A2 3) @, Cacar), apR L <
17 a7 Ve BER c TIRE TS b (WEEPES W <y 110 3 B
bhhid, oo +7 79 438l '

dr T Ti b, f-}"-e,c %10/4’,71 T g-}‘? Pf‘ Nd“}_fu S:n
A NN I S '

Table 2 3 7. AFS = T, ~20f

J)}I(LA)(NZP/“‘) ﬁ{’ﬁiyﬁ u T, . i

6-1) A Sige s oL AR B
Bhr buBRrestEg e n Ry A

¥) S 2 VDB free < 7 47k =

prak *“‘likk*jz’)i vy ) g © .yo}

D WP, BRe T Ry Oy kR

o, S a(32) 06Ty h Tuaz -6of

/(5 aflrnrtnp sl 60 o

T8y TG Tru, o5 « pes R 0 y 8 12

- : D/(s >

/ﬂ\% " #ﬁ% E Tabl< 2 17 ”TI q =2 Fig. 4. The ratios of 6 ) to (S ) plotted vs.
W coathe RIER 79 9 FE DS ).

Wt 3Beistrha Saeriila,
Mllacae); HRBHE AT 0B L7 (02T, ta n 83 Bictrs it
Ve T 1T A o B GHeiE R et B Rt s e T3 B b b3
apr colacan;- (au@==0; Byt o R tued, 42 1 o Coa o UG &
ZH e 90 GrEABEe ) B LR BEraF Ry K3 ¥ 5
SRR S :

BE. W, ¢ wmR o5, BRE R L g 20z e, #p bt
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1) L. F. Lindoy and W. E. Moody, J. Amer. Chem. Soc., 97, 2275 (1975); 99, 5863
(1977); J. K. Beattie, L. F. Lindoy, and W. E. Moody, Inorg. Chem., 15, 3170
(1975).

2) M. Hirayama and Y. Kawamata, Chem. Lett., 1295 (1980); M. Hirayama and K.
Kitami, J. Chem., Soc., Chem. Commun., 1030 (1980).

3) L. F. Lindoy, H. C. Lip, and H. W. Louie, J. Chem. Soc., Chem. Commun., 778
(1977). '
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H NMR Study of Protonated Chlorothiophenes
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( Nagoya Institute of Technology ) Y. Yokoyama, Y. Yamashita and K. Takahashi,

and ( Yamagata Univ.) T. Sone
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lH NMR Data of Protonated Chlorothiophenes measured at 60 MHz

Table 1.
Cation Substituents Solvent Temp. Chemical shift, ppm+
"2-H 3-H 4-H 5-H
1 2-Cl Aﬂ+ -50 -— 8.05(5.5)_H+ 9.22(5.5) 5.55
B =70 - 8.55(5.5) 9.69(5.5)
C -40 —— 8.65 9.78 6.19
2 2-C1, 5—CH3 A =70 e 7.92(5.5) 9.07(5.5) 2.13(CH3,7.Q
5.75(7.5)
B =70 " === 8.42(5.5) 9.60(5.5) 2.61(CH3,7.ﬂ
HH
D -50° --- 8.00 9.07(5.5) 2.22(CH3,7.M
5.83(7.,)
3 2-cHy, 5-C1 A =70 3.51(CH;) 7.84(5.5)  8.64(5.5) 6.92
D -50 3.59(CH3) 7.92 8.63(5.5) 7.00
4 2,5-c1, a =70 - 7.89(5.5)  8.83(5.5) 7.10
B =70 ——— 8.43(5.5) 9.41(5.55 7.78
C -40 —— 8.51(5.9) 9.47(5.0) 7.80
D -70  -—- 7.96(5.5)  8.90(5.5) 7.18
5 2,5-Cl,,4-CH, a T J— 7.79 2.94(CHy) 6.85
B =70 —_—— 8.25 3.43(CH3) 7.38
C —45V ——— 8.29 3,45(CH3) 7.39
D =70 ——— 7.83 3.02(CH3) 6.89
6 2,3,5—Cl3 D ~70 —— 7.99 —— 6.90
+ lH Chemical shifts are referred to an external neat TMS contained in a capillary.
+ Abbreviation: A, HSO3F; B, AlCl3—HC1—dichloromethane; c, A1C13-HC1—1,2-dich10ro—

ethane; D, HSO3F—SbF5(7.7 mol/l). ++ The values in parentheses are the splittings

observed in the signal in Hz. HH Not available because of the large solvent peaks.

€00
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500 400 300
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1" e

0 e

(b)

1 H 1

v hv;,/’yﬂ
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H NMR spectrum of protonated 2-chlorothiophene at 60 MHz;

Fig. 1.

(a) in HSO3F at -50°C; (b) in AlCl;-HCl-dichloroethane at -30°C.
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INTRAMOLECULAR EFFECTS ON NUCLEAR MAGNETIC SHIELDING

by W.T. Raynes
N

(Department of Chemistry, The University, Sheffield, S3 7HF, U.K.)

The effects of isotopic substitution on nuclear shielding and
of temperature on the chemical shifts of low density gases have been
known for many years. However, a full quantitative explanation of
these phenomena has not been made for any pelyatomic molecule.

An ab initio calculation of the way in which the nuclear shie1ding
of the water molecule is affected by molecular geometry has enabled
the construction of."1H and 170 nuclear shielding surfaces" from which
it has been possible to calculate the effects of molecular rotation
and vibration on these properties.. This has Ted to the prediction
of isotope shifts and the prediction of the temperature dependence
of the nuclear resonances for this molecule.

The results of experimental work being carried out to test this
theoretical work will be presented.
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BEerL< s 13

Table I: Observed 13C— N Splittings and C Chemical Shifts

BE LA
2 of trans-Azobenzene, cis-Azobenzene, and Benzo[c]lcinnoline in
Vo HIRT 2 '
CDCl3
Hltird e
K& eI , . .. D
Chemical Signal splittings n b
# L2 On Carbons _ J(C-N)
.. a 15 15
y shifts N2 Nl
7 @R
2486 " E, trans-Azobenzene
Sha, Ty 1 152.8 1.7,1.7  2.0,1.9,1.5 lg=+1.9, Z5=-5.4
Do-MostE 2.6 122.9 4.0,4.0 3.9 25=-3.9, 33=-3.9
E=Hr3 20 3,5 129.1 0.9,0.8 1.0,1.0 33=t2.0, %3=%0.3¢
%% 0t % 4 130.9 (0.4)¢ 0.8 45=%0.8, 33=%0.84
)y 0% cis-Azobenzene
n Bzt 1 153.6 6.9,6.9 2.8,3.9,3.3  13=+3.9, 2J=+10.0
Weapbedkon 1= 3,6 120.5 2.5,2.5 2.5 252-2.5, 33=-2.5
Fo1RBn 35 128.7 (0.8)° (1.1)°
~ 11
2 tﬂ"}?’%? 4 127.3 (0.6)€ (0.8)C
)
’h (Y ‘%’ 3 ¢ Benzo[c]cinnoline
Pl ST 1 2
1 145,2 . 5.5,5.4 1.6,3.4,2.3 lg=+3.4, %3=+7.3
v Y
@ﬁm:ﬁ?!\ 2 131.2 6.3,6.4  3.4,3.1,3.2 23=-9.7, 33=-3.1
ELLSBERT 3 129.2 1.6,1.5 1.7,1.8 35=73.5, %3=%0.4
v 3, T 4 131.4 (0.6)° 0.8 43=%0.8, g=v0.89
rELze, 5 121.3 (0.8 (0.4)¢
~ 4 1= Lone- 6 120.8 1.9,1.8  2.0,0.8,1.7 23=+4.5, 33=-0.8
Fa’u"’/j: s aIn ppm from Me4Si, iO.l ppm.

k(- 3
BB 5C v ar 2000 M), fo.2 Hz.

24 Z e '*g SUnresolved. Half-height line-~width is shown here.
Vs =

ﬂﬁz\‘&l RN dUnreliable.

1O FsE

FT22eHshtd)” 2 022/FBC 0 3TC2M LT (UMNO§HEH T
ELLBHAIRLY S, ¥, ,é’am—pm N SEBEWIFTOI=L I HER LT O
Beed3 2 v tha 5 hTHY ) AB Aw B C 1 Avama AB l:b‘:’\“’cjom-/?wz,
0 SHEMEN KT (2648 KB EHERE ATEES= Do T 1= &) A
IRBLAB e RIN, FEpspMEL 2.3 200 3, 2 0Bt 5 R4
BECBHLTY 3, —3 ) INDOMAX 05 B8 ITE > v Tk FEEEC<
PEARH R > vl BRI VEEE AT, AT R o0 TRERIIE Lome- pan®
Ban 540 xus RAROBUBAREL BRIV AES . BAREHY
T 5 B ERE N M EHER IV DO - MOSEER A, B, RS04
Rt REFT T ETHS, St BETRO Y 15 T. Phyp. o, §SE1981)
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- 48 ‘}7
l”f’ﬁ)ﬁ(} E Table II: Calculated and Experimental Coupling Constants (in Hz)

ThH3,

7 (C-N) J (exptl) FC OB SD J (total)
By :
5DMH2 , . trans-Azobenzene
25MHz 7 2J(C1—N) 419 “ 1.1 0.6 -1.5 0.2
2400 M b 2J(Cl—N) . -5.4 3.0 -0.4 1.0 3.6
£ LT 3J(CZ,6—N)b -3.9 5.3 -0.5 0.7 5.5
OERLE J(C2,6-N) ~3.9 -7.2 -0.5 -0.6 -8.3
#F-Q % :5( cis—-Azobenzene
, KoBiEE 15ciw +3.9 4.4 0.8 0.5 4.7
238 & 23 (c1-M) +10.0 6.9 0.1 0.1 7.1
A =% KAE 25(c2,6-0)°  -2.5 5.2 -0.2 -0.2 4.8
=0 R T 35(c2,6-m° 2.5 =7.3 -0.2 0.4 7.1
F A R
ﬁ L% 3'0 Benzol[c]lcinnoline
L3ci-n) +3.4 4.0 1.8 -1.0 4.8
25 (c1-3) +7.3 5.1 -0.1 0.9 5.9
23(c2-n) -9.7 -0.1 -0.4 0.8 0.3
35(c2-3) -3.1 -3.5 -0.5 -1.0 -5.0
23 (c6-n) +4.5 4.4 -0.6 0.8 4.6
35(c6-n) -0.8 -6.3  -0.5  -1.2 -8.0

2FC: Fermi contact term, OB: orbital-dipole term, SD: spin-
dipole term. The parameters employed were SN2(0)=5.246,
2 -3 _ - _
SC (0)=3.012, <r )N—2.472, and £ r §C"1'430'
bCalculated values are averages of those of C2 and C6. For example,
each value of C2 and C6 for 2J(C2,6—N) of trans-azobenzene is as

follows. C2:(FC,0B,SD)=(3.7,-0.3,0.8), Cé6: (FC,OB,SD)=(6.9,—0.7,0.7) .

B&

1) ¢ % /& Levy,G.C.; Lichter,R.L. "Nitrogen-15 Nuclear Magnatic Resonance Spectro-
scopy" Wiley-Interscience: New York. 1979, Chapter 4 2,&1\1?‘ 2) g\\‘ﬂ, ﬁ:j,t ‘%’ & VM
RE#%AUI79) a5 P97 ; J. Phys. Chem. 1980, 84, 3417-23. 3) Jakobsen et al.
Mol. Phys. 1972, 23, 197—‘201; J. Am. Chem. Soc. 1973, 95, 5080-1. 4) Schulman,J.M.;
Venanzi,T. J. Am. Chem. Soc. 1976, 98, 4701-5. 5) Blizzard,A.C.; Santry,D.P. J.
Chem. Phys. 1971, 55, 950-63; 1973, 58, 4714. 6) Wasylishen,R.E. Annu. Rep. NMR

Spectrosc. 1977, 7, 245-91.

—227—



64 AL Y EAEH 5 T30BF ¢ n BFoFs
(3tRXK) oR#4#z, Z#HE-, & X

Abstract: The sum-over-states calculations of the nuclear spin-—spin coupling
constants by Nakatsuji's formula, including doubly excitated configurations, have
reproduced exact finite perturbation results. In addition, a new method of
separation of the coupling constants into o- and m-electron contributions has been
proposed. It has been shown that T-electron coupling constants alternate in sign
with the number of bonds while their magnitudes are approximately independent of

the number of bonds.

Introduction

In papers 1' and 2?2 of this series, we showed that the finite perturbation
(FP) method is superior to the sum-over—states (SOS) one in the calculation of the
nuclear spin—spin coupling constants. This is because FP calculations show a clear
convergence to experimental values as the size of the basis set is increased. On
the other hand, the SOS calculations show divergence even if ‘the éingly excited
triplet configuration interaction calculation (wekdenote as S08l) is invoked.?
Ditchfield et al.' studied the relation between the SOS and FP methods and pointed
out that the FP theory corresponds to introducing doubly excited states in a
restricted way (see the following section). We thus conjecturedrthat the doubly
excited states introduced into the FP calculation brought about the convergent
trend. However, no proof of this could be presented directly in our p:evious
papers. It would therefore seem important to confirm whether the SOS calculations
with double excitations (we denote as S0S2) can feproduce the FP results, and this
we do in this paper. Moreover, the S0S2 method makes it possible to estimate ther
T-contribution to the nuclear spin—spin coupling constant, which is quite difficult
in the FP method. Thus we will show the separation of the nuclear spin-spin

coupling constant into the sum of the o-and wm-contributions in planar molecules.

Method
Nakatsuji® showed that eq 50 of his paper is the best expreéssion of the second
N &
-order SOS perturbation energy based on the Hartree-Fock (HF) wave function. From

this expression'for the second-order perturbation energy, we can write the S0S2

o- and m-Electron Contributions to Nuclear Spin—Spin Coupling Constants.

{Kitami Inst. Tech.) H. Fukui, K. Miura, T, Tsuji
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formula for the nuclear spin—spin coupling constants, JNN’ (in Hz), in the INDO
level as follows (in SI units):
_ _64 27 Mo,z 2 2
o] o]
Sy OF° URSCE g1y v CosCr Co ) C 1)

(A a n ira,n . grb,n Ni Na ND N j (

where Tn is the nth eigenvalue of the H matrix defined below. Vi»q ” is the
3

coefficient of the triplet excitation < -+a in the nth eigenvector of H. 1y, is
the magnetic permeability in vacuo. The other notations are the same as in egq 3.2

in the review by Kowalewski.* The matrix H is defined as follows:

>+< ¥y |Ho | Y,

1+a,j+b>—6

, . o= <3y, Sy, ., i 1

Hisa,jsp ¥ |Hol Yisp 15%ap® YolHo | ¥o> (2
where Hy is therunperturbed Hamiltonian and ¥, is the ground-state wave function
approximated by the single determinant composed of doubly occupied SCF MO's. The

triplet states V.

fuq are formed by promoting one electron from an occupied MO, wi’

to an unoccupied one, wa. are the doubly excited wave functions which

Yiva, j+b
are not the eigenfunctions of the total electronic spin operator §2. They are

written explicitly as ¥ .. .Zajb (aBaB+afBat+BacB+BaBa)/2... || in standard

iva, b I
notation.

Using the SCF MO energies €; associated with wi and the molecular integrals
of electron repulsion, we can rewrite the matrix elements of H as

Hi+a,j+b = 6¢j6ab(€a—€i)_[ijl“b]_[ib]ja] 7 (3)
where [ijlab]=f¢i(l)wj(l)rizwa(Z)wb(Z) dt1dT2. The real symmetric matrix H is
diagonalized to give the diagonal matrix.T by the orthogonal matrix V whose nth
column vector gives the coeffecients Vi+a,n}n eq 1. Thus HV=VT. (4)

We have to turn our attention to the fact that the form of the doubly excited
terms of the. second-order wave function Ypy in the Nakatsuji's perturbation theory
(on which our S0S2 formula is based) is restricted. This restriction is the same.
as that on the doubly excited states included in the FP theory, which Ditchfield
et al.* have already discussed in comparison with SOS and FP theories.” The terms
included in Yp) are not free from the singly excited terms of the first-order wave
function Y¥5. Although there are the other doubly exciteéd states not included in
Y2, they do not contribute to the second-order energy Eg as shown in Appendix B of
Nakafsuji's paper. This fact is very fortunate for our SOS2 calculation.

We.can divide the possible promotions of an electron, <-+a, into three classes.
Namely, the first category includes o-+0* excitations only, if we denote unoccupied

MO's by *.  The second one is fof rm»n* excitations, and the third is for o»n* and

T+0%* ones. It is clearly seen in eq 3 that the promotions belonging to the third
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category do not mix with the first- and second-type promotions, Thereforej we can
neglect the third-type excitations in the calculation of nuclear spin—spin coupling
constants because both 7 and a in promotions Z+a have to be o-type MO's to include

valence s-type AO's in planar molecules.
ki
NN’ NN’

« elements of H, which produce o—7 configuration interaction. So we

It is obvious that the w-electron contribution J to J originates from

he H
t o>a¥, T

can estimate the o contribution J;N, if we neglect the above elements, that is,

configurational mixing between first- and second-type promotions. We define here

iig a
dJd. NN *

NN’ -J

T[ —
as Iy =T

Results and Discussion
o T
We calculated JNN” NN’ N’

carbons, that is, ethylene, acetylene, and benzene molecules using the S082 formula

J. and JN for the three planar unsaturated hydro-

in INDO level and compared them with the FP results of Pople et al.! We used the
same parameters as did Pople et al. in their FP calculations and standard molecular
geometry. Our calculated results are presented and compared with Pople et al.'s

FP values and experimental ones in Table I. The computational times of the two
methods, S0S2 and FP ones, were not so different. For example, for C2H4 S0s2 took
7.2 s; FP, 8.7 s,

Table I shows that the S0S52 formula reproduces the FP values quite exactly.
Therefore, now it has been proved that the convergent trend of J's calculated by
FP comes from inclusion of the double excitations. We have to include a contri-
bution from the doubly excited configurations to get the correct excited states
and energies.

The calculated m-electron coupling constants show clearly the alternation in
sign with the number of intervening bonds.  The odd numbers of bonds correspond to
positive m couplings and the even numbers to negative ones. This result is.the
same as that concluded by Barfield® about the J"'s of octatetraene calculated by
the S0S VB {(valence-bond) method. From Table I it is concluded that 3% is dominant

in the directly bonded coupling constants, !J and 'J and proton—proton coupl-

CcC CH'
ing constants, JHHL However, in 2JCC and 2JCH two parts equally contribute. The
magnitude of J" is approximately independent of the number of bonds while that of
3% attenuates rapidly (as a function of the number of’bonds). Therefore, in the

long-range proton—proton couplings, J" will be dominant.
Acknowledgment. The calculations were pérformed on a HITAC M-200H at the

Hokkaido University Computing Center. It is a pleasure to express our appreciation

to Dr. H. Nakatsuji for his helpful advice.
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Table I.

Constants (Hz)

Calculated and Experimental Values of the Nuclear Spin—Spin Coupling

3%(s0s2)® 3" (s0s2)® J(s0s2)? JEP)Y  J(Expt1)®
Ethylene
c-C 67.19 14.95 82.14 22,14 67.6
C-H 152.33 4,36 156.69 156.71 156.4
C-C-H ~7.22 -4.36 -11.58 -11.57 -2.4
H-C-H 4.51 -1.27 3.24 3.24 2.5
H-C-C-H (cis) 8.04 1.27 9.31 9.31 11.7
H-C-C-H (trans) 23.88 1.27 25.15 25.15 19.1
Acetylene
c-C 143.66 20.07 163.73 163.75 171.5
C-H 226,91 5.71 232.62 232.65 248.7
C~C-H 8.24 =-5.72 2.52 2.52 49.3
H-C-C-H 9.36 1.63 10.99 10.99 9.5
Benzene
c-C 67.90 8.20 76.10
c-C-C -4.88 -6.05 -10.93
C-C~C-C 5.48 6.19 11.67
C~H 137.16 2.99 140.15 140.29 157.5
C-C-H -2.70 ~2.24 -4.94 -4.94 1.0
C-C-C-H 7.77 1.63 9.40 9.40 7.4
C-C~-C~C-H -0.49 -1.78 -2.27 -2.,27 -1.1
H~C~-C~H 7.54 0.60 8.14 8.15 7.54
H~C~C-C-H 2.56 -0.43 2,13 2,13 1.37
H~C~-C-C~C-H 0.63 0.52 1.15 1.15 0.69
é See Method. b Cited from ref 8.
References and Notes
(1) Fukui, H.; Sanyoshi, A.; Miura, K. J. Chem. Phys. 1978, 69, 943-944,
(2)  Fukui, H.; Miura, K.; Ishigami, N. J. Chem. Phys. 1979, 71, 560-561.
(3) Murrell, J. N.; Turpin, M. A.; Ditchfield, R. Mol. Phys. 1970, 18, 271-274.
(4) Ditchfield, R.; Ostlund, N. S.; Murrell, J. N.; Turpin, M. A, Mol. Phys.
1970, 18, 433-440.
(5) Nakatsuji, H. J. Chem. Phys. 1974, 61, 3728-3736.
(6) Kowalewski, J. Prog. NMR Spectrose., 1977, 11, 1-78.

The two restrictions stated by Nakatsuji® and Ditchfield et alj respectively,
to
are equai“éach other.

(7)
This is because eq 38 of the Nakatsuji's papér is
equivalent to eq 13 and 29 of the Ditchfield paper.

"Approximate Molecular Orbital Theory";

(8) Pople, J. A.; Beveridge, D. L.

McGraw-Hill: New York, 1970; pp 149-159.

Erratum: Ibid.

(9) Barfield, M. J. Chem. Phys. 1968, 49, 2145-2153.

1969, 61, 2291-2292.
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2Hmr - Some Applications in Biosynthetic and

Mechanistic Studies

J. B. Stothers, Chemistry Department,

University of Western Ontario,

S

London, Ontario, Canada

Although investigations utilizing compounds isotopically enriched
with deuterium are commonplace and have provided solutions for a wide variety of
chemical problems, the deuterium-labelled centres are very often monitored
indirectly. Direct observation and measurement of the individual sites of
deuterium incorporation by high resolution deuterium magnetic resonance (2Hmr)
spectroscopy, however, has certain dist{nét advantages over other physical
methods, particularly for systems fn which deuterium is located at several
different sites in a given compound. Since deuterium and protium chemical
shifts are essentially the -same, specific assignménts for individual 2H signals
follow from the analysis of the proton speétrum. Some examples of the use of
2Hmr techniques in biosynthetic and reaction mechanism studies will be described
to illustrate the utility of the method, including examples undergoing multisite

2H incorporation.
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Table 2. Comparison of ]30 chemical shifts of chitin and N-acyl chitosans in solid state
with those of agqueous solution (ppm from TMS, +0.5 ppm for CP/MAS data)

Solid state Aqueous solution
chitin chitin N-acetyl N-decanoyl N-stearoyl chitin oTigomers
(crab shell, (crab shell, chitosan chitosan chitosan

Sigma) chionectes opilio) - .

C-1 103.7 103.9 103.3 - 103.4 103.8 7 101.4

C-2 55.2 54.6 55.2 55.2 56.8 55.2
55.2

c-3  73.2 73.2 74,52 73.7% 74.82 72.3

C-4 83.5 83.0 83.1 83.2 83.2 79.4

¢-5 75.6 75.4 74.5° 74.9° 74.8% 74.7

C-6 60.6 60.7 60.5 60.7 60.8 60.2
59.3 59.3

CH3 22.6 22.4 : 22.7 - - 22.3

c=0 173.7 172.9 173, 3 176.6 176.6 174.7

¥ T3 and C-5 signals are overlapped.
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Table 1. Shift Value of Metal Complexes of Mugineic Acids

Carbon . .
No.b 30| 38 | 4o | 48 |1%0 18| 2' | 3° " 2n 3"
Compqund
1+ Zn 1.00 0.50f 0.16| 0.47}0.28 | 0.54| 0.62 VO.34 0.48 0.61, 0.56 | 0.02,~0.04(-0.34
2 + In 1.01} 0.49 - 0.48 ) 0.24{0.62) 0.58} 0.32{ 0.50| 0.64, 0.59| 0.07, O ~0.16
3 + Zn 0.96 0.52|0.2410.51} 0.60| 0.53] 0,49 | 0.65, 0.57 | 0.09, O -0.12
1 + Co 0.48 0.26/~0.02| 0.46 {0.20] 0.67] 0.54| 0.07{ 0.61 0.67, 0.37 | 0,08, 0.24( 1.08

This table shows differences between mugineic acids and their metal complexes(ppm).
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