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MMR CHART tAPER 11 

II 

WE STOCII< ALL THE RECORDING CHARTS YOU NEED ••• 
• THE WORLD'S FINEST NMR SAMPLE TUBES • EQUIPMENT, 
GLASSWJ1RE, AND SUPPLIES FOR SPECTROSCOPIC RESEARCH 
• EVEl=JYTHING BUT THE SPECTROMETER • SEND FOR OUR 
NEW Fl=JEE 100-PAGE GIANT CATALOG 875. • IF YOU HAVE 
ANY QUESTIONS, PLEASE CALL. 

I _______________ ...._ _______ ..._ __ •1--,-----------_;---------' 
I 
I Finest grade NI ~R Chart aper made to be used in every model spectrometer. All charts 

CHART PAPER, have been up< ated to c,:iincide with the newest instrument techniques . . . Fourier 
Transformation Hetero-Decoupling, and Time Averaging. I , 

CATALOG 
NUMBER 

~ 
WCV-100 (S-100A) 
WCV-60 (S-60C) 
WCV-60EL 
WCV-XL (XL-100) 
WCV-XL-100FT 
WCV-220 (S-220) 
WCV-56 (S-56A) 
WCV-360-K-10 

NOTE: 

WCV-20 (CFT-20) 
WCV-EM-300R (3E) 
WCV-EM-300F (300X10) 
WCV-60T (S-60T) 
WCV-60B 
WCV-60U (S-60U) 
WCV-60TS 
WCV-BL 
WCV-60T·BL 
WCV-CFT-20K-11 
WCV-360BL 

JEOL 
WCJ4HA 
WCJ-4H8 
WCJ-4HC 
WCJ-4HD 
WCJ-4HE 
WCJ-PFT-100 
WCJ•FX-60(FX-2) 
WCJ-FX-60-BL 
WCJ-PFT-100BL 
WCJ-BL 

BRUKER 
WCB•"UC" 
WCB-BL 
WCB-WH-90 
WCB-BX-FT 

PERKIN-ELMER 
WCPE-2018 
WCPE-2021 (WCPE-60) 
WCPE-462· 1075 
WCPE-436-0066 
WCPE-436-7204 
WCPE-441 -1680 
WCPE-R-32 
WCPE-2018B L 
WCPE-2021B L 
WCPE-526-1102 
WCPE-435-9020B L 
WCPE-441-1580BL 

NMR SPECIALTIES 
WCN-60/100 

All charts packaged 500 sheets o a box el cept roll charts or as otherwise noted. 

I , 

INSTRUMENT 

I 

HA-100, Hl100A, a~d D 
A-60, A-60A and D 
HA-60EL arid IL 
XL-100 (Sta'ndard) 

XL-100 (Fo[
1 
rier) 

HR-220 
A-56/60 
EM-360 
CFT-20 
EM-300 (6 r 11s/box) 
EM-300 (flatbed) 
T -60 (two c9lor) 
T -60 ( one color) 
T -60 (multi-huclei) 
T -60 ( no gril

1
, delta) 

11" x 26" 
8-½" x 11" 
11" x 16" 
11" x 16" 

I 
C-60H, 4H-, oo, (9.00 ppm) 
C-60HL, MH-100, (9.0 ppm) 
MH-100, PSf100 (10.8 ppm) 
MH-100, PSi100 (9.0 ppm) 
PFT-100 (standard) 
PFT-100 (Fburier) 
FX-60 I 
FX-60 (parajonly) 
11" x 17" (para only) 
11" x 1 r I 

R-20, R-20j 
R-20B I 
R-12, R-12~ (6 rolls/box) 
R-24 (roll) (6 rolls/box) 
R-24A (rect.) (100 sh./box) 
R-22 (rect.) (100 sh./box) 
R-32 (roll) (6 rolls/box) 
11" )( 22" I 
11" x 19" 
R-26 (rect.) (100 sh./box) 
R•24A (rect.) (100 sh./box) 
R·22 (rect.l (100 sh./box) 

I 

" 

I, 

l1 
II It 

11 

11 I 

II 
1, 

I 

TYPE 

Cal. I 

Cal . 
Cal. 1 
Cal. 
Cal. 
Cal. , 
Cal. , 
Cal. 
Cal. 
Cal. ' 
Cal . 1 

Cal . , 
Cal. , 
Cal. 
Blank 
Blunk 
Blunk 
Blank 
Blank 

Cal. 
Cal . l 
Cal . 
Cal. 
Cal. : 
Cal . 
Cal. 
Blank 
Blank 
Blunk· 

I 
Cal. 
Blank, 
Cal . 
Cal. 1 

Cal . 
Cal . 
Cal. 1 
Cal. 
Cal. 
Cal. 
Cal. 
Blank 
Blank, 
Cal. 
Blank' 
Blank, 

Cal. 

PRICE PER BOX 

1·10 boxes 11-24 boxes 26-49 boxes 

$35.00 
35.00 
37.50 
36.00 
37.50 
37.50 
37.50 
28.00 
30.00 
14.40 

1, 28.00 
20.00 
17.50 
20.00 
16.00 
16.00 
10.00 
13.00 
13.00 

37.50 
37.50 
37.50 
37.50 
37.50 
37.50 
37.50 
19.00 
19.00 
15.00 

40.00 
17.00 
35.00 
40.00 

37.50 
37.50 
36.00 
35.00 

7.00 
8.00 

36.00 
16.00 
15.00 

7.00 
4.60 
4.50 

35.00 

$34.50 
34.50 
37.00 
34.50 
37.00 
37.00 
37.00 
27.50 
29.60 
13.80 
27.50 
19.50 
17.00 
19.50 
15.50 
15.50 
9.50 

12.50 
12.60 

37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
18.50 
18.50 
14.50 

39.50 
16.50 
34.60 
39.50 

37.00 
37.00 
34.60 
34.50 
6.50 
7.50 

34,50 
14.50 
14.50 
6.80 
4.26 
4.26 

34.50 

$34.00 
34.00 
36.60 
34.00 
36.60 
36.50 
36.50 
27.00 
29.00 
13.80 
27.00 
19.00 
16.50 
19.00 
15.00 
15.00 
9.00 

12.00 
12.00 

36.50 
36.50 
36.60 
36.50 
36.50 
36.50 
36.50 
18.00 
18.00 
14.00 

39.00 
16.00 
34.00 
39.00 

36.60 
36.60 
34.00 
34.00 

6.00 
7.00 

34.00 
14.00 
14.00 
6.60 
4.00 
4.00 

34.00 

ii 
'ii 

60& OVlf 

$33.60 
33.50 
36.00 
33.50 
36.00 
36.00 
36.00 
26.50 
28.60 
13.80 
26.50 
18.50 
16.00 
18.50 
14.50 
14.50 
8.50 

11.50 
11.60 

36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
17.60 
17.60 
13.60 

38.60 
15.50 
33.50 
3B.50 

36.00 
36.00 
33.60 
33.50 

5.50 
6.60 

33.60 
13.50 
13.50 
6.40 
3.75 
3.76 

33.50 A-60, HA-Hr, A-56/60 
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GORLAEUS LAB0RATIORIA DER RIJK!SUJ~IVERSITEIT TE LEIDEN 

sus-FACUL TEI - sc4 E1~uNoE ' · 
I I 

Wassenaarseweg 76 

Postbt.is 75 

Telefoon 118333 

toestel: 

Afdeling : Bio-organic photol h~mistry 

Onderwerp: I 

Professor B.L~ Shapiro 
Department of Chemisyry 
Texas A and M University 
College Station, Texas 77843 

I 

I 
I, 

LEIDEN. November 5, 1975 

Dear Professor ShapiFo: \ 

Deuterium FrotiJ m Exchan re in Oarbenium ions 
For the sake of comp4rison with bile \pi~ments we are -interested 
in the chemistry of protonated ,yrro~ethenes and the reiated -
2 furyl - 2 1pyrryl-methyl-carbe:m.ium i on~. . . I· 

We could prepare: + in good yield • . 

" ' ~ / HI:!, . 
: I t -i3 

11 ,, 

s~ 1, 1H 
I - ICH.:3 I I 

l 1 :1. I 
In the H-N.M.R. S)?eqtrum of I. <jl.issolved in cn3bn the signal of 
4 1H or 6 ·H is missing. I · II' I . 
The spectrum: of I in jCD3CN show~s th~ s~gnals of all the carbon­
bonded hydrogens, however the s · gnalJ;noise rati9 is low because 
of low solubility. l 1 

For comparison: II l j i 
H. 

I_ 

I 

f· 
i:M3 

!I ..-+-"'C_H.3 
~ H 11, 2 
I. 

:·1 

was synthesized. 
+ 

:.. 

L 

r 

L 



I"',.,, ,,,_ 

The low f i e ld part of the 1H-N.M.R. sp ectrum. of II in CD30D 
vir tually superi:::nJ1 osable on that of I in CD30D. Bearing in mind 

208-2 

char ~e de loca lisation, t he signa ls in the low field region can L 
b e a ss i s ned una.!llb iguous ly. 

100 M C /S NMR ( JE0L PS 100) 

in ppm Signal in ppm 

2,52 s 5 CH3 2,45 s 
6,69 d* 4 R 6,65 d 

7,71 d* 3 H 7,62 d 
7,82 s 6 H 7,74 s 

2,75 s 3'CH3 or 5'CH3 2,73 s 

4 1H** 
2 ,79 s 5'CH3 or 3'CH3 2,80 s 

* 
J 4.3 = 3,75 hz 

**In II the 4'H is replaced by . an ethylgroup. 

J 
r f 
l 

l 
(Y 7 J) 1 

I in cn
3
on II in cn3on 

We hope very soon to be able to check these results with 13c NMR 
spectroscopy. 

Sincerely, 

John A. van Koeveringe Cees Erkelens 
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LABORATORIUM 

I 

STATE UNIV. of GENT 
ORGANIC CHEM. o~IPr. 
LAB. f:or NMR SPECTRO SC0PY 

Prof. M, ANTE U NISI 
Krijgslaan 271 - G:Z::1n D 9000 

BELGIUM 

voor 
ORGANISCHE CHEMIE -

I 

I 
1-

1 2 7 NOV Hq5 -8-9000 GENT, ...... , ............ ......... '. .... '.':" .. ... ... .. ...... ...... .. 
KRIJGSLAAN 271 • S 4 
(Belg i~•Europa) 

Tel. 22 5715 

1 1· 
Vinylic H-nmr downfiel~ ~nd OH ... 1r-electron bonding~ 

I 
I 

I 
I 

Dear Barry, i 

I : 
·. The hyd7ogen bond l:)etwee OH 

documented ph enomenon, lspeci~11!y 
I I I 

· .There are however to ou know[ledlge 
I - I lab le for the influence of th 1e o

1

-H 

cal shift of [the olefinic pro~oJ s. 
that a downfi:eld shift r lesults. [ 

The dioJ A is known from thje 
' 

OH •·· 1r bond (12) . 
I 

I 
X 

and a 1r electron cloud is a 

for aromatic systems (1). 

no experimental data avai­
'c-H 

•· • II bonding on the chemi-: 
.,C-H 
We now present evidence 

I 

I.R. spectrum to form an 

X OH . i I I. 

$( {)H -D)~~ 8 1 : 

-i 3-! . f :3 

X I H X 

1 
I JI I OH, ! 

cS2/3 
1

01 /8 
I • 

' I 

A I X=OH 5.88 r~6 II X=OH 5 . 85 

' I 
B I x=ococ:F 3 5 . 66 .66 

II X=OCOCiF3 5.64 
I 
I 

I 
I 

In A and B, the vinylic and ,: 3 atoms, and also 7 and 8, are 
I ,- I 

exchanged by ~he horizontal cr plane* ~bove coalescence tern-

* It is conveniJ nt (3) to de ce thl se equivalences from the "mean" con·· 
formation repre Jented in the convent ional way in the left tipper corner, -

I II "d II • I -. I 1 h and whose less conunon s1. e-ort _ v1.ew 1.s a sos own. 

L 

L 
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perature of ring reversal)and have therefore the same che­

mical shift. The pairs (2,3) and (7,8) are however not 

exchanged by an element of symmetry, and hence their chemi­

cal shifts differ in principle. However, the groups (OH in 

A, OCOCF 3 in B) that make the (2,3) and (7,8) vinylic pro­

tons non-equivalent are rather far away. Therefore the pairs 

(2,3) and (7,8) in compound B, where a hydrogen bond is ex­

cluded, have the same chemical shift (within experimental 

error) at 300 MHz, although ester groupings in general have 

large anisotropic contributions. We accept therefore that 

the anisochronism between (2,3) and (7,8) in A with X=OH (~o 

= 0.22 ppm in CDC13 ) is the result of CH··· 1r bond formation, 

where the shift of the high field _ olefinic pair coincides 

precisely with that observed in B, and the donor 1r-bond re­

sults in a deshielding of the vinylic protons (2,3). This is 

corroborated by the data reported for th~ cis-decalane deri­

vatives II. 

F. De Pessemier M. Anteunis 

(1) P. v.R.Schleyer, D.S. Trifan and R. Bacskai, J.Am.Chem.Soc., 80 
6691 (1958). 

(2) R.K. Hill, J.G. Martin and W.R. Stouch, J.Am.Chem.Soc., 83, 4006 
(1961). 

(3) J.E. Leonard, G.S. Hammond and H.E. Simmons, J.Am.Chem.Soc., '}}_, 
5052 (1975). 

: 
7 
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G RI F FITH UN I V!tRSIT Y 
I I I 

Nathan, Brisbane, Qu~ensland, 4111. Telephone (0 72) 46 7111 

School of Science 

I 
Professor B.L. ~hapiro, 
Department of Chemistry, 
Texas A and M U~iversity, 
COLLEGE STATION.; Texas. 778 3. 
U.S.A. . 

i . 
Dear Professor Shapiro, 

I 

! 

IRcf: DMD.JT 

Telegrams Unigrifi Brisbane. 

28th November; 1975 . . 

Determina tiion of Relaxat1·on Times in Paramagnetic Complexes 

In connecti!on with our 4 udy ol T1 and T2 values in pa~amagnetic 
transition-metal! complexes , we have found that when T1~T2 (and <50 msec) 
our HX-90, unde Yj norma 1 condi }ions, I ;does not produce a. reasonable . set of 
PRFT spectra fo1 T1 determinaf ion. ·The problem arises from transverse 
magnetization remaining after the 11~0° pulse being shifted into the . 
detection plane lby the follow~ng goc1 pulse. The problem can be eliminated 
by using the Bruker Phase Altrrnatfon Pulse Sequence (PAPS) where the · 
phase of the ob~lervation puls r i s s~ifted 180° on successiv~ pulses and 
the polarity of the ADC is reversed J Figure 1 displays how bad the pro-
blem can be without the PAPS ~equende. · 

To understalnd how residui •1 trarL verse magnetizatfon is·' removed by the 
PAPS sequence co:n·s i der the fo l 1 owi nd'. , Normally the 180° pulse of the 
l80°--r-90° ·sequence creates a diagodal desnity matrix in the rotating 
reference frame. I In practice r howeier, because of many rea~ons (finite 
pulse power, off;set from the carri e~ frequency, coil design, etc.) the 
1~0° pulse is no

1

t perfect, an~ the ~f,ensity matrix following , the puls~ is 
likely to have non-zero off-d1agona ;l_ elements, p12 and p21, for a spin­
half system. Th1e diagonal matrix el ements will alter as a function of 
T1 and p12 and d21 will be a ·r' unct idn of Tz. · A further non ~perfect 90° 
pulse after time: Twill alter the dEtnsity matrix to give o.ff..;diagonal 
elements which ~re functions mf both T1 and T2, 

. I . I I· . ' ' ' . . ' 
More precis!ely, if we let the second pulse be represented by a field 

H1 along the y-a'.xis of the rotating frame, the transformed density operator 
' is I I . 

I
' -ift JyyH1 ' t 

1 
+ift JyyH1dt 

1 ( ) 0 ( , ') 0 (ii l ) 
p T I= e * p I e = 

~ R p(T) R (say) 
i 

We have assumed here that the pulse t ime tis short enough to replace 
p' (T + t) by p 1 {'1:). Writing 

t I J
0 

yH1 pt = e, 

and taking matri~ elements gi yes 

I 
'--._.,, 
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Professor B.L. Shapiro 28th November, 1975. 

<l Ip' (T) I 2> * * * = R11R12 P11(T) + R11R22 P12(T) + R12R12 P21(T) 

* * with a similar expression for p;1(T),where Rij = <ilR lj>. Because Jy has 
zero diagonal elements in the representation we are using, upon expanaing 
the exponential and taking the diagonal elements, the terms involve en 
where n is odd will be zero. Consequently R11 and R22 are invarient under 
the transformation 0+-0 that is, are even functions with respect toe. 
Similarly R12 and R21 will involve only terms for which n is odd, and will 
consequently be odd functions with respect toe. It follows that R11R!2 
and R12R12 will be odd and R12Rt2 and R11R12 will be even functions. Thus 
the signal, which depends on <l IP'(T)l2>, will be related to P11(T) and 
P22(T), which are functions of T1, by an odd function of e, and to P12(T) 
and P21(T) which are functions T2, by an even function of e. The signal S1 
from the first PAPS pulse sequence will be 

where Fis odd and f is even. On phase inversion the sign of H1 is changed 
and thus e, and we get the second signal ·in the PAPS sequence as 

S2 = F(-B,T1) + f(-B,T2) 
= -F(B,T1) + f(B,T2) 

giving, by appropriate data accumulation 

½(S1 + S2) = f(8,T2) 
and ½(S1 - S2) = F(8,T1) 

We conclude that while the general signal involves two decay processes, T1 
and T2, PAPS gives a signal which is a function of T1 only, consequently a 
true PRFT sequence results. We note that a True Inversion Time Sequence 
(TITS) gives a signal which only depends on T2 and in principle the PAPS 
sequence without the ADC polarity inversion would measure T2 (actually T2*). 
The above analysis does not need to make any assumptions about the form 
of the functions f(8,T2) and F(e,T1). 

We have also been able to measure T1 via a 90°-T-90° pulse sequence 
using PAPS. here, it is well known that transverse magnetization cause 
severe problems when measuring T1. PAPS eliminates these difficulties. 

Figure Caption: 

Yours sincerely, 

D.M. Doddrell 

~ .T.Plf­

D.T . Pegg 

(a) PRFT sequence on the CH3 proton resonance of copper 
acetylacetone using PAPS, Tis in msec. T1 = 3.6 msec. 

(b) PFRT sequence without PAPS. 



-- r 

(a) 

( -! ( -,! 

~ fl\ ~ norma \ t: ______ ,._ 2·2 

(b) 

1·98 
i-75 
1.-5 4 
1·32 
MO 
0·88 
0·66 
0·44 
0·22 

( .. 

N 
0 
00 
I 

-....J 



208-8 

Department of Chemistry 
Colorado State University 
Fort Collins, Colorado 
80523 

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

Dear Dr. Shapiro: 

December 1, 1975 

Upon reading the letter from C. Brevard in the October Newsletter, 
we thought a similar experiment done routinely in our lab might be of 
interest to readers interested in multi-nuclear nmr. Presently this 
lab is investigating the solution chemistry of a .variety of metal salts 
in aqueous and non~aqueous media. Since we usually operate in the 
external lock mode (reported in the June 1975 Newsletter) while 
observing nuclei of low sensitivity, chasing a reference scheme has 
been a considerable problem. 

We typically operate in the broad band configuration1 using a 
modified Bruker HFX-90 and a United Development Corp. broad band 
preamplifier. The range of frequencies which may be de.rived by our 
broad band transmitter network is from 4 to 55 MHz.2 However, by 
simply changing a few cable connections we are also able to easily 
observe the lH nmr signals (90 MHz) for the system under observation -
without perturbing the probe. This enables us to reference our primary 
resonance to a 1H resonance in the sample (typically a solvent resonance 
but it could be some other internal 1H signal). 

Briefly this procedure is as follows. The broad-band network is, 
in normal operation, adjusted for the primary nucleus of interest and 
the standard, narrow band receiver coil of the Bruker insert is tuned 
to the primary frequency (e.g., 4.19 MHz for Ag-109). The decoupler 
coil of the Bruker insert is generally tuned to the lH NMR frequency 
(90 MHz) and .this coil serves as a transmitter for either CW proton 
decoupling or for lH FT experiments. It is found that the receiver 
coil of the Bruker insert can serve the dual purpose of receiving the 
primary NMR signal or the 1H NMR signal. To examine the primary nucleus, 
the broad-band configuration is arranged according to the scheme of 
Figure lA. To examine the lH nucleus, the cable connections are changed 
according to Figure lB. The complete changeover requires less than one 
minute. 
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This apprJ ach has the :1·mitation of observinglH sigrials at 
90 MHz with a receiver coi+ ti uned to an alternate frequency, This 
results in low \lH (S/N) when compated to standard lH NMR spectra. 
However, most s,olvent lH res l nance~ are readily observable in a single 
pulse with (S/N) of 200/1 or greater. · 

I . I · 
Because tHe lH (S/N) is unusually large, the lH FID can be used 

to trim up the :homogeneity :of the rilagnetic field of. each sample by 
adjusting the shim currents I hile 1bserving repetitive sol.vent FID's -
on an .1 

\Q#y E. Maciel . 
Professor 

~~~ 
J.L. Dallas 

References 

1. 

2. 

, I· 

H.C. Dorn, L. :Simeral, 1

J J. Natterstad and G.E. Maciel; J. Magn. 
Resonance, 18, 1(1975). J · · ' 
A narrow baL matching n twork ,(match box) is required . to impedance 
match the a~plifier and' he transmitter coils. To change this match 
box for a n~w frequency· 1equire1s pulling the probe out ' of the magnet. 

I 
'. I 
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December 3, 1975 

Professor Bernard L. Shapiro 
Department of Chemistry 

I 

Texas A&M University 
College Station, ~exas 7784~ 

i 

Standard Oil Company {Indiana) 
Amoco Research Center 
P.O. Box 400 
Napervi lle. Ill inois 60540 
312-420-5111 

Subject: 90°Pulses and a Comp ter Problem on a CFT-20 

I 

I 
Dear Barry: 

Our CFT-20 is ent~ring its second yea, of operation in our laboratory 
I . ' I 11 and a few observations have been made which might be useful to others. 

We have developed j a technique' tio de t ennine the pulse width of a 90° 
pulse. This technique is cot:t;s :nderabll shorter and less tedious than _ 
the one described ! in the Variarl manual. The sample we use is a 60% 
(w/v) solution of Carbowax-1009 dissolved in _acetone-d6. The trans~ 
mitter offset (TO), filter bandwidt h (FB) and end of plot (EP) 
parameters are sei: at 66 (i.e1• lnear r

1

esonance) 500· and 500 respectively 
with the remainin~ parameters: det as r1Sual for the ethylbenzJne sample. 
The pulse width (PW) is then yj1riecl i p the vicinity of a 180° or 360° 
pulse. Under the ~e condition's the Fi iD has the usual sinusoidal decay _ 

I ' 11 · expected of a neaf resonance :l°ispons~. Since the phase of the FIDa~d 
the phase of the peak in the t ~ansformed spectrum are related, a 180 
pulse width is de t ermined as ~Ha~ widlt ~ which ca~ses the FID ,to ~ust 
change phase. on ja CFT-20 thi d is easily determined fr~m observing 
the pulse width at which the ,f Jrst fefv data points of t'.:he FID pass thru 
a line (created bt having EP = 500) cprresponding to zet a. This is 
illustrated in Figure 1 where he 1801 pulse -was determined to be 48 µs 
giving a 90° pulse of 24 µs. Since there is no need to tranJ£orm the 
FID and plot the ~pectrum, the ltime n~cessary to determine the pulse 
width correspondi~g to a 90° p] lse isl reduced to a few minutes. 

We have encounterl d a computer p~oblem with our CFT-20. In obtaining 
13c spectra of ethylene-propyl~ne cop.blyiners, ODCB is u ~ed as a solvent. 
Th~ ODCB peaks are 30 times as intensb as the strongest peak in the 
polymer spectrum. [ Consequentl , no s~g?-al to noise enhancement is 
obtained after about 5000 scans. We have avoided this problem by 
switching to tetr1chlorothiophJne (TC~) , as a · solvent. The TCT peaks 
are of the same i *tensity as thle pol~ er peaks and the dynami c range 
problem is avoided. Fortunate y, no ~olvent shift effects have -been 

I 

detected. 

/f. J?LJ~ 
R. W. Dunlap , 

GJR: RWD : s 1 s 

- I . I 
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FID Phase Changes As A Function Of Pulse Width 
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DOW HE:MICAL U.S.A. 
I 

I 
I 

December 4, 1975 
MICHIGAN DIVISION 

I 
MIDLAND, MICHIGAN 48640 

Dr. Bernard L. Shapiro 
Dept. of Che~istry 
Texas A&M Untversity 
College Station, Texas 77843 

Dear Barry: 

I 

I 
We are looking for a re ,ent graduate at the Ph,D ~ level 
to fill an immediate opJning in our laboratory. The job 
consists pri~arily of tlie application of high resolutibn 
NMR to the s6lution of i ndustrial analytical problems. i 
The person w~ are seekirtg will have to be highly motivated, 
self starting, and have \to iriteract with production, d~velop­
ment, and research peop]e. Our problems involve

1
quantitative 

determinatioAs as well Js quJlitative structure work. IA 
broad interest in chemi~try would be most helpful. 

I . I I . I 

Our NMR equipment considts of a Varian XL-100-15
1
with 

Digilab Data iSystem, an IHA-ldo, and several 60 MHz 
spectrometers. We also anticipate the purchase of a 
dedicated C-13 spectrometer ~·n the very near future. 

Applicants s J ouid write Ito mJ at the address below for Ian 
application form. The Dow Chemical Company is an equal 
opportunity J mployer and all l~ualified applicants are I 
encouraged td reply. I 

Sincerely, 

J~t-~ 
I Thomas E. Evans 

Analytical LJboratories 
574 Building 
Phone: ( 517) -6 36-5325 

nhc 

I -

I 

I 
Ai OPeAA"TING UNOT i F TH, DOW CHeMOCAL COMPANY 

I . 

I 

-I 
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DEPARTMENT OF CHEMISTRY TUFTS U IVERSITY MEDFORD, MASSACHUSETTS 02155 

Dr. B.L. Shapiro 
TAMUNMR Newsletter 
College of Science 
Texas . A & M University 
College Station, Texas 77843 

December 4, 1975 

"Noise in the Fourier Transform" 

Dear Barry: 

We have been continuing experiments and calculations on the effects 
of round-off error in the Fourier transform and have come to the conclu­
sion that dynamic range after the transform is markedly affected by both 
word length and transform length. The effects are not quite as severe 
as those predicted by Welchl who based his calculations and experiments 
on the assumption that all data points are full at the beginning of the 
transform but the limitations are such that a maximum dynamic range of 
30000 to 40000 to one is the best that can be expected even in a twenty­
bit word. The values for a 16-bit word are substantially less as shown 
below. 

size w=20 w=l6 

4096 43691 3942 
8192 43691 5350 
16384 34953 4855 
32768 43691 4855 

These data were obtained by synthesizing free-induction decays having an 
LB=0.4 and having peaks with gradually increasing dynamic range. The 
effects of double precision calculations and of a single precision sine 
look-up table are still being investigated. Further we have found that 
the noise generated in the transform process is indeed coherent noise and 
can not be removed by block averaging. A paper summarizing all of the 
experimental data has been submitted to J. Mag. Res. 

Sincerely, 

r 
James W. Cooper 
Assistant Professor 

('\ 1. P.D. Welch, IEEE Trans. Audio Electroacoust, AU17, 151 (1969), also 
reprinted in "Digital Signal Processing," . L.R. Rabiner and C.M. Rader 
eaitors.,IEEE P~ess (1972) . 
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i 
UNIVERSITE CLAUDE BERNARD, LYON I 

I 
I 

LABO RA TO IRE dE 
I 

I 
I 

SPECTRO . COPIE ET DE LUMINESCENCE 
I 1

1 

43, Bd DU 11 NOVE_MBRE 1918 
69621 VILLEURBANNE - FRANCE 

I 
VILLEURBANNE, le 22 decembre 1975 

TEL. (78) 52.07.04 

Professor B.L. SHAPIRO 
TEXAS A arid M. UNIVERSITY 
D~partment of Chemistry 
COLLEGE OF SCIENCE 

COLLEGE STATION, Texas 77843 

U.S.A. 

' · , 29 
Relaxation ·de ·. Si 

! 
Cher Docteur SHAPIRO, 

Eq~ipOs depuis p
1

eu di ' up x~ 100, nous avons di~fere no
1

tre contri­
bution aux TAM9 NMR Newsletters esperant etre en mesure de communlquer des 
resul tats inte7essants sur 11a relaxation de 29si. Malheureuseme_ntJ, l' appareil·_ -~ . 
lage pour la mesure de T1 n 'rst pas encore en place et nous nous bornerons ~ 
a vous faire p i rt de nos premie~s resultats d'effet Overhauser : · I 

Pol rsuivant une ~ tude de 29 siHC1 3 entreprise sur le proton, nous 
avons effectue des mesures shr 29si qui, a 5 % pres, presente un bffet over-

1 I 

hauser nul. 1 · 

I IDR - ISR 'l(H 0, 5 Rdd "IH 
L'expression ----- = -- ------- avec -- If - 5 

. I I O . Rdd + R h ' '¥s1.· SR Si · ot er 

montre que Rdd << Rother. 

i · ·~ ] I . · d f A 1ra dire ce rrsu 
1
tat ne saura1.t surpren re car nous savons 

bien qu~ dans SiHC13 , molecuie de petite dimension, le mecanisme de relaxa­
tion preponderJnt est la spih rotation~ et ceci d'autant plus quk nous avons 
travaille sur Jn echantillonl scell~ a une temperature (30°'c) supe~ieure a ia 
temperature d'~bullition. Nous esperons confirmer, grace a des mekures de · 
relaxation a tJmperature var

1
['able, nos resultats concernant le mobvement des 

molecules de S~HCl3. · i I 
! ' 
I I 

Recevez, Cher Do teur SHAPIRO, nos sentiments les meilleurs. 

cuJ_ I ~ ! 
J. DELMAU 1 · J. c. 

1

DUPLAN A. BRIGUET I 

I I I ' . 
':t G.C. LEVY, J.D. GARGIOLI, 1.c. JULIANO e:t J.D. ' MITCHELL, J. magn. Res.,.§_, 399 <;972), 

J. Am. Chem. Soc., 22_, 3445 (1973). \ 
A. BRIGUET, J.C ; DUPLAN et J .. DELMAU, Mo t . Phys., ~, 837 (1975), J.

1 
de Physique, 1§_, 

897 (1975). I 

I 
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STANFORD UNIVERSITY 
STANFORD, CALIFORNIA 94305 

STANFORD MAGNETIC RESONANCE LABORATORY 

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

December 5, 1975 

College Station, Texas 77843 

Dear Barry, 

SATURATION-RECOVERY T1 1 S 

REINVENTION OF THE WHEEL 

208-17 

( 415) 497-4062 
(415) 497-6153 

The accurate measurement of spin-lattice relaxation times is a problem which 
is on everyone 1 s mind. As recently summarized by Levy 1 , various techniques 
show different dependences on factors such as miscalibration of pulses, dis­
tance off-resonance, H1 inhomogeneity, etc. The use of equations which 
include these factors is in many cases indispensable for obtaining accurate 
results. Nothing, however, can replace the selection of an experimental 
technique whic~ minimizes the various difficulties. In this regard, the 
most critical factor in measuring accurate relaxation times is the prepara­
tion of the magnetization to a precisely known state at some time in the 
experiment. Any imprecision, caused by pulse miscalibration, distance off­
resonance, H1 inhomogeneity, or whatever, will introduce 11distortion" into 
the observed behavior of the magnetization with time and will certainly 
reduce the expected accuracy. 

Some time ago, Markley et al. 2 observed in a footnote that one could measure 
T1 1 s by a ·saturation-recovery technique, using white noise to saturate an 
entire spectrum. That paper focussed on thi reduction in time made possible 
by such a technique in connection with the measurement. of long relaxation 
times. We would like to focus on another aspect of that experiment, i.e., 
the fact that one can prepare a spin system to a known (M0=0) state of mag­
netization at a known time (t=O). Furthermore, one can directly monitor 
that state to verify this. In the standard inversion-r~covery T1 sequence 3

, 

for example, components of the magnetization left in the x-y plane by the 
180° pulse complicate the immediate monitoring of the z-magnetization without 
the intervention of a homogeneity spoiling pulse, and thi observation of 
spectra with M(t)=-Mo is rarely possible. In a saturation experiment, how­
ever, there is no net ~-y magnetization at time zero, so that an (almostj imme­
diate monitoring of the z-magnetization · is possible. At the same time one 
has dispensed ~ith the need to calibrate pulse lengths and worries about H1 
inhomogeneity and distance off-resonance. The only requirement is a decoupler 
capable of saturating the spins of interest. 

This experiment is demonstrated in the accompanying figure, which is a T1 
measurement of ribonuclease. We present the downfleld (A) and the upfield (B) 
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Dr. B. L. Shapiro 1 

December 5, 1975 I 

regions of the spej trum at 360 Mr•· wi l h t values from bottom to top of 
.01, .04, .08, . l, 1.2, .4, .7, l.O, and l.5 seconds. Note that one dn look 
at these spectra an~ be confiden i that 1at time zero the magnetizations did 
indeed start at. 0. I Decoupling p~wer used in these experi 'ments was approxi­
mately 20 times normal single fr ~quenc~ decoupling experiments. 0 . 5 second 
was allowed to re-s~turate the s~ectrum after each pulse. The approa~h of 

• 
1 l 1 • • • l h . l bl' · ~spin systems to compete saturation 1s a non-tr1v1a t eoret1ca pro em, 

~iven either singlet frequency~ o ~ white noise 5 decoupling (which is not 
used on our Bruker spectrometer jn any case) . The expe ri~ental appro~ch of 
lengthening the tim~ for saturat j"on until no magnetizatio,n is k. een .at 1 short 
values of Tis probkbly the best solution to the problem in general . 

I I -

One additional feat Lre should be noted. Like the progressive-~aturat on 
experiment 6

, no est11imate of T1 i needed to begin the experime~t, and thus 
no wastage of time is incurred. !unlike the progressive-saturation experi­
ment, however, the ~cquisition time and/or , the decay of magnetization I in the 
x-y plane following ! the sampling l·pulse ldo not place a limitation of t ~e selec­
tion of T values, and hence there is no limitation on the T1's

1
which ean be 

measured. The only limitation w1 ich m~st be mentioned is that, for wfu ite 
noise decoupling at least, the nl t z-magnetization in th~ pres~nce of the 
decoupling is 5 

I : . . 

Mz 1 Mo/(l+o'T1/2) 

where cr 2 is the constant power s~ectral density. In other words, and las 
everyone knows intu

1
itively, it i J harder to saturate resonances with 1hort 

T1 's. We repeat, however, that 1 1though this may interfe,re with the experi­
ment, the state of ~agnetization at small values of Tis ~ubject to direct 
experimenta l measurement. 

I 

L 

Sincerely, 

I' w-+~ 
Steve Patt 

Enclosure 

SP/OJ/WC/skh 

C. Levy and I. R. Peat, J. M .9· Res., ' 18:500 (1975) 
L. Markley, W. ~- Horsley, ~1d ~- ~- Klein, J. Ch~m. 
L. Vold, J. S. ~laugh, M. P. Klle1n, and . D. E. Phelps, 
48:383] (]968) 1 I 

C. Torrey, Phys ~ Rev., 76:1059 (19~9) 

Woody Conover 

I 

.I 

1

Phys., 55: 36 4 ( 1971) 
I 

J. Chem. Phys. , 

R. Ernst, J. Mag. Res., 3:10 1(1970) 1 

Freeman and H. D. W. Hill, J , Chem. Phys., 54:3307 (1971) 
I 

i ! 

L 
'-._.,. 



. A) 

B) 

RNAse A, 36 mg/ml, pH 2.07, 26°C, 200 75° pulses each, 
taken on an HXS-360 spectrometer 
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BAYLOR ConLEGE dF MEDICINE 
I 

TEXAS l}'IEDICAL CENTER 
HOUST , N, TEXAS 77025 

DecemHer 11, 1975 

Dr. B. L. Shapiro 
Department of Chemis~ry 
Texas A&M University J 
College Station, Texas 77843 

Dear Dr. Shapiro: 

TITLE: . 31 P NMR of s1thetic Phosp atidflcholine . 

We have been examining the structul al stability of aqueous sonicated dis­
persions of dimyristdyl phosphatid~lcholine. By using paramagnetic ion~ 
to resolve the inner lfrom the outer, 31 P (nuclei) nuclear resonances, we l 
have monitored the effect of certat·n apolipoproteins on permeability and 
fluidity o.f bilamellJr vesicles as a function of time iand temperature. \ 
In some cases, the pJramagnetic nu leus is trapped ins'ide the vesicle so 
as to minimize pertm.lbation of the exposed lipid layer;. The eff,ect of [ 
free paramagnetic ioris in solution is cancelled by addition of EDTA. All 
spectra were taken iri H20 without spinning the sample using 19F external 
lock, each spectrum :tlequiring about ten minutes analysis time. :The resiil t 
of one experiment · is ,shown graphicklly below. Here Pr

1

(N0 3 ) 3 is trapped \ 
inside the vesicles and 31 P spectrk are recorded as a :function of temper­
ature and time. Al tliough the gel -IT[I liquid · crystalline' transition tempe:t­
ature for this lipid lis around 24° C, the lines begin 1to sharpen at aboilt 

o o · I f +3 I 8 and are clear at 14 . Above 24 1 , there ,is leakage ,o . t ,he Pr 
I 

through 
the bilayer with an Jquilibrium half-life of hours. · ' I 

I I 
· Yours sincerely, . 

. . I . 

~bl<~ 
Roger . Knapp 

RDK/dm 

L 

,....-._ 
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· MAX-PLANCK-INSTITUT FUR KOHL NFORSCHUNG · MOLHEIM AD. RUHR 

_Phys. Opt. Laborator~en 
I 
I 

Professor Bernard L. [ Shapiro 
Department of Chemistry Ti le: 
Texas A & M Univeroity 
College Station, Tex~s 77843 
U S A 1 

4330 MOLHEIM A. D. RUHR I, POSTFACH 01112s 

December 3, 1975 
I 

Faster DNMR-Programs : with I 
greater numerical stability. 

I ! 

I I 
·near Professor Shapibo, 

. I 

We have now succeeded in correcting certain problems* in the 
programs DNMR 2 and 3(QCPE 140 ~nd j_65, respectively) developed 

• I I I 

by Prof. Binsch, et al., for the treatment of exchange problems 
in spin-coupled systrms. I . I 

I. When, for a given set of parameter's, equal eigenvalues arise 
within a factorized submatrix CJ.z_. i> in the disappearance of 
coupling), the routi~e ALLMAT fails since it can then produce 
equal eigenvectors. Subsequent inve1•sion with the routine NVRT I 
_then becomes impossi~le. [ 1 

II.We have foun~ the ivery rat~oljlally written "EI~PACK" routines 
TLecture Notes in Computer Science 9Vol.6: B.T.Smith,J.M.Boyle, 
B.S.Garbow,Y.Ikebe,vk.Klema and C.B.Moler,Matrix Eigensystem 
Routines-EISPACK Guide, Springe~ Ve1•iag 1974) to be extremely 
useful for diagonali~ation. The lproblem mentioned in I. does · 
not then occur, sine~ this routi nes take into account from the 
beginning the possibility that Jigenvalues can be equal. I 
Furthermore 1 this algorithm is Jp tc, 3 times faster 1 for a system 
of 4 nuclei. I I I 
III.To be able to use the EISPACK routines, it was necessary to 
--- • I I • convert the main programs DNMR 4 and 3, and the routines 1TRAMAT 
and NVRT from complex into the ~eal notation. The routine NVRT 
was rewritten to stabilize the j[nversion algorithm. . 
At the same time, a donsiderablJ fur•ther reduction of the core 
requirement was achi~ved by more rational programming(2 of the 
4 largest-dimensioned arays werJ renioved). 

1 

IV.In addition, the Fortran I/O l system was not used, which for l · 
aPDP-10 results in i saving of 7K. Also the plotting or display, 
together with calc~lci.tion of th Lorentzian lineshapes, is I 
carried out by a sepJrate progr~m. It is now possible to handle 
problems of up to 5 q.ifferent n~clei with DNMR 2 and 3. In the 
example given, the effective COije re!quirement for 5 nuclei 
(dimension of the submatrices 100x100) is now 55K instead of 
102K on a PDP-10;the lCPU time wJs 130 minutes for 12 spectra(or 
rate constants). I I 
V.Lastly, we had to qorrect a pr\ogra.rnrning error in the version 
of DNMR 3 submitted from QCPE. !n the routine MAGEQ after state­
ment 29 it should r 7~d:NX=2.MIM~(1?I) and before statement 6: I 
NBIN=NBINH(NX-LL) since N appea~s in COMMON. 
Example: Zirconium->1,\ -tetraally~ mutual o,1! -exchange. , 

4 spectra selected from 12 calculations. · 

J
, I _ ~est wis~ Ji,~; 

~. ~11~ 0~,~ c~ 'Cit \ji e<--~ 
W, Stempfle [ J ,K1e7n I , E,G, Hoffmann ' . I 

~)See: Program description of QOPE 140 p.13; also S.Brownstein ~ 
TAMUNNewsletters 184,33,1973; , nd serveral private communications. 

-ERRATUM(TAMU NMR Let i ers,197-47):~hemical shifts for c1 in the I 
table should read ~ 17.1 ppm 1 E 12.1 ppm. I 

L 
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RU DNJW1RIN 

NUMBER OF NUCLEI , CONFIGURATIONS 1MUTUAL EXCHANGE, 

SETS OF RATE CONST .S 

5,3 .. 1, ◄ 
NUrlBER OF EQUIVALENT SETS 5 
NUrlBER OF •Svr£TRV PAIRS• 0 
CHEMICAL SHIFTS 822 , 6901516 , 690 , 822 
COUPLING WITH 1 1 . 5 , 15 .5 , 0 , 0 
COUPLING WITH e 9 , 0 .5 , 0 
COlPLING WITH 3 9,15 .5 
COUPLING WITH ◄ 1 .5 
EXCHANGE VECTOR 2 2 , 1 , 3 , ◄ , 5 
EXCHANGE. VECTOR 3 1 , 2 , 3 , 5 , ◄ 
RELPYATION TIME 1 
RC<1,a> e 
RCC1 , 8> 3 
RCC1 , 2> 6561 
RCC 1 .. 2 > 19683 
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I 

professor Bernard L. 9hapiro 
Department of Chemistry 
Texas A & M University 
College Station, Texas 77843 

December 17, 1975 

Fl orocarbon 13c spectrum 

I 
1. 

Dear Barry: I l , 
We are contiAuing our invest

1
• gat i ons of a variety of fluorinated 

organic molecules, pa±ticularly with r espect to the carbon-13 spectra, I 
with emphasis on carbon-fluorine co~pHng: constants. Our results are 
obtained on an XL-100 +1 5 spectrome~eri and! NTC Fourier transform unit with 
a 36K memory and disk ; Recently we have been finding the NTCFT program I 
most convenient and r~liable in o~er1atioh. In addition, pulsed irradia­
tion of fluorine has turned out to lbel extremely useful for producing we1l1-
resolved, coupled spebtra of fluoracarbonl derivatives. Although the · 
wide range of fluorinb . chemical sh~ft ls makes it difficult to decouple 
all the nuclei in a mblecule, and attbmpts to do this usually re~ult 
in broadening or loss I of most of t ~e icarbon resonances, the avaqable 
Gyrocode power seems ~uite adequat~ t i° yield a substantial Overh~user 
effect. Most of our spectra are taken in 5 mm sample tubes beca4se we 
are generally limited ! by the amoun~ of material available. 

I . I I 
Your readers i may be interest

1
ed in the accompanying spectrum 

which we obtained recently on CF2B~CFIBrCF3, a system which illustrates 1 

several aspects of the results we Have been obtaining. The top section 1 

is the portion to low~r field and ~hel bottom section is the portion to 
higher field. The dobblets marked IA, together with a smaller one at 
lower field which is ~ot shown, fo~ a quartet for the CF3 carbon, and · 
the doublets marked Bl correspond to the CF2Br carboy. The patterns marked 
C form a large doubleF for the CFB1

1 

~arbon, with a J of 273 Hz. For the 
CF3 group, J is 287 ~z, 1and it is p~rticularly interesting that the CFi Br 
group has two different J values, of about 312 and 313 Hz, reflecting the 
influence of moleculat asymmetry. The smaller value for the mid. chain 
carbon is typical, an~ the CF 3 val e li s just what is expected for such a 
unit with a neighboring carbon havi ng either two halogens or a carbonyl 
oxygen--it would fall [below 275 foi a methylene group neighboring and 
increase above 310 for a sulfur at t adhed. ' 

Each part ofl the CFBr .douJ 1Jt (labeled C) consists of sixteen 
peaks: the pattern is· a quartet f t oJ coupling to the CF3, doubled and ~hen 
doubled again by slightly different coupling constants to the two non­
equivalent CF2Br fluo~ines. The m~griitudes of the two-bond couplings 
are represented in th~ following a·agram: 

I ., 

I 
I 
I . 

\___,, 



r\ 30. 5, 32. 5 37.2 
, ,r -. 

CF Br--------CFBr--------CF 
\ 2 _J~ 3 

33.4 29.9 

Inspection of these numbers shows that replacement in the methyl group of 
a fluorine by a bromine increases the two-bond coupling of the carbon on 
which the replacement occurs, but reduces the two-bond coupling of the 
remaining f1uorines to the adjacent carbon. 

With respect to chemical shift effects of fluorine and bromine 
substitution, reference to data in the compilations of Levy and Stothers 
indicates that the substitution of one of these atoms in a hydrocarbon 
gives a quite ·reproducible carbon shift to high frequency by 60 to 20 ppm, 
respectively. If multi-halogen substitution were additive, the CF3 carbon 
should be about 40 ppm to higher frequency than the CF 2Br carbon, compared 
to an observed difference of 3 ppm. Further, the CF

2
Br is only about 20 

ppm to higher frequency than the CFBr carbon. This result is consistent 
with many others we have observed, in that there seems to be a sort of 
saturation effect--once a shift of 110 to 120 ppm from TMS is reached, 
further halogenation has little influence. There is perhaps some rela­
tion to the results observed on successive substitution of bromines in 
methane. 

With best wishes for the New Year, 

Wallace S. Brey 

:J~w-~ 
Larry W. Jaques 

208- ·27 
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December 18, 1975 

Dear Barry, 

varian /instrument division 
25 route 22/springfield/new jersey 07081 
tel. (201} 379-7610 
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15 · 
We've been continuing our natural abundance N nmr investigations of organophos-

phorus compounds and have come up with some interesting r.esults. As I reported in my 
. r. J 31 15 . last letter (TAMNMRN 197-46) L (CH

3
) 

2
N l has a P- N coupling of +59 .1 Hz. We 

have since done T
1 

and NOE measurements and find ;v 80% NOE max and a 
15

N T
1 

of .,,._ 100 sec. 

Since these are non-protonated nitrogens we .should expect a long T
1 

but the very large 

NOE indicates that here the T
1 

is dominated by dipolar interactions with the nearby pro­

tons. These results aid in the assignment of the heterocycle (courtesy Dorothy Denney, 

Rutgers): 

Without knowledge of the expected NOE and 
15 even though one doublet in the N spectrum is 

inverted nature of the ·signals along with the 

tion within the dipolar mechanism fairly safe 

T
1
's, no reliable assignment can be made, 

about twice as intense as the other. The 

results for [CCH
3

) 
2
N] 

3
P make interpreta­

since 1) the molecule is larger, 2) the 
. 15 

methylene bridge protons should relax the N more efficiently than the freely rotating 

N-CH3 protons, and 3) the natural linewidths of the ring nitrogens should be larger due 

to the more efficient dipolar relaxation. Since all these factors are also consistent 

with the two-fold intensity for the ring nitrogens the assignment can be made in a 

straight-forward manner: Ring nitrogen -341 ppm (CH
3

No
2 

ext, negative sign indicates 

shielded with respect to CH
3

No
2

) JPN=(+)51.8 Hz; exo nitrogen -334 ppm, JPN=(+)24.0 Hz. 

Empirically, one would be tempted to assign the 51.8 Hz coupling to the exo-nitro­

gen in view of the similarity to the coupling for [(CH
3

)
2
N}l· This large difference 

. 1 · . . . . . . · d · h 31 15 li b f 1 . d 1.n coup 1.ng 1.s 1.ntr1.gu1.ng an sugge.st1.ve t at . P- N coup ngs may e use u 1.n stu y-

ing subtle effects in nitrogen-containing organophosphorus compounds. 

0:C~ 
/ George {. Gray 

Senior Applications Chemist 
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DEPARTMENT OF HEAL T • IEDUCATION, AND WELFARE 
AL TH SERVICE 

I I 
NATIONAL IN I\UTES, OF HEALTH 

BETHESDA MARYLAND . 20014 

NATIONAL HEART AND LUNG INSTITUTE 

Decemb r 19, 1975 . , I 

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

Dear Barry, 
I 
I 
I ROH to ROD Exchange as an Aid int I 13 e Interpretation of C Spec½ra 

I I _ '13 
In the investigation of natural pr ducts by C nmr spectra, it is often 

I I • I 
useful to be able to identify thos ;resonances produced by carbons bear,ing 
free alcohols, and thus distinguis them from similar signalsassociatedl 
with ethers, esters qr expoxides. It is . apparently sufficient to shake 
the CDC13 solution with D2O and re eat the spectrum. In eighteen alcohols 
we have examined, th~ caroinyl car o~s are . shifted upfield about 0.1 ppk. 
The actual ranges of \the change in c~emical shift: I 

Primary (6)
1 

-0.13 to -0.15 ppm. 
Secondary 08) -0.09 to -9.17 
Tertiary (y -0. 06 to -~.10. 

1 

[ 

The changes are smal], but as the ample has been otherwise unaltered, I 
the other chemical sHifts are repr duced within the digital uncertainty 
of the computer, rou~inely about O 05 ppm. Unless our current examination 
of more complex exam~les confuses hings; the method will allow a count [ 
of free hydroxyl groJps in an unkn wit material without derivatiz~tion. 

1 

I I ' . 
It would be even nic~r to identify cl rbons adjacent to free hydroxyl · 
groups, as an aid in 1establishing sequence of atoms within an unknown [ 
structure. We have f'ound six meth l lgroups so situated to be shifted ...:.o.O6 
to -0.10 ppm, and 10 :of 12 methyle es -0.,05 to -0.10, but more highly 
substituted carbons are less affec ed. 

I 
These results were ob:tained on 1 M 
with a Digilab FT system, which al 
determination of the lchemical shif 

I ' I s9lut~ons, using an XL-ioo equipped 
owed the use of 32K FT' s, and , 
s lto cin accuracy to 0.015 ppm. 

I . lo~;?truly, 
R. J .J Highet 

I 

\_,, 
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19.12.75 
FACHBEREICH CHEMIE 

F.Lef~vre and A.Mannschreck 
UniversitatsstraBe 31 - Postfach 
Telefon (0941) 9431 

Professor Bernard L.Shapiro 
Department of Chemistry 
Texas A. and M. University 
C_e>llege Station, Texas, 77843 

Use of Chiral Auxiliary Compounds 
in the Study of Intramolecular Processes 

Dear Professor Shapiro, 
Optically active auxiliary compounds can be useful for the 

measurement of rates of intramolecular motions in chiral and 
prochiral molecules1 ): the auxiliary compound enables us to 
distinguish between enantiomers (or between enantiotopic groups). 

Concerning the particular case of the nitrosamine given 
in the figure, the enantiomers (R) and (S) (which have identical 
6-values) can be interconverted by half-rotation about the N­
aryl bond. In the presence of (+)-tris[(heptafluorbutyryl)­
camphorato]-europium(III), (+)-Eu(hfbc) 3, the a-values of (R) 
and (S) become unequal. Subsequently, the study of temperature­
dependent line shapes of suitable 1H-NMR signals results in the 
activation parameters of half-rotation. This motion, however, can 
occur in the free nitrosamine (kf in the figure) or in the 
complexed molecule (ka and k_a). The problem is: Which of the 
two processes is ratedetermining2)? The answer to this question 
should come from the comparison of the activation parameters 
for the enantiomerization 
A. without an auxiliary compound, 
B. in the presence of the racemic compound C±)-Eu(hfbc)3 , and 
C. in the presence of the optically active compound (+)-Eu(hfbc) 3• 

Two 1H-NMR absorptions of our nitrosamine are suitable for . 

line shape kinetics: One AB system for CHAHB in the absence of an 
optically active auxiliary compound and one methyl signal split 
into two singlets by the presence of (+)-Eu(hfbc) 3. These singlets 
coalesce when the enantiomerization becomes faster (experiment C); 
the same is true for the above AB system in the absence of an 

auxiliary compound or in the presence of C±)-Eu(hfbc)3 (experi­
ments A and B). 



208-32 

(+) 

(+) 

O=N 
(Rl 

H5C5CHaHA 

+ 

\ C\,,, 

N s) 
/ ·Me · 

O=N I 
(S) . . ! 
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I 

I• 

=+====~! .. 
I 

-(SI 
I 
I 

I 
I 

I 

· 
1 I : I 

The activati:on parameter~ (t·able) in ali three oases agree 

within our rigoro1sly deter iried 'experimental errors3). If\ one 

expe~ts the ra~e. lof half-rota~ion: for the comple'xed .~iJrosr ~ine 
to differ sufficir ntly from hat for the free one, our results 

mean that half-rot
1 

ation in t J free nitrosamine (kf) i is rabe-
1 , I 

de.,termining in thf presence ii Eu(hfbc) 3• The . conclusion would . 
be, at least for the . system tudied, that the use of 1 an ·au:kiliary 

' . I t '· . th t . 1 f 1 . f1 th compound represents a sound . ine 1.c . me od. I is use u i . . e 
molecule of inter~s·t ·does no iown l a suitable NMR pro-S e in the I I : . I • • 

free state, . but does so in a cp.iral, associa.tion complex. 

. 4) 
F.Lef~vre · 

I 

I 
I 

I 

.
1 

Sincerely your~ ·: 

I ' 
I 

I 
·\ . 

- i .. 
A.Mannsch±eck 

. ' 
I 

i. 



1) A.Mannschreck, V. Jonas, and B.Kolb, Angew.Chem • .§.:2., 590, 
994 (1973); Angew.Chem.Int.Ed • .:!_g, 583, 909 (1973). 

2) A similar problem for a completely different system has 
been dealt with by H.Kessler and M.Molter, .Angew.Chem. §..z., 
1059 (1973), .Angew.Chem.Int.Ed. 12, 1011 (1973), and p~r­
sonal communication. 

3) S_lightliy negative ~s/. -values seem to be the rule for N-aryl 
rotations: W~E.Stewart and T.H.Siddall, III, Chem.Reviews 
.2Q,517 (1970); L.D.Colebrook, S.Icli, and F.H.Hund, Can .• J. 

Chem. 2.2,, 1556 (1975). 
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4) F.Lef~vre, Laboratoire de Chimie Organique Physique, Universit~ 
de Nantes, F-44037 Nantes, France. 

Experiment* 

A B** C** 

# ~G27 16,46 + 0.17 16.43 + 0.17 16.4 + 0.2 
[kcal/mol) 

~H# 14.2 1.0 13.4 1.4· -13.5 2.5 Zl + + + 
[kcal/mol] 

# 
~8 27 -7.4 + 3.5 -10.4 + 5.0 . -9.5 + 9.0 
[ e. u. J 

* All samples contained the same amount of nitrosamine in 
a mixture of c2c14 , c4c16 , and cyclosilari.e~d18 (C

9
H6D18si

3
). 

**The molar ratio of Eu(hfbc)
3 

and nitrosamine was 0.24. 
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National Research Council 
Canada 

Division of Chemistry . 

Conseil national L r~herches 
Canada I 

Division de chimie ' : 
i 

Professor B.L. Shapiro 
Department of Chemistry 
Texas A and. M· University 1 

·college Station, Texas 77Bf3 
U.S.A. . 

File Refereryce 

December 19, 

Methylene non~eqJivalence in complexbd 

19Hi 
I 
I . 

- I ethers. 

Dear Barry: I 

Now that our mail strike is over I have , received 
your blue letter and hasteh to reply. Please be kind I 
enough to send the newsletter 1 copies · from October! forward 
which were probably stonoeh by a mail embargo to this I 
embattled nation. - - ' 

Yet another exam~le [of methylene proton non- I 

L 

~, equivalence ~ill be presented :since this is often a useful 
tool, or the only tool, for determining what is happeriihg 
in another part of the mol~cu] e. Non-equivalent ~ethylene 
protons on a oarbon bonded to iart atom bonded to three different .­
groups are commonplace. There are fewer examples where \ the ~ 

· atom is bonded to two dif~~re~t groups, apd only two _examples, 
thus far, where the atom is bqnded to only one group. · j ·· · 

The latter case is exemplified by the adduct bora~e-die[ ryl 
sulfide where a tetrahedral erivironment about sulfur is 
maintained by -two ethyl grbup~, a lone pair of electrons 'and 
the ligand BH3(1). i 

In_ the complex of bJnzyl ethyl ether with BF3 \ the 
methylene protons are non-equivalent at low temperature

1
but 

become equivalent as the temperature is raised. From this 
one can calculate the barr~er to inversion about oxygen ~ _ 
To my knowledge· this is the first time such a -' number has been 
experimentally accessible. For the complex mentioned we find 
the barrier to be 4.1±0.3 kcal/mole. Some results are shown 
on the enclosed figure. 1 

Best wishes. 

Yours sincerely, 

SB/cf Syd Brownstein 
I 

T.D. Covle and F.G.A. Stone. I J. · Amer. ChAm. So~. 8~. 47~8 (7qfi1). 
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Prof. Dr. 0. Lutz 

Dr. A. Nolle 

D-7400 TOBINGEN 1,den 23.12. 1975 
Morgenstelle 
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Physlkalisches lnstltut, D-7400 TObi ngen 1, Morgenstelle 

Professor B.B. Shapiro 

Department of Chemistry 

Texas A & M University 

College Station 

Texas 77843 U.S.A. 

1hr Zelchen Unser Zelchen 

7 

_j 

lhre Nachrlcht liom 

33 s - NMR with our new multipurpose spectro~eter 

In the last months we have tested our new spectrometer and 

have done some systematic investigations on _53 Cr c53cr Fourier 

Transform Nuclear Magnetic Resonance Studies, B.W. Epperiein, 

H, Krilger, 0, Lutz and A, Nolle and A, Mayr, Z.Naturforsch. 30a, 

1237 (1975)). 

This spectrometer was built together by Bruker-Physik from their 

commercial parts available in their high resolution _and pulse 

spectrometers. -It was planned as a multipurpdse ,multinuclei 

FT-sp_ectrometer. It consists of a high resolution 15".magnet, 

with ~x-ternal 51H, 19F) and internal ( 2H) stabilization, a 

4 - 100 MHz SXP-pulse-spectrometer, a Bruker BNC 12 data unit 
with 20 k and a further separate ADC unit with a conversion rate 

up to 5 MHz. 
' . 

High-resolution and/or high power experiments can be done in 

liquids and solids and also fast FID can be observed. Special 

care was taken for detecting the very often weak signals of the 

so called "other nuclei". · 
As an example, the 33 s spectrum of a m;i.xture of a 2.0molal Cs 2so4 
and a 2.0 molal (NH4 ) 2 s2o3 soluti6n is given ori pag~ l . . 

Typical experimental parameters are given. 

Further work in this field is running. 
Sincerely . 

O. ~ . - ---ll>N~.--
0. Lutz A . . Nolle 

'-._/ 

V 

'-......,) 
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33 s-spectrum of a mixture of a 2.0 molal (NH4 ) 2s 2o and a 2.0 molal 
Cs 2so4-solution meas.ured in a 10 mm rotating cylin~rical sample 
(aoout 1

3
5 ml). The frequency increases to the right. The narrow line 

is the 3 Sin the sulfate ion, the broader line seems to be the 
central 33 s in the t~iosulfate ion. The shift is about 33.3 ppm. 

Experimental parameters: Excitation frequency: 6.905 300 MHz, 
magnetic field: 2,1i4 T, pulse repetition rate: 10 Hz, number of 
pulses: 24 000, total acquisition time: 40 min, experimental spectrum 
width: 6 kHz, plotted spectrum width: 480 Hz. 
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Professor B.L. Shapiro 
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22nd December 1975 

I' I 

I , 

TITLE: Phytanic Acid and Membrane Permeability. A 31:P LIS 
Study. 

Dear Barry, 

L 

A number of contributions jto TAMU have been concerned 
.with the lanthanide induced sh:ilft;s (LIS) ofi 1 H ' and 31 P NMR 
resonance signals of phospholi~id vesicles. The addition of 
Pr 3 + results in a downfield sh:ilft for the outside phosphorus ✓-
nuclei, while the phosphorus nuclei on the inside of the , \,___,, 
closed vesicles remain unaffect e~. Thus, the permeability 
of the model membrane system to Pr 3 + can be studied by observ­
ing the rate of disappearance of the "inside" phosphorus 
resonance. 

I 
We have observed the ef:t;ec't of intercalated phy;tanic 

acid (3,7,11,15-tetramethylhexadecanoic acid) on the permeabil­
ity of egg lecithin bilayers u ~ing LIS 31 P NMR. It waJs found 
that the incorporation of phytan~c acid increases the lperme­
abili ty of phospholipid bilaye~s [by approximately 3000. times. 
This is due to the disruption of 'normal lipid packing iby the 
branched phytyl chain. · 

In the accompanying figure, the upper trace, A, repre­
sents the spectrum of lecithin ves i cles without incorporated 
phytanic acid, immediately aft~r the addition of 5 mM Pr 3 +. 
Trace B is the same sample aftdr 1 937 minutes. · In contrast, 
trace C represents the spectrurri df lecithin vesicles with the 
incorporation of 25 mole% phytariic acid, · only _15 minutes after 
treatment . with 5 mM. shift reagent\ Subsequent ,addition of 
sufficient EDTA to-complex with t 'he outside Pr 3 + again resulted 



in two peaks, the upfield resonance now due to the outside 
phosphorus nuclei. 

A complete discussion of the permeability effects of2 intercalated phytyl compounds will be reported shortly. 

It should be noted that the accumulation of branched 
chain fatty acids has been associated w1th a number of dis- 4 orders including methylmalonic aciduria.? and Ref sum's dis.ease. 

Bruce Forrest 

RJC:SB 

Sincerely, 

R.J. Cushley 
Associate Professor 

1. TAMU NMR newsletter, 156, 1 (1971); 166, 24 (1972); 192, 
43 (1974). - - -

2. R.J. Cushley and B.J. Forrest, Biochem. Biophys. Res. 
Commun., submitted. 
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3. G.J, Cardinale, T.J. Carty, and R.H. Abeles, J. Biol. Chem., 
245, 3771 (1970). 

4. M.C. MacBrinn, and J.S. O'Brien, J. Lipid Res., 9, 552 
(1968). 
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Zug, December 23, 1975 

: •' · 

Dro B.Lo Shapiro 
Dept. · of Chemistry 
Texas A&M University 

College Station:, Tx 77843 

U S A 

Spin~Ro:tation Re.laxati.on .of .a .Q.u·adrup.olar. N.uc.le.us 

Dear Barry, 

When "scanning" through the periodic table using our Gyrocode­
modif:Led XL-100 we detected an unusually narrow line for the 
quadrupolar beryllium-9 in aqueous Be{NO3)z which prompted us 
to look into the relaxation behavour of this interesting nucleus. 
9Be has a spin of 3/2, 100% abundance and resonates at 14.06 MHz. 
Although, in principle, systems of spherical or cubic symmetry 
should hav~ zero electric field gradient and hence zero quadru­
pole coupling constant, it is well known that the symmetry is 
always perturbed 1 o Thus pr·actically all of the group I, II and III 
quadrupolar nuclei in the respective solvated ions studied so far 
were found to relax exclusively by quadrupolar interaction{except 
for 7Li, where a dipolar contribution could be established2) .In the 
Be(H2O)4 2+ ion the quadrupole coupling constant appears to be 
sufficiently small to rende.r quadrupole relaxation relatively in­
efficient, therefore increasing the probability for a substantial 
participation of other mechanismso 

At 28°c a T1 of 7 . 7~ec was measured in a 1-M solution of 
Be{NO3)2°4 H2O in H2Oo The results of temperature-dependent T1 mea­
surements are displayed in Figol where ln Tr ·is plotted against in­
verse absolute temperature . The temperature dependence is character­
istic of at least two competing mechanisms governed by a rotational 
and an angular momentum correlation time, respo It is evident that 
above so 0 c the mechanism is almost exclusively spin-rotation. 
Proton irradiation afforded an NOE n=-0.,50 at 2a 0 c showing that 
about 15% of the relaxation rate is dipolar-induced . Naturally 
as motion increases this fraction falls off . At ao 0 c e . g . n=-0.08 
is measured. 

The upper curve in Fig . l represents the relaxation time T1Q+SR 
due to quadrupolar and spin-rotation contributions obtained from 

"0. temperature-dependent NOE measurements .. From the T1 maximum ob­
served at 35°c T 1O=18 . 8 sec is derived . This large value of T1Q 
lets one suspect a quadrupole coupling constant which is sufficiently 
small to be measurable on a high-resolution spectrometer. Fig.2 
shows the9Be spectrum recorded from solid Be{NO3) 2 °4H2O exhibiting 
the characteristic first-order quadrupole perturbation pattern 
expected for an I=3/2 nucleus in an imperfect cubic crystalo The 
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spectrum yields for the quadrupole ~qupling constant e 2qQ/h.=9.-~kHz, 
which is considerably below the vJ1-qe: found in berylliUin !pxide 
(43o2kHz) o Inserting this value iri.to ithe general equation for qua­
d:i:;-u_polar relaxation and assuming iihe\ motional narrowing c::onditions 
to apply O!!rof inds f-<;>r ~he reorie4t~tiional c::orr7lation time ; · 
T =l. 40xl0 sec. Thi~ is a rathe:rr la:rge value if compared .with - · 
tfiat. of ~20 (.2o 7xl0- . s~c at· 2s 0 c I i ri ~ure water> ~uggestin? that --- . 
the i~n is rather efficiently locked .into the solvent matrix. 
The ·value determined · for T should bei treated with care, 1 h6wever, 
since it is somewhat doubtru1 whethJr: (a) the quadrupole coupling 
constant in the solid and in the liqu,:td phase is the sarnE:j!; (b) the 
relaxation can be described by a lt'ota!tional correlation time alone •• 
az:1d, (c) the water molecules ini\t l

1 

e ! f 1irst hydration spher.
1 

e are kine-
tically stable. · 

. . , I : 

The linearity of lnT1 with 1/T in the spin-rotati~n dami~ated · 
temperature region indicates the smaLl-step diffusion limit to. . . . 
be applicable. Hence we should be [ ~~e :to derive }:he . spin-:rotation . · 
constant provided a reasonable est:imate can· be made. for the momentum . 
Of inertia. · · · · · I '. : , . · · · 
F':1rthefr relaxation we>rk . on thi~ : ~ys~e;~ :al' w~Il . as ' OI1. oth~~ nucl~i · ... ' 
with weak quadrupole moments ( ·Li ; ! ~i, 3.3cs ets

1
.) is ii:;i progress. 

I . 

( 1) 

( 2) 

( 3) 

I ! 
i 

, VAR r · AN AG I . . . 

NMR Applications Laboratory 

~ K /v. /v.1,J,,ri) . · · .. •·· • 
, F .w. Wehrli . ]·_ 

i 

I . 

.s • . e.g .• .theories developed byl H~~tz: · · · ·. • 
H.Go Hertz,· Berichte der Buns rig~s'ellschaft' 7'7, . 531 <.;973) and · 
subs~equerii: papers o · I 

1 
; : · . .• · ; • . , 

D.E. : Woessner, B • .s ·. Snowden,. Jr l A •. c:;. Ostroff,, Jo'Cl:"lem.Phy.s •·. 
·49,371(1968) , .1 ;, 
G.Jo T_ roup,. Phy.s. Let.: .2,9 .(1962) . 

- · .. I . 
; . : . i 

• I . , ")• . ' 
•,: 

L 

L 
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TELEGRAMS 
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. I 1 · 

Wnibttsitp of ~ tlbournt 
Department of Ong$ ic Chemistry 

i ' 
• I 

Dr.B.L.Shapiro 
Department of Chemistry 
Texas A&l"I University 
Co1lege Station 

· Parkville, Victoria 3052 · 

Christmas ·Eve -1975 

Texas, 77843 
U.S.A. 

1 
, . I 

Angular Depen ence of JCaH in Carbocations. 

A New Criteridn !for Interpreting NMR ,Spectra 
of Carbocations ·f 

1
. 

I ' 

Dear Dr.Shapiro, 1 
, 

We have been st1u ~ying the effects of positive . 
charge ?n the one bond CH coup:lib g constants · of adjacent groups · 
( J Ca.H) in a range of alkyl ca:ribo:cations. Th.ese cations were · 

· . generated quantitativel:Yj i ,n super acids 1 at relatively 
high concentrations (~l"I) using; s 1yringe techniques, and their 
proton coupled carbon spectra 1ob;tained using the normal 1 

• 
1 gated decoupling procedure 1, 2. : · ·, · · ~ 

I 

It is usually accepted that J increases with 
the electronegati vi ty of a subst:i tuent. WheHHthis suosti tuent 
is a cationic carbon, J is expected to increas.e significantly. 
l"Ieasurement of the differences

1 
b;etween JCaH in .the carbocations 

and those in the correspondin§ kietones (AJ) ·· for . static~· · 
tertiary cyclopropylcarbinyl, f2-'norbornyl and 3-:nortricyclyl , 
cations, reveals an increase of ..!v 22Hz for the adjacent IIiethine 
CH1. . . ' I I I ' · . ' . 

However, AJ f dr -methyl groups is only 6Hz and 
for methylene groups, e.g. in 12-1methylnorbornyl and methyl"".' 
cyclopentyl cations, it is zero.- i ( The as~ignments ?f , t:t:ie ex.- . '. 
methylene carbons were checked by deuterium labelling in •. · 
both cases.) . The reason for t 'hi1s is that the: normal .: inductive 
enhancement of J is opposed b~ a! hyperconjuga~ive ~ntera.ctfo:n. . 
between the CH bond and the vacalnt p-orbi tal · which· decreases •. · 
JCaH by decreasing the CH bonal drder, according ~o equ~tion .(1) • 

. I 2 · · - .. 
AJ = 22.5 33.1 cos g - - - - - - ; . (1) · 

· . 1 · . · . ! :. · · o; · · .: '• · .. - . 
In the c~se 0~ the above methY)lep e :ca~b?ns, g : i? 30 I ,1;1-n~'. ':thei" <. 
hyperconJugati ve term completelYil nullifies . the · inclucti v~ ':. : · .. / :, ' ·' 
enhancement (22.5Hz). In .the 1 c 8!s e ;of the :niethine CH in :the •··. 
equ~libratinl? 1, 2-dimethylcyc~o:dietit •;y:1, and bicyclo · .. .[3 i 3.~:0J oc;t;yl . 
cations, AJ is both ·, large and !negative as expected · for g == ,0 i. C 
(although larger and more neg 1t :iJve ;than predicted·· by,' ,(:1) which 
wa? derived for static ions). · · · · · ·· ·· · · · 

1 •• • 
.I 
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The AJ equation provides an additional method 
for the assignment of carbon shifts. For example, JCH for 
the 2-methylnorbornyl cation has been reported as 3 
'15'1 Hz3. A re-examination of this ion showed- . that the 
assignments for CH

3 
and c4 shouJ--d be r ·eversed and that 

was completely normal at '132Hz. !., 

original 
JCH 

3 

A consequence of the corrected assignment for ­
this methyl carbon is that when its shift (627.9) is compared 
with those in the precursor alcohols (average of exo and endo) 
this carbon is shown to experience no deshielding upon io_n __ 
formation, whereas int-butyl and methylcyclopentyl, the methyl 
carbons are deshielded-by '14.9 and 9.'1 ppm respectively~ 

A6 
2.6 

7.6 22.9 

~260 

32.'1 0.4 9- '1 '14. 9 

One cannot therefore assume that carbons adjacent 
to a cationic carbon will be substantially deshielded and 
to a greater extent than those further removed. Assignments 
should therefore be confirmed by other means, for example, 
by use of equation ('1). 

We have also used this equation to determine the 
4 conformation in acyclic cations, for example, the !-amyl cation. 

With best wishes for the New Year, 

Yours sincerely, 

~ 
D.P.Kelly 

'1. D.P.Kelly and H.C.Brown, J.Am.Chem.Soc., 97, 3897 (1975). 
2. D.P.Kelly and H.C.Brown, unpublished data-.-
3. G.A.Olah and G.Liang, J • .Am..Chem.Soc., 96, 195 (1974). 

,?"-\ 4. D.P.Kelly, G.R.Underwood and P.F.Barron, in press. 



208-46 

P R O F E S S O R D R. R. KO S F E L D 

Abt. f. Phys. Chemie 
:i 
I 
I 

D-51 Aachen, den 10. Dez. 1975 
Templergraben 59 

der Kunststoffe - RWTH Aachen 

Professor B.L. Shapiro 
Department of Chemistry 
Texas A. & M University 
College .Btation 

Texas, 77843, U.S.A. 

Dear Professor Shapiro, 

I 
: .. 

,I 

ii 
' . 

I · 

' 

I . 
·I. 

the well-known programs for anaJJyzing high-resolution . NMR-·spectra 
, I '· , . 

need so much storage : that the1 !Ian only run at a comj)uter ·center. · 

The computer center of the RWTH 'Aachen is so much engaged that these 

programs are computed after a turn around time of 2 - 3 .days. And . 
. I ,I 

,I 
normally it is not done with on, ~un. 

'I . . :: .. 
Therefore we developed a new program, the. program ASREY, which runs 

. I 
I ,, 

on the proce~sihg computer of it 1 e "Abteilu!lg . fur Phys
1

• Chemie . der 

Kunststoffe" . . This processing co'mputer possesses a: memory size of 
. . I 

' . I 

8,400 words a 32 bits and a dis cl with 2,4 Mbyte. 
1! I 

. I i' · I • 

The program is written in BASIC !Ito make the program .compatible for 

other pro·~essing computers and ~lso of course for cmriputer centers. : 

It is built in OVER~AY structJ r ~1- : ~hdirst tWo sE!gmt ts ( ~lcu;ate 

const~nt v~J.ues, which are n~~dr · rn the furthe: .calculations, and 

the dimensions of the follow~qg ·lls r gments. By· thl~ th~ fueili6ry re­

quirement of the proiram can 1 e !f t tt!d to thE! 1proble~~ ~ 

.1 

. !" 
I 

' I 
\,,,_.,, 

L 
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Within the memory size of 8,400 words it is possible to calculate 

, 7 magnetically not equivalent spins. The programm considers also 

magnetically . equivalent spins. The first two segments get the 

quantity of th~ spins which can be combined to magneticalli 

equivalent groups. If there is no magnetic equivalence eac& proton 

is a group of quantity 1. Then these segments calculate all off-

al'iagonal elements of the Hamiltonian in a shortened form: 

-11 · 
H .. 

lJ 
~( = 1/2 (r. (I.+1) - m. (m.-1)) · I. 

· l l l l . J 

. 1/~ 
(I.+1) - m. (m.-1) (1) 

J J J 

In the iteration run the next segment gets the constants of the 

spectrum~A and J .. and calculates the true off-diagonal elements 
l lJ 

by 

H .. 
lJ 

During the iteration"· and J .. are chan. ged. The previous programs 
l lJ 

calculate the values of (1) in each step completely new. The 

diagonalizati.on of the Hamiltonian is done by a modified 

"J a c o b i "-procedure. · The search.for the biggest off.;,.diagonal 

element of the Hamiltonian was made so fast, that within the 

boundaries of the accuracy of the processing computer, which is 

10-6 , the time of calculation of the "Jacobi''-procedure was shorter 

than the time of the "Housholder-AR"-procedure. 

Then we introduced a "refreshing" procedure which improves . the 

rounding off which happens by the shorter length of the wor<is of 

our processing computer. 
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:1 L 
· At last in the "least square" i J p['ovement of the spectral para-

. . :1 * 
- meters the previous calculation :! of H. . shows again a big ad-. . ~-' lJ . I 

vantage. i I 
i ' 

When deri vating the "Eigenwert" : a 'c cording to the spiri-spin-· 

coupling constants J .. 
lJ 

= (~A.) ·. 
~j mm 

it · is very useful that 

~H .. 
0 lJ 
'J fl .. 
. lJ 

¥ 
= H .. . lJ 

- has already been computed. 

I I , 

=( ?H ) .. . · 
· T' ,,-;r;; T mm 

' lJ 

I ' 

I 

I 

! . 
I 

-1 

I, 
I 

(3) 

(4) 

This and some more ideas made the program so small and so fast 

that the to-tal spectrum is compj ted. with.in mi~ut:e·s. is the 

processing computer is availabl, au the time . you have no troubles 

with a computer center any longer . . 

·I 

·., 
.• 1:, 

Yours f:linc 'e;ely · : · 

(Robert Kosfeld) 

< 

i 

.] .. . 
I· 

! 

L 
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Experimental 

Constants lli,Jij 

10 

T' H T = I\ 
Expa:rimental 
Spectrum 

f =A -m ).. n 

Af - f - f - calc obs 

Calculated 
Spectrum 

pn= p n-1 +~p 

------6 

Flow diagram of the program ASREY 



208-50 
University of Illinois at \Jrbana-Champaign 

School of Chemic:d l Sciences 
I • 

Department of cr emrstry 

-Urbana, II I inoi1s 61801 

,. 

December 30, 1975
1 

I 

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

TITLE: Proton Tunneling, Photosynthesis, and Postdoctoral Position Available 

Dear Barry, 

It's been so Jong since I've contriputed to the Newsletter tt,at !'feel 
compelled to make up for lost time. Perhaps I should sign my letter "Mark 
Twain"~ Be that as it may, there are twb lines of research here at Illinois 

. where the results may be of particular i hterest to your readers. , 

The first ~f these 1 started out as l study of the proton spi~-laitice 
relaxation in solid, polycrystalline triinethylacetic (pivalic) acid (TW\A), 
which has a high-temperature plastic pha ke (fee) that makes a phase transi­
tion at 6.9°c to a brittle phase. In or~er to identify any complications by 
the acid proton, the deuterated moleculel (CH 3 ) 3 CC02 D (d-TMAA) was . prepared 
and the T1 and Tip for it were compared with those for the ordinary TMAA. 
The results obtained for Tip in the vici h ity of the phase transition ~re given 
in Fig. 1. 

Fig. 1. 

,m-1 

I 
I 

it 
I 
I 
I 
I 
I 
I . 
I 
I 
I 
I 

'Vi 

T°K I 

250 · 

I . · T1,CH1l 
cl? MM A (7G), ■ (2(1) 

,TMAA V (7G),D(2G) 

200 

1()"°33.0'-----=":,.,._----:":--1,----,4.5.J.::----::'5.0 

. 3.5 1000/T~~ i _:,,:..~ , I . 

The temperature dependence of the proton T 1p (at 25.3 MHz) for 
(CH '3 )3CC00D (d-TMAA) and (CH 3 hCCOOD (TMAA) measured in the vicinity 
of the phase transition with twb different rf fields. 

.../ 

L 



At lower temperatures (not shown) there are T 1 and T 1p minima produced 
by methyl group and t-butyl group rotation. Therefore, the minimum in T 1 
(upper left of Fig. 1) is assigned to overall molecular tumbling (w 0 Tt ~ 1) 
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while that below it in the figure is assigned to self-diffusion (w 1Td ~ 1). 

It is not uncommon for a new type of molecular motion to change the tempera­
ture dependence of the relaxation rate as a transition is approached from 
lower temperatures • . Therefore, it is not surprising to find as shown in 
Fig. 1 that T 1p begins to drop visibly below T 1 as the transition temperature 
is approached, starting nearly 30° below Tt. The extent of the decrease is 

greatest for the smallest H1, as predicted, being more than an order of magni­
tude for an H1 of 2 G near Tt . 

But what is unexpected is the large "isotopic anomaly"; the decrease is 
threefold larger for the compound with acid protons (TMAA) than for the deu­
terated form ( d-TMAA). Insofar as we have so far determined, this isotopic 
difference is real and not an artifact. If it is indeed real, a possible 
explanation is that the differences in T 1p stem from the greater ability of 
the proton to tunnel quantum mechanically from one hydrogen bond to another 
during the molecular tumbling process, which could enable the tumbling to 
proceed more rapidly in TMAA than in d-TMAA. 

The second 1 ine of research 2 , 3 deals with the use ~f proton rela~ation 
rates in aqueous suspensions of chloroplasts to study the nature of the 
charge accumulating states that lead to oxygen evolution. · When the suspen­
sions are exposed to a series of microsecond 1 ight flashes, the yield of 
oxygen after the nth flash shows a damped oscillatory pattern, with maxima 
after 3rd, 7th, 11th, etc,, flashes. Such results have been interpreted 4 in 
terms ofa fT';e-step model in which some chemical intermediate -accumulates 
up to four oxidizing equivalents upon successive photoactivation of the 
oxygen evolving centers: 

hV 
S O ~ S I 

Here, S indicates the oxidation state of the intermediate; S4 represents the 
most ox idized state, 

It has been postulated that in the dark adapted system, only the S0 and 
S 1 states are populated, in the ratio of 1 :3. Each light flash causes a 
synchronous progression to the next state, until the S4 state is formed, 
which reacts immediately with two water molecules to produce oxygen and 
regenerate the original So state. This model is consistent with the oxygen 
evolution, the damping of its oscillation being attributed to "double hits 11 

and 11misses 11 that tend to equalize the populations of the five states. The 
identity of the charg~ accumulating center and the mechanism involved are 
not known in any detail, although they are thought to involve manganese. 
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I I 
i . 

. In an effort to learn more about .t ,he nature of the charge accumulating L 
states, we have performed similar expe rl\iments, 3 using a Carr-Purcell train ' 
of echoes to measure the proton T2 .of the aqueous medium after the nth 
flash. A typical set ?f.resu~t: is_g! ~

1
en in Fig. 2. The osc!llatorypattern 

in l/T2 shows some strik1ngs1mllar1t1es to the oxygen evolution, but there 
are some significant differences. Althbugh maxima occur in 1/T2 after the 
same light flashes as the maxima in oxyb en evolution (3rd, 7th, ~tc.) the 

... .minima in l/T2 are after the 4th, 8~h, ' } •·· flashes rather than ~r e 6th, l?th, 
••• for oxygen. Furthermore, the f1rst il ",cycle11 of four , re1axat1on r-ates 1n 
Fig. 2 (n = 0, 1,2,3) differs greatly from the next three "sawtooths 11 • 

I 
(.) 
Q.) 
(/) 

· 11.0 

IQO 

9.0 

.... 
I 2 

3 • 

• 4 

,:I 

e 7 

I /s 
• 5 

5 

8 

10 15 

Flash' Number 
20 

' I . 
Fig. 2. The proton transverse relaxation rate (l/T2) measured at 25.3 MHz 

as a f~nction of the flash numbbr in an aqueous suspensfbn of 
chloroplasts from spinach. Meai urements were made on th~ same 
sample at room temperature, with 7 minutes dark 1time between each 

measurement. . ' \ . , 

The effects of Mn on water proton r 1r l ~xation in solution are known to 
be substantial and very sensitive to oxidation state, so :the results tend .to 
confirm its involvement in the charge act uf11.J1ation proce~s. Also, it's ap­
parent that the model based upon oxygen ~volution is ove ~simplified; l/T2 for 
the dark-adapt~d system ( n = o, So and ~d populated) di f~ers greatly from 
that after 4 or 8 light flashes which shou l d restore the ,system to its ini-
tial state (except for 11misses11 and 11dou,bl ~ hits 11

). · 

• . I . • * * * ~~ 11 : . 

Further work is in progress on the~J ~rbb1e~s. In fact, the 'third and 
final poinl is that I 1 m interested in a~Jointing a postdo~toral o ~· two who 
would like\ to tackle either of these pro~1~ms or, for tha1t matter ,', almost 
any other aspect of the magnetic resonan <;e

1
domain for which we have facilities. 

I 
I 
·I 

, 'I 
1\ 

I 
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The University of Illinois is an Affirmative Action-Equal Opportunity Employer 
and encourages applications from members of minority groups and women. 

In view of the threefold length of the above I hope you 1 ll count this 
as a paid-up subscription for at least two periods, if not three. With best 
personal regards, 

HSG: nw 

Sincerely yours, 

t.JJ_,,tL~ 0 
H. ~G-~t ow~ 
Professor of Chemistry 

1 S. Albert, H. S. Gutowsky, J. A. Ripmeester, submitted to J. Chem. Phys. 

2 T. Wydrzynski, N. Zumbulyadis, P. G. Schmidt, and Govindjee, Biochim. 
Biophys. Acta, 408, 349 ( 1975). 

3 T. Wydrzynski, N. Zumbulyadis, P. G. Schmidt, H. s. Gutowsky, and Govindjee, 
Proc. Nat 1. Acad. Sci., in press. 

4 P. Jal iot and B. Kok, Bioenergetics of Photosynthesis (Academic Press, New 
York, 1975), pp. 387-412. 
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BRUKER-Pi-lYSIK l~ G KARLSRUHE 

I 
I , ' , Geschiiftsbereiche 

Bruker-Physik AG · 7512 Rheinstetten-Fo · Silberstreifen 
Telefon (0721) 511 85-89 

11 . 

Telex (07) 826 836 
Kemresonanz 

· Elektronenresonanz 

. P.r_of. Barry L. Shapiro 
Department of Chemistry 
Texas A + M University 
College Station 
Texas 77843 
U.S.A. 

1hr Zeichen Ihre Nachricht vom 

Dear Prof¢ssor Shapiro., 

ii . . 
BfG Karlsruhe 
Nt. 10 77 44 22 oo 

, Ii 
ii . . 

Dresdner Bank Karlsruhe 
Nt. 5 62 11 61 . . 

II 
W

1 
estfalen-Bank AG Diisseldorf 

' Nr. 41125 63 .. 
·1 . . 

Pbstscheckkonto · Karlsruhe 
Nt. 1201 30 - 753 . 

. !I . 
Unser Zeichen 

I 
SN/BK/IS 

. I 
; I 

1 · 

. lnfrarot 
Polarographie 
M agnetsysteme 

Elektronische Geriite 
.Computerbau 
Elektromedizin 
M eerestechnik 

Datum 
I 

10.12.1975 
·, 

• I 

· I . . 

BRUKER INSTRUMENTS in Billerica., Ma'.ss. · is expanding
1 

the ·acti~ities ,, 
of its High Power Pulsed NMR division. We are seeking for immediate 

. ,I ' . 

employment a physicist/ chemist with a substantial background in NMR · 
techniques and instrumentation. A working knowledge of electronics in 

I I• • ' 

general is very desirable. The nature of the work will be varied., invol-
ving a~l aspe:ts of NMR. The opportunity :Fxists to spen_d a limited itime 
of residence m West Germany at one of our manufacturmg plants for an 
initial introductory period. Permanent e~ployment will be at our spacious 
new facility in Billerica, Mass. ! !I · · ' • · · 

· Interested persons should contact either Ii 

. 1 l ii Dr. Dona d Ware 
' ii Bruker Instruments., Inc. 

Manning Park ii 
Billerica. Mas t 01821 

~ ·1 
I 

I . or 
I 

I 
i 

i 
I 

. ' 

I . 
Dr. Sam Kaplan., , presently at , . 
Bruker Physik IA G in West Germany 

I ii . 
I . . 

1?est regards.1 
'I . . ii . 

. i, BRUKER - COMPANIES 
· 11 . · 

:_ ~~9~ ✓~ -
ioL -Phvs. B. KniitteL Dr_ Sam Kanlan) 

L 

C 



New XL-100A Feature: 

Single-Sideband Filter 
Cuts Data Acquisition 
Time in Half 
Each time we introduced 
a new performance re­
finement for the XL-1 00A 
NMR Spectrometer, it's 
been a technological 
milestone in its own 
right. But when we 
added the latest - a 
single-sideband filter 
which eliminates nega­
tive frequency noise 
- something else hap­
pened. It combined 
with the unshakeable 
magnet stability and sophis-
ticated interlocking electronics of the XL-1 00A to create 
a quantum jump in performance: the ability to obtain 
outstanding spectra from microgram samples. 

We ran a 5-µ.g sample of gelsemine (C20H22O2N2) with 
the result you see here. We think the spectral quality 
speaks for itself. 

Microgram sample capability, of course, is good news 
if you are involved in metabolite studies, biosynthetic 
research, flavors and fragrances - any field in which 
samples come from GLC or TLC, or are scarce for 
any other reason. 

The features that 
form the backbone of 
the XL-100A's micro­
sample capability 
include: 

1-mm Microinsert 
Ensures best possible 

signal from small 
samples by optimiz­
ing the rf coupling 

between the sample and the system's receiver coil. 

Single-Sideband Filter 
Cuts data acquisition time in half by eliminating the 
noise which normally folds into an FT spectrum. 

FT Disk Accessory 
Permits acquisition of high-resolution FT spectra by 
expanding the maximum data table capacity 
of the system to 32K words. 

For further information write to: 
Varian Instruments, 611 Hansen Way, 
Box D-070, Palo Alto, CA 94303. 
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We dissolved 5 µg of gelsemine in 5 µI of C60 6 and pulsed 
it at one-second intervals for one hour, using a tip angle of 
53° (10 µsec pulse) and a 2,500-Hz spectral width. Note the 
clear ABX pattern from the three vinyl protons and the 

excellent resolution of the 1.6-Hz geminal coupling! The 
spectral excerpts show two six-hour runs of 5-µg and 1-µg 
samples to demonstrate how resolution or sensitivity can 
be further enhanced at the expense of time. 
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