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· POLICIES AND PRACTICAL CONSIDERATIONS 
(Revised Version of l August 1975) 

1. Policy: The TAMU NMR Newsletter (nee MELLONMR, then IIT NMR Newsletter) .is envisaged as a means 
for the rapid exchange of information between active workers in the field of. nuclear magnetic resonance. As 
such, it will serve its purpose best if the participants impart whatever they feel will be of interest to their 
colleagues, and inquire concerning whatever matters interest them. Since the participant is clearly the best 
judge of what he considers interesting, our first statement of policy is "We print anything". (This is usually 
followed by the mental reservation "that won't land us in jail".) Virtually no editorial functions are per­
formed, although I feel the time has come when contributions dealing with the likes of how to clean spectro­
meter cooling coils, still another discovery of non-equivalent methylene protons, etc., should not be consid­
ered adequate. The TAMU NMR Newsletter is not, and will not become, a journal. We merely reproduce and dis­
seminate exactly what is sent in. Foreign participants should not feel obliged to render their contributions 
in English. 

2. Finances, Subscriptions and Advertising: The Newsletter is wholly self-supporting, and depends 
for its fuhds on advertising, donations, and particularly individual subscriptions, for which we are now forced 
to charge the substantial rate of $60 .00 per year for a single subscription. A 50% academic or personal dis­
count is available. Organizations and individuals are also invited to consider becoming a Contributor or 
Sponsor of the Newsletter and to have their organization's name appear in the appropriate list in each month's 
Newsletter, as well as the satisfaction of knowing they are helping keep this non-profit Newsletter in a solvent 
configuration. We will be happy to provide further details to anyone interested. 

A major, indeed essential, source of funding to support the Newsletter is advertising. We earnestly 
solicit present and potential participants of the Newsletter to seek advertising from their company or inst­
itution. Our rates are modest and the need is great. Please inquire for all details. 

Participation is the prime requisite for receiving the TAMU NMR Newsletter; in order to receive the 
Newsletter, you must make at least occasional contributions to its contents. We feel that we have to be ruth­
less in this connection and the following schedule is in effect: Eight months after your last contribution 
you will receive a "Reminder" letter. If no contribution is then forthcoming ten months after your last con­
tribution, you will receive the "Ultimatium" letter, and then the next issue will be your last. If you are 
dropped from the mailing list, you can be reinstated by sending a contribution, and you will receive back 
issues (as available) and forthcoming issues at the rate of nine per contribution. Frequent contributions 
are encouraged, but no "advance. credit" c::an be obtained for these. In cases of joint authorship, either 
contributor, but not both, may be credited - please indicate to whose account credit should be given. 

PLEASE NOTE: A subject of considerable interest and concern to several present and potential TAMU 
NMR Newsletter participants - as well as to ourselves - is whether the Newsletter ought to contain material 
which either appears essentially simultaneously in the formal literature (or is presented at a meeting) or is 
definitely scheduled to appear very shortly (i.e., within a few weeks) after it would appear in the Newsletter. 
Our attitude is that a TAMU NMR Newsletter contribution should not duplicate, summarize or abstract material 
which has been published or which will appear in the formal literature within a small number of weeks of the 
Newsletter account. On the other hand, let it be firmly emphasized that if the appearance in a journai is 
several mont hs away - as is frequently the case - a brief account (as an abstract with or without a "Preprint 
Available" notice, a separate informal account, a selection of material from the manuscript, or what have you) 
sent in to the TAMU NMR Newsletter fulfills one of the very functions which we feel this Newsletter can provide. 
We trust that a participant will in each case himself apply the criterion of whether or not his contribution 
will communicate some subject matter to the Newsletter audience before they could read it elsewhere. 

3. Public uotation: Public quotation of Newsletter contents in print or in a talk is expressly 
forbidden (except as follows, and reference to the TAMU NMR Newsletter by name in the scientific literature 
is never permissible. We remind you that in order to quote results or use material from the Newsletter, it 
is necessary, in each individual case, to obtain the prior permission of the author in question and then to 
refer to the material quoted as a "Private Communication". 

If your copy of the Newsletter is shared with other readers, it is your obligation as the actual 
recipient of the Newsletter to see that these other readers of your copy are acquainted with and abide by 
the statements of policy and practical considerations. 
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4. Practical Consi ,derations: - (a) Al
1
1 contrfoutiol ~ t9 _th

1
e TAMU NMR Newsl_e'tter sho·uld be sent to 

the undersigned and will always be included in the next issue ,i r~celived before the deadline dates, which 
appear in each issue. I ·, I · ·1 

_(b) Contribt tions should on the minimum NOTE!!! n~mtJer of 8!. x 11" 21 x 27.5'· cm a es 
printed on one side only. ! Margins should be between 2 and 3 din! on alll sides - PLEASE 'observe these limits 
if at all pos.sible. Black ink, typing, drawings, etc, essen1fi!a l. We are not equipped to deal with large 
size pieces of paper - e.gl., A-6O charts. 1· I / I . 

1 

Please conserve space by avoiding _double spacing (e~cept wHere necessary), ultra-wide margins, 
half-filled pages, etc. Ih general, pleas_e pla? and construct ~our contribution so as to fi 11 the minimum 
number of pages needed. On the other_ hand, dra11i ngs and specttja 1 ose both eye-appea 1 :and utility when 
they are too small. Only ~n very. rare and absolute1 1y necessa rl-Ji circJmstances ·will a contribution in excess 
of three pages_ - including! drawings, figures ·and ref;e'rences - · tJle accepted. 'Economic necessity forces this 
po 1 icy. · I· · . '· ' :/ 1 

' • 

· Since reproducti lons of various kinds do not themsely j s rep ~oduce too well, contributors are urged 
to submit their photographic originals to us (if the size does not e~ceed 8½ x 11"), and we will be happy 
to return these if reques~ed. Some 1 aw of phys /~ cs says that p otographi c reproducti or\s of fuzzy or b 1 urred 
originals never come out l,ess fuzzy or blurred. j " I · · 

. (c) PleaseT:vide short titl~·s of all to ics our. contributio~s, a~ the will ensure 
accuracy in preparing the ltitle-pag~ inde.x. , 1- , _ I· . , 

. ( d) .Pl ease ldo not send in manuscripts, .theses, • ooks, etc. , and ask _us j to be your consciences 
• . . • . . I 

in selecting wh_at shou_ld ~nd shouldn't go rnt:o lthe Newsletter . ';' 

5. Suggestions i They are·· always welcome i 

, ! 
, I 

Address for all cont r, ibutions and in. uirie.s: 
I . I . I 

Professor Bernard •L~ Shapir I 
Department of J Chem,i stry / 
Texas · A&M Uni versi ity · · 
College Station, TX 77843 

. I . - . 
(Phone: · (713)845~6944) 

'I 

i 
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~ DEPARTMENT OF ORGANIC CHEMISTRY · 

THE ROBERT ROBINSON LABORATORIES P.O. BOX 147 LIVERPOOL L69 3BX TEL: 051 - 709 - 6022 

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

Dear Barry, 
S 130 ~TMn of . t d Downfield . Shifts in ~1il\. Orthosubstitu e 

toluenes. 

1 
Downfield 'steric' shifts have attracted some interest recently. 

The shift of the toluene methyl carbon on ortho alkyl substitution is 
interesting in this respect and some values are listed below. 

R=H 
R=Me 
R=Et 
R=iPr 
R=tBu 

6 (Me) , ppm from TMS 

21o4 
19.4 
19.0 
19o2' 
23.2 

Me ---E==~~~::;· =1-

11

-e--Me 

Me 

1 

Substitution in toluene -of an orth6 methyl group produces the well known 
upfield shift of · 2.0 ppm; however, substitution of·. ortho ethyls or ortho 
isoporpyl (that 1s addition of 1 or 2 6 methyl groups) produces an 
almost identical shift. Thus the 6 effects of · the added methyls are 
%ear zero. · In contrast the addition of a third 6 methyl, as in the 
butyl compound, produces a large downfield shift of 3.8 ppm 9 a magni­

tude ' not dissimilar to those noted previously1 '
2

' 3 where syn axial 
interactions were involved. It is unlikely that a pure syn axial inter­
action is involved here, the shift probably reflects the consequences 
of two quasi syn axial interactions .in a conformation such as 1. On the 
other hand the data suggest that the dominant conformation in the iso­
propylic compound lacks . any 1,5 Me-Me interactions. 

Thus the generality of 6 · interactions is further established and 
in this type of syst·em they are a useful indicator of conformation and 
caution is again drawn to .the fact that it is dangerous to associate 
steric crowding with upfield shifts. 

Please credit this to Ray Abraham's account. 

With all go~ish~s.Q,b/'.,,./ 1. J.G. Batchelor, Jo Magn. Resonance 18, 
2. S.H. Grover et al, J. Magn~1~e,6~ia~e Harry Pearso. 

10,227 (1973). 
3. J.I. Kroschwitz et al, J.Amer.Chem~Soco 91,5927(1969). 
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l~t/ August 
197

2._ 
/ I 

i 
Prof. Bernard L. Shapiro 
Department of Chemistry I 

I • • Texas A & M qniversity 
College Stat~on, 
Texas 77843 ' 
USA 

I 
Dear Prol essor Shapiro, ' • 

I I ' 
High Resolution Broad L[ ne

I 13
c N in Solids 

h k i f h bl . I h Tan you or t e ue eminder. Ne ave recently become 
interest~d in the protoh-ehhance I 1nu~:tlear induction 
spectros~opy, developed[ byj J.S.W~ugh dnd A.Pines. jThis new 
tool already combines high/ sensitl

1
~vit:yl1 with high selectivity, 

thus hav~ng the best of/ both, in lcioub]e resonance /at least. 
It seemed like a good iciea/ to extJ~nd tihese advantages to 
single , r~sonance a~ wel~ , in ordJ~ to /study lines~apes, 
rela~atibp and ot~er aspec~s of J ~1i~1state dynamfcs. To do 
this, the abundant .protbn 'spins <ire snin-locked in the 

. • I • I I II I I .tfl . I rotating I frame in the u
1

sua11 manne,r. A single mutual contact 
with the rare (13c) spins Ks est~1l:bli

1

s,ed by a strbng rf 
fie_ld, fulfilling the H:

1

art~ann-H9-'lin ~condition, but the free . 
. d t' I d . d1d d d1

/ I 1
• f I d .. 1.n uc 1.O:r;i · ecays are co

1

-a 
I 

e an 
I 

Fo
1
ur1.er trans ofme 1.n a 

NIC-1085 ~ NIC-293 computer! only ~:fte_r j a variablt= pelay, 
· during _which · the decouF1

1

11inlg -field I is; also turned bff tempo­
rarily,. The free induct!ion decayJ: are j registerE:=d li.n the· · 
decoupled mode, thus y , elding a Jerie9 (12 to .20) / high . 
resolutit:m solid state spe1ctra. 'E

1

1lli
1 

e 1 (delay) time aependences 
f 1

. I, , , , · h I 1.... I hi o 1.ne ~ntensit1.es 1.n t ese speaLra represents t e trans-
, · I · I I I 13 I verse re~axation of groups of no~equiyalent C nuclei. _· 

Another fourier transfdrm iof . datci I ptjints, corresptmding to 
these time dependences, gfves thJ shapes of all ihdividual 
undecoup~ed liries that cad b~ re~0liea in the decbupled · 

I . I 11 1 ! I I spectrum. The whole 11 sl!ng1ie reso:rp,anqel' spectrum. c _an thus be 
reconsti~uted, but wit~ atiout 10 11 1 fol , increased ~ensitivity 

. and hig~ selectivity. I i / . 
I 



90y 

J[ 

A low temperature study of solid norbornadiene, which is 
a semispherical molecule with fast rotation even at low 
temperatures, showed that the .solid-state 13c lines have 
different widths with different temperature dependences 
and shapes that are neither Lorentzian nor Gaussian. The 
polarization transfer from lH to 13c nuclei is markedly 
non-exponential and characterized by different time 
constants for all groups of nonequivalent carbons in the 
molecule. 

204-6 

A more full account is going to appear in Chemical Physics 
Letters. 

With best regards, 

Sincerely yours, 

£.Lt--
LJ------- E.Lip~ aa 

M.Alla 

.: t l ... time delay 
I 
I • f.i.d. 
I 
I 

I Fourier ___ \. ______ __,! transform 

r \ magnetization decay' 
\/ second Fourier 
\ · transform 
\ . " 
\ 
\ 
\ · 
\ 

\ 

0 1.0 2.0 t msec 0.5 
norbornadiene -75°C 

1.0 . f kHz 
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UNIVERSITY OF CAiIFORNIA, BERKE EY 
. I . . I . I 

• I • 
. •. . J. . I 

BERKELEY. DAVIS • · IRVINE. LOS IANGELES. RIVERSIDE. SAN ox;,::co • SAN FRANCISC~ 

·1! 
DEPARTMENT OF CHEMISTRY BE . LEY, CALIFORNIA 

I 

i 
.August 4 1975 

! 
I 

Professor B. !L. · Shapiro 1 

94720 

Department. Of Chemistry . · i 
Texas A & M University , 
College Station, .Texas 77843 1 

. i . i 
Dear Profess?r Shapiro: j 

. ! . I I I 
RE: NMR Powder Stud of M:>l~cular M:>tidn ' in ·a •six~Fold Potential 

I . . .I I l ·1 . . I I. . 
We have1recently joined some other · gro ps in examining the tletails 

of molecular i reorientation in dolids by obsr rvi~g the effect of the 
motion on th~ powder lineshaped~ .Thetheoi:J lhas been discussed by Luz 
et al. 1 (LBA}, and by Spiess. 2 I The experimental technique .is i3c nmr 
using proton~enhanced nuclear ilnduction spe~troscopy. 1· · I · 

i .· I 1. 1 : I . 
Hexamethyl benzene was one of the firsf co~pounds we studie\:i. M:>tion 

in the solidi is about the 6:-folid axis. In f he zero motion limitJ a typical 
asymmetric ppwder pattern shou~d be seen; · inl the fast motion e:ict

1
reme the . 

pattern shouild be that of a syn;nnetric shiel~!i.ng tensor. The i*teresting -, . 
range is wheh the molecules arJ just beginn~hg ·to reorient. · In 

1
this case 

different pat terns will be seeri. depending u,~hn-whether the ~ole~,ules 
rotate diffu~ively in the planJ of the ring{ br ina_ke rapid .jumps pf 60° 
between the Fquivalent sites. f In the latteifl case, as predicte~ lby LBA, 1 

two anomalous "bumps fl _should b1 seen , in th~ i powder pattern bet~een cr11 and 
0-22. These !<fondly referred to in one labalr~tory as "shpitzim\')l .resul_t · 
from molecules oriented so that two of the three different ring carbons 
have approxibately the same chJmical shift. i i Fo~ these molecul~s even very 
low jump frJquencies will sati~fy the exchange narrowing conditi on.·. 

I . I . I' I . . . . . : . 
Some of

1 
our results are shown in the J1companying figure, [· ·The left 

. side sh~ws ~x~erimental spect:+ at. various ~empi:~rat~res and thr right side 
theoretical .,lineshapes at various Jump fre \.lencies in Hz. These we calculat:­
ed using the standard exchange fmatrix for~]isJ with powder oriJntation 
averaging b~ computer, and agreement is sej1ri td be good. The sJectra are 
also in agreement with those c1lculated .by · !he !elegant expansibri techniques 
of LBA. 1 Ttie bump at~ -80 ppI

1 
is especia~ y evident in the -130.6° spectrum. 

Lineshapes ~alculated a~suming _a rotationaJ di~fusion model wer~ in total 
disagreement with experiment. [ 

I I : I , 
l I l 

. . MJs_t _ o~ t1?,e experimental 
I 
ork was don 

11 
by pavid Wemmer~ al J . , 

graduate student in our laboratory. Our re ults on the motion: in 
, I • . I I : • · 1 

HMB and other molecules will b published • s or~ly • '.11 · 

:s re~ ~d~ ! ! 
Dr. Davi d Ruben ' 

I I 

~ 

L 



1. Z. Luz, A. Baram and S. Alexander, should be appearing about 
this time. 

2. H. W. Spiess, Chemical Physics i, 217 (1974) • 
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Please credit this to the account of Professor Alex Pines 
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INDIANA UN.IVE , ITY 
Department of Chemistr 

- I 
CHE M ISTRY BUILDING 

. I - . 
BLOOMING _ ON, INDIANA . 4 · 401' 

Professor Ber~ard L. Shapiro 
Department of Chemistry I 
Texas A & M University . . 
College Station, Texas 77843 

: . . I 
Effect of 13 C- 14N Dipolar teractions 

I on !..i.. Value~ and Int ed s i ties 
. I LIi I 

!of Nonprotonated Carbon ~esonances 

TEL. NO. 8 I 2-

. I ,. 

Dear Barry: l 
We have 1shown (R. s. N rton and • Allerhand, . J~CS, 

in press) that 13c-14N dipo ~ar intera~tions can cont~ ibute 

significantly to the relaxat
1

1 

ion of · a nonprotonated c ~~bon 

h . d' I 1 I . I. • tat is irect y bonded to one or mo e nitrogen atoms ~ We 
. I • . I I I • I . 

have shown that if the T 1 values of lie protonated ca t bons 

f ' 'd 1 ' 11 1 1
1 : d h : . . o a rigi arge organic mo1 ecu e are measure, ten, one can 

make fairly l ccurate predic,~ions of J]e T 1 and NOE ·v~lues of 

nonprotonated carbons within the samJ mo;lecule, without 

invoking rell xation mechanisms other I •han the 13c- 1 H ~nd 
I I I . ! I 

13c-14N dipo:t.ar on~s (at 14.2 kG) • . 1jj far as we knor , earli_er 

workers have 1not considere the possilt>le importance of 13c- 14N 

dipolar contributions to 13c relaxat{dm (of nonprotdna~ed 
I II' .. . 

nitrogen-beaf ing -carbons), probably ' I ecause of the ~e
1
ry .low 

gyromagnetic ratio of 1 4 N. However, l he short C...;.N 1:::lond 

length partly c~mpensates ,or the lo i I g~rornagnetic raitio • . 

Spin-la~tice relaxati J n times ata integrated irltensities 
• I I I . 1 , 13 of the resonances in proton-decouple , natural-abundance C -

I • I I- . I . . . 

Fourier transform nmr spec~ra of ader os~ne-5'-monophosphate ' I I i I l . . 
and guanosin'e-5'-monophosphate (in· H O and D2 0, at 40-44°, at 

I I I I I I . 15.18 .MHz, in 20-mm sample tubes) wee compared with calculated 

values that 
1

take into acc_o nt 13 C- 1H k na. 13 C-:- 14N _dii olar 

relaxation. f In each case, T 1 values lof I methine carbons · of the 

base were u J ed to obtain a rotational correlation time ; which 
I 

I I 



was then used, together with interatomic distances from 

crystallographic data, to compute T 1 values of nonprotonated 

carbons. Nonprotonated carbons which are directly-bonded 

204-10 

to nitrogens and which have no hydrogens two bonds removed 

yielded theoretical T 1 values strongly affected by 13c- 14N 

dipolar intera.ction·s; For carbons in this category, calculated 

T 1 values which include 13 C- 14N dipolar interactions are in 

much better agreement with experimental values than calculated 

values which consider only 13 C- 1H interactions. Integrated 

intensities were ~alculated by considering variations in 

the .nuclear Overhauser enhancement that result from differences 

in relative contributions to 1/T 1 from 13c- 1H and 13 c- 14N 

dipolar relaxation.. The calculated inte·nsities are in 

excellent agreement with the experimental ones. 

AA:esm 

Best~eg,grds, 

udcvtt1_ 
Adam Allerhand 
Professor of Chemistry 
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DEPARTMENT OF CHEMISTRY 
OTTO MAASS CHEMISTRY BUILDING (514) 392-4467 

McGILL UNIVERSITY 

Dr. Barry Shapiro, 
Dept. of Chemistry, 
Texas A & M University, 
College Station, 
Texas, 77843. 

Dear Dr. Shapiro: 

August 6, 1975. 

Assignment of 13c Signals Using a 1H Coupled Spectrum 

204-12 

We would like to demonstrate that two-bond and three-bond 

13c-H coupling constants (2JCH and 3JCH' respectively) can be used to assign 

the 13c signals unambiguously. When all the protons are decoupled, myo inositol 

has four 13c signals with the intensity ratios 1: 2:1: 2 from the low field. 

H 

2 . 

, Knowing the followinl, one O~n simply predict the 13c signal 

patterns when protons are coupled: 

2 
JCH 

3 
JCH 

~H 
'v5 Hz . Jtil "'5 Hz 

C 
'\,{) Hz -tH 

'\,{) Hz . OH 

1H* 
OH 

{!x't 
1H 

P.O. BOX 6070, STATION A, MONTREAL, QUEBEC, CANADA H3C 3G1 
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Dr. Barry Shapiro 

Carbon 

2 

5 

1 .. ••"•-· , 

4 

I 

.1' . 

I • I ·: 

Exnected Couni l ➔ n&i:s 

1 
JCH(2) 

1 ·. 2 
JCH(5), · JCH(4,6) 

1 
J CH(l), 

1 
JCH(4), 

2 
JCH(2,6) 

2J 
CH(3,5), 

I 

August 6, 1975 

* Doublet Patterns 

· I singlet. 

I: triplet 
I 

I 

triplet 

quartet _· 

I I 

* I I : I 
Each carbon resonance. wilt exhibit a I arge doublet due t6 one 
directly bonded proton. ·, 

----- -- ····-------- ·• ·-- ---'-~ . ... . .. . . ·1 I 
·· ··:·:·· ·_· ·:-- : .::.;:: ~-<; __ :-L:{: _! -- . , . - ·· . .. . ,. _ ... ·:·· 
·····: -.~:::-!··:.-~:-·:: ~>-i: :·: ..... I · : ·: "'i· t'~~ 
.·. ·--·- ; ·-' · ·- ·--------4-1-1---------1~--- llf'/-.S-Hi. 1-;--...,i 

. . I . 
. . .. -- --··---·-- -·- - --· ·- - -··· -- . . . .. .• :- · ··· . . . . . . ... ... -- .. -· . .. . 

l~ :I . 

,fl l 
. . . . 

... 1, 3 - , 

I I• 

1 · . 13 . I . -· 11 · 
The H coupled , spectrum Wll. h assignments· is shown above. The 

I . 11 I I • •• i 
chemical shift results agree with the gt neral observation, 

2j' 3 that the carbon 

. · I ( - ) 11 : · 

nuclei next to axial OH groups Cl,3 a]lear at higher field than those next 

I i I 
I 

~ 

"--
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to equatorial ones, and that cis arrangements of vicinal OH groups also shift_ 

the carbon resonances involved to high field. This assignment for Cl,3 and C4,6 

is the reverse of that given in ref. 1. 

1. D. E. Dorman, S. J. Angyl and J .D. Roberts, J. Amer. Chem. Soc. , 92, 

·1351(1970). 

2. N. Cyr, R.G.S. Ritchie, N.K. Richtmyer and A.S. Perlin, 58th C.T . C. 

Meeting, Toronto:, May 1975. 

3. A.S. Perlin, B. Casu and H.J. Koch, Can. J. Chem., 48, 2596(1970). 

/ce 

Yours sincerely, 

/V '7 ~ 
N. Cyr~ 
G. Ritchie 
A.S. Perlin 
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THE UNIVERSITY 0 ~ ,I EW ENGLAND : 
ARMIDALE, N S.W. 

I i I , 
DEPA TMENT OF ORGANIC 

1 1, I 
I i 

CHEMISTRY.. 

NVR.RC 
7th 1 gust, 1975. 

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

·- COLLEGE STATION, 
Texas, 77843, u.s .A. 

Dear Professor Shapiro, 

.1 . 

I. 

I 
! 

I ,.· 
Title: · A. Trinuclear Varian A60-IL Hybrid 

Subtitle: Teaching an 01 1d Dog New WI Ms to Perform His Thcks . . r cha~ 111 c I ) . I I . Resuscitation or Ma ined1 or Persons in extrerro.s 
I 11 , 

We have already descri ed1 how oJr aging (bom, ~966:) jvarian HA60-:-IL 
spectromete':r _was converted for 13c h.m.r. neaslt~ , merits in c.w. rno1de at· 15.09 MHz. 
The appropriate ·proton-decoupling ~requency ne!J lil, 60.o MHz was . genb:tated by mixing a 
variable freque~cy near 3.6 MHz with a crysta]i lclontrolled fre"quenlcz near _56.4 MHz, 
the 19F resonance frequency at the !designated lf j]eld (14092G) for the 13c and lH 
resonance frequen¢es mentioned. This method l~ Js chosen be~ause we proposed to 
instal an external- 19F field-frequehcy lock. Tl'ie frequency source I for the latter 
must however be_ coheren·t with the ~3c excitinJ llfrequency and, in ltJ:iese days of . 
financial stringency, we must achi~lve · coheren~[ lthfOUgh use of a. [~neral Radio Model 
1170 Frequency Synthesizer (FS 1170

1

) (obtained j:im a relatively affluent yesteryear) 
and such devices as we can construct with the l iri_ ;J ch 

I 
smaller funds ~bw available to us. 

· - · · I · 1Ji I 1 • I , 
The FS 1170 provides on_e dial-seie'ci:tal:lle and several! fixed output 

frequencies all derived coherently !from the 5 lf-tz inte~al (or, i lf l desired, external) 
master crystal. . We chose, as the s

1

inplest cou~ e, : to multiply the fixed 1 MHz output 
to 14.000 MHz (actually in two stages, X7 fol!~~ed by a doubler)" which, in order to 
avoid possible conplications of fie:ld modulat~~n on 13c spectra neksured in PFT mode, 
is phase modulated,. (by · a st~le a. f · in the r ~ <1,e, '. 1-3 kHz;. ~~ /manual. o~cillator. · 
of the standard "lock box" :1.s adequate) , · passed lthrough a lirro.tingJ anplifier (to 
become in effect frequency modulatJd), and fed llto the ( retuned) ~4311 r. f. unit in 
place of the standard 14".111 MHz cih,E;tal sourd:e I for 19F resonance; I the V4311 standard 
. 5 ' 1 b ' I 5 000 1 I. • th ' . ' i. f. of MHz is generated y using a 1. MHz crystal in e local oscillator. 
With use of the standard 10ck-~ox ~ircuits, thfil11 

f fi~ld (~ 13980G)I pow locks strongly 
to the 19F resonance - of c

6
F6_ in a non-spinnin~ 15rnrni sanple tube. The appropriate . I 11 I I I · I . 

pro~cm-decoupling carrier frequen~ (near 59.5' -~z) may now be o~tfined by rni~1:g a 
variable frequency near 3.5 MHz witih the 56.0 I . z. The corresponding 13c exciting 
frequency_ (near 14. 97 MHz) is obt~ned by• diafif g one-half the ~quired v~lue on . 
the front pane~ of the FS _ 1170 and I feeding th1 l!0u~put to ou7 pul~el syste~ (where 
the frequency is doubled) but, bec:a:use of delay~ _in conpleting construction, we 
have not yet recorded any 13c 'specti:r;a in PFT rit/!i~e. j ·. . I . 

. - I . · · i 11 I - ; . . . 
Altemati vely, by changing a few BNC connections we can apply field 

modulation in botti analytical and i ock channet~ I, ~d use the sta.rida7d V4333 5rran 
probe for 1H/19F wo:rk to record 19lf' spectra (n ~f: proton-decoupled) I in hornopolar- · 
inte·mally locked c.w. mode at 56 .000 MH-z; s ' '· tably high audior¾equencies to avoid 

! 
I . 
i 
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overlap of chosen sideband and other-band spectra, and the convenience of 
- conputer control, are provided by the system (apart from the probe) and program 
used1 for 13c spectra in c.w. mode. 

We now possess an EM-360 for routine, anbient-tenperature p.m.r. 
spectra, but at times shall have to use the (modified) HA60-IL system for 
higher-resolution and/or variable-tenperature p.m.r. spectra. We abhor 
retuning the V4311 r. f. unit (several retunings have proved deleterious to the 
tuning slugs) and cannot afford a new, separate 60 MHz unit (if they are still 
available!). Our approach has been to construct a module containing a 4 MHz 
crystal-controlled oscillator whose output is fed to two low-noise mixer _ 
circuits (6AK5 tubes, as used in the probe preanplifier), one between transmitter 
and probe, the other between probe and receiver, each with appropriately tuned 
output stages and levels being matched to those in the original (unmixed) 
system by tuned low-noise anplifiers. The module is_ connected or disconnected 
by changing four BNC connections. The mixer naturally introduces additional 
noise into p.m.r. signals, but adequat_e tests of the conplete system have been 
prevented by recent breakdowns in other conponents. In retrospect, additional 
noise would probably be more readily t ·olerable in the 19F lock signal or 
(infrequently required) 19F spectra, and we intend to retune the system so that 
the V4311 unit operates at a synthesizer-based frequency of 60. 000 MHz and the 
4 MHz mix-in frequency . for 19F lock must of course be coherent_ with i -i:.. 

The system is unquestionably a hybrid and it is at least trinuclear; 
other nuclei could be added by appropriate trickery, but you will agree that we 
are approaching, if not already in, extremis. 

Dr. D.M. Doddrell was heavily involved in the earlier_ design stages 
and Dr. A. Moritz gave valuable advice on phase modulation. _· Mr. F.B. Hanson 
and Mr. R. J. Kenny 'have designed sorre of the circuits and done all the 
construction work. 

1 

Yours sincerely, 

Doddrell, D. M., Hanson, F .B., Kenny, R.J., Marker, A., and Riggs, N. V., 
Aust.J.Chem., 1974, 3.]_, 2175-90. 
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Department of Trade. an~ Industry · 
. Laboratory of the Gover

1

nmen~ . Ch~ . i• . 
Cornwall House Stamford Strer London_ ~E~,. 9~Q-

. · · · Telephone 01-928 7900 axd, 4 <I 

I..
. ' 

Dr Bernard L Shapiro 
Dept. of Chemistry 
Texas A and M University 
CoJ.lege Station 
TF.JCAS 77843 USA 

Dear Dr Shapiro 

QUANTITATIVE C-13 · FT-NMR? 

: u. 

i Your reference 
' . . 

1 Our reference 

. Data . . . ·11 . ! ' ' 
• I 

I 
' I 

·t I 

1· ·i 
I . 

I I . . 
August 1975 

I . 

i 
! . 

· 11 

Recently we have been studying he applicati?n of FI'-NMR to q4a.hti ta.tive . 
analysis. One possible area of I application is the analysis o~ !sugar · 
mixtures. As yet · we have only stud.ied aqueot s sucrose in detaiiJ., and 
have been able to obtain resuld within 3-9%1 oi the true valuJsl for . 
concentrations in the range 0.34 -:- 1.47 M using: 1,2-o.ihydroxybepzene · 
as a standard. The results are I summarised it Table 1. The pJak area 
for C-3, C-6, at 117~3 ppm and G-4:, C-5 ·at .1~2~u. ppm of 1,-2-dihydroxybei1~ene 
and .C-2' at 104.4 ppm of sucros~ were ineasur~d>(chemical shifti iri ppm · 

do¥mfield from TMS). · .. . -1- _. · .•. · ,: , i . . . / I . 
Our procedure ha.s been to make up the · solut·ions

1 
in o_.1 M potal~ium 

hexacyanochroma.te_in ?rder bo!h / to eliminatej NOE's and to •regt~e the 
T 's of the nuclei being studied. to less · than O. 3 sec. at 32 C.: 
Tie sucrose concentration chang~s the · solut·~oris viscosity markedly 
and affects the T1 values a~ woyld 

1

be ;E:lxp~~~ecl :frolll the · deperi~1:;nce of 
T1 on the rate ~of molecµlar motTI..on. Measure ent•s _have been maq.e . 
using 90 pulses with pulse delay times of 7710 !times the long~~t T

1
' s. 

;:::~n~=c~~P;~gr:~=x~:~~nt~g=~~,i-~inate NOE~sf not removed by ti! . 
. . I I 

By chance, in each solution thaf we examined, the T1
1 s for al•l 

1
nuclei 

s~ecified above. were approximat
1

ely the. same.I ~owever we have,. ,1so worked 
with maltose using -the same con/centrations ·and ,procedure, but• where the T

1
-. I ' . I I 

for maltose C-1 at 101.1 ppm was approximatry 1half the value: for the carbon 
nuclei of 1,2-~ihydroxybe~zeneJ . . . i 

I 
I 

Initial measurements indicate ~hat the dete , i*ations are only within 
10-1~ of the true concentratidns. The integrated peak area ratios for 
C-1 (ma:i.tose) · : C-3 + C-6 (1,2J a.ihydroxybenien~) were found -io : vary 
with acquisition time and also -jthe exponenti al lfilter used fcir i · . 
apodization; the peak areas of the nuclei w:j.th , long T1

1 s inc1ei3-se with 
increasing acquisition time and smaller apoaization functions. I It 
appears that f'or quantitative determiriatio:nk by .C-13 FT-NMR, :it may 
be necessary for the T

1
' s of the · nuclei beJ~ g studied to be Ers 1sentially 

equal, or for the data acquisi~ion process to be taken into account. 
These conditions did not appeaJ to be · neces~ary for quantative: P-31 
FT-NMR determinations of phospliorylcolamine

1

rH2NcH2CH20Po
3
H) ~sing · 

I • . : ·a I 
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7 
as an internal ste.ndn.rt'l .• 

Our experience has been that :r-:OE is not a difficult problem in FT-l"-J1ffi 
quantitation (note that we cor:rµc.re :,orotonated a:,a. non-protona"ceo. ca.rbons), 
but is lengthy because of the necessary gated decoup:Linf.::. We note that 
·i;here is a dearth of quant:i tative as opposed to semi-quantitative ,·.;,:,rk 
in the literature and ,roulr.l. like to know o;." other people's e:x:;:,erience 
in thi s area. 

We a.cknowledge the Government Chemist for authorisation i,O release these 
details. Please croai t t ~i ::. .~ co!nmunication to I K O' J--ieill. 

· Yours sincerely 

't\-1- r~ 
I K O'NEILL H j PR0SSK'{ C P RICH.ARhs 

Table 1 

Quantitative determination of s ::.crose by C-13 F1'-I·Ji.,R 

Sucrose in solution Sucrose deternd.ned % error 

1.466 M 1.519 M + 3.6 

1. 231 M 1. 201 M 

0.953 M O. 954 M + 0.10 

0.706 M 0,713 M + 1.0 

0.34-4 M 0.357 M + 3.8 

0.4,90 M 0.1+77 M 
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Professor B. L. Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, Texas 77843 

Dear Barry: 

I 
I 

. I 

4 gu~t 12, 1975 I 

. I. 

. : I 
"A Tritium NMR Faci i ty" 

' I , I ' I 
We are in· the early stages of setting u~ a , tritium NMR fac t lity centered 

around a Varian XL-100-12 FT spectrometer anf an adjacent hot IJ.~b. our goals 
include the study of biochemica:tl mechanisms. ,;i,nd l biosynthetic pathways and .th_e · 
investigation of very complex b~ological systems in which the Jhigh sensitivity 

1 3 1 , 1 and freedom from background signals of H ~ spectroscopy maJj make poss_ible . 
experiments that cannot be done lwith other Pf clei. The unusuali•a.nd highly 
specialized nature of such a laooratory suggests to us that it should .be made 
widely available to the scientif ic community~ apd that its op~r~tion might be 
partially funded by a national agency as a _special research _res;ource. 

· Suggestions, comments, and ,project propbsai s are hereby Jolicited. The 
pace and scope of our planning will depend upon! the amount of [J se that might 
be made of such a laboratory, ai!id upon the kfi.nds· of experiments! proposed and 

. h I t I d ' ' 1 the requirements t ey place upoip. the spec romet,er an upon othe,r aboratory 
apparatus ai:1d f~cili~i~s. For yhose of yo~ ,r ll.o_ have notprevt ously considered _ 
the properties of tritium resonances, the ma~n features may be /summed up rather 
simply. The triton behaves lik~ a better pr~bt dn ( except · for it:s instability -
a half..:life of 12.5 _years). Th~ spin is 1/2 and the magnetic lnioment slightly 
larger than that of the proton, I so that our .:.'100 sees trit i -/mi a~ nearly 107 
:MHz. One can therefore expect a slightly beltter sensi ti vi ty for H than for 
1H signals, with chemical shiftk and coupling donstants almost /t he same, and 
relaxation times usually not trbmendously d~fferent. From the ractivity of 
32 Ci/mole, it can be estimated! that practii 1al 

1
FT measurementk 10n narrow lines 

will typically employ a few mil~icuries to few tens of millicuries of acti vity 
in the sample. The soft beta r kdiation wil not penetrate the ,wall of an NMR 
tube, making the handling of se~led samples qu~te safe ~s lon~ as the tubes 
remain intact. Reservations abbut the pracl icality of H NMR

1 
may be at least 

partially laid to rest by the r 1

1

ecent papers fr6m Surrey listea below, as well 
as by some preliminary work done here. I I 

' I 

The results of .§ne of our first experi ents are shown bel0W. A sample of 
50 mCi of uuracil-5- H" in 200 µ,l of lo% D2o//Et,OH was examined-~ The undecoupled 
spectrum on the left and the p~oton noise deco~pled spectrum lo~ the right were 
found. The only reasonable explanation · see 1 to be the radiation induced hydra,-

. . I ! 
tion : 

I I 

I 
' 

I I 
I I 
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+ 

The usefulness·· of proton decoupling is obvious in this example, which could 
otherwise have been rather misleading~and should make ~ossible a number of 
interesting experiments. 

IBHz--,;,j 

Studies .bf., .mm···~pectroscopy of stable nuclei in samples containing various 
other radioactive i;:sotopes . might also be safely accommodated, and we would be 
interested in "learning of any needs for such experiments that might exist•. 

1. . J. 
l, 

2. J. 
J. 

Paul C. Lauter bur 
Professor of Chemistry 

Bloxsidge, J. A. Elvidge, 
127 (1971). 

J • 

M. A. Al-Rawi, J. A. Elvidge, 
c. S. Chem. Comm. 220 (1974). 

Yours truly, 

£.~ 
Lawrence J. Altman 
Assoc. Prof. of Chemistry 

R. Jones, and E. A. ·Evans, Org. Magn. Res. 

D. K. Jaiswal, J. R. Jones and R. Thomas, 
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Fisher De~terate~ ~o~vents h_ave sup_h 9utstanding isotopic; 
and chermcal puntYJ, 1t' s agamst t:herr nature to make NMR 
spectrum contributions. • '' I l -· 1 · 

The stingiest Fisher Detiterated' Solvents have an . . 
unsurpassed 100.0 ~tom% deuteri~m _-; · ideal for ·critical I 
NMR work. Not one atom of hydr9~en 1

1
s present !O alter your 

spectrum. Seven c9mmonly-~ed· solve\1-ts are Fisher I 
one-hundred-percenters: Acetone-ds; B1tnzene-ds, ; -
Chloroform-ct, De~terium Chlorid~ (20% solution in D2O), 
Deuterium Oxide, Methyl Sulfoxide-d~, and Pyridine-d5. i 
Their exceptional parity eliminates triasking even in the most 
sensitive Fourier Tfansform systerris. i · _ _ I 

An additional 93 Fisher Deuteratdd Solvents are just a few 
atoms away from bding the stingies~. Deuterium levels rang~ 
from 99. 9 to 98 atqm % . Use them when the very highest 
level of sensitivity_(· s unnecessary. Or,~ when economy is : 
necessary. 1 _ - , 

. . - I • . . • 
. - I 

' . Stri gent Quality Control . I 

AH Fish~r Deuteraied Solvents pas~ a battery of stringent ! -

QC tests including ~nfrared spectroJcopy and NMR analysef , · 
or else. Or .else they never see a Fisher label. 1 

Fisher Deut~rate~ Solvents, t~e ~tingy _qn_es, are availab~e 
at your local F1Shef branch. Deltvr y, Jw1tlun days. . i 

Fisher Scientific -ComAa~y :I): 
I 

. I 

I 

I 

I-
I 

I 
I 
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. UNIVERSITY OF SOUTHERN CALIFORNIA 

UNIVERSITY PARK 

LOS ANGELES, CALIFORNIA 90007 

DEPARTMENT OF CHEMISTRY 
( 213 l 746-2780 

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

Dear Barry: 

August 7, 1975 

Title: 29Si-{ 19 F} NOE and T1 for Hexafluorodisilane 

29 We ~ave determined what we believe to be the first observed NOE 
for Si-{ 9

F}. A neat sample of Si 2 F6 (b.p. -18°) in a 9 mm medium 
wall tube was placed inside a standard 12 mm tube containing C6D6 and 
19.9 MHz spectra were recorded in the F.T. mode on an XL-100 (probe 
temperature 35°). Spectra were obtained using gated decoupling (NOE 
mode) of the 19F decoupling frequency. The value we obtained for n 
is -0.34. We have also determined the T1 for 29Si in the same sample 
to be 33 sec using the standard inversion-recovery sequence. 

The theoretical maximum for the NOE (assuming 100% dipole-dipole 
relaxation) is -2.37. These data allow a calculation of the contri­
butions to T1 as follows: 

T1DD = 230 sec. 

T1other = 39 sec. 

We assume that r/ther is dominated by contributions from spin­
rotation, which should be quite effective for a molecule possessing 
the high symmetry and volatility of Si 2 F6 • Theoretical reckoning of 
the value for r1uD may be rather difficult since the Si-F bond distance 
in Si 2 F6 is not precisely known and may be significantly different from 
that in SiF4 • 

Kenneth G. Sharp 

KLS:KGS:cab 

Sincerely yours, 

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

Dear Barry: 

Au st 12, 1975 
I 
I 

· I 

It seems not unli::::~:~L:::d::·::rr:::::ations within c-lex 
objects of various chemical species may at tikes be of some irite'rest and 
utility. If their chemical shifts may be dis~irrguished in any NMR experi­
ment in a homogeneous applied ma~netic field, 1. tb!eir individual distributions 
within the object may be discove±-ed by 'combi:nd.ng zeugmatographid spatial dis­
crimination with spectroscopic f±'equency disc irriination. · One o'~ ·the several 
possible schemes for achieving s 1 ch a combirta ion may be described with the 
aid of the diagram below. 

.. 

.,. , 
__ ,,,,..,-

,, . . 
4 - , ......... . ,, ""( .. 

; ... ':"' ,-- ... ..... .... . , . .,, .. 
.. , I ' "" , , 

I "°' .,,. \ \ ., ., 
I 

', I 
'• I 

i' 

I 
'I 

' ' ,.,. 

I 

6 

It represents a view along the a _is of a set of tubes containing . three dif-
1 . ' . 

ferent compounds in three compar
1

tments. In he presence of a field gradient, 
a long rf pulse may excite only r thin slice /of the sample. If lthe gradient 
is then switched off, the free irtduc;tion decay of this selectively excited . 
signal may be observed in ·ahomdgeneous field, as in a norm~l high ~e::;olution 
pulsed NMR experiment. The Four11ier transfornl of the FID is composed.: only of 
the peaks of those compounds in the excited ~egion, as sketchedL for example, 
along line 1 in the diagram. E ,citation in nother plane with the sa.nie gradient · - i . 

I 

i 
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Professor B. L. Shapiro August 12, 1975 

direction may give the spectrum shown as _g_, and so .on. Separate projections 
· of the intensities of each observable line may be constructed, as shown by 
the dashed lines. Repetition of the whole procedure for other gradient 
directions can give other projections, as shown on the right of the diagram. 

Finally, by the image reconstruction techniques used in earlier zeugrna­
tographic experiments, the separate distributions of the three compounds may 
be found. The actual test sample used by Dave Kramer in these experiments 
had sulfuric acid in the outer tube, water in one of the inner tubes, and 
( CH) 3c ~ N02 in the. other. The images are shown below, and clearly 
demonstrate that the objective has been achieved. 

a b C 

Until we get the whole process under computer control, such an experiment, 
which required special modifications and additions to our Seimco pulsed NMR 
system by Waylon House, and computer programming and processing by Ching-Nien 
Chen, is tedious in the extreme. Nevertheless, it may eventually find use with 
various objects of technological or biological significance from which narrow 
liquid lines may be obtained, or whose solid resonances may be narrowed by 
multiple pulse or double resonance methods. 

PCL:eg 

Yours truly, 

72~✓ 
Paul c. Lauterbur 
Professor of Chemistry 
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BETHESDA, MARYLAND 20014 

Augtist 12, 1975 

Dr. B. Lo Shapiro 
! 

Department of Chemistry 
Texas A &_M University 
College Station, Texas 77843 

I I . I 

Dear Dr. Shapiro: 

I-MR Study· of th Mechanism o _ -Isomerization 
of a S~ries of Aldi~ines 

I - I · -
Recently we have developed a method for enhancing the nor ally_ low 

concentrations of less stable syn isomer in k1d:imines. I The ab1ility to 
produce the less stable isomer under' conditibns· where its lifetlime was 
muc_h longer than. kinetic measur+ment s. o~ it sl ~e,c:a~ has allowed ;us to 
study the mechanism of the syn to anti isomel ization. I · 

Our preliminary result~sle Table) of a serie_s of aldimines as 
a function of substituents and the medium ( s

1

b:1.vent effects) arJ interest­
ing, and strongly suggest that i~omerization about the C=N _bond Ii~ these 
compounds occurs by more than ohe mechanism. [ For a rotation mechanism 
initial bond rupture is heterol~tic and therefore the transitidri state 
should be more stable in a polar solvent, i~ / e.,, rate should be !faster in 
methanol than in benzene (or to[uene). In ~he case of a later&l shift 
~echanislll some redistribution_of charged de5sity on the carbon ,andnitrogen 
is _ expected,._ however. the magnitpdes should , ~e " 1es~. · A~ one can see for 
compound ~ the rate increased by_ .a factor o:I 160 . in going from j toluene 
to methanol, however, the activbtion energies remains about the same 
0-10 kcal) in both solventso II'he result stiggests that 1 isomJrizes pre­
dominently via rotation mechanillsm · in both sdivE:-nts. The-largest increase 
in rate about 103 occured for 3, however thd activation energiJs for . 

, - I . I 

isomerization in benzene and in! methanol dififered appreciably indicating 
a probable change in mechanism i<from latera] shift to rotation) in going 
from a nonpolar to a polar solv:ento The raJ e of isomerization / in !:!:, which 
has a large activation energy ~n both solvetlts actually _decreases in going . 
from benzene. to . oethanol, 6ugge/sting that 4 lproceeds predomine~tly via . 
a lateral shif~ mechanism. Compound 3_ probably isomerizes by

1
both mech-

anisms in toluene and methano1.

1

1 _ ~ : I 
' ' ' I . I 

A complete discussion of these results will be reported shortly. 

S
• ! : I 
ince . y yo1:1r , ., I .,,.,~i 

,L, . 
c. h 
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Table. Rates and Activation Energies for the syn_-+ anti Isomerization 
in Aldimines. 

Rl _,, R2 k1 R1 - • 
---· 'C=N ::ii. 'c=N ..,,. ...... ~ .,, 
'R H • H 2 

syn ariti 

k 1, sec -1 Ea 
Compound Solvent at 30° kcal/mole 

R:1= 1-naphthyl Toluene-ds s.sx10-s 7.0 
1 R

2
= methyl Methanol-d4 9.0xl0-3 10.2 

R1= 1-naphythyl Toluene-d8 4.0xl0-3 17.0 
2 R2= ~-butyl Methanol-d4 2.ox10- 2 12.8 

R = 9-anthryl Benzene-d6 6.0xl0-8 26.2 
3 1 6.0xl0-5 R2=· methyl Methanol-d4 10. 7 

R = 9-anthryl Benzene-d6 3a 2xl0-4 29.5 
4 1 8.0x10-5 R2= tert-butyl Methanol-d4 21.3 -· 

lo H. Jo C. Yeh, H. Ziffer, D. M. Jerina and D.R. Boyd, J Ai:ner 0 Chem. Soc., 
.22.., 2741 ( 1973) 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 

PASADENA, CALIFORNIA 9(109' · I . , . 
August 13, 1975 . 

JOH N 0 , ROBERTS DIV ISION OF C HEMISTRY ANb CHEMICAL EN GI NEERING 

GATES AND CRELLIN LA BOR ATO RI ES OF C HE M IST RY I N S TITUTE PRO FE: SSO R OF C HE M I S T RY 

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

Dear Barry, 

I 
- 1 · 

I· 

' i . 

J • 

Natural-Abundance 15N Nmr · 
with the WH-180 

Many of your readers hear , the account by: Devens Gust at the ENC 
meeting inApril of the goo9 works possible with _theWH-l80of nat­
ural-abundance 15N nmr speGtra of rather large molecules . . This 
does not mean there are no! problems; , in fact, there are several, 
the most important being the rather difficultly predictable NOE of 
15Nand the very long relaxation times associated with tertiary am-
ines, as in ordinary tertianl

1

y amines. , 

Six years ago, we had real difficulty obse~ving 13C at O; 15 M con­
centrations and,. because 15:ti at natural abundance is expected to take 
about a 6x\oll longer observation period for a comparable signal­
to-noise ratio, we were n9t optimistic · about · getting useful 15N at 
similar concentrations. We still find it hard to believe that even 
with the larger tubes (25m~), higher field (45kgauss), and quadra­
ture detection of the WH-180, combined with the shorter relaxation 
times arising from longer I correlation times with large molecules, 
have permitted us to take spectra down to O. 015 Mor less with nat­
ural-abundance : 15N. An ~xcellent · example is ·provided by spectra 
taken here by Richard Moon I and_ Devens ~ust of yeast tRNA as _shown 
below. To be sure, an ou1Jland1sh quantity of tRNA was required­
but information is there, ana in reasonable amount. The differences 
between the helical struct\U'e and the "melted" form coming with a 
temperature differences of! about 50 ° are quite striking. · The reson­
ances of tRNA at 80° could be assigned to nitrogens of guanosine~ 
cytidine, adenosine and utjidine by comparison with the chemical 
shifts of the 54nonophosphates measured here by Volker Markowski. 

With all good wishes, 

Very truly yours, 

JDR:k 
I -~ck 

I -

L 



.;; 

j 
~ standard . 

~ ,IIW.w•~t)iM~t~~i/i~'l•i!\lM11;~~ 

b 

0 100 200 300 400 

ppm froin external H 15NO3 ~ 

Proton decoupled spectra of yeast tRNA (5 g/15 ml solution, 
about 11 mM) in 0.15 M sodium chloride solution. Spectrum . 
(a) was obtained on a sample at pH 5. 6 at ·about 30° with a 90° 
pulse, a 0. 409 sec repetition rate, and 301. 802 transients. 
Spectrum, (b) was obtained at about 80° on a sample at pH 5. 4 
using a 0. 819 sec repetition rate and 82, 810 transients: 
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UNIVERSITY OF CALIFORNIA, DA VIS 

, I 

BERKELEY• DAVIS • IRVINE• LOS ANGELES •RIVERSIDE• SAN XllEGO • SAN FRANCISCO SANTA BARBARA• SANTA CRUZ 

DEPARTMENT OF CHEMISTRY ; , .. : D,\VI.S, CALIFORNIA 95616 

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

August .15; _ 1975 
· ,- · ·I . . 

Shi:f't-Reage t-Induced Relaxation 

Dear Barry, 

We have been interested for some : time in the use of lanthanide-induced 
paramagnetic relaxation in ~rgJnic s~b~trates as a solution structural probe 

. to complement shi:f't reagent . sttldies. Although relative linew:t'dths have been 
used to estimate relative "vaiue!'s · of r-6

, there : are several reasons why such . 
T2 data cannot be simply inter~reted in terms· bf substrate structure. In I 
addition to the fact that the :r!-elaxation rates .in a magnetically anisotropic 
system depend on the structure /ln ~ µi.ore complicated manner than just r-6

, 

(Texas A & .M Newsletter · ,H,J.f33, p. 6} sizable cohtributions from· 'chemical ex-
change ef':fect·s can and do OCCUJL ' . . . . . . . 

The .relativ~ \ndu~ed·'·1:i.n~J {d~~/ .rdf:'. a/ si{i;~-h;te, . ( S) ', · p:roton have generally 
been taken as 1.ndfoat"ive· ·of .. thJ'. inhe'reh'u'· ·rela.xation ·· rates induced by different 
lanthanide complexes, (SR} • . s¥:h' lin~wicl.th', ·· 51/ 'as ~ell a.s shi:f't, 6H, data, for 
£-Hof 3,5-lutidine coordinate~ to some SR's in CC4; ([SRJ/[S] = 0.1), are 
given in the Table. A better indication of the inherent spin--lattice relaxation 
rates due to different SR1 s, hJwever, can be obtained from the protons on the 
SR-complexes, (i.e. methine pr~ton, ~-H, in Ln(dpm) 3 ; These s-H linewidths 
(as well as shifts), are insenhtive to the [SRJ/[SJ ratio as long; as Sis in 
large excess. These s-H shi:f't I and linewidths are also listed in the Table. 

Some conclusions indicate~ by the data in the Table are: 1) the ~-H 
shi:f't is primarily dipo~r, siiice 6H( o-H) / 6H( ~-H) . _is essentially invariant 
with Ln; · 2) the inherent rela.ication rates ind!icated by the different lan-:­
thanides do not differ very mubh- and · tend to . parallel the relative values 
of µ,!ff; 3) the o-H linewidths · exhibit - large exchange broadening contribu-

1 

i 
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Professor B. L. Shapiro 

August 15 , 1975 
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, tions for some Ln since the relative o(o-H) do not parallel o(~-H), but 
correlate better with the magnitude of the induced shifts. Some current Ti 
measurements should provide more definitive answers to this problem. 

GNL:gmh 

3,5-Lutidine a 

Ln(d;pm)s tH( o-H) 
b o( o-H) 

e 

Tb(dpm)s + 41 180 

Dy(dpm)3 + 53 270 

Ho(dpm)3 + 24 160 

Er(dpm) 3 - 11 70 

Tm( dpm) 3 - 25 150 

TABLE 

tH(§-H)b 

- 135 

- 159 

- 79 

+ 37 

+ 83 

Sincerely, 

l , 
/ '),,,--~ ,\_ 

Gerd N. La :Mar 
Professor of Chemistry 

d;pm 

0(6-H) 
C tH( o-H) b,H( [2-H) 

102 - 0.30 

112 - 0.33 

92 - 0.30 

54 - 0.30 

26 - 0.30 

a) [3,5-Lutidine]/[Ln(dpm) 3] = ~.10, in CC14, solution at 35°c. 

b) Shift, in ppm, from same solution containing La(dpm)3 . 

c) Linewidth, . in Hz at 100 MHz. · 
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UNIVERSI Y OF SOUTH FLORIDA 
TAMPA • ST . PETER SB URG 

DEPARTMENT OF CHEMISTRY 

TAMPA, FLORIDA 33620 

813 : 974-25_71 

August 16, 1975 

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

Dear Barry: 

It is now well establisHed that interactions between lanthanide 
shift reagents (LSR) and orgdnic Lewis bases can be quite well accounted 
for by the simultaneous predence of two complexed species: LS and LS,,. 
The possible implications of [the presence of two complexes on structur~ 
assessments have, however~ been ignored by many workers. In this short 
letter we show a case in whidh different bond lengths between the LSR metal 
atom and the substrate basic isubstituent atom are obtained when different 
measures of the lanthanide-induced shift (LIS) are used. 

·The substrate in this cJse. is ·1-adamantanecarbonifrile (1-cyan6- · 
adamantane) and the LSR is Eti(fod)

3
~ Similar behavior has been observed 

by us for Pr(fod)
3 

and for sJveral other nitriles. The shift parameters 
inve~t~g~ted are the bound s~if7s o~ the LS and LS

2 
spe7ies (11 and 11

2
), 

the initial slopes of .t _he LIS dilution curves 0,.), and isolate! obs~rved 
shifts at p = 0.5, 1.0, 1.5, land 2.0. These ' LIS values _were fit to the 
simplest form of the pseudocl ntact equation: ! 

s. = 
,i 

k.(3cos 20i - 1) 

r.3 
i 

Here, .s : si~ply represents tne particular shift parameter under 
considefation. Since r. and [e. are not independent variables fat any 
particular (or , rigid) sEructvr~, only two parameters enter into the 
fits: k. · and the N-Eu bond dl st8:nce (R1N). · ~ 

The results are presented in the accomp,anying table. _. It is ., 
immediately apparent that th~ values derived fork. and the bond 
length are very much ·dependeilt on the particular LIS parameters used. 
Of course, many more sets of ldata must be gathered and correlated 
before a definitive set of conclusions can be reached. For instance, 
here we are fitting two paraineters to only four different protons in 
a single substrate. Neverth~less, it now appears that the simultane~us 
presence of LS and LS

2 
neceskitates the use of bound shifts. 

For the sake ot' brevit) ,' many numbers are not included 
table. Only the results, not the data from which they were 
are reported. Anyone wishink a closer look 1at these .latter 

in the 
derived, 
items 

,,--.__ 



is ·ce~ta:t~ly welcome to write to one of us. 

-~incerely 

Milton D. Johnston, Jr. 
Assistant Professor 

TABLE 

yourls,. . 
0 . D gla,. Raber 

Assoc~:~·Professor 

STRUCTURE FIT RESULTS FOR 1-ADAMANTANECARBONITRILE* 

0 

Parameter ~(A) 10-2k. R 

Lil 1.98 8.28 0.995 

Li2 1. 71 3.58 0.996 

A 1.67 7.34 0.996 

p = 0.5 1. 79 3.62 0.999 

p = 1.0 1.96 6.08 0.997 

p = 1.5 1.94 6.85 0.996 

p = 2.0 1.93 7.19 0.996 

*Data were _obtained by methods described elsewhere (B. L. Shapiro and 
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M. D. Johnston, Jr., J. Amer. Chem. Soc. 94, 8185 (1972); M. D. Johnston, Jr., 
B. L. Shapiro, et al., J. Amer. Chem. Soc--:-97, 542 (1975)). The 
k. values have units of ppm. The "R" in the~ast column is the correlation 
coefficient (subtract it from unity and you get the so-called "agreement 
factor."); differences in "R" from result to result are not statistically 
significant. Note that all these parameters afford "good" fits to 
the structure~-at least under the criterion of the correlation 
coefficient--but clearly only one value of ~N can be correct. Of 
all the criteria one can use for goodness-of-rit, it can be plainly 
seen here that the correlation coefficient can be quite insensitive • 

...... 
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You can update a T-60 for ·13C · 
.measurements at a fraction of the 
cost of a new, dedicated system 
with the Nicolet TT-7 pulsed FT 
nmr accessory. The sensitivity pro­
vided by this combined system is 
comparable to that of instruments 
specifically designed for 13C spec­
troscopy. Features . offered with the 
TT-7/T-60 combination include: 
■ 13C spectra on 50 mg samples in 
15 minutes; ■ 6.5 mm sample size; 
■ no lock material required (expen­
sive deuterated solvents are not re­
qui red); ■ long-term runs of 12 
.hours or more are ·made possible 
through computer peak registration 
techniques which compensate for 
field drifts; ■ decoupling accessory 
for selective proton decoupling, 
noise decoupling, and gated de­
coupling ; ■ expandable to 16K 
transform size; ■ optional T1 (re­
laxation · time) measurements un­
attended - using multi-pulse inver­
sion recovery techniques. 

Signal input, accum·ulated · free 
induction decays, or . lransformed 
spectra can be displayed on the 
TT-7's cathode ray tube for visual · 
monitoring. The spectra can be 
plotted using the T-60 recorder and . 
digital integration of spectr_a can ·. 
be viewed or plotted as well. 

The TT-7's ease of use is inconi- . 
parable. Not only will it provide in­
creased sensitivity and/or sample 
throughput. of your T-60, but it will 
also provide an excellent Fourier 
transform training facility. The basic 
TT-7 system will provide computer 
calculations of theoretical nmr 
spectra of up to six spins. 

Phone or write today for more de-
tailed information. 

NICOLET 
TECHNOLOGY 
CORPORATION 

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

Transform your 
_ T-60 for 13C :spectra 

with a Nic:olet 
TT-7 pulsed FT 

I 
WIOlt ewn~ onrKT 

.WU:,, OfTKTI 
SN:entLN AM"UTUDI'. 

I 
IHft.OJt.U. AIIPL1T\IDC 

SNNfM0"-111: 1 
n=IICIUT 
IU&:~ -

I 
WIOI: SWED' on-KT 

-~ on-SETI ... .,,,...AMl'UTUOC 
INT'l'.CML ~ 
~ AAff. ! 
~IICILET 

LW.:~~ 
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Cu Cu 
58.90.., ,.. 58,38 

c, 
121 .58 

c, 
50.3' 

26 

I systerin. 

c, 
Cu 

42.42 

Ci, C 
39.61 37.~1 

C11 /Caa. 

c, 
C, 

32.02 

14HOUR RUN 

Cu C 

c, 21.28 j 22.79 
39.94 /38.33 

c. 
35.84 

C., 24~.3( ;~~ 
·Cu Cu 

31.78 C1a 21 21 18 82 
21.07 . . Cu 

11.94 

, I 

I I 
'1 

I 

c., 
38.55 

CHCI, 
77,21 

c, 
71 .78 

c., 
Cn 19.43 

22.61 

SW• 2500Hz 
-IK f.l ,d. LB • 1.0Hz 
AT •0.1192u:. PD•0.110iaec 
PW• 12 UNC 
417 blockt ol 100 acq'L 
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30 
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CENTRAL RESEARCH 
PFIZER INC EASTERN POINT ROAD. GROTON. CONNECTICUT 06340 

203 - 445 5611 

B. L. Shapiro 
Dept. of Chemistry 
Texas A & M University 
College Station, TX 77843 

Title: Random Noise Stirring 

Dear Barry: -

August 8, 1975 

Having also rediscovered Ernst's noise modulation experiment at inter­
mediate RF power levels, we were very interested in Hall's recent letter 

204-34 

on the subject (202-24). Since the conditions are rather analogous to 
those described by Baldeschweiler (for coherent radiation) as "stirring", 
and mnemonics are in vogue these days, we refer to the experiment as 
"random noise stirring" (RNS). As an alternative, "agitation" might 
be an equally appropriate term. We could then distinguish bet.ween 
spatially coherent, decoupler ·noise (DNA) and truly random (RNA) processes, 
and confuse readers to the same extent we do with off-resonance decoupling 
(ORD) experiments. 

The experiment has been applied by Schaffer (Macromolecules 5, 590 (1970)) 
to distinguish methylene from methine and methyl carbons, and it is in 
this direction that our own interest lies. This is prompted by the fact 
that the exper~ment is quite sensitive to intersystem crossing between the 
singlet and triplet states of the methylene protons, and less to other 
complications than alternative ways (ORD) of looking for methylene non­
equivalences. Hence, it is useful in distinguishing methylene carbons 
bearing equivalent and n·onequivalent protons in the assignment of CMR 
spectra. As an example, the proton nonequivalence in acetaldehyde diethyl 
acetal can be detected by the broadening qf the methylene carbon line. 

We haven't been able to distinguish magnetic 2quivalence (commutation 
of F2) from symmetric equivalence yet, although this would be fun to do. 
One complication is that proton relaxation can give intersystem crossing 
and a T2 effect on the CMR of the singlet, which is not apparent when the 
system is completely decoupled • 

.Another fun experiment is to look at the T1 and NOE of the singlet and 
triplet combinations separately in magnetically eqivalent cases. To 
play, one should try to guess the outcome before doing the experiment. 

Sincerely yours, 

E. B. Whipple 

/kce 
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I♦ National Research Council 

Canada 
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Canada I 
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File Refemnce 

12 August 197 5 

i ' 
. I I 
A CONVENIENT MEANS· TO REMOVE THE INFLUENCE OF RESIDUAL 

J • r I 

PARAMAGNETIC METAL jIONS IN DEUTE_Riif™ OXIDE ON ·· 
13c SPIN-LAT'DICE RELAXATION T,IMES . .. 

I 

I 

I i 
Dear Barry, / i 

1 
1 · .. , / . . 

Roberts and coworkers recently reported the effect of traces 
I , I · · 

of metal ions -, present as impurity in commercially Fvailable D20, on the 
· carbon-13 spin-lattice relaxationj time (T 1) of the c~rbonyl caroon of . . 
glycine. According to these authors the presence qf .paramagnetl.c ions . 
causes a severe shortening of th1 experimentally d~termined T1 values; 
the effect of these ions can be eliminated by extensive treatment of glass-
ware and s·ample with EDTA. I · · I ·. 

I 1 • . • 

· i I · · 
. We ·have tried to achieve similar results in a more simple 
· • · I I . . · 

fashion by adding hydrogen sulfide and/or EDTA diFectly to the sample. Both 
of these reagents are known to r~move metal ·ions from solutions very .. 
efficiently and direct addition to /the sample could prove to be a fa.st and 
convenient method for removing rretallic impurities f from commercially . 
available D20. Hydrogen sulfide is a particularly lattractive reagent as 
products are easily removed from1·the sample. Glycine:-1 ... 13c (Merck, Sharpe 

. . I . . I. . . . . 

and Dohme, Canada) wa~ dissolved in commercial ,n2o, the major source of 
which is the U.S. Atomic Energylcommission. Hy~rogen sulfide was bubbled 
through the solution for about 1 Oi minutes and th~ T/l values were determined 
before and after bubbling. Different samples of glycine were prepared with 
added paramagnetic ions and T 1 ~alues were meds~red before and after the 
addition of hydrogen sulfide or EpTA solution. A ~arian CFT-20 spectrometer· 
wa_s used to determine T1 values! via a (180-T-90-T)n sequence. 

• 1 .I 

' . ' . The, data in Table! I show that the·i c ?.mmon impurities in the 
commercially available D20 are ;effectively remo,ved by hydro_gen sulfide. · 
After separation from the precipi~ate, residual H2s/ can be removed from the 
sample by warming under _reduce? pressure. The T11 values obtained

1
by this 

procedure are very close to those reported by Roberts and coworkers . This 
indicates that .the method is rapid, convenient, a d d effective for r emoving 
the paramagnetic ions which might affect the spin+lattice relaxation times 

. ! I 

in n2o . . No extensive treatment of glassware ors.ample _is necessary. 

Ottawa, Canada 
K1A 0R6 

r- I 'I 
I I 

l -l 

I· 
I 

1. 
i 
I 

I 
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In order to check whether the observed increase in the spin­
lattice relaxation time caused by bubbling hydrogen sulfide is due to the 
partial removal of dissolved oxygen, nitrogen was bubbled through the sample 
for about 10 minutes before determining the value of T 1. In a subsequent 
experiment the nitrogen-saturated sample was subjected to several freeze-
. pump-thaw cycles and the T 

1 
values measured. The results in Table I indicate 

that the increase observed on saturation with H2S is entirely due to removal 
of the metal ions from the solution. 

To get an idea of the efficacy of the method for particular metal 
ions, the experiments were repeated with known concentrations of Mn2 +, 
Fe 3+, Cr3+, and Cu2 +. From Table I it is apparent that cupric ions are 
completely removed by hydrogen sulfide, ferric ions are removed to a large 
extent, and manganous and chromic ions are removed only partially by this 
method. This is in agreement with the solubility products and the solubilities 
of the corresponding sulfides in slightly acidic solution2 • 3 . Cupric sulfide, 
having a very low solubility product (4 x 10-38) at room temperature, is 
completely precipitated. The sulfides of the other ions, being more soluble 
in acid, are not fully precipitated. In this case addition of 0. 001M EDTA is 
sufficient to remove the influence of the metal ions. 

Best regards, 

Fariza Hasan, Roxanne Deslauriers and Ian C. P. Smith 

1. H. Pearson, G. Gust, I.M. Armitage, H. Huber, J.D. Roberts, R.E. 
Stark, R.R. Vold and R.L. Vold, Proc. Natl. Acad. Sci. U.$., 72, 1599 (1975). 

2. E. B. Kelsey and H. G. Dietrich in "Fundamentals of Semimicro Qualitative 
Analysis", The MacMillan Co., New York, 1956. 

3. "Handbook of Chemistry and Physics", The Chemical Rubber Co., 50th ed., 
1969-70. 
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Effects of paramagnetic ions on 13c-spin-lattice ~elaxation times for 
the carboxyl carbon of 0. 34 M glycine in D2o._ f / · 

·Added Ions 

with H2S 

with N
2 

after degassing 

. . with H2S 

with EDTA 

Fe3+, 9, 6 x 10-5 M 

3+ ' 4 + Cr , 1 x 10- M 

with EDTA 

11 
I i 
' i ' 

i' 
I· 
/ · 

pD 
i 
I 

. 6. 9 
I. 

• I a 
5. 4(~,• 4) 

J: 

6,9 

6.9 
1-

6. 9 I 

I I. a 
5. 5(6. 5) 

I I 
I I 

6.8 

6.8 
, I a 

5. 5(6. 5) 

6.9 

I 
I 

1 I 
i 

apH of the sample after removing hydrogen sulfide. 

I . 
I 

19. 9 

83.5 

17. 9 

17.7 

7 • 9 . 

42. 0 

75.7 

6.5 

62.7 

41. 8 

47.6 

75.0 

9.7 

82 . 5 

L 

L 
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UNIVERSITY OF CALIFORNIA, SANTA BARBARA ........ 

'-----------
BERKELEY • DAVIS • IRVINE • LOS ANGELES • RIVERSIDE • SAN DIEGO • SAN FRANCISCO r SANTA BARBARA• SANTA CRUZ 

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

"Surplus Tubes for Sale" 

Dear Barry: 

DEPARTMEi':T OF CHEl\,!JSTIIY 

SANTA llAIIDAIIA, ·CALIFOIINIA 93106 

August 18, 1975 

Our venerable HA-100 retired from service gracefully about two 
months ago, leaving us with a number of surplus electronic tubes 
on hand. We are willing to sell t _he following at our cost: 
Three GE 304 TL ($80 each) and seven RCA 872-A mercury rectifiers 
($12 each). All are new but have been . on our shel,f 1.0-1.5 yrs. 
A check of current prices will reveal that the above prices re-
present a substantial saving. 

JTG:jh 

Sincerely yours, 

J. Thomas Gerig 
Associate Professor 
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THE UNIVERSITY OF WINNIPEG . bepartme~t /~~ Chemistrj 
18 August, 1 1975 Wll')NIPEG, C_ANADA R38 2E9 

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

I , 

Dear '.Barry 1 1 
! I 

1H-T 1 ' s in condensed ring hy_d~ocarbons . 

• • i · 1 
We have been interested in examining rthe potential of H 

nrnr spin~lattice relaxation rates in studYiing condensed ring 
hydrocarbons. Our results indicate that 1 ~roton T1

1 s -may be 
helpful in confirming ·. the assignment of 1H nrnr spectra and in 

I ! . . 
some cases may also allow crude estimates !of internuclear proton-

1• 

proton separations. i 

For phenanthracene {I) we find T1 (Ha~ ~ 

( ) 11 6 
. . -1 I 

T1 Hb · ~. • sec. Since Ti,d-d depends / pon 

5.7 sec and 
-6 . r the two 

I 
! 
I 

I 
equivalent H protons have the shorter T1i because of their 
relatively s!all internuclear separatio~. I In this particular 

I 

example proton-proton NOE experiments wou:ld not be helpful in 
I I 

allowing distinction of the Ha resonances/ from otherproton 
resonances. 

L 

L 
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Similar results have been obtained for perylene (II) where 

II III 

T1{Ha) = 9.2 ± 1.0 sec and T1(Hc) = 4.2 . ± 0.5 sec·. It is possible 
to estimate · r(H -H ') in II if one makes -a number -of assumptions, 

· C C · · 
. including, .·(1) the Ha-Ha', Ha-Hb' and Hb~Hc separations in II 

0 
are the same as .those in napthalene (III), approximately 2.45 A, 

0 0 · . 
2.50 A, and 2.45 A, respectively, {2) intramolecular dipole-
dipole relaxation completely dominates the spin-lattice relax­
ation of H and H , and {3) T1

1 is given by an expression similar . 
to ··that ofa Gutows~y and Holm [1], T-1

1 = 3/2 Y 4H. 'ft 2 1' [r-6. We 
O · C 

calculate approximately 2.0 A for r(H -H,) which is in fair 
C C · · 

agreement with the value estimated from X-ray crystallographic 
_data [2]. 

Sincerely, 

Roderick Wasylishen 

[1] H.S. Gutowsky and D~E. Woessner. Phys. Rev. 104, ·g43 (1956). 

[2] A. Camerman and J. Trotter. Prop . Roy. Soc. (London), 

5:1..9.A, 129 (1964). 
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GRUPPO .LEPETIT spa 

anrio di fondazione 1868 
sede in Milano . capitale sociale L. 29.363.000 .000 
trib. Milano N. 22049 . C.C.I.A . Milano 95669 

Lepetit .Research Laboratories 
I I L ,· 

. ,. I . . . . / . 
Via Durando 38 · 
20158 Milano, Italy 

20124 Milano . Via R. Lepetil. B 
leteloni : 2777 . ir!<?rurb.: 279i35.6.7 

· telegrammi: ·Lepet it .· Milano 
telex: 32054 Lepetit ._: Milano 
canto corrente pmita le N. 3 12064 

casclla postale 3698 . 20_100 Milano 

·, 
I 

I ' 

desti natari ci ' 
• I I:, 

. I . . 
Professor 

I l-
80 L., Shapiro . 
Depari~ent . of Chemistry 

I I' 

Tex6s lA and~ University 
College Station, TX 77843, USA 

! 

I'. 
I 
I 

• I I: . 
nostro riferi;,, en taDepartment of Physical Chemistn)lla: ;AJgust, 28, . l 9J5 

Subject: : · 13c Spin lattice relaxation times ;oi, the antibiotic rifarnpin 
!' 
I 
I 

! I 

I ,. 

Dear Prof. Shapiro, , 

in .the fram·_ework of our studies on . ans~mJ
1

cin antibiotics, ~e have 
:13 · · .. - : I · · · . -

run the C NMR spectrum of rifampin and perf6rmed an almost complete 
. i . 

assignme·nt o·f its 43 C atoms • . To . try to und'e ~sta~d about molecular 

moii~~, w~ have recently meas~red the 
13c T i ,l by the PRFT ~echnique, 

1 I 

using our new Bruker WP-60 instrument. 
I . 

The ,pfeliminary results repO£ 
' I 

ted in th~ Table seem to indicate : that the whole molecule has a fairly 
I I 

slow rotational reorie.ntation. · '. 
1

. 

The CH
3 

groups of the ans a · chain, which shpw longer T 
1 

's than the bac_k_ 

bone ~arb~ns, m~ h~ve ~horter e(tective corre~ation times, as observed 

f . . h 1 CH f t ' · d 1) I or t e _angu qr 
3 

groups o s eroi s • 1 ;_ 

• , .. ,··.-.·... I --

We · intend to obtain n~T
1 

data in di!fer~1t sblvents and on the two 
I . . 

separated mojeties of the molecule, i.e., th~ ; naphthoquinone chromophore 
I I' . . . . 

and the ansa chain, to substantiate this hyp~ihesis • . 

i1 

1) A .Allerhand, 

i' 
Yours si~cerely, 

I • 

I 

i I 
(Edoardo Martinelli) : I (Ambrogio Ripamonti) 

=&~"J.o AJLQ;!LlJD-QY Yi ~.1, A,J~ 
I.~: ~ J I: 

D.Doddrell and R.Komoroski, ~-.Chem.Phys., 55, 189 (1971) 
I 

I 
i 

L 
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RIFAMPIN 
TABLt _ 13c Ch~mical shifts (6, ppm) and r

1 
•·s (sec) of rifampin 

(cone • .-..0.3 M _in CDC1
3

) 

C 6 Tl C 6 T1 ' 

1 138.6 3.5 23 76.7 2. 1 

2 110.8 * 3.5 24 37.6. 0.8 · 

3 1 05. 9 ~ 5.0 25 74.4 o·.6 

4 147 .8 3.3 26 39.5 l.6 

5 117.8 * 2.6 27 76.7 2. 1 

6 174.3 5.5 28 118.7 0.5 

7 120.3 * 6 ~5 29 142.6 : l.3 
s · 169.3 . 3.2 -30 20.7 ; 1 .5 

9 '104.4 * - .5.5 31 17.8 l. 1 

10 112.8* 6.4 32 10.9 1. 2 

11 195.3 4. 1 33 8;5 0.7 
12 · 108. 7 5.2 34 8.8 0.7 

13 21. 5 1.2 35 171 .. 9 5·_3 

14 7.6 1. 1 36 20.7 1.5 

15 169.6 3;2 37 57.0 l.6 -
16 ·129. 4 · 3.3 CH=N, 134.4 ' 0.4 

17 135 .0 0.4 2' 50.2 0.6 

18 123.2 1. 1 3 I 53.9 0.6 

19 142.6 1.3 5' 53.9 0.6 

20 38.6 1.4 6' 50.2 0.6 

21 70.7 1.6 N-CH3 45.8 1. 1 

22 33.4 0.7 

204-42 
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utput 
, o .150w ·cw & p4lse 
tput · 

Works into _any-load 
impedance 

■ . Metered output 
Extraordina'ry performance in a 
wide range of transducer drive. 
applications. Deliver up to 150w 
into any load regardless of its 
impedance. Compatible with all 
signal and function genefators, 
the 240L is a high quality 
laboratory instrument for ultra- · 
sonics, biological research & 
electro-optic modulation. 

-, 
_ 1·po, W AtT / 
'MOC>El 3100L . 
■ 250 KHz to .1_115M~z ~coveriage 
■ , Mofe-ttian l_OOw llneaF o·utput 
■ Up, to 180w cw 8i· purse ' , 
■ Works Into any load 
■ Unconditionally stable 
Designe(l to replace bulkier and 
less efficient t_ube type amplifiers, 
the Model 3100L will provide 
reliable and maintenance free 
operation. NMR, ENDOR, ultra­
sonics and laser modulation are 

' just a few of the applications for 
this versatile source of RF energy. 

Class A linearity· 
The widest band solid state power 
amplifier available at its 20w 
power level, the, ENI 420L is a 
truly state-of-the-art instrum~nt. 
As a drive source-for high resolution 
acousto-optic m,ddulators and 
deflectors the Mqdel 420L is 
invaluable. Its.Class A linearity will 
amplify AM, FM, !TV and puls_e 
signals with minimum distortion. 
, ' 

MHz usable 
coverage . 

■ Thin film construction 
■ BdB noi~e figure 

.■ Failsafe 
This compact unit can deliver more 
than 300 milliwatts from 1.7MHz 
to 560MHz at low distortion. A thin 
film microelectronic circuit is the 
heart of this general utility 
laboratory amplifier. Extremely 
wide band response at a very 
modest price. 

L 



THE UNIVERSITY OF BRITISH COLUMBIA 
2075 WESBROOK PLACE 

VANCOUVER, B.C., CANADA 

DEPARTMENT OF CHEMISTRY 

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

Dear Professor Shapiro: 

V6T IW5 

August 13th, 1975. 

COMPUTATIONALLY OFFSETTING THE FREQUENCY IN NMR SPECTRA 
AND OTHER NMR SIGNALS 

204-44 

It is . interesting (and · in very limited cases useful) to note that the 
phase shift routine in fourier transform magnetic resonance spectro~eters can 
be used to computationally offset the frequency. Suppose, for example, that 
one has obtained an fid with the bad fortune of having one line on exact 
resonance. Therefore, one would like to shift the entire spectrum by a 
small number of Hz. The fid is multiplied by cos(wst) using the technique 
described below and then fourier transformed. The line that was on resonance 
now appears shifted to higher frequencies by Ws but all lines that were not 
at zero frequency now appear as doublets at w+ws and w-ws· This is because 
the process of multiplying by a cosine modulation is identical to mixing the 
signal with a carrier at Ws, in an ideal .mixer. Owing to folding about zero 
frequency, the line at zero frequency does not have two sidebands. In order 
to make the technique useful, one has to remove all lines at w-ws. This can 
be done simply: The original fid is multiplied by sine(wst) a,nd fourier 
transformed. The resulting sine transform is identical to the cosine trans­
form in the original shifted spectrum except that now the lower sidebands 
appear inverted. , The sine transform of the second manipulation is then 
added to the cosine transform from the first manipulation to yield the 
original spectrum shifted by Ws· The line originally at zero frequency 
becomes twice as large in this procedure. Also, ws should be chosen so that 
there were no lines between the zero frequency line and Ws· 

The above procedure is an exact analog of a commonly used electronic 
scheme for generatin·g variable · frequency single-sideband, suppressed-carrier 
rf in transmitters. The block diagram of a circuit which performs the above 
procedure is shown. 

The procedure for multiplying by a sine or a cosine employs the first­
order phase shift routine. As the phase correct routine was developed to oper­
ate on spectra after an fid had been fourier transformed, with the cosin.e 
(real) transform in the first block and the sine (imaginary) transform in the 
second block, this routine mixes appropriately data from both blocks in per­
forming the phase correction. 

xkAL = xREAL cos~ + xIMAGINARY SIN~ 

xiMAGINARY = XREAL SIN~+ XIMAGINARY cos~ 
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! 

August 13, 1975. 

For our purposes, the fid occupies the region "Xreal", and XrMAGINARY is 
zeroed. After "phase correction", the original fid multiplied by cos<j> 
is then in the first block and that multiplied by ~ine </> is in the second 
block. Most first-order phase correction routines i cause the last point 
(the Nyquist frequency point) to be corrected a number of degrees desig­
nated by · a constant (PB), and the first point left l unchanged. All points 
inbetween are corrected proportionately. The valu~ for .PB was determined 
by taking the ,acquisition time for the block of da~a arid determining how 
many cycles of oscillation in that time duration: gives rise to. :the desired 
frequency offset. This number of cycles x 360°/~y~le gives the appropriate 
value of PB. . I 

:· 

This technique is of limited utility for shifting ordinary spectra; 
I 

it might find use in those cases where one must ga~her the data on resonance 
and then wishes to fourier transform afterwards {el.g. the Jeener echo experi-
ment). , ! 

! 

S intcere~~ • C. )t') of ,,-f .oJ\....J 
;;.£ /l(v. ~ e, Cf~ 1. \ ""·~ ._ T . ,,,. ~- i 1; 

LJ4 ,(/4r 
I 

STEPHEN B.W. ROEDER and . i 
TI~OTHY P. HIG~S. , 

i 
i 

/ds 

' 
I I ! . 

cos(Ul, t) MI~ COMB.INER 
i I 
I .. 

I . 

. , 
! 

¢ I 

90° MIXER = 
., I 
I 

I 

•. 

l ; 
I : !: 

¢ 90° I 

= ' 
I 
I, -

I I ' ,. 
i 

,. 
I 

COS(W6 t) ! 1• 

Block diagram of circuit used to generate carrier-suppressed, single-sideband modulation 
. I 



(a) 

(b) 

(c) 

( d) 

(e) 

) ' } ) 

Top to bottom: (a)Real and imaginary parts of spectrum with one line on exact resonance; (b) Result 
of modulation of fid by a cosine modulation at frequency w

6 
and fourier transformation; (c) 'Result of 

modulation of fid by a sine modulation and fourier transrormation; (d) Real part of original spectrum; 
(e) Real part of final spectrum resulting from addition of the right hand side of c to the left hand side 
of b. 
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' Erom Dr. R. K. Harris 
I 

I 

I 

Universijty of East Ang! L· 

School of Chemical Sciences 
University Plain, Norwich NR4 7TJ 
Telephone Norwich (0603) 56 I 61 
Telegrams UEANOR NORWICH 

ENGL.AN))· 

1st September, 1975 

13c SPIN-LATTICE RELAXATION FOR. 1-PHENYI.JAMANTANE 
i 

! I 
Dear Barry, I 

I 
Along with many other NMR sp~ctroscopists we. have become interested 

• . • • • . . . . . ·.. . . . . i .. . • • . 
in the detailed information- about molecular. motion which can .be obtained 

from 13c. T1 data. We wished to -study relativeiy simple cases · involving 

a single axis of internal molecular motion whdh is also a symmetry axis 
, I 

for each moiety. As an example we chose l-phenyladamantane (I), which 
I . 

' has six different types of carbon atom which are directly bonded to protons. 

I 
! 
j 

I . i I . l 
The expe,rimental spin-lattice relaxation tim~s idue to (C,H) dipolar 

interactions, Tldd'are given in the Table be+oJ. They were obtained for 

al.OM solution in CDC1
3 

at 32°c. The ;alue~ i f T1 were measured by the 

inversion-r~covery technique (Freeman-Hill modification) and were reproductble 
. . ·. . . • · I .. ·. . 

to within 3%. The nuclear Overhauser enhancem~nts were measured using gated 

decoupling; they ranged in value from n = 1.89 Jto n = 2.01,and were mostly 

within experimental ·erro~ of the full value (1 J988). The values of Tldd 
, I 

are estimated to be accurate to.:!:, 4%. 

Carbon 

Tldd(expt)/s 

Tldd(calc)/s 

phenyl moiety 

para 

2.89 

2.84 

meta 

6.28 

6.32 

ortho 

6.50 

6.44 

I 
I 
I• 
1 e 
I 

I I 
I •

1

4.32 

4.23 
i i. 

I 

adamantyl moiety 

y 

7,35 

7.43 

0 

2.30 

·2.38 

We have attempted to describe the data ii:d terms of a single correlation 

time for end-over-end rotation' Tl. ' and two independent correlation times 
I . 

for rotation about the unique molecular axis, T?/ and. _Ti/ for the phenyl 

and adamantyl moieties respectively, using staJdard geometry information. 

We have not attempted to correlate the motion drone moiety with respect to 

the other; We have, . in effect, -~sed Woessnei ,J' equation for anisotropic 

rotation 1 of a single rigid molecule, and app~ied it to each moiety of I 
I 

I 
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independently. The best fit for the six items of experimental information 

is given when the correlation time parameters have the following values: 

't l = 15.6 ps 
a 

'// = 2.3 ps 

As expected , 
1 

is con.siderably longer than ') I or ,i I. Somewllat more- surprising 

is the fact that the bulkier adamantyl portion appears to rotate somewhat faster 

about the internal rotat_ion axis than does the phenyl moiety. 

The values of Tldd calculated from the above three parameters are given 

in the Table. It can be seen that they agree with the observed values to 

within experimental error, thus showing that the three-parameter model is 

adequate in practice, at least in this case. In the calculations all non-bonded 

protons on the.same moiety as the carbon in question have been taken into account. 
Y 1· e If only directly-bonded protons had been considered, the ratio Tldd Tldd 

(adamantyl portion) would have been 1.98; inclusion of non-bonded protons reduced 

this ratio to 1.75, compared to the experimental ratio of 1.70. Of course, 

interactions between protons on one moiety and carbons in the other .would require 

a further motional pa:ra.meter, but it looks as though the data obtained would 

not justify inclusion of this extra complication, and we have reason .to believe 

that it can be neglected in the p:vesent case. 

We hope this report is of interest to some TAMUNMR readers, but in any 

event we trust it suffices to keep RKH on the TAMUNMR mailing list. 

Best wishes, 

~ 
R. K. Harris R.H. Newman 

l D. E. Woessner, J. Chem. Phys. 21_, 647 (1962). 

Professor B. L. Shapiro, 

Department of Chemistry, 

Texas A and M University, 

College Station, 

Texas 77843. 
U.S.A. 
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Prof. •Dr. Bern·ard L. · Shapiro 
D~partment of Chemistry 
Texas A .. & M University 
College Station 
Texas 77843 
U. S. A. 

Gesellschaft fi.ir Molekularbiologische Forschung mbH 
I 

0-3301 Stock~ei~ uber Braunschweig, West-Germany 
I 

Mascheroder Weg 1 
I 

Telefon C053tl 7008-1 - Telex 9-52667 . I 
Behnstetlon: Expre6gut Breunschwelg Hbf 

. StOcl<gut Braunschwelg HGbf I . 

I 
I 

i . 

1hr Zeichen lhre Nachricht vom Tel. Durchwahl: 

7008 . 1362/·363 
Unser Zeichen 
VW/DNL/uh 

Datum 

. I . I 
September 3rd, 1975 

Measuring acurate line posit.ion's ' bn CFT-20 

Dear Barry, 

We have previously reported
1 

an improved way to measure . line positions 
on our XL-100, using an interpolation routine. Rece'.ntly we needed to perform 
high-resolution work. on our CFT-20 .. and found that 1the current version · of the 

' I ' • • ; ! I . ' 

software FT-16/T1 (Varian part No. 994114-07 Rev. El l gave larger r.m.s. errors, 
at small spectral w'idths, than we had expected from 1the B.z/channel :ratio; 

. I 

Perusal of the; software showed that in the rouJ ine ' CFIT the frequency 
correction for point interpolation is being properlYil calculated, i.e. in channel 
units, but not in the form that it is used later f n :the prog~am, i.e. in Hz. 
Also, the correcti~n is added, at the point of appl~cation, to the frequency 
of the highest-intensity point, instead of being subtracted. 

I 
' . 

We have cured this problem with a patch to CFI~ (see below) that returns 
a correction in Hz,. which is added at the appropria~e point in the nrogram. 
At present this pa~ch overwrites part of the Syke~ cassette routine. 

, · I . · 13 
We have check~d out the patch by recording the 1proton-coupled C spectrum 

of pyrazine, which 
1
shows a small coupling of 2.11 + [o.o3 Hz (XL 100) that · appears 

six times in the SP,ectrum. The reproducibility undJr various conditions is shown 
in the table~ I 

i' 

Yours sincerely, 

(Dr.D.N. Lincoln) (Dr. v. Wray) 

1. TAMU 189, 31 

..:. 

C 
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PATCH TO CENTROID FOR CFT-20 PROGRAM (REV .E.) 

0 ---------------------------------------------
( 11630) 12177 PATCH 

(12177 .) 0 PATCH ENl'R 

(12200) 64015 STB CORR 

(12201) 5001 TZA 

( 12202) 21041 LDB SWP · WIDTH · IN Hz 

(12203) 30271 LDX • DTOX REAL DATA PTS 

(12204) 2000 CALL GDIV Hz/CHAN 

(12205) 1735 

(12206) . 5014 TAX 

(12207) 5001 TZA 

(12210) 164005 MUL CORR 

(12211) 5042 TXB 

( ~ . 
(12212) 164003 · MUL CORR CORR lt! Hz/CHAN 

(12213) 1000 RETU* PATCH 

(12214) .112177 

( 12215) 0 CORR DATA 0 

PATCH FOR TWO DECIMAL-PLACE FREQUENCY PRINTOUT 

---------- .-------------------------- ·--------
(11713) 140300 

(11770) 150402 
· Table 

Coupling ·nns error Hz/channel 

* 1.83 o.51 0.073 

2.13 0.03 0.073 

2.17 0 .17 . 0 .292 

~ without correction 
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D ·EPARTMENT OF CHEMISTRY I 
I 

I I 

THE UNIVERSITY OF GEORGIA 
.· . - : I 

ATHENS, GEORG~A 30602 
i 

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

N-Nitroso-N-m~thylani line~ An Error 

I 
August 21, 1975 

I 
-i- i .. · 
i i . 

i 
· I 
- I 
1. 
I 
I 

I 
! 
I 
I 

Dear Barry: . . . i • . . 
. , . . I . 

. . 

We have spent some time trying to reproduce the 13C NMR spectrum of 
N-nitroso-N-methylaniline as reported previously! It h~d been report~cl that the 
ortho and meta carbons were nonequivalent as a result of 1slow rotation :about _the 
carbon-nitrogen bond. In each of our spectra, the ortho :and : meta ca~ons remained 
equivalent. Finally, I contacted Professor Randall concerning this problem; In his 
reply, he stated that the reported nonequivalence was spJ rious and du~ to an error 
in data handling and suggested that I use TAUMU NMR t6 alert ot_hers to this error. 
It is my understanding that Professor Stothers has also trie8-to reproduc~ -the non- · 

I I I . I 

equiva ence. : . _ 
1 

_ j .. · . 

The .chemical shifts orie obtained for neat N-nit~oso-N-methri lcmiline 
(5000 Hz, d6-acetone lock) with respect to TMS are: Crfa-30.82, C0 ~th0 - -l 18.57, 
Cpara-126.58,Cmeta"'.'128.91,andCsub- -141~77ppml. ·. / · 

I 

Sincerely yours, 

Richard H. Cox 
Associate Professor 

l . P. S. Pregosin and E. W. Randall, Chem. Commun., 399 ( 1971 ) . 
I I 

RHC:mjd 
! 
I ! 

. i 

I 
I 
I 
I 

i 



UNIVERSITY of PENNSYLVANIA 
PHILADELPHIA 19174 

The School of Medicine 

JOHNSON RESEARCH FOUNDATION G4 
. ··· DEPARTMENT OF 

B10PHYs1cs AND PHYSICAL B1ocHEM1sTRY 3 · September· 19 75 · · 

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

Dear Dr. Shapiro: 

Rotameric Preference of S-Alanine 

204-52 

Iri relation to recent studies on the time-averaged conformation of 

biological molecules, we have had occasion to study S-alanine. The 60 MHz 

spectrum in b20 gave rise to the 14 line AA'BB' pattern shown in Figure 1. 

The upfield multiplet was assigned to the methylene protons adjacent to 

the carboxyl group by virtue of the t-c-C-H coupling. The 220 MHz spectrum 

consisted of two triplets with an average peak separation of 6.65 Hz. 

The· chemical shifts and coupling constants for the 60 MHz spectrum 

were obtained by computer assisted analysis using LAOCN III as previously 

described.
1 

This procedure provided vicinal coupling constants of 6.29 and 

7.26 Hz, with geminal coupling constants of -12.19 and -14.39 Hz and an rms 

error of o .• 08. These values were used to calculate the 220 MHz spectrum, 

and a good fit was obtained. 

The vicinal coupling constants were used to establish the rotameric 

preference using the relationship between the electronegativities of 

substituents and the average coupling constant: 

17.97 - 0.8 ~E = 1/3 (3/2 N + 1/2 L) 
. li ].= 

2 

The value of !:Ei calculated with L negative, 14.37, agrees more _closely 

with that obtained using Huggins electronegativities, 14.45, than does 

that calculated with L positive, 13.57. Based upon the usual arguments, 

the trans rotamer is th~s favored. Using model coupling constants Jt and 

J we calculate the trans:gauche:gauche rotamer ratio to be~ 2:1:1. g 
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· ! 

· ' I · 2 . . 
The pattern. of triplets at 220. MHz arises ~ec

1

ause L < 4v112 , where 
. 2 IMI I L and M are the di£ ference between the vicinal and, geminaI co4pling _ · 

. , . I . 
constants and 6v

112 
is the observed width. of a si~gle line, a~d :does not 

' I I 
indicate that J = J' with rotamer populations ide~tical. ·This represents 

I ' I ' 
I but another example of an old caveat. i 

A more detailed report of this work will appear in a 
I· . . 

forthcoming 

publication. I I 
1. 

2. 

G.E. Wllson, Jr. arid T. J. Bazzone, J. Amer. Chem. ·Soc., 96, 1465 
I r · 

R. J. Abraham and K. G. R. Pachler, Mol. Phys ~

1

1, l, 165 (lT 63). 

I 

\ 10 Hz 

_j 
., 

I 
Sincerely ~ i 

. I . I 

4~~1 
" I I . 

G. Edwin Wilson, Jr. ! · 
I .I 

Visiting Associate Professor 
I I . 
. I 
I i 

I 11 I 
i I 

I. /1 i 

I I 

I . 
I ! 

• I 

i 
I 

·1 

i 

i 

I 
I 
I 
\, 
i 
i 
I 
! 

(1974). 

r 
\ 



Varian's Special Offer: 
Over 30 Additional 
Nuclei 
If you own an XL-100 NMR Spectrom­
eter, Varian now offers you an oppor­
tunity to add a list of more than 30 
nuclei to your experimental repertoire. 
The new GyroCode™Observe Accessory 
makes it possible to observe 15N, 110, 
2H, 29Si, 18C, and 11B and many other 
nuclei in the XL-lO0's frequency range 
of 9.65 to 32.5 MHz-most of them 
at little or no extra cost per nucleus. 

The GyroCode Observe Accessory 
expands the capabilities of the XL-100 
significantly. And it is the first time this 

.. ,,-;,., ....... ~ .. lL_,, 
I- 500 Hz -I 

The nucleus observed for this spectrum is 
16N, at 10.1 MHz. The uppe~ trace shows 
500 transients ( a = 90') of a proton noise­
decoupled spectrum of phenylhydrazine in 
C6D6 • • The negative magnetogyric ratio of 
15N produces negative NOE, hence the 
inverted lines in the trace. The lower trace 
shows 2000 transients of phenylhydrazine 
( a = 90' ); the decoupler was on during 
acquisition and off during the pulse delay. 
Thi.~ t.echnique makes it possible to measure 
NOE while retaining the advantages of a 
1 H noise-decoupled spectrum. 

degree of experimental freedom is 
offered for an NMR Spectrometer that 
combines state-of-the-art performance 
and ease of operation. At present, we 
cannot begin to assess the impact the 
new-found experimental scope might 
have on the direction of future investi­
gations. But we expect that a lot of 
new ground will be broken. 

The inorganic chemist, for example, will 
be able to work with unexplored nuclei 
whose usefulness as NMR probes or 
ability to solve real chemical problems 
is still a matter of speculation. The list 
of nuclei he will be working with will 
include 28Na, 27Al, 09Co, 77Se, 118Cd, 
100Hg, and 195Pt. And he will enjoy this 
opportunity without having to commit 
large sums of research monies. 

Let us send you our brochure on the 
GyroCode Observe Accessory. If, on the 
other hand, you do not own an XL-100 
- this may be the time io reconsider. 
Write Varian Instrument Division, 
Box D-070, 611 Hansen Way, Palo Alto, 
California 94303. 

We wish to acknowledge the cooperation of Professor Paul Ellis, 
of the University of South Carolina, whose early experimental work 
contributed to development of this capability of the XL-100. 

H,PtCI, 
T 1 (calc.) ~ 0.65 sec. 

"= 6.0 sec. 
2.0 
1.5 
1.0 

0.60 
0.40 
0.30 
0.20 
0.10 
0.05 

In this spectrum, the new accessory allows 
the observation of 195Pt at 21 .5 MHz; the 
sample was aqueous hexachloroplatinic 
acid. An inversion recovery (180' -T-90') 
pulse sequence was used in the automatic 
measurement of the spin-lattice relaxation 
time (T) for the 1sspt nucleide. 



FX 60 1mm C/H DUAL PROBE : 
10µ,gof 1 
Diethyl 
Benzylmalonate 

500 Pulses 
110 min.) Q . 




