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Ob:r,rvation of Che:r.!cul 'n.ift~ of o1 7 h•.1clai 

in Var1ou3 Cher<tical f:.nv lroruaent3 

H. E. Weaver 
Varian Aseoci.a to3 
Palo Alto, California 

JUN 

D. M. Tolbert and R. C. La li'oroe 
ttldiation Laboratory and Chemistry Dept. 
University of California 
Berkeley, California 

The depender.ce of the measured value of tho gyroms 1 :netic ratio of any nucleus 

upon the chemical environment of the nucleue i o woll known. To date a great deal or 

experime.ntal data has been collected on chnmJcill shifts of the more abundant nuclei that 

possess relatively strong nuclear ~·;ll(.Twtic 1:10:naute. ObrJorved chemical shift! arise from 

the !act that the value of tho ,1:ae;netic fjold at tht'1 nucleus is alteM!rl by the oi.rc:ulation 

ot the molecular electron~ .inrluced thr<'tl!~h the app1 icatton of a rna~netio .fbld, H0 • 1be 

affect of the
4 oirculat1on of the:'!e eloctr-or.r'! is such Hs to tend to shield the nucleus 

from. the appltied field anrl iB prop:.>:rtlon;_tl to Lhat field. Dickinson(l) hae m.ade , 

theoretioal estimates of the rn1.1gn l tudo of t.lw •Jiamagnetic effect to be expected !or 

neutral atoms. For o17, as a neutru 1 ato1a, t.l1u dL1nJi.lgw~u.c shielding amounte to about 

O.l2%(l) of thB applied field. Henco, Uw hr1;or tho mavi1etic fiolcl necel'lr>ary for 

resonance, at a constant froqu~:n:cy, the la r 1;t•r b the ct.i.amagnotio 3hield.ing at the 

nucleus. Hams a/ 2) hao shown tl1fl L when tho nuc leue i A not in a chemical environment 

a.s:sociated with a neutral atom or monatom1c Janie state, tho ehieldin_g consiets of 

essentially two.(.A9.rte; viz., a clitiln.11.:net1c ten11 .rmd a term arisl.ng from Plecond order 

induced parrun.agnetisn. Ss.ika 1wd Slichter( J) hnvc appli.ed thi3 conc6pt to an analysis 

of the fluorine magnetic re3onnr.t sh.ift;· 1 n ~.10 lncnles. 'l'he ret.!Ul UJ.Iit variation of the-

resonant frequ6ncy of a nuclear Stlt'.'!Cies i A tilorofor·e a ll!'Hlful measuremmt in the stud;{ 

of the nature of the ch~mical bond. The ob~~rvettlqn of this v11riattou by n-m-r has made 

it a valuable analyt.i.cal tool in mo.r.y c:ho:nicA.l prol)lmu~. The implication of the 

(1) 'li. c. DiokinfJoo, P11ys,,f,v. ~.:l· S67 (U:;:\) 

(2) H. F. l'I'Jl.m~0y, Phy!'l.f(~v. ~l6, ('LI (11'~. 1 ) 

{ J) 
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obBerved shifts of o17 in the light of existing theories !~ reserved for a la tar 

time, but a !n pertinent experimental !eaturee !!hould be mentioned here. 

Aldur and Yu( 4) in thelr measurement of,..M- (o17) reported observing cho.'!.lical 

shifts of the ordar o! l/4000 for o17 resonance in acetic ~cid relative to· water. The 

vorylO'll' a.bunclance ( .Ol1%) of the ol7 isotope and the resu.lUng limitations in s1gn.9.1-

to-noisa of their apparatus were large factor.!: 11hich, until ju~t recently, discout·agod 

a more comprehensive \tudY of chemical shifts associated with the o17 nuclear resonance. 

Employing a Varian V-4200 Spectrometer and aesoc!ated twelve-inch magnet syatem, 

n-m-r signals o! o17 in nter may be obtained with an amplituda up to 5o times that or · 

the random noise. This value of S/N ia sufficient .to permit observation of resonances 

in a Tdde variety of compounds Yd. th much lower oxygen content,. wi thou.t artificial 

enrial'tnent. With fp exceptions, the natural the:nnal relaxation time ( r
1

) of the o17 

nucleus waa sufficiently short a! to provide the experimental conditions necessary for 

"slov-pe.eeage" ( 5) observation . or the resonance and ~ t was net nece seary t.o add pa.ra.­

roagnetio ions to the solutions to enbe.nce the return to thermal equilibrium of the 

o~elear Zeeman levels. On the awrage, the line ndth or the a11 resonances was 

observed to be of the order of J/10 of a gauee. 1be dispersion mode( 4) was emplo;yed 

for the rea~on that the optimum value of' the rf field~ H1 , need not be so exact1y 

ohoeen for maximum dgnal. 1be output eignal was displayed on a strip. ohart recorder 

as the first harlnonic of' the dispersion mode and in this oaae no 80 ~ps. 

Of the liquids thua far etudied none has yielded an o17 reeonence which oocurs 

t.t a higher field (and hence greater relative diamagnetic shJ.elding) than that of water. 

For thie reason, the water signal wae taken as reference and all measuremente are relative 

to thia compound. The accuracy of the results is no bettor than 1/lD of a gauee and in 

some c:aees is worse, depending upon the eignal-to-noi.ee 0 

{ 4} f o Alder and F. C. Yu, Phys. Rev. 81, 1067. (1951) . -
($) F. Bloch, PhyeoRe.v. lQ, 4!Q .(19~:0) 
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The vertical scale of the table 18 in gause, where thess values have been 

radu.oed to a resonant field of 10,000 gause (oeasureoents "frnre performod at 11.5 

kilogauss) in order that a comparison may be easily made of the chemical ~hifts of Nl4 

(see preceding letter) in those cases where a nitrogen-oxygen bond is involved. 

In the tD.bu:latcd series of chemical shifts, of pa.rticular interest are the two 

o17 ~ignal~ of ethyl nUrate which occu~red in an intensity ratio of roughly 1:2. These 
...0 

eigr111le n:ay be associated reapacti vely with tho ozy-gen 1n the C-0-N and -N,'o bonds 

or the ethyl nitrate ~olecule and provide a rather graphic illustration of the magnetic 

non-equivalence of the~e two types of bond situations of the oxygen stom. 

The relative ehi!ts of the ol7 reaonance in tJIO 
3
- and NO- are also particularly 

. 2 
int~retJting, since these shifte may be readily compared with the N111 data (see preceding 

letter, Klein etal.) TI1e directton of the relative shift for N14 and o17 ie indicative 

of the :nagnet:lc bahavior of the electrons involved in the bonding of the ion. 'The fact 

that the magnitude of the relative shift for N14 and ol7 in the NO ) and NO 
2 

ia identical, 

within the experimental error, h probably coincidental and a more detailed theoretical 

.,joture is necessary before any aignifica.nce may be attached to this result. 

The fact that tho oxygen re~onance in water ocour8 at the highest field 

relative to all other bond situation~ thus far observed may lend itself to interpretation 

in light of the mech.animn proposed by Saika and Slichter. Aa a result. or the partial 

ionic character C•f' the 0-H bonds, the valence electron:! of the oxygen atom probably form 

a ey~tem of high eywnetry and under this condl tion of high sym:uetry, a lower & 1 0tmt of 

second order paramngnctic and a hicher ar.:ount of d1amacnet1c ~hieldinc would result, thhiJ 

pln~J:i.nr; the t·asonance at the hiebeat relntive field. n1ie intepret.ntlon ia .conflistont 

with,~ for example-, tho ocourronco of the olf resonanco ln H2o2 • 

The above tttbulation ts a.drnittodly very eketchy and a more detailed inve~tigntion 
~" \ 

la pl&.nnod rd.th a better coordinet1on of !1-''>-r ~~ulte from other nuclei. "1 (e.g., fl I 
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one ie unfortunatt:ly limited to liquids of 1o·11 rnolt:C 1.tlar weight :ln.~ t<> solid3 of very 

high solubility. Enrichment, where fea~ible, ·Kill, or course, allevi3ta sOI'IIewhat thls 

re.':ltr:i.ctlon. 

The aut:1or.!J w1 !"!h to ex;)rcs3 thej r .'lppreciation 0f ~"rofe~so:r J,!, Calvin's 

l.nte:'e.st J.n U:Ll work. Thanks are a1 ::o cl·w te) Dr, 1lalco1.Ja Thatno of tho Radia.t.i.on 

Labor:ttod<:s of the Uni versl ty of CE1ltfornia. 

Figure Caption 1 Fi:-=. 1. Tahulation of tho chemical ~td. ft~ ta\ren J'elatl ve tb water 
is in gauss. The brackets to the le f't of the vertical 
11flti.nr, lndicnteo tho:>~o cornpounde in wl1ich a double ref:(lJliDJOe 

WQ8 Observed, nw dashed bracket indica tao; that the 
mPamJr·e::'.c,nt was 1:mltP~'r'~:-!d b.:-r V<T}' low :i/N f:;t' tLi.s co,·~po :1d. 
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0 -o~--- H20 
-0.2 TETRAMETHYLORTHOSILICATE 

,, 

-0.8 -o~--- OCTAMETHYLGYCLOTETRASILOXAN E 

r- -1.7 n-BUTYLNITRITE 
I -1.9 H202 ( 30°/o) I 
I -2.2 ACETIC ACID 
I 
I FORMIC ACID I -2.7 
I -3.0 No-FORMATE I 
I -3.2 FORMAM IDE 
I -3.4 ETHYLNITRATE 
I -- -3.8 n-BUTYLNITRITE 

-4.3 No N0 3 

--4.7 ETHYLNITRATE 

-5.4 S02 {LIQUID) 

-6.0 ACETONE 
-6.4 NITROETHANE 

-6.9 No N02 




