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Ob:ervation of Chericel "nifts of Oll lycled

in Various Cherical Envircnnents

by

H. E. Weaver B, M, Tolbert and R. C, La Force
Varien Associstes Hadiation Laboratory and Chemistry Dept.
Palo Alto, California : University of California
Berkeley, Callfornia
JUN - ggzs

The dependerce of the meaﬁﬁred value of the gyroms metic ratio of any nucleus
upon thelchemical environment of the nuclesus is well known, To date a great deal of
experimental data has been collected on chemical shifts of the more abundant nuclei that
possess relatively strong nuclear mﬂgnatic momants. Obsoerved chemical shifts arise from
the fact that the value of the magnetic field at the nucleus is altered by thse circulation
of the molecular slcctrons induced threuph the app]icatlon‘of a magnetic fiald, Ho.v The
offact of the'circulation of these elec£r0n5 is such as to tend to shield the nucleus
from the appLiod field and is proportional to that field.' Dickinson(l) has made
theoretical estimates of the magnitude of Lhe diamagnetic sffect to be expected for
neutral atoms. For 017, as a neutral aton, tho diamagnetic shielding amounts to about
0.12%(1) of the applied field. Hence, the lurg or the maynetic field nec;naary for
resonance, &t a constant frequarcy, the lérgvr iw the diamagnatic shielding at the
nuclaus, Ramsey(z) has shown that when tho nucleua is not in & chemical enviromment
assoclated with a neutral atom or monstomic ionic state, the shielding consists of
eaéentially two .parts; vig., a diamagnétic term and a term arising fram mecond order
induced paramagnetian. Saika and Slichter(3) have applied this concept to an analyais
of ths fluorine magnetic resonant shifte in niolocules. The resultant variatidh of the

]
resonant frequency of a nuclear snecies is therefore a useful meusuranént in the study
of the nature of the chaemical bond. The obsgrvation of this variation by n—s-r hﬂsimada

it a valuible'anélytical tool in morny chemical problazs, The implicstion of the
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(1) %. C. Dickinson, Phys.. ev. 8y, BO7T (1257)
(2) M. F. namséy, Phys.tav, B6, ey (1452)

(3) 4. Baika snd C. P. Slichter, Journ, of Chom, Phys. 02,26 (17951)
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observed shifts of O17 in the light of existing theories is reserved for a later

time, but a few pertinent experimental features should be mentionsd here,

Alder and Yu(h) in their measﬁrement og/u.(OlT) reported observing chamical
shifts of the ordor of 1/k000 for 0'7 resonance in acatiq acid relative to water., The
| vory low abundance'(.ohl) of the L7 isotope and the reaﬁiting limitations in signal-
to-noisas of thelr apparatus were largeofactors vhich, until just recently, discoursged

a more comprehensive ftudy of chemlcal shifts associated with the 017 nuclear resonance.

Enploying a Varian V-4200 Spectrométer'and assoclated twelve-inch magnet systenm,
n-m-r signals of 0l7 in water may be obtained wifh an amplitude up to 50 timéa that of -
the randém noiae. This value of S/N is aufficient to permit observation of rescnances
in a wide vnriety of compounds with much lower oxygen content, without artificial
enrichment. With few exceptione, the natural thermal relaxation time (Ti) of the 07
nuéleuu was -sufficiently short as to provide the experimental conditions necessary for
“slou—pass&ge‘(S) observntion-bt the rescnance and it was nct necessary to add para-
- magnetic ions to the sclutions to enhance tbe return to thermal equilibrium of the

17 resonances was

nuclear Zeeman levels. On the average, the line width of the O
‘observed to be of the order of 3/10 of a gauss, The dispersion moda(b) was employed
for the reason that the optimum value of the rf field, Hl’ need not be so'exactly
chosen fer maximum aignal. The output signal was displayed on s strip chart recorder

ag the first hariwonic of the dispersion mode and in this case was 80 cpa.,

Of the liguids thus far studied noﬁe has yislded an 017 resonance which occurs
et a higher field {and hence greater relative dismagnetic shielding) than that of water.
For this reason, the water signal was taken as referenco and all measurements are rﬁlatjva
to this compound. The accuracy of ths results is no bettsr than 1/10 of a gaues and in

some caass is worse, depending upon the signal-to-noise.
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(k) P. Alder and F. C. Yu, Phys.Rev. 81, 1067 (1951)
(5) F. Blooh, Phys.Rev. 70, Léo (19%0)
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The vertical scale of the table is in gauss, where thess values have been
reduced to a resonant field of 10,000 gauss {measurements were performed at 11.5
Kilogauss) in order that a comparison may be easily made of the chemical shifts of Nk

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

In the tabulated series of chemical shifts, of particular interest are tha two

o7

signals of ethyl nitrate which occurred in an intensity ratio of roughly 1l:2. These
Bignhls ma} be assoclated reapectively with the oxygen in the C-O-N and ~N;§ bonds
of the ethyl nitrate molecule and provide a rather graphic illustration of the magnetic

non~equivalence of these two types of bond situations of the oxygen atom,

The ;elativo shifts of the 07 resorance in NO ; and N0; are also particularly
int-resting, since these shifte may be readiiy compared with thg th data {see preceding
letter, Klein etal,) The direction of the relative shift i’ox'vl\lju4 and 017 1s indicative
of the magnatie behavior of the electrons involved in the bonding of the ion., The fact
that the magnitude of the relative shift for NY and 017 in the KO  end KO ; is identiecal,
within the experimental error, is probably coincidental and a more detailed theoretical |

nicture is necessary before any siynificance may be attached to this result,

The fact that the oxygon resonance in water occurs at the highest field
relative to"all other bond situations thus far chserved may lend itself to interpretation
in light of the @echaniam proposed by Saika and Slichter. As a result of the partial
ionic chafacter cof the O-H bonds, the valence electrons of the oxygen atom probably form
8 syster of high symmetry and under this condition of high symuetry, a lower amount of
second order paramagnetic and a higher anount of diamagnetic shielding would result, thus
placing the resonsnce at the highest relative fleld, This intepretation is consistent

with, for example, tho occurrence of the 017 resonance in Ha0,.

»

The above tabulation is aduittodly very aketchyvand a more detallsd investigation

ig planned with a better coordinetion of n-m~r retsnlts from other nuclei., (e.g., ﬁl,
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013, and th with 017) in “re sane rolacule. In the cace of 017 oflnatural ahuidance,
one ls unfortunately limited to liquids of‘low molecular weight 3ndvto solids of very
high solubility. Enrichment, where feasible, will, of course, alleviate somewhat this
reatriction. ’

The authors wish to exvress their appreciation of Professor . Calvin's
Interest In tris work. Thanks are also due to Dr, Malcola Thaine of the Radiation

Laboratories of the University of Calilfornia.

Figure Caption: Fi-, 1. Tabulation of the chemical shifts taken relatlve to water
is in gauss. The brackets to the left of the vertical
liating Indicates those compounds in which a double reconance
was observed., The dashed bracket indicates that the
measuresent was hamoered by very low S/N for tlis conpno. ad.
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