
DECAY OF Au'''

(intensity roughly that of the 191-M line) of 185.8 kev
is observed. It cannot be assigned to any expected
transition.

The spins assigned to the 77.4- and 269-kev levels
are consistent with the available data. Tentatively, we
designate the two levels as —,'+ or —,'+ and -', + or -', +,
respectively. The ts+ assignment for the spin of the
77.4-kev level is preferred since the 201.9-kev transition
from the 279-kev (dsts) level to the 77.4-kev level is
not observed.

Some comments may be made regarding the system-
atics of L shell conversion. This is the first E3 isomeric
transition for which adequate resolution of the L lines
has been obtained. The establishing of the systematics
of L conversion for a transition of this multipole order,
energy, and Z is invaluable for deciding multipole
orders of other transitions. For the E3 isomeric transi-
tion of 130 kev in Au, the (Lt:Lrt.'Lttr) ratio is
(&0.1: 2.5:1).Taking the E-shell internal conversion
coeflicient as 2.0 and the IC/L ratio as 0.133, the
empirical values of the absolute L-shell .internal con-
version coefficients are (Lt. &0.4; Ltt. 10.4; Lttr. 4.2).
Rutledge, Cork, and Burson" have reported that for

"Rutledge, Cork, and Burson, Phys. Rev. 86, 7/5 (1952l.

certain transitions, designated. by them as E3, the L
conversion is predominantly LI. These transitions occur
in Se(Z=34). In order to establish that the conversion
is in the LI shell, one has to measure the K—L energy
diGerence well enough to distinguish between K—LI
=9.99 kev and K—LII——10.18 kev. However, it would
not be impossible that for this low Z, E3 L conversion
occurred in the LI shell. It has been pointed out' that
for the E2 transition of 247 kev in Cd"'m the L con-
version is probably mostly in the LI shell, as borne out
by the calculations of Gellman et al.

For the 166-kev M4 in Hg, the L ratio is 1:&0.1;1.5.
The theoretical estimate of Tralli and Lowen12 would
predict the ratio to be 1:(0.5: 2.2.

The 134-kev E2 has an L ratio of 0.04:1.1:1 as
compared to the theoretical value (obtained by interpo-
lation of the data of Gellman et al.) of 0.1:1.4:1.
Owing to the absence of theoretical data and the
paucity of experimental data on E3 transitions, one,
cannot yet distinguish between E2 and E3 transitions
on the basis of L ratios alone.

We are indebted to Dr. M. Goldhaber for his con-
tinued interest in this problem.

"N. Tralli and I. S. Lowen, Phys. Rev. 76, 1541 (1949).
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A precision, resonance absorption measurement has been made of the ratio of the magnetic moments of
Tl~' and Tl"'. The experimental ratio is p~'/p~'=1. 009838&0.000001. This result, when compared with
the value observed by Herman for the ratio of hyperane structure separations in the 'P; state, av'"/av"'
=1.00974+0.00003, establishes the reality of effects attributable to the finite nuclear size.

Shifts of about 0.2 percent have been found in the thallium resonance position in Tl+' compared to Tl+'
compounds. The resonance shifts in aqueous solutions varied linearly with the anion concentration. Complex
formation and interionic electronic exchange interactions, respectively, account qualitatively for the ob-
served effects.

1NTRODUCTION

HESE experiments were initiated to obtain data
for comparison with theoretical values for the

nuclear magnetic shielding. Thallium is one of the very
few elements with two diferent, simple oxidation states,
Tl+' and Tl+', for which nuclear magnetic resonances
might be observed and any difterences in position com-
pared with theory. '' However, we have found the
nuclear magnetic shielding to depend not only upon the
oxidation state of the thallium but also upon the
anions present in solution. Moreover, the magnetic
shielding changes remarkably in solutions of diferent

* Supported in part by the U. S. OfIice of Naval Research.
t U. S. Atomic Energy Commission Predoctoral Fellow.
' W. E. Lamb, Jr., Phys. Rev. 60, 817 (1941).' W. C. Dickinson, Phys. Rev. 81, 717 (1951).

concentration. Here, results are given for several com-
pounds and concentrations.

In addition, we have made a precision determination
of the ratio of the TP" and TP" magnetic moments,
because this ratio is important in analyzing hyperfine
structure anomalies. Herman' reported recently a pre-
cise value for the ratio of the hyper6ne structure
separations of the 'I'~ ground states of TP ' and Tl' ' by
the atomic beam magnetic resonance method. This
ratio differs by 9 to 12 parts in 10' from values deter-
mined for the ratio of the magnetic moments by nuclear
magnetic resonance methods. ' ' But the combined

' A. Herman, Phys. Rev. 86, 1005 (1952).
W. G. Proctor, Phys. Rev. 75, 522 (1949).

'H. L. Poss, Phys. Rev. 75, 600 (1949).
s R. E. Sheriff and D. Williams, Phys. Rev. 82, 651 {1951).
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FIG. 1. Block diagram of experimental arrangement used in
measuring the magnetic moment ratio.

errors in the ratios was about 8 parts in 10', with 5
parts from the nuclear magnetic resonance value, so the
reality of the difference was not established with cer-
tainty. However, as pointed out by Berman, ' a differ-
ence of about the magnitude observed should arise from
the 6nite size of the nucleus. %e undertook a more
precise measurement of the magnetic moment ratio in
order to obtain a better value for the difference, if any.

EXPERIMENTAL DETAILS

Most of the apparatus and procedures used here have
been described. '' A block diagram of the setup for
measuring the magnetic moment ratio is given in Fig. 1.
It is a double resonance apparatus, one part being a
bridge system, the other a spectrometer, with separate
coils and samples, and a manual switch for displaying
the resonance from either system on a common oscil-
loscope. The magnetic field of 6365&2 gauss was
supplied by a permanent magnet. ' The rf bridge used
is a null-T type. "The rf spectrometer is a regenerative
oscillator. ' The two sample coils were mounted side by
side, separated by about 5 mm. The coils had a common
ground in the support probe on which they were
mounted. The samples were contained in thin-walled
10-mm o.d. Pyrex test tubes; care was taken to insure
that both samples were identical for a given set of
measurements.

The magnetic moment ratio was obtained by meas-
uring directly the frequency difference between the
resonance frequencies of the two isotopes in the same
field and also measuring the actual resonance fre-
quencies of the two isotopes. The magnetic moment
ratio, since both spins are ~, is then given by the
equation

pTlsos/pT lsos = v Tlsos/ v Tlsos = 1+6v / p Tlsos

where hv' is the directly measured difference in the two
' H. E. Walchli, "A Table of Nuclear Moment Data", Prelim-

inary Issue, oct. 1, 1952, p. 89; we learned of this result after
completing our measurements.

H. S. Gutowsky and C. J. Housman, J. Chem. Phys. 19, 1259
(1951l.

'Gutowsky, Meyer, and McClure, Rev. Sci. Instr. (to be
published).

'0 W. N. Tuttle, Proc. Inst. Radio Engrs. 28, 23 (1940).

resonance frequencies. A similar equation is used to
compute the ratio from the resonance frequency of
TP". The increased precision of our measurement of
this ratio results largely from the direct measurement
of Av, which is fairly small, instead of computing the
ratio from the two resonance frequencies themselves.
The stability and high homogeneity' of the field of the
permanent magnet were also essential.

Av' was measured in the following manner. The
General Radio 805C signal generator and rf bridge
system were tuned approximately to the resonance of
one isotope, and the spectrometer to the other. The rf
bridge resonance was centered on the oscilloscope by
adjusting the dc 6eld biasing current. The bias fieM
was kept as constant as possible and varied no more
than about 0.03 gauss during a series of measurements.
The spectrometer resonance was then displayed on the
same scope by means of the switching system shown in
Fig. 1, and tuned to center. The frequency difference
was then the difference between the frequency of the
signal generator and the frequency of the spectrometer.
The output of a Signal Corps BC-221 frequency meter
was connected to the external modulation terminal of
the signal generator, producing side bands separated by
the frequency of the meter. The frequency meter was
adjusted so the 6rst side band of the signal generator
zero beated against the frequency of the spectrometer,
as indicated by a stationary spectrometer resonance
pattern on the scope. Loose coupling of the two systems
was provided by the common ground of the two sample
coils. The frequency separation, Av', was then just the
frequency of the frequency meter itself. In a given run
ten measurements of Av' were made in the manner
outlined above; half of the measurements were made
with the coil connections interchanged to correct for the
very small field difference between the two sample
coils. The actual frequency of the signal generator or
the spectrometer was measured by loosely coupling the
frequency meter with either the rf bridge preamp or
the spectrometer and zero beating.

The chemical and concentration shifts in the thallium
resonance were measured with a simple rf bridge system
similar to that included in Fig. 1. In most cases, in-
cluding the samples used for the magnetic moment
ratio experiment, the resonance line widths were
governed by the inhomogeneities in the magnetic field,
and the lines could be positioned accurately on the
oscilloscope. The shifts were measured by interchanging
samples in the rf coil and noting the difference in the
field biasing current needed to center the resonance
first from one sample and then from the other. This
method eliminates the 6eld corrections required in a
double probe system, but it has the disadvantage that
the signal generator may drift a small amount while
samples are interchanged and the bridge rebalanced.
The error introduced by frequency drift was minimized

by doing the measurements rapidly and by inverting
the order of measuring the samples halfway through a
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series of measurements so a constant drift would tend
to cancel out. It is believed that most of the error was in
centering the resonance line, especially for the weaker
lines, with probable errors of &0.02 gauss for most of
the measured shifts, and maximum systematic errors in
the calibration of the 6eld biasing current of ~1 per-
cent of the measured shift. '

The samples used were either of commercial origin,
of cp grade, or were prepared as described in the text.

0

RESULTS AND DISCUSSION

The Ratio of the Magnetic Moments

This ratio was measured ig. two different samples.
One was a 1.4 molar aqueous solution of thallous
acetate and the other a thallic solution prepared by
dissolving Tl203 in aqua regia. The magnetic moment
ratio was the same in the two oxidation states. The
results of the several series of measurements are given
in Table I. These measurements give an average of

p T1M5/p T1~o~ = 1.009838&0.000001.

This value agrees quite well with the earlier less precise
values4 ' which are given also in Table I.

The ratio of the hyper6ne structure separations of
the 'P; ground states of Tl"' and Tl'" has been re-

ported by Berman' as

AVT1205/QVT12o3= 1 00974~0 00003

This ratio is smaller than our magnetic moment ratio

by an amount

~=9.8~3X10 '.

The uncertainty in this va, lue of 6 is due aImost entirely
to the uncertainty in the ratio of the hyper6ne structure
separations, -but the errors are small enough certainly
to prove the reality of the diRerence.

In the 6rst-order theory of hyper6ne structure, 6 is
zero. However, the theory assumes the nucleus to be
both a point charge and a point magnetic dipole. These
assumptions are.valid enough for electrons whose wave
functions are negligible in the region of the nucleus;
but otherwise, as is true for electrons in the S~ and I';
states, some error is introduced. The 6nite size of a
nucleus changes the electrostatic potential within the
nucleus from that of a point charge and thus changes
the electronic wave function in the immediate vicinity
of the nucleus from that in a pure Coulombic 6eld.
The resulting change in the hyper6ne structure diRers
for isotopic nuclei because the nuclei diRer in size,
thereby changing the ratio of the hyper6ne splittings.
In much the same way the finite distribution of the
magnetic moment in a nucleus modi6es the electronic
wave function in the region of the nucleus from that
applying to a point dipole. If the distribution of mag-
netic moment is diRerent in two isotopic nuclei, their

- hyper6ne splittings are perturbed by diRerent amounts,
and the ratio is also changed.

Source

This research

Run Sample

1 TlC2H30p
2 TIC2H302
3 TI~O31aqua regia
4 T1203+aqua regia
5 T1203+aqua regia
6 T1203+aqua regia

PT}205/PT]203

1.009 8389
1.009 8380
1.009 8379
1.009 8382
1.009 8363
1.009 8367

Proctor'
Possb
Sheriff and Williams'
Walchlid

Average 1.009 838 (1)

1.009 7 (2)
1.009 86 (5)
1.009 83 (5)
1.009 822 (19)

a See reference 4.
b See reference 5.' See reference 6.
d See reference 7.

' M. F. Crawford and A. L. Schawlow, Phys. Rev. 76, 1310
(1949).

"A. Bohr and V. F. Weisskopf, Phys. Rev. 77, 94 (1950).

Crawford and Schawlow" have considered the effect
on the hyper6ne structure, of the non-Coulombic poten-
tial in the region of the nucleus, while Bohr and Weiss-
kopf" have investigated the effect of the 6nite distribu-
tion of the magnetic moment. From these two theories
Berman' calculated values for 6 of

6&=9.3X10 ',
for a uniform distribution of charge and neglectable
nonelectrical forces in the nucleus;

~&=10.4X10 ',
for a surface distribution of charge; and

~2=1.4X10 ',

a nsuximlm value for the eGect of the finite magnetic
moment distribution. These combine to give theoretical
values for 6 of 11.8 and 10.7/10 ' which are to be
compared with the experimental value of 9.8~3X10 '.
The excellent accord suggests the validity of the theories
used in the calculation. .But the uncertainties, experi-
mental and in A2, are too great to diRerentiate between
the nuclear models proposed in calculating A~. How-
ever, some preference is given to the model in which
the nuclear charge is distributed uniformly.

Chemical and Concentration Effects

Our observations of chemical shifts in the thallium
resonance were concerned primarily with the concentra-
tion dependence in aqueous solutions. Most thallium
compounds are sparingly soluble in water, if at all, so
the investigation was limited mainly to TlC2H302,
T1NOs, and Tl(NOs) s. The sample to which the shifts
were referred was taken somewhat arbitrarily as a 2.39
molar thallous acetate solution; a saturated solution
was not chosen because the solubility was found to be
highly temperature dependent. The resonance shifts are
reported as d(T which is de6ned by

Ao. =104X (H. H,)/H„—
TABLE I. The ratio of the thallium magnetic moments.
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was investigated in the mixed solutions, but no meas-
urable shifts in its position were detected.

The shifts, do-, were measured for two thallous
acetate solutions at a lower field of 4180 gauss, using
another permanent magnet. ' The resonance shifts in
gauss, (H, H„)—, were directly proportional to H„, that
is, ho- was independent of the applied magnetic field.
This is consistent with the field dependence of the
chemical shifts in nuclear magnetic shielding. "
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FIG. 2. Chemical shifts in the thallium resonance in aqueous
solutions of various composition. The TlNO3 solutions were about
0.5 molar in TlNO3,' with nitric acid making up the balance of
the nitrate ion concentration, which is plotted. The TlC2H302
solutions contained no other solute.

where II, and H„are the resonance magnetic fields,
at a fixed rf frequency, for. the unknown sample and
the reference, respectively. The reported observations
are of Tl"' because its absorption is much stronger than
that of TP". . All measurements were made at room
temperature which varied between 22' and 28'C.

A set of measurements was made on both isotopes to
conlrm the isotopic independence of the shifts. The
shift was observed between a thallous acetate and a
thallic nitrate solution. The shift obtained in a series
of five measurements was 8.745 gauss for both TP" and
Tl"'. The exact agreement is fortuitous since the prob-
able errors in the measurements for each isotope were
&0.045 gauss.

T/C2 g302

The chemical shifts found in thallous acetate solutions
of various concentrations are given in Fig. 2. The con-
centrations were determined by a method given in
Kolthoff and Sandell. "It can be seen that the concen-
tration dependence of the resonance shift is linear over
the observed range, from 0.5 to 6.0 molar. The slope of
the straight line is —0.62 liter mole '.

Other observations were made on solutions containing
both thallous acetate and sodium acetate. The thallous
acetate concentration was kept between 1.8 and 2.0
molar while the concentration of sodium acetate was
varied. In Fig. 3 the thallium resonance shifts are
plotted against the total concentration of the acetate
ion, giving again a linear relation. Moreover, the slope
of the line is —0.60 liter mole ' which is the same,
within experimental error, as that for the solutions
containing only thallous acetate. The sodium resonance

'3I. M. KolthofF and E. B. Sandell, Textbook of QNantitative
Inorganic Analysis (The Macmillan Company, New York, 1949),
revised edition, p. 637.
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FrG. 3. Chemical shifts in the thallium resonance in mixed
TlC2H302 and NaC2H302 solutions. The TlC2H302 concentration
was kept constant at about 1.8 molar. The shifts are plotted
against the total acetate concentration.

"N. F. Ramsey, Phys. Rev. 78, 699 (1950); 86, 243 (1952).
"This value was interpolated from solubility data given by

Lord Berkeley, Trans. Roy. Soc. (London) A203, 189 (1904).

TtEO3

Included in Fig. 2 are the resonance shifts observed
for thallous nitrate. The lowest concentration, 0.48
molar, "was a saturated-solution at 27'C. The other
two solutions were thallous nitrate dissolved in nitric
acid. The resonance shifts are plotted against the total
nitrate concentration. The thallous concentration was
estimated to be 0.5 molar in the more concentrated
nitric acid solution and 0.3 molar in the other.

The shifts appear to depend upon the nitrate concen-
tration and not upon the thallium concentration. Meas-
urements were made at higher temperatures on more
concentrated, saturated, aqueous thallous nitrate solu-
tions, and shifts in the same direction and of the same
magnitude were found as those of the nitric acid solu-
tions in Fig. 2. These measurements have not been
included, however, since the concentrations are un-
certain, and the data are only qualitative.

The three points in Fig. 2 lie almost exactly on a
straight line, with a slope of 0.18 liter mole '. It is
noteworthy that the thallous acetate and thallous
nitrate data extrapolate to almost the same point at
zero concentration, but that there is a slight difference
which is outside experimental error provided the
straight line extrapolation is valid.
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Tl(NOs) s

In water, thallic nitrate hydrolyzes immediately to
thallic oxide, but is stable in nitric acid solutions.
Consequently, the samples were prepared by dissolving
solid thallic nitrate in nitric acid of different concentra-
tions. The quantities were chosen such that the thallic
nitrate concentration was about 1.5 molar in the various
solutions. . The Tl(NO, )s was obtained by dissolving
T1203 in 8$ nitric acid and evaporating the excess
water and nitric acid in a vacuum desiccator. Analysis
of the actual samples was difFicult so the nitric acid
concentration was estimated from the original concen-
tration of the acid and the change in volume when the
solid Tl(Nos)s was added. Further uncertainty in the
nitrate concentrate arises from variations in the amount
of solid Tl(NOs)s dissolved and in the occlusion of
HNO3 with the solid.

The resonance shift is given in Fig. 4 as a function
-of the nitric acid concentration. The data appear to
give a straight line within the very limited accuracy
with which the concentrations are known. The slope of
this line is 0.18 liter mole-', which is the same as the
slope of the similar graph for TlNO3.

Other Thallium Compounds

The thallium resonance in solid T1C~H~O2 was ob-
served with a narrow band amplifier. The line was
broad, with a separation of 1.5 gauss between the
points of inQection. The shift was found to be —2.67.

A dilute solution of TlCI3 was prepared by passing
C12 through a suspension of T1Cl" in water. The reso-
nance shift, 60, was measured to be —21.8 in this
solution. Measurements on solutions of T1203 in various
mixtures of HCl and HNO3 indicated the thallic Acr

decreases with chloride concentration.

Discussion of the Resonance Shifts

It is a relatively simple rnatter to compute the
nuclear magnetic shielding of the spherically symmetric,
free atoms and ions. But the theoretical values' ' have
not been subjected to experimental verification. It was
our original thought that if Tl+' and Tl+' in aqueous
solution might be considered as equivalent to the free
ions from a nuclear magnetic resonance standpoint,
a measurement of their resonance shift could be com-
pared with theory. The experimental shift in the Tl+'
with respect to the Tl+' resonance, extrapolated linearly
to infinite dilution, is about —19. On the other hand,
the resonance shift predicted by Lamb's equation' is
—0.15. This was computed" from the radial charge
density of the 6s electrons of the thallous ion, deter-
rnined by Williams" using the Hartree self-consistent

"This method of preparing TlCl& is similar to that given by
A. S. Cushman, Am. Chem. J. 26, 505 (1901)."We wish to thank Dr. W. C. Dickinson for an earlier estimate
of the shift, made from the wave functions for Hg and Hg++,
giving the value —0.13.

~s F. Williams, J. Chem. Phys. 19, 457 (1951).
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Fio. 4. Chemical shifts in the thallium resonance in mixed
Tl(NOB)q and HNOq solutions. The Tl(NOq)s concentration
varies about 1.5 molar; the concentrations plotted are approxi-
mate values for HNO3 alone.

field method. Since the observed shift is more than a
hundred times the theoretical value, it seems clear the
ions cannot be considered as monatomic, but that there
is a very large chemical effect from hydration of the
ions or from complex formation. In fact thallic ion is
known to form a large number of complexes, for-
instance"' TlC12+ and TlC14, and a few complexes
have been suggested for thallous ion.

The existence of chemical effects is not surprising,
therefore, but several of the observed aspects warrant
closer scrutiny. The experimental evidence shows the
shifts in the thallium resonance to depend only upon
the nature and the concentration of the anions in the
solutions. Thus, in the mixed solutions containing
TlC2H~O~ and NaC2H302 the shifts were the same as
in pure T1C~H30~ solutions containing the same amount
of acetate, the Na+ ion in the mixed solutions being
without apparent effect. Moreover, the resonance shifts
are linear in the anion concentration; and with a given
anion, the concentration dependence is the same for bo/h
Tl+ and Tl+' in spite of the large shift between the Tl+
and Tl+' states. At least this is the case for the nitrate
solutions within the rather large experimental error.

The position of the proton resonance has been found
to be concentration dependent" in aqueous solutions of
electrolytes which ionize to give hydrogen containing
ions, and where rapid chemical exchange averages the
chemical shifts over the different hydrogen containing
chemical species to give a single narrow resonance. The
thallium concentration effects could arise in a similar
manner from fast exchange among the thallium ions
and one or more complex forms. For TlC2H302, where
the different chemical states of the thallium might be
"G. Harbottle and R. W. Dodson, J. Am. Chem. Soc. 73, 2442

(1951).
~ R. Benoit, Soc. Chim. France 5—6, 518 (1949).
"H. S. ::Gutowsky and A. Saika, J. Chem. Phys. 21 (to be pub-

lished).
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taken as the ion and the undissociated molecule, shifts
of the proper order of magnitude can be calculated by
taking the shift of the undissociated Diolecule to be
that of the solid TlC2H~O~, and using the dissociation
constant calculated by Robinson and Davies" from
conductance data. However, this mechanism cannot
give the linear dependence of the shift over the large
concentration ranges investigated.

Nonetheless, the existence of the chemical effects
demonstrates that the electronic distribution about the
thallium nucleus and, consequently, its magnetic shield-

ing, are altered in some manner from the free ion by the
anions and water molecules surrounding it. Besides the
chemical equilibrium mechanism which appears in-

adequate, we have considered polarization and elec-
tronic exchange eGects. The electric fields generated by
nearby ions and molecular dipoles strongly polaris the
thallium ions. The eGect of the polarization on the
magnetic shielding of the thallium nucleus was calcu-
lated as a second-order perturbation, assuming point
charges and dipoles. Although the computed effect on
the shielding is large for a given orientation, the net
eGect is zero when all orientations are equally probable
as is the case in the solutions. The only satisfactory
model of those we have considered is based on elec-
tronic exchange effects, intermediate in nature between
the covalent bonding implied in the analysis in terms
of chemical equilibria and the purely Coulombic inter-
actions considered in the polarization model.

Ordinarily, in not too concentrated solution, the
cation of a strong electrolyte is surrounded by a layer
of water molecules of hydration, with the anions re-
maining outside this layer. However, Fajans" has
shown by means of refractivity measurements on solu-
tions of strong electrolytes that this shell of water
molecules is sometimes penetrated by the anions, and
that the amount of penetration increases with concen-
tration. This penetration is essentially a replacement by
an anion of one of the water molecules surrounding the
cation, forming an "ion pair. " This "ion pair" is not
quite the same as a "truly undissociated molecule, "
since the time of association may be less than the time
needed by the molecule to execute a single vibration
along its bond. Thus, the association can be regarded
as little more than a sticky collision. If electronic ex-
change interactions occur during the association, the
diamagnetic shielding of the nuclei would be reduced
from the free ion values. This can be seen from
Ramsey's'4 theory of nuclear magnetic shielding in
molecule s; the electronic exchange introduces the
second-order paramagnetic term, which is absent for
the free ions.

The ideas expressed above lead directly to a qualita-
tive explanation of the experimental results. The shift

~ R. A. Robinson and C. W. Davies, J. Chem. Soc. 193?, 574
(1937)."K.Fajans, Trans. Faraday Soc. 23, 357 (1927).

in th.e thallium resonance will be proportional to the
average number of anions and of water molecules sur-
rounding the thallium ions. The average numbers
should be proportional linearly to the total concentra-
tion of anions, so the shift should depend linearly on
the anion concentration. The direction of the shift
depends upon the relative values of the thallium ion-
water and of the thallium ion-anion interactions. The
direction of the shifts observed for TlC2H30~ correspond
to the Tl+ anion interaction being larger than the
Tl+ H20, while the shifts for TlXO3 correspond to the
reverse situation. The decreasing order of interaction,
acetate, water, and nitrate, is reasonable in terms of
the general chemical properties of the species.

The large resonance shift between the thallous and
thallic solutions results probably from the formation
of a stable coordination complex by Tl+', such as
Tl(NO, )+' in the nitrate solutions, filling the low-lying
6s orbital. Therefore, the concentration dependent
shifts in both thallous and thallic solutions involve
electronic exchange with the thallium 6p orbitals. This
could account for about the same concentration de-
pendence being observed in the thallous nitrate and
thallic nitrate solutions, providing the reasonable as-
sumption is made that the diferent manner in which
the 6s orbital is ulled in the two ions does not acct
very much the solvent and anion interactions with the
6p orbitals.

The question arises as to why effects of the sort re-
ported here have not been observed in other ions. It may
be simply that the effects occur, but are too small to be
observed in the lighter elements previously investigated.
In this connection we should mention that preliminary
measurements on cesium chloride solutions have shown
some concentration dependence of the Cs"' resonance,
but the shifts are much smaller than those in thallium,
The largeness of the thallium shifts may be attributable
partly to the fact that in this case we are not dealing
with the rare gas electron configurations possessed by
most ions.

Besides their bearing upon the structure of solutions
of electrolytes, these results demonstrate it is not always
possible to regard ions in solution as equivalent to free
ions as far as magnetic resonance is concerned. There-
fore, the use of shielding fields calculated for free ions
to compute corrected magnetic moments from measure-
ments on ions in solution may not be valid in many
cases. In any event, the possibility of concentration
dependence should be considered when nuclear mag-
netic moments are measured using ionic salts in solu-
tions.

The equipment for this work was provided mainly
by a grant-in-aid from the Research Corporation. Also,
we wish to thank Mr. R. E. McClure for his assistance
with some of the preliminary chemical shift measure-
ments and with the comparison of the shifts for Tl"'
and TP".


