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. ELFCTRON PARAMAGNETTC RESONANCE uPECTRUM Or' 2( A )

ITS 170 HYPLRPlNE COUPLING AND BLPCPRONIC AND LOTATIONAL g-VALULS

C. Anthony Arrington, Jr.,* Arnold M. Falick! and Rollie J. Myers

InorganiéfMatériéls'Research Division of the Lanenqe Radialion Laboratory,
;and;Department of ' Chemistry, University'of_California,
- Berkeley, California gh720

ABSTRACT

The 17O hyperflne coupllng was measured for O (1Ag) in its J =2
angular momentum state. The coupllng constant EngNuB'< Z:E /r 3>
was measured‘to be =424 + 1 MHz. From this value we can follow Harvey's
conventibnvand determine <Zl/rﬂ3>> = 39.6 x 10™2%cn™3,  The previous
work by Miller et al. on 02(3Zg') can be used to determine < l/rs3 > =
43,6 x 10'??¢mf3. Eyen though these two values refer to different elec-
tronic sfgtes, they are in the same ratio that.ﬁarvey found for O(>P),
but they are both appreciably larger than the values he found for o(°p).

The gJ' values were determined for both the J =2 and J =3
anpular momentum states. From these values we obtaln gL = 0. 9998C0
and g = -l.7o x 10™*. The gL value 1; very close to the recent

determlndtion of T. Miller, but the g, value does not agree with

Miller's work

* present address: Department of Chemistry, Furman Unlver51ty,
- S Greenville, South Carolina -
1t present address: Space Sciences Laboratory, University of
' California, Berkeley, California

<
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Prcvioﬁs workl has shown that thé metastable. lbg excited electronic
state of Oé,can be detected by eléctron paréﬁagnétic.resonance (EPR)_:
spectrosccpy“in fhe'gas phaée. It can be gcnérated by an electrical
,dischargé‘thfbugh 0, and by é variéty of chemical tcchniqucs. It ap-
pears to have COnsidefable iﬁpcrfance in oxidation rcactions including
those infblvea in the pfodﬁctibn of photochemical smog. We have con-
tlnued our EPR work on thls spec1es to include the 170 hyperfine 1ntef-
“actlon and a determlnation of the eléctronic¢ and rotational g-values.

our results for the hyperfine interaction of O ( Ag) will be com-
paredrwithfthe previous work on the atomic and molecular ground'states
of oxygeh; 02(3Zg°) and O(®P). The '70 hyperfine coupling constant
is a measure of < l/r3:> for the unpaired electrons. Accurate thec—

’ reticallesfimates of < l/r3> are still not avai;cbie for either elec-
tronic sﬁatc'of 0,.

The elcctrcnic and rotational g-values depepd upon a variety of
characteristics of the electronic wave function. Since they involve
. absolute ficld measurements, the experimental determinations of these -
quantities are difficult. After our work was in manuscript stage we
received a copy of a Oz(lcg) g-value measurement by Miller.2 Compari-
son will be made with Miller's results which appear to be of high accu-

racy.

Experimental

- The 11Ag state of‘02 was generated in a flowing gas stream by an

electricgl discharge., For the 70 work we used a 2h50 Miz 100 watt unit
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and caﬁiﬁy3 Qﬁile‘for the g-value work we used a .13:MHz radio frequency
electrodéléss{discharge. In thc'lYO;work the gas‘Was reéycled by means
of a;ﬁéiduiy diffusionvpump of conventional design. We started with en-
.richédigiygénh conéiéﬁing of SO%'0xyéénél8,‘30% oxygen-16 and 207% oxygen-
17. At tﬁelénd of'eaéﬁernvthe>ehriched 0, was condenSéd into an acti-
vated charcoal tfap at 77°K. The  enriched 0, could Be returned to the
. flow systcm"by warmiﬁg the trap to room temperature.

| ‘Typiéallpfessures in"fhe-l?o'work wérevo.8'torr. At this préssure
it was.§6551ble‘tb get fhe maxirmum '1Ag. signal and still keép.the mer-
cury'rec&cling pump in operation. A singlé charge of enriched 0, was
gbod for gbouf‘eo hrs of discharge and recycling time. The 0, slowly
reacted ﬁith,fhe'hot mércury in thé pump and the percentage of oxygen-
16 slowly&ihéfeased in'the'rebyéled“gaé. For the g-value workiwe simply
used dry”ﬁéﬁk 0, is a fast flbw”system at a pressure of about 0.6 torr.

The 170 measurements were made wifh a standard 100 KHz field modu-

lated'Xéﬁaﬁd EPR spectrometer{ The sample was pumpéd through a quartz
lihed Varian’Vh533 cylindriéal caVity.v Field measurements were made wiﬁh
a-commeréial NMR gaussmeter. The cavity frequency in the TEOll mode was
9.082 GHz.

The g-value measurements were made with a specially constructed S-

band spectrometer. A rectangular resonant cavity was made from a section.

of S-band wave guide in whiéh the center,part of the broad wall_wés re- .

. placed with 5 x 10 % inch siiver foil. The gas flowed through a quartz -

pill bdx,.wiﬁh side arms, which almost filled the center section of the

TEloh‘cavity. The two modulation coils wvere mounted on the outside of
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1/8 inch:thick plastic sheets which sﬁpporféd thé'sil&er foil walls.
The fihaliéévity fréquehcy was about'3;l3iGHz, and its' Q was close
to 10,000, | |

'The microwavé source was a HP 8616A signal géherator which was
IOckea’tofthé caviﬁy‘ffequéhéy"by means of photon coupling5 and frequency
médulatiohiwith phase ‘detection at 10 ‘KHz. - The cavity was critically
coupled t§ the lihé andvthe'miérowéve bridge waslédnstructed using a
Yiport S;Béﬁd;wéve guide ciréulator. -The,magnet had-lQ iﬁéh'dia; poie
caps and_é_é 5/8 inch gap. The modulation coils were quite close to
the pole'caps.which gave severe eddy'current loss at 100 KHz. .Fbr this
reasoh, the modulation coils were driven in a non-resonant circuit by
a.600 ohm output impedance power amplifier.

The magnetic field was measured with é proton NMR which was locked
to_the magneﬁic.field. The circuits for this device were similar to
thoée of Maki and Volpicelli.6 ‘Our primary standard was a proton probe
' doped to.“lt-h»e, 0.1-0.2 M level with Cu(NOs)s. With this level of cu®t
thé protbﬁ resonance is shifted from its pure water value by less than -
0.1 ppm,v We used the 1963 N.B.S. value of 4257.59 Hz G~ ! to convert
the proton resénant frequéncies to magnetic field values. In order to
correctvforithe positional field shift between the sample and the pri-
mary standérd probe we used a commercial Harvey Wells NMR inStrument and
its associated probe. This probe was placed in the same position in the
magnet tﬁat the sample occupied énd the difference between the two NMR
systems Wgs'recorded over the fulllragge of magnetic-fields employed.

We did find that the Harvey Wells probe and our primary standard NMR



did not giﬁé the same frcqueﬁcy in.the same magnetic'field. The Harﬁcy
Wells-was féund to be shifted to higﬁgr frequeﬁciés By +10 ppm. It is
prdﬁablefthéfithe encapsulated Harvey Wéllsbprobe:ié'doped_with Mn“t,

Fe * or §6ﬁeibther'ion which gives a large contact Shift.7 ~The +10 ppm
is a ratﬁérvlarge shift and it may be due, in part, to the encapsulétion.
Since;wc wanted to know the centers of the EFR lines for the g-
Valué'work“as accurafely as possible, we avéraged the data from several
spectra.ahd‘fit them by a least squarés procedure to a Lorentzvline:’:

shape. We”utilized the magnetic tape data acquisition system ahd least

squéres programs previouSly described.8 Since both the NMR and EFR sig-

nals can have a time shift, an average of the line centers for both up-

field and down-field sweeps was used. A difference of 0.5 G was typical

" between the-upF and down-field sweeps.

The EPR Spéctrum

- The basic features of the EPR spectrum for 02(1Ag) cah be de- j
scribed in terms of an electronic angular momentum (A = 2) which is
quantized along the internuclear axis (Hund's case a). Together with
the rotational angular momentum, they form the tofal angular mo@entum.
J Which‘is quantized along the magnetic field axis (MJ).' The:elec-
tronic magnetic moment along the internucléar axis has the value of
28 Mg where &, shouid be cldse;to unity.

The first-order Zeeman'enefgy,of_this system,is'

€ (first-order) - = T L (1)

~p.



where
g; = - (@
2 ST (R o
Using the selection rule for magnétic dipole radiétion of Al =t 1,

one predicfé four'abébrpfion“signals:allvat &; ~2/3 for the lowest
total;anéulaf-méﬁentum state with J = 2. The observed J = 2 'spectruml
.in fact conSists of these fOur'aBsorptions,'but they.aré'spii# apart by
a hiéher.order Zeeman effect., This splitﬁing can be reédily explained
by a mixing Qf‘the J levels which depénds upon the ratio of uBH to .
the rotational constant B. | |

‘ For the 70 nucleus with ' I = 5/2, we must consider the new stgtes
éharactérizéd by the values of 'MI. Since the'vlag state has a first-
order Zeeman effect, it also has a large component of magnetic field,
produced’byziﬁe orbital moﬁeht, which ié aﬁ the nuclei and parallel to
H. ThiS{figld is muchniarger:than H itself and it is the dominant in- |
teiactioh_foi the 70 nuclei. There is also a sméll nuclear quadrufole
interactioh and small secpnd-Order terms involving the J mixing. The
J = 2 enérgy level pattern for a nolecule with one 170 nucleus is shown
in Figure 1. |

The.éXact calculation of these energy levels is simpiified by the

fact thatrEq.(l)is'thé major term in_the~Zeeman energy. One can'either

9

use the older formalism of Condon and Shortley as'explained By Van

Vlgck and Frosch and Foleylo or the newer and more complete, formulation

of Carrington, Levy and Miller (CLM)}l; A complete ahalysis of the 70
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hyperfine intéraction is possible from the spectrum bf a single J
state, and_ﬁhe work reported here was done on the J =.2 state at X-
band (9 ¢ﬁi);'

A cqmplétg andinis'of‘the g-value’problem is'only¥poséible if
work is'déﬁe on_two - J statés, bégquse‘one must_separate.the rotational-
electroniévcontributions to the magnetic ﬁoment from the purely'élec-
tronic'qnes.‘ We;chose to operate at:S-band (3 Gﬂz).so that both thg

J =2 aqdv J = 3 spectra would be within the range of our magnet.

170 Results

In our énriched 0, one can see EPR lines due to 0,, '80,, 0'®0,
 '16Ol70 and 170180- The spectral region also includes some strong absorp-
_tions‘dué.tb 0, in ité.gr&und 3Zé' state. Oné could expect to observe
48 lines from the two 70 species with the selection rule Ay = 0.
We could'OQiy resolvev28 of these. The signal to noise ratio was only
about 3:1‘foi the *70 lines and in addifion bverlapping of somé of ﬁhe
many possible lines from fhe several species present made compléte re-
solution impossible. The line positions were measured to iO.S G for
both the- MJ = =1 t6 0 and the MJ = 0 to +l, transitions, and to *1 G
for the oth¢£-sets‘of transitions. |

Forja ‘}A electronic statelthefe is‘only one important term in

the magnetic hyperfine part of the electronic Hamiltonian. Following

CIM it can be written for one interacting nuclcus o as

ae - X &I T (3)

>



where for a_sinﬁle‘Cleétroni¢75tate =N
o = N LT s
< |a,Z, | 1> = < lzgauNuBraizilvu} o (%)

In their evaluetlon of the electronic- rotatlonal matrlx, elementu given :
by Eq. (3),CLM use a JIFMF representation. In ordlnary magnetic flelds
Lq.(l)lS»almost exact with the result that the orbital angular momentum
vis”very neariy'quantiZed along the axis of the field. As a'feeult a
JIMjMi %nepresenfation is more appropriate-forfthe evaiuation of the

matrix elements'that result from Eq.(3). For J = 2 the result is that
(flrst order) = (< a >/3)MJMI + quNHMI (5)
" where the constant < a> is defined by
. = v > | '
<a> Z<n_|aizZil n: (6)

where i-'isvthe internuclean axis. Higher ofdem terms arise from the

fect that .J and MI are not exact quantum numbers. These terms can
produce'snifts of the order of lb G in the absorption lines while Eq.(S)
predlcts most of the hyperflne gpllttlngs of several hundred gauss as shown
- shown 1niTable I,. The flnal calculatlons were done by dldgonallzlng a

72 x.72 matrix with <a> as an adaustable parameter. No least squares
fittingﬂmasvattempted The agrecment between the calculated and ob-

served fleld positions shown in fgble I was obtained w1th <a>/h = -hek

MHZ.
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Table l:'Observed and Calculated Hyperfine Structure for J = 2

A

l\..

With v(obs) from 9.0822 to 9.0818 GHz

With <a>/h - -hok miz . »
»The 162f 17 and 17 - 18 were not resolved so assumed H(l6-l7)::
H(obs) + 1G. ' ' : :

Isotopes . I
M, = -2 to M~ -1
16 - 17 5/
16 - 17 -1/2
17 -18 i/
17 - 18 -1/e
'MJ = -1 toM; =0
16 - 17° /2
16 - 17° /2
16 - 17° /e
% - l7c _ '_3/2 4
;= 0to MJ =1
16 -17  3/2
16 - 17 - . 1/2
16 - 17 -1/2
16 - 17 32
(a)
(v)
(c)

1toM

j.hv/an‘
obs.? i cal.b Isotopes’
65174 65177 | 17 - 18
68272 68265 | 17 - 18 .
.67288} 67276 17 - 18 -
.68377 68325 | 17 - 18
My =
.Ghl72 L2 |16 - 17
66506  .66506 | 16 - 17
67547 67546 | 16 - 17
68597 .68603 | 16 - 17
‘ 16 - 17
_ 16 - 17
64798 64801 | 17 - 18
65814 65819 | 17 - 18
.668k9 6685k | 17 - 18
67900  .67904 | 17 - 18
17 - 18

1/é

_1/2

-3/2
" -5/2

=2

5/2

 :3/2 '

1/2
-1/2
;3/2

-5/2
- 5/2
- 3/2

-1/2
_3/2
-5/2

o

..68218

hv/uEH

obs.a cal.b
.65788 65792
66819 .66826
67871 67875
68939 68940
.63140 .63135
64130 .64138
65140 - .65155
66172 .66186
67227 67231
.6828L4 .68290
63079 .63074
.6L068 64075

.66106 66118
67150 .67161
.68218
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The Quéhtity of interest to be obtained from fhe 170 results is
<.i/r3a>ifof.the.ofbitally unpaired electfonS»Whichhform the le term.
Since'thé'éxperimental'paréheter'.<af> contains the orbital angular
momentﬁm bpe%atofs:-£ii, we“ﬁave to make some'aéSumptioﬁs about 'the
wave funcfibﬁs of the orbitélly unpaired electrons. If we assume one—.

electron wave functions which are dérivéd from = orbitals, then the

zzivvafeBééﬁérately:quahtiZed in Eq. (6). With this assumption wé:qbtain
s . 3 . _ . . . . ,.‘ . 'v
<1r’> = <a> EgIPN'uB )
= 39.6 x }0-24cm-3 (7N

. This ééme result can be obtained from the final equations of CIM,

(.

but not without some difficﬁlty. ' They assume that the radial and orbital

parts of Eq;(6)can alwéys be separated and they express their final

matrix elements in this form. If one follows their technique then the

. first term in Eq.(5)would be written as (2a/3) MJMI.'kTheir constant

a 1is now soﬁe kind éf weighﬁedvavefage vhich results when the radial
and orbital'parts of <a> are separated. For a two-electron problem
a = <:a:»/2, but it is still not rigorous to make this separation. The
reéent §épérl2 on 7S inﬁeractidn in 86(32) uses a hypeffine formalism
which ié similar to‘ours.

The separation of orbifal éhd.padiél factors in “<z§> has been
carefuily inveétigated for Osétom by'Schaeffer et a1.l3 They added é,'.

"polarization wave function" to the usual restricted Hartree—Fock treat-

ment in order to include the effects of core polarization. The core
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polarizationwwasbfoﬁnd to be importgnt for bothzthevspiniand orbital
terms ih}theihyperfine iﬁteractionvof the °P groondiététe'of O-atomn.
The'result?of'their calculations for the orbital term in the'hypeffine | 4
ihteiéctioﬁ'fof'o-atomlis shoWn'iﬁ Tﬁblé II. When they included the |
effects of core polarization they obtained excellent.agreement with the
exPerimentél value for <a> obtainedrfor Y70(°P) vy Harvey".llL .They
found thotfthe H-F value for <1/r>>vas almost 107 lafger‘than that
predictedffrom the experimental valﬁe of <a> and that thisbwas |
accounted for by_theih0n~separability of the orbitol and radial factors
in <a>’_.x.;"f‘v |

Harﬁeyaelso found . that differentﬂvaluesrfor < 1/r3‘> were‘obtained
if.he usea;the'spin and ofbital hyperfine interactions. Ffom the orbital
’ hyperfinefinteraction'he determined'what he called <:l/r3£>> and from
the spin he obtained what he called <fl/r3 >. He found that < /x> >
was about ll% larger than < l/r >; The calculations of Schaeffer
et al. aceount for this difference by core polarization. The value for
< l/r3 > that we obtainea in Eg. 7 should be more properly termed
< l/r 2> and it should be at least 10% larger than the H F value for
< l/r > in O ( Ag) Table II also showsva. < l/r > value obtained

15

for O, (.Z ) by Miller etval In Harvey's notation this ie a S ,A

< l/r3s > value s1nce 1t is deduced from an electron spin. hyperfine
nteraction. Since the o, (52 ") value for < l/r3S > is about 10%
larger than our < l/r ) > value for 02( Ag),we_can conclude that_they

follow the same pattern that Harvey found for O-atoms. Under these

- circumstances vwe are forced to concludc that the o hyperfine interaction



Table II -
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'J?h'eoretiéal and 'ExpérimentalA Oxygen H‘yperfine Parameters

& . o .
8 | . System  Source - < Z Zl/ > <l/r3>‘
o o in 1072% em ™3
o(3P) Theory® = 31.3 33.6
Expt.” 3L.0 31.0%
3 o  .,. i a - ' . ‘e'
0.(7L) Expt.. — 43.6°
0,(*a) ©  our work 39.6 39.6°
(a) Ref. 13
(b) Ref._l&
(e)  More Apr'oper'ly designated <1/r3£ >, see Ref. 1k
(a) Ref. 15
(e)” More‘.-propei-ly designatedv- < l/r3s>_, see Ref. _114
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for Oé in.bbth °% and lA is cbnsisteht'within the ﬁncertaihtiés of
the methbd,’ﬁith the same value of <Zl/f3>>. ‘If should be possible in
the neér fﬁture to do accurate<H-F calculations for 0., and we predict v
that the values for < 1/r > for both the éZ and A _stétes should |
be very close in value. o | _‘ - |

It is possible from Tablé iI'to see. that thé.<i1/fg.> values for
.0, are qulte obvxougly larger than they are in O-atom, fhe readily
avalldble cxplanqtlon for thls is thdt the bondlno in Oq produces a
contractlon of the 2p orbltals so that < l/r > 1s 1ncreascd. Confir-

mation-of this will also have to await accurate H-F calculations for 0.

The g-Value Results

At least two pérameters are fequired to fit the set 6f transitions
for each_ J. Valﬁe. "In the absénée of:higher-order terms in H, the
center of each patternbdepends.only ﬁpoﬁ  gJ. The higher-order terms
give a éhift of.the center and a splitting into 2J +transitions. Thesé:
higher- order terms depend. upon the rotatlondl constants characteristlc
of each_ J yalue. Since a complete asslgnment of -the rotatlonal levels
of 02(1Ag):sha$ been made,l6'we found that it was_qulte satlsfactory
tofassumé ﬁhe rotqtionai C6nstants and to only fit'a gJ value for each
set of franéitions;_, _ |

Our‘oldef workléon Jd =2 ‘at X—band 1nd1cated that the spectroscoplc
rotatlonal constantl6 Bo = 1. hl]8 cm~! did not fully acéount for the’

splltt;ngo. ‘We have subsequently found that thls small.dlscrepancy was



due to an 1mpropcr callbratlon.of the magnetic Tield at the sample The
difference between the fleld at the uample and at the NMR plobc is field
dependent. When this is properly corrected for,.we obtain tlie Jv= 2
results}shdwﬂ'in Tdble II1.  The field pOSitiOné sh§wh in this table
were also célculaiéd using the 1963 N.B.S. value for.the NMR'fréquency
conversi@h. 1 |

We the supp1emented'ﬁhese‘old Xébaﬁd (9 GHz)'résults with'new
data taken at S-band (3 GHz). We also fit the centers of each EPR line
with our leést-§quares fitting techniQue.8 The spectrum Shown in Fig. 2
was fiﬁbd_dSsumihg four lorentz lines of arbitrary width, intensity and
positioh. Ohe can see that the fit was very good and the intensities
were cque ﬁo the 2:3:3:2 pattern expected for J = 2; The centers of
theée lines could be fitted to'a'precision.of about 0.01 G.

Tabie“IV shows the S-band result for J =2 and J = 3.and the

‘values of gy ‘necessary to fit the data. Only - two of the six poésible

= 3 lines were accurately measured. These two had the best signal-
to-noise ratio. One can see that the g; values from the S-band data

are consistent to within the uncertainties in the magnetic field. Since

the J = 2 values obtained at S-band are apparently more accurate than

those at X-band given in Table III,_wé take a weighted average of 0.666630

for gy far J = 2. The J =3 average is obviously 0.333400.

The contrlbutlon of the rotatlonal g-value (gr) to the gj values

can be- eas¢ly calculated, and for the two J values the results are

0.666630 - (8)

0.333100 = g -=&, . . (9



'tTablefIII QQEEVCorreCted Values:forki = EZEEfX—band

Transitibnﬂ o : ‘ 'Field"ff‘_ 'f,"_'ﬂ' hv/pBH 

i

"-é_» }1 f;f _1f' ,“10;090.3v? .;'af'd§6§597 l]
a0 9,088  0.6626k
i’o'%_*ifff*,fff, 9,885.9  0.6695h
q,1453 ﬁﬁ_ 9,781.9  0.67667 -

A

(a) MB/n = 13:9960 x 10% ¢ sec™t

(b) Wiﬁh'thé;Spectrosédpic,rbtatibnal éonstantsfof'ref_.'l6fahd'

.,-gjx?{0{6666;   .'_.

J:f?  i:‘ L -(Gjiﬁ . 1 _’fvﬂ idbs.a '.‘>i

'2calcﬁb

6T
Co.666h

' 0.66954 .
e

b

e



Table TV yxperiﬁental S-band Results and Resultant %{ Values

Wy
* o v gyansitiog ' J = e? | - J = 3b
YMJ--* - H(G) o 85 H(c) . g;
2 sl 3,377.29  0.666633 _
1o 0 3,365.46  0.666631  6,693.36  0.333399
0- 1 3,353.66  0.666632  6,734.3h  0.333%0L
1- 2 3,341.80  0.66663h ' ‘
(a) v = 3.134236 x 10° Mz
(b) v = 3.134283 x 10° Hz

s
&

»
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if these:two equations are solved we obtain

g, = 0.999860 S (20)
and ':, ' v : -
g, = -LTox 10-* (11)
or o
ﬁ-uBg?/uN. - 50'3l3f, __ff. | (12)

In Eq.(ll)we'ekpreés the'rotational g—#a;ué in units of the Bohr még;
neton, &ﬁile in Eq.(12) it is expressedvin the more natural uﬁit of the
nuclear maghetonf | |

Our value of g, agrees very welleith Miller'éa value of |
'_Q.999866 tjoi000010; As Miller points'out-ﬁhe_small decrease below
unity is.dﬁe to‘fhe relativistic édntributionéf'vThe work on atoms has

17

been sumﬁarizcd by Hughes. Thése_cbntributiOnS can be considered
as the result of a power series in the fine structure constant a. They
come ffom the terms in the series of the order a2pBH. As a result, 

2 and

we expéct'thatv g1, should differ from unity by something like o«
so our expérimental.difference of -1.40 x lO"4 is of the expected order
'of magﬁitude.

For O-atdm‘the most importaﬁt.relativistic confribution to the
orbital g-value comes from the "rclativistic increase of mass." This:
has a very simple form. It is first, ﬁecessarily diamagnetic in that
it decreases the valué'of 21, In_§rder to calculate this térm one only
.needs té:kgow the:average‘kinctic-eﬁergy of the oribtally unpaired

. e i _ e 18 .
electrons.  For O-atoms, this quantily has been evaluated and onc can

£

P
}
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show that thi% term alone Shouldvchange “gi eby -1.3 x 10-*. 'This is
very close to the total change in 'gL and the other terms must eithe
not be’ important or more likely, they partly cancel

Our.value for gr dlffers from Miller's value of -1.234 + 0,025 x

107%, We are clearly outside of Miller's'estiméfe'of'his experimental

' error. It is quite remarkable that we can agree s0 well for €1, and

still not agree for gr One can see from qu (8)and(9)that the value
of gL is’ prlmarlly dependant upon the value of gJ for J =2  and
gr comes mminly from a comparlson of the gy values for Both J =

and J =ﬁ3; in fact, g, depends upon how . close the value is for

&5
~ 3 to one-half of the value for J = ’

In'Eq.(9)if we assume'theﬁ our value of g is correct but that
Miller's value fer 8, is correct, then 'gJ 'for J =3 would have to -
be decreesed byv.3l i 10;4. This is a 1072 p error in 83 or a 0.6 G
error in duf'mégnetic field meaeurement.'v51nce Mlller s measurements
were made at X-band it would require‘an.even larger error in his field
measurement. These errors are about the size of the shift between the
NMR probe ahd the sample, but this shift was corrected‘for in both sefs
of.experiments. One can conclude that one possible-source for the
differeﬂee;between the two 8. Valuesbwould be an error ip,the field
measuremen£$ for fhe J =l3-.lines.

'The.ratiovof the two values of g¥’ is close to h:3; Our value of
g?: is defined in the common menner'SO that ﬁ;. = gr“Bﬁ’ where N
is.the rotatiohal ahgular momentum. The same definition was used fof

19

(JL ) by Bowers, Kamper and Lus tlg who obtained &, = 1.2 x 1074,
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This isvideﬁticainto Miller's value for. g, in .02(}Ag). Miller points

out that his value for &, gives equal electronic contributions to g,

for bothfthé’.lég and 3zg' electronic states. "This is a remarkable

result sinee’the'perturbation formulae for the eiectrohie part of e,
-1

o
Ag and Zg

states.- It is to be expected that both values for ‘uBgr/uN should lie

depend upon different excited electronic states for the

between zero and -1, but one would hoﬁiexpect'them to be as close as
Miller's result indicates. |

At some future date it shquld-ﬁe peSSible for us to make>S—band
measurements on the J =Y 1lines and thus to have an over-determined
set of equatlons to solve for gL and .- The possibility‘of a numerical
.error in our calculatlons was ellmlnated when Mlllereo checked our deta
w;th hlsvleast-squares programs. He obtained very nearly the same values
as we quose for = aﬁd 8, using his progfams on our data. Under these
circumstences it is particularly clear that'furtherrwork should be done-

in order to determine the exact source of our discrepancy.
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" - Figure Captions

1. The magnetic splittings for 160170 with J = 2. The
splittings are shown accurate to second-order perturbations.
For a & term ‘A= 2. The arrow shows a typical EPR

transition. .

2. A least squares fit to the J =2 1lines at 3GHz. The
error curve bclow has a scale expansion of 1.661. Each line
was asstmcd to have a Lorentz line shape but arbitrary width,

intensity and position.
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Ev'nerqy levels for 02(1_A'
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