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The millimeter wave spectrum of silver monoxide, AQO
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The pure rotational spectra 6f’AgO and!%°AgO were recorded in the 117-380 GHz spectral
region using a dc-sputtering absorption cell. THéAg(I=1/2) and 1%°Ag(1=1/2) magnetic
hyperfine parameters are interpreted in terms of plausible electronic configuration contributions to
the X 2II; state. It is shown that the determined unusual sign ofAttaoubling and Fermi contact
parameters implies that th¥ °[l; state is dominated by a three open shell configuration. A
comparison with isovalent CuO is made. 98 American Institute of Physics.
[S0021-960698)01618-3

I. INTRODUCTION extensive correlation treatméntconfirmed that the ionic
o ’ bonding resulting from coupling the open shell
Early models for bonding in th& “II; ground and the  (,_ 1)g%s! electrons with the O(2p®) electrons is indeed

: 2%+ ayei : 25 +
low lying A “%™ excited (sometimes referred to 8 °%7)  jmportant for CuO, and presumably also important for AgO,
states of CuO and AgQRefs. 1-5 were devoid of many of

the complexities inherent in models for other transition metaM * ((n—1)d°ns')O™(2p°)

compoundge.g., multipled-orbital bonds,m-electron back . 1 4 26 34 1
donation, etg. The bonding was simply described as purely (corg 101 5*17"20 27 30
ionic arising from coupling of the M((n—1)d'% ground —X 2I0;+ (“II; and ?II,). ©))

state configuration with the @2p°®) electrons, . . . -
g @zp?) Furthermore, this calculation predicted a significant covalent

M*((n—1)d¥)0(2p°) character arising from back donation of @entered charge
) 4 2n 3 ) into Cu 47 and 3= orbitals which may also be important
—(core1o?18*1m*2022m3— X 211, @ for AgO,
—(corglo?18*1m*20'2m* —A 23T, (2 M((n—1)d°nstnpl )O(2pa2p3 ;)

where in labeling the molecular orbitals only the valence  —(core1lo'l6*17*20227330"

orbitals of M" and O have been considered. The significant

excitation energy associated with ionic states arising from =X I+ and “I1,). )
the open-shell 1—1)d°ns’, (n-1)d®ns’, and @  The 27 orbital of Eq.(3) is essentially a ., O -centered
—1)d®ns'np® configurations(Cu*: >2.8 eV and Ag:  orbital whereas in EqW) it is a bonding mixture of P,
>5.0 eV) (Ref. 6 and the large ratio of radial extent of the O-centered and @ ; plus 3d.,; Cu-centered or p.; plus
nsto the (1—1)d orbitals[Cu*: ~3.3 (Ref. 7) and Ag': 4d.., Ag-centered atomic orbitals.

~2.7 (Ref. 8] was used to rationalize the prediction that  The heretofore lack of magnetic hyperfine interaction in-
these configurations were not important in describing bondformation has inhibited experimentally testing the proposed
ing in theX 2I1; andA 3" states. Subsequent spectroscopichonding for AgO. The fine structure parameters for the
observations for CuO illustrated that such a simple modej 23, * andX 2II; band system were derived receftlfrom

was woefully inaccurate. Specifically, the optitaf, the analysis of thé 25+ — X 2II; band system recorded by
infrared;* and microwav&'* spectra revealed that the Fourier transform infrared FTIR) emission spectroscopy.
%3Cu(1 =3/2) and®*Cu(l =3/2) magnetic hyperfine interac- The analysis of the visible emission spectrum, recorded at
tions inX °II; andA 23" states were large. In contrast, the medium resolution using a conventional spectrograph, was
configurations depicted in Eq&l) and(2) will resultin neg-  reported some time add.Unlike similar spectra of CuO,
ligible magnetic hyperfine interactions because the unpairefleither spectra exhibited magnetic hyperfine splitting. This is
electron occupies thez2or 20 O™ -centered molecular or- primarily because th®#’Ag(l = 1/2) and'Ag(l = 1/2) mag-
bital. A more recengb initio calculation for CuO employing netic moments are approximately a factor of 20 smaller than
those for®3Cu(l =3/2) and®Cu(l=3/2). The more subtle
dpresent address: Department of Chemistry and Biochemistry, Arizondlifference in the magnetic hyperfine interaction between the
State University, Tempe, Arizona 85287. two molecules reflects the periodic trend in bonding and is
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the focus of the present study. Although it is expected that
the ionic bonding contribution for AgO and CuO should be AgO(X711,,) J=6.5-5.5
comparable because of the similar ionization potential of Cu
and Ag, the degree of mixing between the—(1)d!° and
(n—1)d°nst asymptotes in the description of this ionic bond
should be significantly different. Specifically, the mixing
should be much less important for AgO than for CuO be-
cause the'S((n—1)d!9)-3D((n—1)d°ns') separation for
Ag® (=5.0 eV) is much larger than for Cu(=1.5 eV).
Furthermore the energy disparity between tie. 5 of Ag™ F=7.6 F=6-5
orbital and the O valence orbitals in comparison to the ; .
4p-., of Cu™ will hinder the covalent bonding arising from 117621.000 117625.200
backdonation. These qualitative differences in the bonding of
CuO and AgO are in accord with the conclusions of the
recentab initio prediction'® Here we report on the analysis FIG. 1. The recorded mm-wave spectrum associated with)th6.5—J
of the mm-wave absorption of both tH%7AgO andlogAgO =5.5 pure rotational transition of th¥ 2T, subband for'®’AgO. The

( _ _ _ e poton . » tor ;
isotopomers and the interpretation of the magnetic hyperfing?itting is caused by the"Ag (I = 1/2) magnetic hyperfine interaction. The
. . . e-parity andf-parity spectral features are not resolved.

interactions and\-doubling effects.

Intensity /arb.

Frequency / MHz

Il. EXPERIMENT
The A-doubling and the hyperfine effects on all of the

All measurements were performed at the Institute formeasured transitions in th& 2[15, subband are small.
Molecular Science using a long path absorption cell appararherefore, each rotational transition for this subband con-
tus similar to that used in the recent study of Cialhe  ists, in principle, of four closely spaced spectral features
experimental set up has been described previddsBSilver  associated with the strongly allowetF=AJ=+1 transi-
monoxide was producedhi2 m long free space flowing ab- tjons, two hyperfine components associated withetparity
sorption cell by dc-sputtering of a cylindrical silver foil in- |evels and two associated with-parity levels of theA-
serted in the cathode. A 3:1 mixture of helium angdwas  dgublet. At lowsd the A-doubling effects in th&X 2I1,, sub-
SlOWIy f|0W€d through the Ce” a.nd a discharge current Ofband are neg||g|b|e and_parity andf-parity spectra| fea-
approximately 500 mA was maintained. The absorption celtyres are not resolved as illustrated in Fig. 1. The splitting of
was cooled to a temperature of170 °C by flowing liquid  the spectral features caused by theloubling increases ap-
nitrogen through a copper tube attached to a copper shegtoximately linearly with] whereas the hyperfine interaction
covering the Pyrex absorption cell. It is estimated that thesontribution decreases nonlinearly wilh The net effect is
pressure in the absorption cell waslO mTorr. The tunable  that with increasing) the spectral pattern changes from the
microwave radiation was derived from harmonic generatioryg features illustrated in Fig. 1 into four overlapped fea-
of free running klystrons operating in the 65-120 GHzyres which then rapidly coalesce back to two features. The
range. The radiation was frequency modulated at 50 kHz an@.doubling effects on the measured pure rotational transi-
a |IqUId He COO|ed |nSb detector Signal processed at 100 kHﬁonS in thex 2H1/2 Subband are Very |arge and We” reso|ved
with a lock-in amplifier. The Earth’s magnetic field was for all the observed transitions. The transitions associated
compensated by adjusting currents through a solenoid coith Jow-J X 2I1,,, subband exhibit a small magnetic hyper-
around the cell and a pair of Helmholtz coils placed perpenfine splitting of similar magnitude to those of the2Il,,
dicular to the cell. subband. Unlike CuO, there is no measurable difference be-
tween the observed magnetic hyperfine splitting of the spec-
tral features associated with tleeparity andf-parity levels
in the X 2I1,,, subband indicating that the parity dependent

A total of 44 and 45 spectral features associated with thenagnetic hyperfine doubling term is negligilileee below.
pure rotational transitions frold=6.5—J=5.5 t0J=20.5 The total angular momentum quantum number,assign-
—J=19.5in the 117 GHz to 370 GHz frequency range forment for the hyperfine split component of the Idwspectral
the107Ag0 and'®°AgO isotopomers, respectively, were mea- features was based upon relative intensity considerations.
sured. The results from the analysis of the’S " — X 2I1; The assignment, observed frequencies and the difference be-
band system was of the great assistdh@e assigning the tween observed and calculated frequencies are given in Table
observed mm-wave spectrum. The recorded spectrum assb-Like CuO theX 2I1,,, subband transitions were detected at
ciated with theJ=6.5—J=5.5 pure rotational transition of a frequency lower than that of thé ?II, subband transi-
the X 215, subband is illustrated in Fig. 1. This spectrumtions (see Table ) indicating that the B®f(X2II,,,)
was recorded usina 1 mstime constant on the lock-in am- <B®f(X ?I1,,,) which is abnormal for an invertetll state.
plifier, a pressure of approximately 50 mTorr and a temperaThis is due to an unusually large value &g .
ture of —170 °C. The spectrum represents an average of 200 The analysis was similar to that performed for CHO.
scans. The 500 kHZFWHM) linewidth is mainly due to The effective Hamiltonian operator used to model the system
pressure broadening and to a lesser extent Zeeman effectavas

Ill. OBSERVATIONS AND ANALYSIS
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TABLE |. Observed transition frequencies ffFAgO and!®AgO (in MHz).

Steimle et al.

J'E"™ y(1/2f)P AV v(12€)° AF v(3/2f)° AV v(3/2e)° AV
107Ago
45,5 99 529.460 —-0.007
55,5 11767.624 —0.001 117 624.354 0.017
55,6 117 168.704—0.004 117 622.056 0.021
6.5, 6 135201.580—0.005 135377.514 0.018 135 713.971 —0.003
6.5,7 135202.362 0.018 135378.256 0.000 135 712.306 0.001
8.5,8 171261.806—0.024 171 437.246—0.015 171 885.767 —-0.012
8.5, 9 171 884.758 —-0.063
10.5 207 309.220 0.029 207 484.0090.019 208 044.801 —-0.035
135  261351.056—0.017 261524.824 0.015 262255276 —0.041 262254.035 0.039
145  279355.947 0.006 279529.264 0.011 280 316.146 0.000 28031456871
155 297 355.703-0.010 297 528.565—0.008 298 371.835 0.011 298370.143  0.030
16.5  315350.057-0.003 315522.443 0.003 316422.012 —0.005 316 420.066 —0.026
175 333338677 0.026 333510.532 0.008 334 466.438 0.044 334 46471626
18,5  351321.140-0.018 351 492.475-0.019 352 504.708 0.088 352502.251 0.023
19.5  369297.254 0.004 369468.030 0.007 370536.350 —0.014 370 533.704 —0.015
rms=0.022
109Ago
45,4 99 295.966 -0.031
45,5 99 292.17% —-0.003
55,5 117 063.560  0.030 117 344.872 0.010
5.5, 6 117 064.760—0.021 117 341.7%1 0.011
6.5,6 134878.762—0.021 135 054.255—0.033 135 390.873 0.005
6.5, 7 134879.655—-0.006 135055.194 0.029 135 388.931 —-0.021
8.5,8 170853.090 0.028 171028.0770.008 171 476.538 0.038
8.5,9 171 475.372 —-0.027
10.5 206 814.434-0.015 206 988.867—0.012 207 549.33%¢ —0.099
13.5 260 727.506—0.003 260 900.823—-0.014 261 631.038 0.021 261 629.6160.030
145  278689.468—0.010 278862.385 0.002 279648.881 —0.040 279647.378 0.031
155 296 646.413 0.037 296818.861 0.032 297 66£.570 —0.130 297 659.977 0.062
165  314597.869—0.005 314 769.846—0.002 315 669.060 0.039 315667.032 0.018
175  332543.651 0.007 332715.119 0.010 333670.550 —0.006 333 668.292 —0.019
185  350483.346—0.012 350 654.277—-0.010 351 665.963 0.008 351663.496  0.020
195  368416.681—-0.006 368587.047—0.006 369654.932  —0.003 369 652.160 —0.018

rms=0.023

auantum numbers of the lower level for the transitiadl,{ 1,F"+ 1)« (J",F").
The hyperfine splitting is not resolved for transitions associated With8.5 in the?Il,;, sublevel and)”

=10.5 in the?TI 4, sublevel. The observed spectral feature is assigned to the mean of the two strongly allowed
(AF=AJ= +1) hyperfine components.
“The deference between observed and calculated frequenaiesyyps — vearc. -
9The A-doubling is not resolved for transitions associated with:8.5 in the?Il,, sublevel. The observed
spectral feature is assigned to the mean of the two strongly allowéd=AJ=+1) A-doublets.

®Not included in the least-squares fitting.

Heff:HSO+ Hrot+ H|d+ Hmhf.

Expressions for the spin—orbit{*°, rotational,H™", and A-
readily available in
literature®*=2 The magnetic hyperfine operatod™", is

doubling, H'Y,

given by4=%7

terms

are

H™=alL,+bgl-S+c[l,S,— 1.9
+3id[e??1_S_+e 29,8, ].

In Eq. (6) | andS are the nuclear and electron spin angularThe A-doubling is not resolved for transitions associated
momentum operators, respectively. The data set consisted with J”<10.5 in the?I15, sublevel. In those cases the ob-

transitions associated with highlevels making centrifugal

©)

the

Amoit et al?® were used to facilitate a comparison with the
results of the FTIR studies. The spin—orbit parame#er,
was held fixed to the value determined from FTIR electronic
emission spectroscopy.

The hyperfine splitting is not resolved for transitions as-

sociated with)”=8.5 in the?Il,,, sublevel and)”=10.5 in
the 214, sublevel. In those cases the observed spectral fea-

(6)

ture is assigned to the intensity weighted mean of the two
strongly allowed AF=AJ=+1) hyperfine components.

served spectral feature is assigned to the intensity weighted

distortion corrections necessary. The eigenvectors and eigemean of the two strongly allowed AF=AJ=+1)

values for the X ?Il; state were obtained by con-
structing and diagonalizing a >4(=(2S+1)(21+1)

X (2S+1)(21 +1)) matrix representation in@ase g; basis
set. The matrix elements for ti¢? operator form given by

A-doublets. Attempts to model the data with various combi-
nations of the magnetic hyperfine parameters were made.
The A-doubling type magnetic hyperfine parameikr,was
constrained to zero because there was no measurable differ-
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TABLE Il. Spectroscopic parameters for the?Il; state of AgO(in MHz).2

107Ago 109Ago
Parametefs mm-wave FTIR mm-wave FTIR

B 9 035.497 159 9 034.7955) 9013.971 855 9 013.9%56)

D 0.013 800 9113 0.013 754162 0.013 7.34 14101) 0.013 9.70186)
A -8073882 —8 073 88249) -8073915 —8 073 91%56)
Ap 48.144 99142 48.3690) 48.029 79136) 48.443132)
Ay —0.000 100 8(149 —0.000 098 32140

Yo —-0.062 4113 —0.091 4198
p —175.66137) —-171.426) —175.21634) —-182.229

Po 0.006 84853) 0.005 19132 0.006 89750) 0.009 14144)
q —1.039 9119 —0.91(36) —1.082 1109 —0.7941)
h,® —108.4114 —109.877)

h, 69.936) 75.721)

hs 206(101) 93(65)

&The number in parentheses represent two standard deviation error in the last quoted figure.
PReference 16.
‘Held fixed to the FTIR value.

dh,=a— 3(be+2¢/3), hy=a+ 3(bg+2¢/3), andhy=bg—c/3.

ence between the observed magnetic hyperfine splitting deatures were omitted from the {gee Table)l because their
the spectral features associated with ¢hgarity andf-parity ~ deviation from the calculated value was slightly larger than
levels in theX 2I1,,, subband. The three optimized magnetic the estimated precision of 60 kHz.

hyperfine fitting parameters were taken as the linear combi-

nationsh;=a— 3(bg+2¢/3), h,=a+ 3(be+2c¢/3), andh,

=hg—c/3(=Frosch and Folep). The parameters; andh, IV. DISCUSSION

are directly proportional to th&81,,, and?II 5, diagonal ma-
trix elements in a&ase g, basis set and are well determined.
The parameteh; is associated with only off-diagonal ele- The primary objective of this study is to determine the
ments and accordingly is not well determined because thsignificance of the three open shell configurations of E8js.
energy level pattern of AgOX 2I1) is that of a nearly pure and(4) in describing theX 2I1; state of AgO and to make a
case g; molecule. The optimized parameters and associatedomparison with CuO. It will now be shown that both
errors produced from a nonlinear least squares fitting procethe sign and magnitude of the-doubling and the magnetic
dure are presented in Table Il along with those from Ref. 1éhyperfine parameters are consistent with assuming that
for comparison. Although the rms of 22 kHz and 23 kHz forthe three open shell configurations makes a significant,
the 107Ag0 and!%AgO data sets, respectively, suggest thatif not dominant, contribution to théX °II; state. This is

the fitting model is adequate, there is a slight deficiency irinconsistent with the current theoretical predictions for
the region where the hyperfine splitting is comparable to theAgO.1®

A-doubling. Specifically, the twd-doublets for thel=9.5 The mm-wave spectrum could be equally well reduced
—J=8.5 rotational transition of thé&ll, sublevel are pre- to A-doubling fitting parametersp+2q) and q of either
dicted to be separated by approximately 600 kHz, yet theign depending upon the assignment. These parameters are
observed spectral feature has a line width of approximatelglominated by second order contributions, which assuming
800 kHz and is not severely distorted. Furthermore, thre¢he unique perturber, identical potential approximationé’are

A. Fine structure parameters

2

2uR?

(OCM(A=+13 =~ 5 LT A 1 (3=~ P)(CMMYA = +13 == D[S a3 s AT 1 (S =+3)

p=4

E(X 2II))-E(A %S T) ()

2
FIA2S TS — 112
sare LA (=)

E(X °II;))—E(A %3 Y) : ®

(X 2I(A=+13=—3)|

q=2
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A sign for (p+2q) consistent with that determined from the
FTIR analysist® but opposite to that determined for CuO

(Ref. 30 and that implied by the theoretical predictith,
was used. The negative sign determined fpr-@q) from
the FTIR analysis is based upon assuming a symmetry

Steimle et al.

1 .
V(3 (Q=+1)= ﬁ (|[lo2n 27 27 302027 |
—|1o27 27" 27 302027 |),

(14)

for the excited electronic state associated with the observed

band system. Such an assumption is consistent with the ob-

served intensities and with the theoretical predicfidar the
energy separation between tKe&Il; andA 23 * states. If it

is assumed thaX °II; and A 23" states are dominated by

the configurations of Eqel) and (2) (i.e., a hole in the

2p-orbital centered on O then the matrix elements in Egs.

(7) and(8) can be approximated as

ﬁZ
(XPMA=+13 == D) e LIS 1 (3=~ 1)
=B- (20|l "|27)~—B\2 9)
and
(X PMYA=+13=-][Za 3 s)AE (2= +])
=(20]}a(l*s7)|27)~ta,\2, (10)

where a,=(2w|al,|27) and B is the rotational constant.

Substitution into Egs(7) and (8) give the commonly used
approximate expressiofts

4B, A

P EXZM)—EAZZT)’ (11
4B2

(12

ITEXAT)-EAET)

P2 (Q=+3))

1 . _
=— (2|lo27n 27" 27 302027 |

V6
—|1o27 27" 27 302027 |

—|lo2n 27" 27" 302027 |). (15

The wave functions for the tw& * (2= — 3) states are sim-
ply derived by interchanging the and B spin functions on

the unfilled orbitals. Using these spin adapted functions and
the rules for evaluating the matrix elements between Slater
determinant¥ the unique perturber, pure precession, identi-
cal potential, expressions become

—3BA

P ECT) - ECE T (Eq. 14)" (19
1BA

P ECT) -E(E 7 (Ea. 15)" 4
3B2

97 ECI)-ECS (Eq. 14 (19
BZ

19

9T ECm)-E(R(Eq. 15)

Thus it can be seen from Eg&l6)—(19) that the negative
values for theA-doubling fitting parametersp(+ 2q) andq

are consistent with the three unpaired configuration. Using
the values of theA and B values of theX 2II; state and

H —1\ 16
whereA is the spin—orbit parameter. As noted in the analysis2 Ens from the FTIR analysis £ —8294 cm 1),* and as-

of the FTIR spectra® expression(12) predicts that the\-
doubling fitting parameterp(+2q) should be positive for
AgO, contrary to observation. The predicted sign of the

doubling fitting parameterg is consistent with observation.

Expressions analogous to Eq41) and (12) for states
arising from the three open shell configurations of E&$.

suming that the wave function for tie 23 * is given by Eq.

(14) gives (p+2q)=—870 MHz andq=—4.8 MHz. This
simple prediction gives the correct sign for thedoubling
parameters, but magnitudes that are approximately a factor
of 4 too large. The implemented “identical potential” as-
sumption, which implies a vibrational overlap integral of

and(4) are readily derived. The spin adapted wave functiond/nity, will force the model to over estimate the interaction

for the inverted?II;(Q=+3) substate arising from these

configurations 1%

1 _ .
YEL(Q=+3))=—= (2|1lc27" 27" 27 302020

V6

—|lo27n 27" 27 302020]

—|lo2n 27 27 302020]). (13
The “~ ™ over the orbital indicates g spin function. The

spin adapted wave function for twi@ * states arising from

between theX ?II; and A 23" states. A more reasonable
estimate for the magnitude of the vibrational overlap integral
is between 0.70 and 0.30 given thet # 0 transitions in the

A 23" X ?TI; band system were observed and that the dif-
ference in bond distances for the two states is approximately
0.07 A Thus theA-doubling parameters indicate that the
X 2I1; state is dominated by the three open shell configura-
tions.

A comment on the unusually large centrifugal distortion
to the spin—orbit parametef, is warranted. This “effec-
tive” parameter also has contributions from the spin—
rotation interaction,y. The values forAp for the two iso-
topes are almost exactly in the ratio of their inverse reduced

the configuration associated with the promotion of an elecmass. This implies that the contribution from the spin—

tron from the 2r orbital to a 27 orbital are

rotation interaction is negligible.
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TABLE Ill. The Ag and Cu atomic information used to estimate the magnetic hyperfine parameters.

107Ag 109Ago 63Cu
g —-0.227 14 —0.261 38 1.482 22
(ng|8(r)|ns) 6.36x10° m~3P 6.38x10* m~3P 3.334x10°t m3¢
(nd|r ~3|nd) 5.71x10* m™3¢ 5.72x10* m3¢ 2.4x10% m3¢
{((n—1)p|r3|(n—1)p) 2.12x 10 m~34 0.53x 10> m3¢
(p+1/(3 cog ®—1)p.) —-2/5 —2/5 —-2/5
(p+q|Sir? O)p..1) 4/5 4/5 4/5
(do|(3 cog ®—1)|do) 417 417 4/7
(d+4](3 cog O—1)|d.,) 217 217 217
(d.q|sir? O]d-,) ar7 ar7 417
aReference 35.
PReference 33.
‘Reference 32.
YReference 34.
*Reference 36.
B. Hyperfine structure parameters c/Hz=2.123x10 B3 md s ! g|(§)
The magnetic hyperfine parameters are extremely sensi- 3cof O—1
tive to the nature of the electronic wave function. Atomic % <27T|( co ) |27)
_ ) —_—
information and the assumed nature of the open slwelP4r, r

and 3r orbitals will be used to estimate the hyperfine param- _
" 3cog 0-1

eters as a test of the proposition that the three open shell +(10o] — |10) |, (25)

configuration is important in describing the?Il; state. The

three open shell orbitals are approximated as are linear com-

binations of the 4, 5s, and 5 Ag atomic and the g O oz 3 1 Sir? ©

atomic orbitals, d/Hz=2.143<10 “m°s™* g,(5)(27| 3 |27).
W(1o)~4do(Ag), (20) (20
#(30)~5s(Ag) (21)  The I orbital contributes only tdg, the 27 orbital con-

tributes only toa andd, whereas both thes2and 1o orbitals
Y(27)~C12p+1(0O)+cr4d.1(Ag) +C35p~1(AQ). contribute toc. In this analysis the use of the experimental
22 information for the neutral atom, Ag, for the estimating the
expectation values in Eq&23)—(26) is necessitated because
of the lack of such information for the ion, Ag The appro-
priate atomic expectation valugs*® and atomiag, values’
for 197Ag, %%Ag, and®Cu are given in Table Ill. The theo-
alHz=1.4137%10 2 m®s ! g,(2|r ~3|2m), (23  retical prediction® gives no information from which the co-
efficientsc,—c5 of Eq. (22) can be estimated. The predicted
br/Hz=1.1843<10 2m3s 1 g,(— $)(30|8(r)|30), magnetic hyperfine parameters for the three limiting cases
(249  (i.e.,c;=1, cy,=c53=0, etc) are collected in Table IV.

Using the rules for calculating the matrix elements involving
Slater determinanté the predicted hyperfine parameters as-
sociated with the wave function of E(L3) are

TABLE IV. Estimated magnetic hyperfine parameters for A¥G{I;) (in MHz).2

107Ago 109Ago

27~2p+1p  2m~A4d.c  2w~5p.d  2m~2p.p 27m~4d.;c  2m~5p.qd
a 0 —183 —68 0 -211 -78
be 571 571 571 655 655 655
c —104 -78 -157 -120 -89 —180
d 0 105 —55 0 120 -63
a+ %(bF +2c/3) 250 77 165 288 86 190
a— %(b,:+2c/3) —250 —442 -301 —288 -510 —346
bg—c/3 605 597 623 695 684 715

&Calculated using Eq$23)—(26) and data of Table IIl.

PCalculated assuming; =1, ¢,=0, andc;=0 in Eq.(22).
‘Calculated assuming, =0, c,=1, andc;=0 in Eq.(22).
dCalculated assuming; =0, ¢,=0, andcs=1 in Eq.(22).
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